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Abstract

The technological evolution and widespread availability of wearables and handheld ECG devices
capable of screening for atrial fibrillation (AF), and their promotion directly to consumers, has
focused attention of healthcare professionals and patient organizations on consumer-led AF
screening. In this Frontiers review, members of the AF-SCREEN International Collaboration
provide a critical appraisal of this rapidly evolving field to increase awareness of the
complexities and uncertainties surrounding consumer-led AF screening. Although there are
numerous commercially available devices directly marketed to consumers for AF monitoring
and identification of unrecognized AF, healthcare professional-led randomized controlled studies
using multiple ECG recordings or continuous ECG monitoring to detect AF have failed to
demonstrate a significant reduction in stroke. While it remains uncertain if consumer-led AF
screening reduces stroke, it could increase early diagnosis of AF and facilitate an integrated
approach, including appropriate anticoagulation, rate and/or rhythm management and risk factor
modification, to reduce complications. Companies marketing AF screening devices should report
the accuracy and performance of their products in high- and low-risk populations and avoid
claims regarding clinical outcomes unless improvement is demonstrated in randomized clinical
trials. Generally, the diagnostic yield of AF screening increases with the number, duration, and
temporal dispersion of screening sessions, but the prognostic importance may be less than for AF
detected by single-timepoint screening, which is largely permanent, persistent or high-burden
paroxysmal AF. Consumer-initiated ECG recordings suggesting possible AF always require
confirmation by a healthcare professional experienced in ECG reading, while suspicion of AF
based on photoplethysmography must be confirmed with an ECG. Consumer-led AF screening
is unlikely to be cost-effective for stroke prevention in the predominantly young, early adopters
of this technology. Studies in older people at higher stroke risk are required to demonstrate both
effectiveness and cost-effectiveness. The direct interaction between companies and consumers
creates new regulatory gaps in relation to data privacy and the registration of consumer apps and
devices. While several barriers for optimal use of consumer-led screening exist, results of large,
ongoing trials, powered to detect clinical outcomes, are required before healthcare professionals
should support widespread adoption of consumer-led AF screening.
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Section 1: Introduction

Atrial fibrillation (AF) is the most common clinically significant sustained arrhythmia

and is associated with increased risk of stroke, heart failure, mortality, hospitalization,

and cognitive decline.l- 2 Many AF episodes are asymptomatic, with stroke as the first
manifestation of AF in at least 25% of AF-related strokes,! which underlies the principle

of screening for unknown AF to prevent stroke. For many years, healthcare professionals
initiated screening for AF in different settings using pulse palpation and/or 12-lead ECG
recordings.3 4 European, Canadian and Australian AF guidelines recommend opportunistic
pulse assessment for patients over 65 with a follow-up ECG, or 30-second ECG rhythm strip
for an irregular pulse.l > 8 However, pulse assessment is infrequently performed in routine
primary care,’” and will mainly detect persistent or permanent AF.

Developments in technology allowing more intensive monitoring with intermittent ECG
snapshots, or continuous ECG monitoring for extended periods with ECG patches, or
implantable cardiac monitors (ICMs) and devices, will detect much more paroxysmal AF,
often of shorter duration, which may represent lower AF burden with a relatively more
benign prognosis.® While episodes can be confirmed to be subclinical AF (SCAF), there

is no agreement on cut-off for AF burden or episode duration that increases stroke risk.
Notably, the US AF guidelines only mention, but do not make any recommendations for AF
screening,® while the US Preventive Services Task Forcel® and other professional societies’
believe that there is insufficient evidence to determine whether systematic ECG screening
for AF will do more good than harm, and recommend adequately powered randomized
clinical trials to resolve this issue. This need was enunciated by AF-SCREEN in its 2017
white paper,” and reaffirmed by the National Heart Lung and Blood Institute as a research
priority for AF screening.8

Development and widespread availability of handheld ECG devices often linked to
smartphones, and smart-watch/wearable ECG devices that rapidly acquire a medical quality
rhythm strip, has fueled consumer interest, despite uncertainty over the value of systematic
screening. Additionally, smartphone camera/flash photoplethysmography (PPG)-based
rhythm monitoring devices and PPG-based smartwatch or fitness wearables have markedly
extended the reach of screening, and enhanced feasibility of often nearly continuous

AF screening without direction by physicians.1! Several studies have demonstrated the
feasibility of AF screening using these tools in a variety of clinical settings, when directed
by physicians, or health professionals®: 1215 followed by three large studies of more
intensive monitoring in large population groups in a non-clinical setting.16-18 Taking this
new paradigm further, the consumer, rather than the healthcare professional, is now leading
the effort to identify asymptomatic AF.1° We define this as consumer-led screening, because
it is initiated without confirming the indication with a healthcare professional. The issue is
that while the optimal screening intensity and burden of SCAF required to identify AF of
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prognostic significance remains unknown for physician-led screening, let alone consumer-
led screening, many healthcare professionals are already seeing patients who have detected
AF themselves with daily, weekly or quasi-continuous consumer-directed screening,20 and
are uncertain of what the management response should be.2!

In this Frontiers review, we summarize existing evidence and knowledge gaps on consumer-
led AF screening, compiled by members of the AF-SCREEN International Collaboration.
Key points do not represent guidelines or formal recommendations but rather provide
consensus formulations on several aspects of this topic, including proposed protocols and
pathways after AF is detected, as well as pertinent ethical, legal and privacy issues. These
are intended to provide a better understanding of the complexities and uncertainties of
consumer-led AF screening and support decision making in the real-world setting.

WHO requirements and consumer-led screening for AF

The World Health Organisation (WHO) screening requirements published in 1968 are still
valid, and must be fulfilled before screening for a given disease is adopted (Table 1).22
While screening for AF by healthcare professionals using pulse palpation and/or 12-lead
ECG recordings may satisfy all the WHO criteria,3 4 consumer-led screening for AF

fulfils only some23 (Table 1). AF is an important health problem, and oral anticoagulants
constitute an effective, accepted treatment to prevent stroke in patients at risk, with the
important caveat that younger age groups owning wearables have a lower stroke risk.!
SCAF detected by wearables may also be considered a latent disease state, with growing
evidence regarding risk factors and mechanisms underlying progression from latent to overt
disease states.l 24 However, appropriate care pathways for confirming the diagnosis and, if
necessary, initiating appropriate treatment in individuals with positive findings have yet to be
established. Currently, it is also unlikely that unselected screening for AF using wearables

is cost-effective for stroke prevention, as many people who screen themselves will have

a low stroke risk. In many cases, resultant healthcare utilization will prove unnecessary,

the screening itself in those circumstances incurring additional cost and risk of extra tests
without benefit. Finally, due to device costs and variable technological literacy, screening for
AF using wearables may not be acceptable or available to the entire population and could
accentuate health inequalities.

Technology used

The spectrum of consumer-led AF screening options range from intermittent rhythm
checks to near-continuous rhythm monitoring, using ECG-based and PPG-based rhythm
analysis technologies. Handheld ECG devices for intermittent rhythm checks are most
well-studied for AF detection, and have been validated across various hospital, outpatient,
and community settings.1® 25 26 These devices deliver clinical-grade, primarily single-lead
ECGs, but add costs when embedded into commercial smartwatches, or other wearables, or
as add-on hardware/software (e.g. AliveCor KardiaMobile).

Rather than taking fingertip pulse, wrist-based wearables use PPG sensors to measure pulse
at the back of the wrist, processing data frequently and passively during wear. It is important
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to recognize that although the PPG signal is continuously sampled by smartwatches, due to
motion artifact, only a small minority of that PPG is of adequate quality to analyze for the
presence of AF. In one study of simultaneous ECG and smartwatch PPG data in a controlled
environment, designed to mimic real-world activity, only ~13% of all 30-second PPG
samples were considered analyzable.2” Although PPG-based approaches for AF detection
are comparable to ECG-based approaches for AF diagnosis when there is adequate signal
quality,” ultimately, an ECG is required to confirm AF.1: 7 Oscillometry-based algorithms
that detect AF during automated blood pressure measurement have been shown to have high
diagnostic accuracy.28

Although growing evidence suggests that consumer devices are accurate for AF detection
in populations at high risk for the arrhythmia, few studies have evaluated their performance
in low-risk populations. Furthermore, no randomized studies have shown that commercial
technology-based AF screening reduces stroke or other AF complications.8 Even in high-
risk older populations, the LOOP randomized trial using an implanted cardiac monitor

did not demonstrate a reduction in stroke over 5 years.2% This was despite over 30% of
participants having at least one episode of AF >6 minutes, and 85-90% receiving treatment
with oral anticoagulants. Notably, there is an interaction of AF duration with comorbidities,
such that the less severe the atrial alterations from comorbidities are, the more AF burden
will be required to reach a high thromboembolic risk level.l Moreover, the STROKESTOP
randomized trial in people aged 7576 using intermittent ECG recordings over 2 weeks,
showed a reduction in the composite of ischemic stroke, death, hospitalization for bleeding,
but no reduction in the specified secondary endpoint of ischemic stroke.30 It is therefore
unlikely that screening, whether consumer-led or physician-initiated, will reduce stroke

in young, low-risk populations. Nonetheless, whether consumer-led identification of AF

at an earlier stage, with implementation of appropriate management including lifestyle
modification, would delay progression to persistent AF and/or prevent heart failure and
cognitive decline, remains to be determined.

Key points 1 and 2

1 Commercially available devices marketed directly to consumers for AF
monitoring use ECG or PPG for rhythm analysis, and their algorithms identify
unrecognized AF with variable accuracy.

2. Healthcare professional-led randomized controlled studies using multiple ECG
recordings or continuous ECG monitoring have not yet shown a significant
reduction in stroke. The effectiveness of consumer-led AF screening on AF
outcomes including stroke remains unknown.

Section 4: Algorithms/Al used for AF diagnosis

As desire to detect AF moves to the consumer-led, device-driven preclinical setting, there

is an increasing reliance on automated rhythm classification. The expectation is that AF
diagnosis will be accurate enough that a clinician overread will not be necessary. Algorithms
analyzing 12-lead ECGs that rely on a combination of P-wave morphology and heart rate
irregularity perform well with a specificity of 99%.31 On the other hand, consumer devices
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rely on limited leads where P-waves can be undetectable, or on pulse detection using PPG
and oscillometry, which are often hindered by noise.18: 27 Similarly, an irregular pulse can
represent frequent atrial and ventricular ectopy, sinus arrhythmia and atrial rhythms with
variable conduction. On the other hand, the presence of ventricular pacing or atrial flutter
often lead to misclassification of AF as sinus rhythm.32 These issues will limit accuracy of
AF algorithms in consumer-facing devices.

Consumer devices are often used by young, asymptomatic consumers,16: 17 Jowering pretest
AF probability. Therefore, algorithms must be highly specific, maintaining a low false
positive rate, but sensitive enough that an acceptable proportion of episodes is identified.
Sensitivity and specificity of AF algorithms can be adjusted by titrating the degree and
duration of irregularity needed for classification. The Poincaré plot33 of each RR interval
on the x-axis and the subsequent RR interval on the y-axis, is commonly used to quantify
beat-to-beat irregularity (Figure 1A and 1B). Sensitivity and specificity can be adjusted by
determining the degree of dispersion necessary to mark a plot as irregular.

Algorithms that account for long monitoring periods by increasing the threshold of duration
of pulse irregularity required to diagnose AF have been developed (Figure 1C).16 Short
bouts of artefact or ectopic beats are unlikely to trigger an AF alarm, as are short bouts

of AF, which are less likely to be clinically meaningful or associated with stroke.3* To
further minimize false positives, accelerometers help ensure that consumers are not moving
when an ECG or a pulse measurement is taken: in the extreme, this may limit diagnosis

to sleep, which has been shown in the Fitbit Heart Study where 76% of first episodes

of irregular heart rhythm were detected during sleep.18 In fact, as shown in the Fitbit

Heart Study, limiting AF detection during periods of inactivity, maximizes the specificity
of AF diagnosis, but only 7.5% of awake time had analyzable data.18 Rate limits are often
programmed to optimize AF detection, though this will miss either slow or rapid AF with
ventricular rates falling below or above the set threshold.3°

Combinations of modalities, for example irregular pulse detection coupled with single-lead
ECG confirmation, have been shown to improve accuracy.36 Additional ECG leads may also
improve P-wave morphologic detection and help distinguish AF from other atrial ectopic
rhythms, but are more difficult to use.3’ Finally, as big data are collected on a growing
consumer base, machine learning will improve performance of these algorithms, as has been
done with clinical ECG patch devices.37: 38

Density and Intensity of screening vs. prognostic significance of

Data from patients with pacemakers or defibrillators including atrial leads, or with

ICMs, indicate that the incidence of asymptomatic SCAF lasting at least 5-6 minutes is
approximately 30%.39-42 |n addition, these studies showed that SCAF was an independent
predictor of stroke and even increased mortality.*3 There is a relationship between SCAF
burden and stroke risk, with a greater risk seen among patients with episodes of many hours
duration.*4-46 However, the stroke risk for SCAF on an implanted device has been shown to
be lower than with clinical AF, i.e. documented by an ECG.3% 47
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Data from screening studies using smartphone-based, or handheld ECG devices suggest

that diagnostic yield increases with intensity of AF screening (Figure 2),48 while a single
measurement may not increase detection over usual care.® On the other hand, AF detection
rate is closely associated with AF burden.5%: 51 In addition, the diagnostic yield increases
with the temporal dispersion of screening, with more AF detected when the same monitoring
duration is spread over several periods compared with a single period (e.g., three, temporally
distinct 24-hour monitoring periods versus one continuous 72-hour monitoring period).52
Moreover, as demonstrated in simulations based on the LOOP and REVEAL-AF studies,

a large burden of AF will be missed, if monitoring is not continuous.52: 33 Consequently,

AF detected at a single time point likely means that the patient has a large AF burden (or
persistent AF).

Two ongoing studies, NOAH-AFNET-6 and ARTESIA, will examine whether
anticoagulation for SCAF of at least 6 minutes will decrease stroke or thromboembolic
events.>* 55 More specifically for consumer-led screening, the ongoing Heartline Study
(NCT04276441) will determine whether a smartwatch irregular rhythm notification
algorithm/app and inbuilt ECG can reduce the risk of cardiovascular events. A summary
of published and ongoing consumer-led AF screening studies is provided in Table 2.

3. The diagnostic yield of AF screening increases with the number, duration, and
temporal dispersion of screening sessions, but the prognostic importance may
be less than for AF detected by single-timepoint screening which is largely
persistent or reflects high burden paroxysmal AF.

Protocol or pathway after detection of AF by consumer-led
(Figure 3)

When consumer-led AF screening using an ECG-recording device suggests possible AF,
this finding should always be confirmed by a healthcare professional with experience

in ECG reading as recommended in guidelines,! given the risk of false-positive ECG
recordings. General/primary care practitioners will often be the first line of consultation

in most cases with a suspicion of AF after consumer-led screening, although they may

lack ECG experience/expertise,>6 and interpretation may be more difficult for a single lead
recording. The need for a second opinion in ECG reading in this setting is expected to be
high, though electronic transmission is available to facilitate this. Many pathways alongside
general practice can play an important role in the process, in particular noting the aternative
locations in detecting AF as part of ‘know your pulse campaigns’ such as community
pharmacies,>’ although the same caveats of ECG confirmation pertain. Professional and
patient organizations also have a central role in providing information and recommendations
in the field, which may overcome the attrition of participants who received an irregular
rhythm notification in the recent Fitbit Heart Study, but did not seek further medical
attention.18
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A suspicion of AF recorded on pulse-based devices requires confirmation by an ECG
recording (Figure 3). If AF is persistent or permanent, a 12-lead ECG will be adequate, but
if paroxysmal, continuous ECG monitoring for 1-2 weeks with an ECG patch or at least
48-96 hours of Holter monitoring is required. Frequent intermittent handheld ECGs over a
few weeks may be an alternative.

Once the diagnosis of AF is made, further management requires a full history and physical
examination and guideline-recommended evaluation and treatment. When appropriate, oral
anticoagulant therapy should also be offered after considering AF-related stroke and
bleeding risk. In most cases, the AF work-up can initially be managed by the general/
primary care practitioner, including oral anticoagulant therapy ideally initiated at the time
of definitive diagnosis, and not delayed, due to the higher risk of stroke soon after AF
diagnosis.58: 59

Although extended consumer-led screening may identify individuals with low-burden AF
not associated with increased risk of stroke,? it is possible to use any AF episode identified
as a trigger to implement lifestyle modifications, which have been shown to reverse

the natural progression of AF and reduce AF recurrences, cardiovascular morbidity, and
stroke,80-62 as shown in the mAFA-II trial of Mobile Health technology, albeit in an

older population.53 Whether such lifestyle modifications in this younger population will
translate into improved clinical outcomes remains to be determined. On the other hand,

if a diagnosis of AF is not established through screening or after subsequent long-term
monitoring, explanation and reassurance should be provided by the healthcare professional
(Figure 3).

Key points 4 and 5:

4, A consumer-initiated ECG recording suggesting possible AF should always be
confirmed by a healthcare professional with experience in ECG reading. If AF
is suspected using a non-ECG screening method, this must be confirmed with an
ECG before a definite AF diagnosis is made.

5. Consumer-led screening approaches could increase early diagnosis of AF and
facilitate an integrated care approach, including appropriate anticoagulation, risk
factor modification, and treatment of underlying cardiovascular co-morbidities,
to reduce complications.

Section 7: Effectiveness of screening and economic burden

Modeling simulations based on the STROKESTOP trial suggest acceptable costs of €4,313
per quality adjusted life years gained among individuals 75 years and above screened twice
daily for 2 weeks.54 Among Canadians aged =65 years, AF screening with a handheld
ECG appears to lower lifetime costs.®> However, both analyses used modeled, rather

than directly measured data, and both assessed system-driven, rather than consumer-led
screening. Moreover, we do not know the lower limit of AF duration and/or burden that

is associated with sufficient stroke risk to warrant anticoagulation. The short duration of
many of the AF episodes in the LOOP study2® may partly explain the negative result as it
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pertains to stroke prevention, and provides an important caveat to AF detected by consumer-
led screening, which may also be skewed towards shorter or infrequent episodes when
performed semi-continuously.5® Most studies have concentrated on stroke, even though
substantial morbidity and mortality related to AF is due to heart failure and dementia.67-59 If
these could be reduced through AF screening, cost-effectiveness may be more favorable.

In the Apple and Huawei Heart Studies, a substantial proportion of those who received

an irregular-pulse notification did not complete an examination to confirm AF.16.17
Furthermore, among those who did complete follow-up, AF was not confirmed in 16%
and 139%, respectively.18: 17 Similar findings were reported from the Fitbit Heart Study,
where less than one fourth of the individuals having an irregular heart rhythm detected
had a subsequent ECG monitoring with a patch device analyzed. In 32% of these cases,
AF was confirmed, comprising 0.07% of the enrolled study population and 7.2% of those
with an irregular heart rhythm detection, though the 98% PPV in those with simultaneous
recordings was higher than reported in the Apple and Huawei Heart Studies (84% and
929%, respectively).18 The costs of managing false-positives which are higher in younger
cohorts with low AF prevalence, could become substantial if consumer-led AF screening
becomes widespread. Participants in the Apple, the Huawei and the Fitbit Heart Studies
were young (mean age 41.6 and 35.4, and median age 47 years, respectively), raising
concerns that extensive consumer-led screening in the younger population owning wearables
could result in little advantage due to low stroke and AF incidence plus higher costs from
further testing in false positive cases, and is therefore very unlikely to be cost-effective
for stroke prevention. Moreover, there is an implicit risk of more aggressive referrals of
these younger individuals with screen-detected AF for catheter ablation, even though the
guidelines recommend catheter ablation to control symptoms.®: 2

6. Consumer-led screening for AF is unlikely to be cost-effective for stroke
prevention in the current young adopters of the technology. Studies in older
people at higher stroke risk are required to demonstrate both effectiveness and
cost-effectiveness for stroke prevention.

What should companies marketing devices be obliged to do?

Marketing claims by device companies should accurately reflect the research that has been
conducted and disseminated to the clinical and scientific communities. Although this may be
difficult to be enforced, strategies to acknowledge and reward companies that successfully
adhere to these obligations may prove effective.

Ideally, post-market approval surveillance studies should be required by the FDA/EU
for device manufacturers in real-world cohorts. However, these may not be practical
because many of the companies that produce the most novel contributions may not

have the resources to perform rigorous real-world evaluations. Therefore, as long as the
company does not make marketing claims that extend beyond the evidence, there should
not be any pre-specified requirements regarding the extent of the research that must be
completed. Moreover, it should be highlighted that studies of new devices are typically

Circulation. Author manuscript; available in PMC 2023 November 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brandes et al.

Page 10

conducted in carefully selected participants with high AF prevalence (e.g. pre- and post-
cardioversion).”® 71 Although the positive predictive value is more relevant than sensitivity
in the context of AF screening, it is important that companies report sensitivity, specificity,
and positive predictive values (PPVs) in the population they were tested in, when describing
screening test results, as well as how these metrics were derived, including cases excluded
due to poor signal quality and/or poor adherence, so that clinicians and researchers can
interpret results appropriately, and avoid an overly inflated impression of clinical utility and
accuracy in real-world populations based on sensitivity and specificity alone.”? Particularly
PPVs are not always reported in the respective publications and can be only modest,

while the specificity is fairly high.”3 In addition, predictive values should be reported not
only for the AF prevalence in the particular research study, but should also be calculated
given the expected prevalence among a well-defined group of individuals. For example,
positive predictive value can be estimated for the general population and among those with
particular AF risk factors, using prevalence previously reported in the literature.”* Positive
and negative likelihood ratios, that are not influenced by disease prevalence, can also inform
decision making.

Key points 7 and 8

Section 9:

services?

7. Companies marketing AF screening devices should report the sensitivity,
specificity, positive and negative predictive values of the current versions of
their product and avoid any claims regarding quality of life, thromboembolism,
stroke, or mortality unless a reduction in those outcomes is demonstrated in a
prospective, randomized clinical trial.

8. Positive predictive values should be calculated and reported for the study
population, the general population, and at least one well-defined population with
AF risk factors.

What is the healthcare providers’ view and what is new for health

With smartphones and other wearables becoming ubiquitous in high- and even middle-
income countries, physicians often have to deal with asymptomatic individuals who took
a personal initiative of using “over-the-counter” wearable devices, which in turn raises
questions related to confirmation of AF diagnosis, and subsequent physician interventions.
A recent, anonymous, web-based survey including 588 healthcare professionals indicated
that 60% are having to deal with people with detected AF as a result of screening with
wearable devices at least occasionally, while 57% currently advise wearables/apps for AF
detection in their patients, potentially for suggestive symptoms.20 Physicians may also have
different perceptions of wearables in AF screening. They may be “innovators” or “early
adopters”, potentially influced by innovation hype, but also “laggards” or “phobics”, who
exert a strong resistance to adopt the technological innovation.”®

Whatever the perceptions, the untoward consequences of consumer-initiated use of
wearables are that AF detection will trigger an increasing number of contacts with various
physicians (e.g. primary care, cardiologists, etc.), with need to perform ECGs, clinical
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evaluations, and other diagnostic tests before a final diagnosis can be confirmed (or refuted)
and, thus, a decision on anticoagulation according to risk profile in case of AF can be

made. Physicians and other healthcare professionals need to adapt to this evolving scenario,
avoiding an opposing position. In a survey published in 2019 dealing with traditional ECG
methods for AF screening in an ambulatory setting, not taking into account wearables,
Dutch general practitioners reported that referral to a cardiologist after an AF diagnosis was
not the rule, and in 83% of cases decision-making on treatment could occur without referral,
suggesting the need for a better definition of criteria and methods for referral.”®

Section 10: Legal, ethical and privacy issues

There is a range of important legal, ethical, and privacy issues that arise with devices used
for consumer-led screening for AF (Figure 4). A difficult area is ownership and use of
personal health data generated by use of consumer screening devices, which may not be
sufficiently covered by existing regulatory regimes in many jurisdictions. Consumers have a
legitimate expectation of privacy in relation to their health data.”” A key concern is that data
could be accessed by advertisers, employers, and/or insurers, with potentially significant
consequences.’8

It is important to note that the data generated are often not owned by consumers, who have
little control or knowledge about how the information is used. Each app tends to have its
own privacy and data use policy, with huge variability in data protection. Most privacy
policies and user agreements are long ‘take it or leave it’ contracts, and are neither read
nor understood by most consumers. Such documents may not be equivalent to traditional
‘informed consent’, especially related to potential use of artificial intelligence (Al) to
interpret data.’®

In the US, data from consumer apps are not generally covered by the Health Insurance
Portability and Accountability Act (HIPAA), which regulates use and disclosure of health
information.”® In most cases, the apps are not registered as medical devices by the FDA,
although the FDA is working with a panel of technology companies to build an appropriate
approval process for software as a medical device.” In Europe, protection under the General
Data Protection Regulation (GDPR) is much broader and provides appropriately strong
protections for consumers regarding personal health data.”® In addition, there is a general
requirement under existing consumer protection legislation in most countries not to make
representations that are misleading or deceptive, and to have a reasonable basis for claims.”®
Therefore, companies marketing apps and devices must adhere to these standards (which
also must be enforced by regulators) and not advertise unproven benefits.

While there are some important legal and ethical issues, devices enabling consumer-led
screening are here to stay. Therefore, the focus should be on adapting regulatory regimes
to properly cover and enforce privacy, quality/safety, and consumer-protection aspects of
consumer screening devices.80
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9. There are important legal gaps in relation to data and registration of consumer
screening apps and devices in many jurisdictions. Regulatory frameworks need to
be updated to cover and enforce privacy, quality/safety, and consumer-protection
aspects of consumer screening devices.

Section 11: What can we learn, harness for research?

The undoubtedly massive increase in the availability of “medically relevant” data derived by
the consumer requires that healthcare professionals can use this information appropriately
to the advantage of individual patients and the population at large. To achieve this, the
technology which is used to collect or analyze data must be of medical grade, the raw or
processed data must be fully validated in terms of its potential as a biomarker; it must be
capable of integration with other healthcare information; and it must be linked to outcome
data, to allow the full potential to be realized.

Consumer-led screening offers opportunities to link to national registries, particularly

to evaluate factors associated with prevalent and incident AF, as well as AF-related
complications (e.g. stroke, heart failure, dementia and death). This approach can be most
easily employed in countries with nationwide national insurance data, for example Taiwan,
South Korea, Denmark, Sweden.8! Linking consumer-derived data to national or insurance
databases should allow their sole and added value to be assessed in terms of improving risk
assessment for adverse outcomes associated with AF.

Al algorithms may allow instant summary and integration of multi-level information to
predict the probability of prevalent/incident AF using historical ECG data. Such information
can feed decision-support tools, and thus guide consumer-led self-initiated screening. In a
recent example, Al applied to readily available features extracted from electronic health
records and routine examinations of 12-lead ECGs in sinus rhythm, impressively predicted
development of AF.82 Moreover, Al has been successfully applied to single-lead ECGs
derived from wearable or handheld devices.83

Section 12: Consumer perspectives

By definition, consumers undergoing self-screening do not have known AF and their
perspectives may only in part be extrapolated from studies involving patients with clinical
AF. While patients with newly diagnosed AF frequently lack adequate AF information,
education, or appropriate communication of its consequences by clinicians,84 85
asymptomatic individuals with no history of AF may be even less likely to understand the
condition, risks, and importance of screening. However, studies have shown that consumers
using single-lead ECG devices, generally report high satisfaction. Specifically, those who
have had AF detected expressed gratitude for its identification, while those who were told
their ECG was normal were curious about the technology, but otherwise unconcerned.86

Another important challenge lies in the technology focus of contemporary consumer AF-
screening devices. Older adults, who are at higher risk of AF and stroke, and could

Circulation. Author manuscript; available in PMC 2023 November 08.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brandes et al.

Key point 10

Page 13

potentially benefit from screening, may experience challenges in the use of technology-
based, AF-screening tools, including a lack of confidence in their technology self-efficacy®’
and age-related decline in visual and fine motor skills. Providing training that includes step-
by-step guidance and a manual significantly increases the successful use of technologies

by older adults.88 The responsibility lies with manufacturers of these technologies and the
healthcare professionals who recommend them to empower patients in using these tools
appropriately and effectively. For example, the ongoing Heartline Study (NCT04276441) to
determine the impact of AF screening on cardiovascular outcomes in older individuals, also
includes a heart health engagement educational program.

If consumer-led screening is found effective in trials, equitable access, especially for those
at high risk, is another consideration. These often costly devices are frequently unavailable
in lower resource environments or to individuals without financial means8 and unlike
traditional physician-initiated screening, patients may incur high out-of-pocket costs for the
devices and any follow-up testing required. Currently, few insurance policies worldwide
subsidize the costs of consumer-initiated AF-screening.8®

As device data continues to be integrated into patient portals at some healthcare
institutions,89 there are increased expectations from individuals for healthcare professionals
receiving and managing data generated by consumer-led AF screening devices. Nonetheless,
the impact of integration of such device data into electronic medical record systems on
patient perspectives, as well as quality of life and outcomes, remains to be determined.

10.  Barriers for the optimal use of consumer-led screening include consumer
education, training, expectations, access to wearable devices, access to medical
evaluation in case of AF detection, and costs

Conclusions

With the ubiquitous use of smartphones and wearables, physicians and other healthcare
professionals are faced with a new paradigm, under which the consumer, rather than

the physician, is leading the search for identifying asymptomatic AF. Consumer-led AF
screening is already happening, encouraged by large tech companies motivated by sales
from direct marketing, and many healthcare professionals commonly are asked to evaluate
patients presenting with AF detected by wearable devices.?% Although there is a great
potential for appropriate use of AF screening by consumers, there are also many caveats.
Therefore, the benefits related to AF diagnosis, which might include implementation of risk
factor modification in younger ages, or stroke prevention when risk is greater, should be
weighed against the potential anxiety from AF diagnosis and/or false positive results. The
usual response of initiation of oral anticoagulation after AF detection may not be appropriate
for consumer-led screening. Importantly, there should be a pathway to referral to the general/
primary care practitioner/cardiologist after diagnosis to ensure proper guideline-directed
treatment. Given that the cost-effectiveness, and the effect of consumer-led AF screening on
AF outcomes, including stroke, remain unknown, results of large, ongoing trials, powered to
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detect clinical outcomes, is required before healthcare professionals will support widespread
adoption of consumer-led AF screening.
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Figure 1. Algorithmsto Detect Atrial Fibrillation.
Depicted are Poincaré plots of (A) sinus rhythm and (B) atrial fibrillation, as well as (C) the

algorithm used by the irregular pulse notification algorithm on the Apple Watch. One-minute
pulse intervals are taken intermittently during rest and if an irregular pulse is detected, the
pulse is sampled more frequently. If 5/6 pulse measurements are irregular, a possible AF
alert is generated. Similar approaches have been taken by other manufacturers to increase
specificity, some with greater stringency (e.g. Fitbit, which required 11 consecutive irregular
overlapping 5 min tachograms, or >30 min irregular).
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Opportunistic screening Systematic screening Consumer driven
AF check for age 265 while attending All people (e.g. age criterion 265) Any age,
any consultation, like BP check invited to attend center or clinic any
ll } ]
Single timepoint Multiple snapshots Continuous recordings
Pulse, BP, auscultate, PPG, facial video, BID QID 2-4 weeks ECG patch 2 weeks
ECG (handheld, 12-lead) 1-2/week for 1 year ICM 3 years
A ,

A

Intensity 30 sec/year 1000-2000 sec/year 7?77 seclyear 1 or 2 to 31 million sec/year
AF yield 1.4% 1-4% 2?77% 3-4% 22-34%

1AF yield

| Stroke Risk

AF yield |

Stroke Risk 1

Figure 2. Trade-off between duration/intensity of screening for AF detection of AF, and AF
strokerisk.

While increased screening intensity increases AF detection rates, it may also identify AF
associated with low stroke risk. Nonetheless, the minimum AF burden at which the risk

of stroke is sufficient to justify initiation of anticoagulation remains unclear. Therefore, the
trade-off between increased detection of low-burden, possibly low-risk AF by continuous
monitoring strategies, could be minimized by defining an intermittent monitoring strategy
that would diminish the potential for missing individuals with a high burden, which in turn
is associated with higher risk of stroke. BID indicates twice daily; BP, blood pressure; ICM,
intracardiac monitor; PPG, Photoplethysmogram; and QID, 4 times a day. Modified from
Benjamin et al8
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1NoAF

AF = Atrial Fibrillation
PPG = Photoplethysmography
ECG = Electrocardiography

Figure 3. Workflow when thereisa suspicion of AF during consumer-led AF screening.
Consumer-initiated ECG recordings suggesting possible AF always require confirmation

by a healthcare professional experienced in ECG reading, while suspicion of AF based on
photoplethysmography must be confirmed with an ECG. If AF is confirmed, an integrated
care approach, including appropriate anticoagulation, risk factor modification, and treatment
of underlying cardiovascular co-morbidities, should be undertaken to reduce complications.
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Legal and ethical issues with consumer-led screening

HEIN

- consumer expectation of health
information privacy

- tend not to read privacy policies which are
long/complex and ‘take it or leave it’

- data not owned by consumer

- app privacy policies vary substantially
- use/misuse of data
- storage and security of data

- gaps in existing health information,
device/app quality and privacy regulation
- existing consumer protection legislation
covers marketing claims

Figure 4. Legal and ethical issueswith consumer-led AF screening.
Important legal and ethical gaps in relation to data and registration of consumer screening

apps and devices are shown.
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Does consumer-led screening for AF fulfil the WHO principles of early disease detection?22

Principle Consumer-led
screening for AF*
1 The condition sought should be an important health problem. +
2 There should be an accepted treatment for patients with recognised disease. +)
3 Facilities for diagnosis and treatment should be available. -
4 There should be a recognisable latent to early symptomatic stage. +
5 There should be a suitable test or examination. (+)
6 The test should be acceptable to the population. +)
7 The natural history of the condition, including development from latent to declared disease, should be (+)
adequately understood.
8 There should be an agreed policy on whom to treat as patients. (+)
9 The cost of case finding (including diagnosis and treatment of patients diagnosed) should be economically -
balanced in relation to possible expenditure on medical care as a whole.
10 | Case finding should be a continuing process and not a “once and for all” project. (+)

+ = does fulfil; (+) = does partly fulfil; - = does not fulfil

*
Principles 1,2, and 8 could be classified as negative (does not fulfil) for individuals at low risk of stroke.
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Screening for AF using commercially available wearable devices

Table 2.
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No prior history of AF
Fitbit account, with

a compatible device
paired

notification for irregular
rhythm; AF confirmed in
32%

Study/Year Number Device Inclusion Criteria AF detected by monitor | Comments
of
subjects
Apple Heart6 419,297 Apple Watch age 222, possession of 0.52% received Citeless study
Apple Watch notification for irregular Mean age 41 years
rhythm; AF confirmed in PPV: 84%
34%
Huawei study” 187,912 wristband Age =18 0.23% received a Mean age 35
(Honor Band 4) “suspected AF” PPV: 92%
or wristwatch notification; AF
(Huawei Watch confirmed in 87%
GT)
Verbrugge et al.%° 12,328 PPG only Not specified 1.1% diagnosed with Participants were invided
technology possible AF through an article ina
local newspaper
Mean age 49
Heartline study Apple Watch Age = 65 Ongoing Virtual study
(NCTO04276441) Possesion of iPhone 6s
or later
Medicare coverage
Fitbit Heart study8 455,699 Fitbit Age =22 0.07% received Median age 47

PPV: 98%

AF alogirith operated
only during periods of
inactivity
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