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Aims The aim of this study is to determine the feasibility, detection rate, and therapeutic implications of large-scale smartphone- 
based screening for atrial fibrillation (AF).

Methods 
and results

Subjects from the general population in Belgium were recruited through a media campaign to perform AF screening during 8 
consecutive days with a smartphone application. The application analyses photoplethysmography traces with artificial intel-
ligence and offline validation of suspected signals to detect AF. The impact of AF screening on medical therapy was measured 
through questionnaires. Atrial fibrillation was detected in the screened population (n = 60.629) in 791 subjects (1.3%). From 
this group, 55% responded to the questionnaire. Clinical AF [AF confirmed on a surface electrocardiogram (ECG)] was new-
ly diagnosed in 60 individuals and triggered the initiation of anti-thrombotic therapy in 45%, adjustment of rate or rhythm 
controlling strategies in 62%, and risk factor management in 17%. In subjects diagnosed with known AF before screening, a 
positive screening result led to these therapy adjustments in 9%, 39%, and 11%, respectively. In all subjects with clinical AF 
and an indication for oral anti-coagulation (OAC), OAC uptake increased from 56% to 74% with AF screening. Subjects 
with clinical AF were older with more co-morbidities compared with subclinical AF (no surface ECG confirmation of 
AF) (P < 0.001). In subjects with subclinical AF (n = 202), therapy adjustments were performed in only 7%.

Conclusion Smartphone–based AF screening is feasible at large scale. Screening increased OAC uptake and impacted therapy of both 
new and previously diagnosed clinical AF but failed to impact risk factor management in subjects with subclinical AF.
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Graphical Abstract

Subjects from the general population were recruited through a media campaign to perform AF screening with a smartphone application. The application 
analyses photoplethysmography traces with artificial intelligence and offline validation of suspected signals to detect AF. The number needed to screen to 
detect a new case of AF was 133. When AF is confirmed on a surface ECG, it is referred to as clinical AF. In all subjects with clinical AF and an elevated 
CHA2DS2-VASC score, OAC uptake increased from 56% to 74% with AF screening. Subclinical AF refers to AF that is not confirmed with a surface ECG, 
OAC uptake in this group increased from 15% to 18%. AF, atrial fibrillation; ECG, electrocardiogram; OAC, oral anti-coagulation; PPG, 
photoplethysmography.
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Introduction
Atrial fibrillation (AF) is the most frequent heart rhythm disorder trea-
ted by cardiologists. An average person’s lifetime risk to develop AF is 
∼25%.1 Currently, the prevalence of AF in Europe is estimated be-
tween 2% and 4%, but expected to double from 2010 to 2060 because 
of an increasing burden of risk factors such as hypertension, diabetes, 
and ageing in the population.2,3

A diagnosis of AF is associated with a five–fold increased stroke risk 
and 1.5– to two-fold increased risk of all–cause mortality.4 Early diagno-
sis and appropriate treatment, particularly with oral anti-coagulation 
(OAC) in individuals at high risk for stroke or systemic embolism, 
may mitigate this substantial morbidity and mortality although current 
evidence only applies to clinical AF.5–7 Clinical AF is defined as AF that is 
documented on a surface electrocardiogram (ECG). Subclinical AF is de-
fined by the contemporary ESC guidelines as ‘AF automatically de-
tected by an insertable cardiac monitor or wearable monitor and 
confirmed by visually reviewed intracardiac electrograms or 
ECG-recorded rhythm’.8,9 In recent years, an exponential number of 
digital devices and wearables have been developed to monitor the heart 
rhythm without ECG recordings. These devices, such as pulse oxi-
meters, smart rings, smartwatches, and smartphone applications use 
photoplethysmography (PPG) to monitor the heart rhythm.10 Alike 
ECG-based monitors, these devices use automated algorithms to de-
tect AF, and visual confirmation of suspected signals identified by auto-
mated algorithms is necessary to filter false positives or artefactual 
recordings. The ‘conventional definition of subclinical AF’ does not ac-
commodate for AF detected with PPG, nor is there another term in the 

guidelines to describe this. Hence, for the sake of simplicity, in this pa-
per, ‘PPG-detected subclinical AF’ is concisely referred to as ‘subclinical 
AF’ (Figure 1). The impact of subclinical AF on clinical outcomes such as 
stroke and mortality is uncertain.

The US Preventive Services Task Force concluded in 2022 that there 
is insufficient evidence to recommend for or against screening for AF 
and clinicians should use their clinical judgment regarding whether to 
screen and how to screen for AF.9 Frequent or long-term ECG monitor-
ing is cumbersome and unlikely to be cost-effective, yet recent innova-
tions in AF screening tools and strategies have the potential to increase 
screening coverage at relatively low cost and efforts.11 One attractive 
option uses PPG technology through the build–in camera of a smart-
phone.12–14 As no additional hardware is required and smartphone 
use is nearly ubiquitous, this could facilitate mass screening.14,15 This 
study was set up to assess the feasibility, diagnostic yield, and impact 
on medical therapy of physician–supervised digital screening for AF.

Methods
Study design
This is a prospective cohort study of subjects from the general population 
undergoing AF screening with a smartphone application based on PPG 
technology (FibriCheck©, Qompium, Hasselt, Belgium) that received 
Food and Drug Administration (FDA) 510(k) clearance and Conformité 
Européenne (CE) certification for AF detection.16 Readers from three 
Belgian newspapers with a collective reach of 1.3 million readers were in-
formed on AF through an article that promoted AF screening with a smart-
phone application using the smartphone camera.13,14,17 Free access codes 
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to the application were provided for a period of 8 days in December 2018. 
Additionally, the newspaper article comprised instructions on how to install 
the application, perform measurements with it, and participate in the 
screening study. Prior to account activation or any data collection, users 
were informed on the current study through their smartphone and pro-
vided informed consent through electronic signature. Subjects with a posi-
tive screening result indicating AF provided a second written informed 
consent to allow registration of their downstream use of medical resources 
and therapeutic changes as a consequence of screening. This second con-
sent was part of a questionnaire sent by e-mail (see Supplementary 
material online, Supplement S1). The company collected and analysed the 
data. All academic authors had full access to the data set and statistical ana-
lyses. They vouch for the accuracy and completeness of the report as writ-
ten. The first authors, who are academics, wrote the first draft of the 
manuscript, which was subsequently revised by all authors. The company 
could make suggestions for the writing, but the final decision resided with 
the academic authors. The study complies with the Declaration of 
Helsinki and was approved by the ethical review board of Ziekenhuis 
Oost–Limburg (Genk, Belgium). Study objectives were predefined in the 
protocol submitted to the ethical review board (see Supplementary 
material online, Supplement S2).

Data collection and heart rhythm assessment 
through the smartphone application
Smartphone-based assessment of the heart rhythm through the smart-
phone application (FibriCheck©) has been described before.14,17 Briefly, 
by making use of the flashlight and camera of a smartphone, a PPG signal 
is obtained from placing one’s finger on the camera lens. The application 
checks acquired PPG signals for quality. Compromised signals are not 
used for analysis to avoid inaccurate results. Study participants with fre-
quent poor–quality PPG measurements received notifications through 
the application, guiding them on how to perform better measurements. 
After the measurement, a screen shows up that displays the average heart 
rate and whether any irregularities were detected by the proprietary algo-
rithm. A text with corresponding colour code was used to communicate 
results to the user: measurement of insufficient quality (blue), normal 

regular rhythm (green), non-AF arrhythmia (orange), or possible AF 
(red). ‘Non-AF arrhythmia’ is a category that contains abnormal regular 
rhythms or irregular rhythms that to do not fit the algorithm’s criteria 
for AF. It is further classified as: bradycardia, tachycardia, frequent extrasys-
tole, bigeminy, or trigeminy. But this is not disclosed to the user.

Study participants were instructed to assess their heart rhythm twice dai-
ly, as well as when experiencing any symptoms. Notifications were sent 
through the application to boost compliance towards the recommended 
screening frequency. After termination of the screening period, accounts 
were closed, and users received a summarizing report by e-mail. This sum-
marizing report contained information on the number and quality of heart 
rhythm measurements performed; the highest, lowest, and average heart 
rate registered; and arrhythmias that were identified. Raw PPG signals for 
all arrhythmias (classified as possible AF or non-AF arrhythmia) underwent 
secondary offline validation by medical technicians.17 Hence, the screening 
technique evaluated in this study is not just a smartphone application but 
rather a supervised digital screening. All participants with confirmed 
PPG-detected AF after offline validation were advised to see their general 
practitioner to consider the need for further evaluation and/or treatment.

At the time of account registration, subscribers were required to provide 
their age and gender. In addition, they were asked to voluntarily provide 
length, body weight, known history of AF, and co-morbidities to calculate 
the CHA2DS2-VASc score. Other data collected included the timing, re-
sults, and raw PPG signals for every use of the smartphone application as 
described above. Results were automatically sent to a secure server and 
subsequently anonymized for analysis.

Therapeutic implications in subjects with a 
positive screening result
Six months after sending the summarizing final report, participants with a 
positive screening result for AF received a questionnaire by e-mail to regis-
ter their downstream use of medical resources and therapeutic changes. 
Questionnaires specifically asked whether individuals had contacted a phys-
ician or were planning to do so. Subjects indicated whether they consulted a 
general practitioner or cardiologist, whether further investigation was per-
formed, and whether treatments was initiated or adapted.

Figure 1 Atrial fibrillation definitions. Atrial fibrillation can be detected with automated algorithms by an insertable cardiac device or wearable moni-
tor (right column). Automated detections should be confirmed by visual review of the recorded rhythm. Following the definitions of the 2020 ESC 
guidelines for atrial fibrillation management, atrial fibrillation can be classified as ‘clinical atrial fibrillation’ when it is confirmed on a surface 12-lead elec-
trocardiogram, if not, it conventionally classified as ‘subclinical atrial fibrillation’. In this illustration it is referred to as ‘conventional subclinical atrial fib-
rillation’ to differentiate it from ‘photoplethysmography-detected subclinical atrial fibrillation’ (left column). AF, atrial fibrillation; CIED, cardiac 
implantable electronic device; ECG, electrocardiogram; PPG, photoplethysmography.
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Statistical analysis
Continuous variables are expressed as mean ± standard deviation or me-
dian (interquartile range). One-way analysis of variance or the Kruskal– 
Wallis H–test was used for comparisons as appropriate. Categorical data 
are expressed as counts (percentages) and compared with Pearson’s χ2 

test. Statistical significance was always set at a two-tailed probability level 
of <0.05. All statistics were performed using IBM SPSS Statistics (version 
27.0.1.0, Chicago, IL, USA) and R Studio (version 4.0.2; Boston, MA, USA).

Results
Screened population
A study flowchart is provided in Figure 2. During the 2–week onboarding 
period, 62 807 subjects downloaded the screening application on their 
smartphone. From this group, 60 629 (97%) performed at least one meas-
urement that rendered a PPG signal of sufficient quality for analysis (i.e. the 
screened population). The average age of the screened population was 
49 ± 15 years and 34 842 were men (57%). In 791 subjects (1.3%), the final 
screening result was positive for AF. This included both clinical and subclin-
ical AF. The yield of screening for AF increased from 0.5% with a single 
heart rhythm measurement to 1.3% after the 8–day screening period 
(Figure 3). The yield of screening was higher (P < 0.001) in subjects who 
strictly adhered to the recommended screening protocol (2.5%). Table 1
shows the characteristics of the subjects. Subjects with clinical vs. subclin-
ical AF were older with more co-morbidities. Symptoms were reported by 
44% of the participants during at least one measurement (see 
Supplementary material online, Supplement S3).

Adherence to screening recommendations 
by study participants
From the screened population, 9538 (16%) performed at least one 
measurement on each day during the 8-day screening period. Only 
4898 (8%) strictly adhered to the recommended screening frequency 
of at least two measurements every day. On the final day (Day 8) of 
the screening period, 16 030 participants (26%) were still performing 
measurements (see Supplementary material online, Supplement S4).

Diagnostic yield of the smartphone 
application
The screened population (n = 60 629) generated 585 614 unique 60-s 
PPG traces. Photoplethysmography signal quality was sufficient for ana-
lysis in 513 821 measurements (88%). The proportion of measure-
ments with insufficient signal quality decreased from 15% on Day 1 
to 10% on Day 8 (P < 0.001). Insufficient PPG signal quality was ob-
served more frequently in older individuals, increasing from 10% in par-
ticipants <40 years to 17% in participants ≥70 years (P = 0.004).

In 470 559 (80%) measurements, the algorithm classified the heart 
rhythm as normal, and no further action was performed (see 
Supplementary material online, Supplement S5). In 10 231 measure-
ments (1.7%), AF was suspected, which was confirmed after offline val-
idation in 2998 measurements. A total of 35 130 measurements were 
classified by the algorithm as non-AF arrhythmia of which 70 were re-
classified to confirmed AF after offline validation. The offline validation 
is an integral part of the smartphone application (FibriCheck©) and is 
performed by the developer when the application is used outside the 
context of a clinical study.

Therapeutic implications in subjects with a 
positive screening result
This was from the 791 subjects with AF confirmed after offline valid-
ation. This was a new finding in 456 participants (58%), while 335 
had a prior history of AF (42%). The number needed to screen was 
133 to detect a new case of AF. A total of 577 subjects with AF 
(69%) were also found to have normal measurements during the 
screening period. A total of 436 subjects responded to the question-
naire on their downstream use of healthcare resources and therapeutic 
changes after screening. From the subgroup with newly detected AF 
that responded to the questionnaire (n = 262), 51% complied with 
the recommendation to see a physician of whom 77% received further 
investigation with a 12-lead ECG and/or Holter that confirmed the diag-
nosis in 59%. From the subgroup with a history of AF that responded to 
the questionnaire (n = 174), 78% visited a physician.

In new AF cases, the first physician contacted was a general practi-
tioner in 56% and a cardiologist in 44%. General practitioners referred 

Subjects who downloaded the smartphone application
(n=62,807)

Excluded:
•   No measurements (n=1,077)
•   Only measurements with insufficient

signal quality (n=1,101)

Screened population
(n=60,629)

No AF detected (n=59,838) AF detected (n=791)

Clinical AF (n = 395) Subclinical AF (n = 396)

Known AF (n = 335) New AF diagnosis (n = 60)

Figure 2 Study flowchart. AF, atrial fibrillation.
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to cardiology in 62%. 32% of the participants with a new detection of 
AF were not planning to take any further action and reported the fol-
lowing reasons: of these, 70% believed that the condition was not ser-
ious, 17% disclosed that measurements were not performed by 
themselves, 7% were asymptomatic, and 6% did not trust the smart-
phone application.

The therapeutic actions that were taken as a direct consequence of 
AF detection during screening were different for newly detected clinical 
AF compared to newly detected subclinical AF (Figure 4). 
Anti-coagulation therapy rate and rhythm control therapy were in-
itiated more often in new clinical AF compared to new subclinical AF 
(Figure 4). In new clinical AF, anti-thrombotic therapy was started in 
45%, rate or rhythm control therapy was adjusted in 62%, and lifestyle 
adjustments were suggested in 3%. However, in new subclinical AF, 
treatment adjustments were less frequent (Figure 4). Moreover, no sub-
jects with new subclinical AF reported that lifestyle adjustments were 
suggested by their physician.

Screening also impacted the treatment of subjects with a history of 
AF. In this group, 9% had an adjustment of antithrombotic therapy, 
10% had an adjustment of rate control medication, 11% had an adjust-
ment of rhythm control medication, 11% underwent an electrical car-
dioversion, 19% underwent a catheter ablation, and 11% had a 
modification in risk factor management. In all, a positive screening result 
had therapeutic implications in 55% of the subjects, both with new or 
previously known clinical AF.

The uptake of OAC therapy increased with AF screening. Forth, we 
describe OAC uptake amongst all subjects who responded to the ques-
tionnaire with an indication for OAC treatment in case of AF detection, 
defined as a CHA2DS2-VASC score of ≥1 for men and ≥2 for wo-
men.18,19 In subjects with clinical AF and an indication for treatment, 
the OAC uptake increased from 56% to 74% with AF screening. In sub-
jects with subclinical AF, the indication for OAC is unclear; hence, the 
uptake of OAC in subjects with subclinical AF and ‘an indication for 
treatment’ increased only from 15% to 18% with screening.

Discussion
We performed a population–based digital screening for AF using only 
smartphones as detection devices. A smartphone application was 
used to make PPG recordings and to search for AF with artificial 

intelligence software. Suspected traces were supervised by a medical 
technician. AF was found in 1.3% of 60 629 study participants from 
the general population during the 8–day study period. The screening 
identified subjects with clinical AF and (PPG-detected) subclinical AF. 
A positive screening result had therapeutic implications in over half 
of the subjects with clinical AF. In subjects with clinical AF and an indi-
cation for anti-coagulation, OAC uptake increased with 32% after 
screening. Interestingly, age and co-morbidities were highest in the clin-
ical AF group, followed by the subclinical AF group, followed by the 
non-AF group.

The ubiquitous availability of smartphones in the general population 
enabled this screening approach to reach a large portion of the popu-
lation at low threshold. In this study, a media campaign attracted 60 629 
participants in a period of only 2 weeks. These subjects engaged in a 
screening trial to voluntarily perform 585 614 PPG measurements 
over the course of a week, by using a dedicated smartphone application 
that was provided for free. This would be hardly imaginable without sig-
nificant logistic challenges through conventional screening methods 
such as 12-lead ECG or Holter monitoring. Multiple screening trials 
have been described adopting digital health approaches to screen for 
AF in large populations with minimal effort using single-lead ECG or 
a combination of PPG and single-lead ECG. However, the necessitated 
hardware such as ECG devices or smartwatches are not as widespread 
as smartphones.20–25

Photoplethysmography as a technology has not yet been adopted by 
the guidelines to diagnose AF. However several validation studies have 
demonstrated the application’s high diagnostic accuracy.13,16 Following 
the definition, AF detected with PPG should be confirmed with ECG to 
make the diagnosis of clinical AF.8,18 In this study AF detected with PPG 
screening was confirmed with ECG or Holter monitor in 71% of all 
cases who underwent confirmational testing. In subjects without a his-
tory of AF, the AF confirmation rate with was 59%. Similar digital AF 
screening trials reported a variety of AF confirmation rates ranging 
from 34% in the Apple Heart Study, 36% in the eBRAVE study, 60% 
in the ‘Smart in OAC—AFNET 9’ study26 and 87% in the Huawei 
Heart Study. The eBrave study used a similar smartphone-based 
screening strategy with PPG.27 The Apple Heart study and Huawei 
Heart Study used a smartwatch-based screening with PPG and 
ECG.21,28 In both studies subjects with an irregular rhythm on PPG 
screening underwent subsequent ECG patch readings. There are 
many possible explanations for the variation in AF confirmation rates 

0%

0.2%

0.4%

0.6%

0.8%

1.0%

1.2%

1.4%

1 2 3 4 5
Days of screening

6 7 8

OverallAF
detectionrat

e

NewAFdetectio
n rate

Figure 3 Atrial fibrillation screening yield. Overall atrial fibrillation detection rate (solid line) represents the proportion of subjects with a positive 
screening result regardless of a previous atrial fibrillation diagnosis. New atrial fibrillation detection rate (dashed line) represents the proportion of 
subjects with a positive screening in whom atrial fibrillation was previously undiagnosed. AF, atrial fibrillation.
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amongst these studies. The duration of AF episodes is one such explan-
ation. A smartwatch-based approach performs semi-continuous 
rhythm measurements, while screening with a smartphone-based ap-
proach yields only two rhythm measurements per day. Hence, short 
AF episodes are more likely to be detected by a smartwatch compared 
to a smartphone. These short AF episodes are more likely to be missed 
by confirmational testing. By performing only two daily measurements, 
a smartphone screens for longer AF episodes that are more likely to be 
detected by confirmational testing.

The employed screening strategy allowed users to determine when 
and how frequent heart rhythm assessments were performed. Hence, 
subjects could prioritize assessments while experiencing symptoms. 
Even though subjects had to perform these measurements autono-
mously, 88% of the PPG measurements acquired in the study were 
of sufficient quality for analysis and a learning-curve was observed 
with less signals of low quality towards the end of the screening period. 
On the other hand, compliance quickly waned, and any nighttime AF 
remained undetected as patients cannot perform measurements while 
sleeping. Nighttime AF might be more frequent and can be detected 
with a semi-continuous PPG monitor, such as smartwatches and wrist-
bands.26 However, the use of smartphones is more widely adopted and 
may reach more subjects for screening, specifically in the elderly 
population.

Apart from demonstrating the feasibility of this screening strategy, 
this study provides insightful information on its diagnostic yield. A posi-
tive screening result for AF was found in 791 individuals (1.3%) of the 
screened population (2.5% of participants who strictly adhered to 
two daily measurements) and 4.3% in the 65 + population. Positive 
screening results were a new detection in 0.78% in the overall popula-
tion and 2.4% in those aged 65 years and older. Other population based 
AF screening studies reported similar findings: 0.52% (Apple Heart 
Study),21 0.23% (Huawei Heart Study),28 and 1.0% (FitBit Heart 
study)29 in the overall screened population and 3.1, 2.8, and 3.6% in 
those aged 65 years and older. As would be expected, positive screen-
ing for AF was associated with older age and more co-morbidities, con-
firming that the diagnostic yield is highly dependent of the background 
risk for AF.30 The larger proportion of subjects ≥65 years in this study 
(14%) compared to the Apple Heart Study (6%) and Huawei Heart 
Study (1.8%) is likely an important driver for the higher AF detection 
rate.21,22 Detection rates of newly diagnosed AF depend on the 

screening setting, target population, screening duration, and screening 
device.31 The following studies targeted an elderly population with co- 
morbidities to achieve higher AF detection rates: eBRAVE (1.6%), 
STROKESTOP (3.0%), mSTOPS (3.9%), EAGLE (10.6%), and LOOP 
studies (31.8%).9,10,27,32–34 Accordingly, the EHRA practical guide and 
US Preventive Services Task Force recommendations highlight the im-
portance of risk group selection for AF screening.9,10

The diagnostic yield of AF screening increases with the duration, dis-
persion, and number of screenings.30 Therefore, it is somewhat con-
cerning that the motivation for repetitive heart rhythm assessments 
quickly waned during the 8-day study period. Also, only 14% of subjects 
with known AF had a positive screening result. This suggests that more 
subjects with AF might be detected with longer or more frequent 
screening. Theoretically, an increased screening duration would be pre-
ferred over an increased screening frequency because an increased 
screening frequency leads to detection of shorter paroxysmal AF epi-
sodes. The LOOP study screened for (short, >6 min) AF episodes 
with an implantable loop recorder and was not able to demonstrate 
a significant reduction the primary endpoint of stroke and systemic em-
bolism. Plausible explanations were low event rates in subjects with 
short AF episodes, lack of power, and high performance in the control 
group.34 Although it has been found that AF episodes as short as 6 min 
might be associated with a higher thrombo-embolic risk, it is still unclear 
how much AF burden, for which patients, is needed to benefit from 
anti-coagulation.35–37 The STOKESTOP study is the only randomized 
study that demonstrated a small net benefit compared with standard 
of care.38

A particular strength of the current study is that follow-up data were 
available on how the AF screening impacted on subsequent medical 
treatment. Screening for AF positively impacted OAC uptake in sub-
jects with clinical AF and an indication for anti-coagulation. Oral 
anti-coagulation uptake increased not only in subjects with a new diag-
nosis of AF but also in subjects who were already diagnosed with AF 
before screening. In the latter, AF screening triggered to re-evaluate 
the thromboembolic risk and let to initiation of OAC treatment. 
Only a few subjects with subclinical AF were started on OAC treat-
ment. These are subjects found to have AF on PPG measurements 
without ECG confirmation. Oral anti-coagulation treatment in this 
population is debatable and is currently not recommended by the 
guidelines as it is not supported by evidence. The thromboembolic 
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Table 1 Screened population characteristics

No AF Subclinical AF Clinical AF Subclinical AF vs.

(n = 59 838) (n = 396) (n = 395) clinical AF

n Value n Value n Value P-value

Age (year) 48 ± 15 59 ± 14 65 ± 10 <0.01

≥65 years 59 838 14% 396 39% 395 57%
≥75 years 2% 10% 13%

Men 59 829 57% 396 69% 395 82% <0.01

Body mass index (kg/m²) 16 295 25 (23–28) 109 26 (24–30) 134 28 (24–31) 0.07
Known AF 54 134 4% 308 0 395 85% <0.01

Heart failure 54 142 3% 308 7% 387 23% <0.01

Hypertension 54 187 20% 310 30% 387 51% <0.01
Diabetes 54 168 4% 308 6% 387 12% 0.01

History of stroke 54 140 3% 308 4% 387 14% <0.01

Atherosclerotic disease 54 150 6% 308 7% 387 15% <0.01
CHA2DS2-VASc score 54 122 1 (0–1) 308 1 (0–2) 387 2 (1–3) <0.01

AF, atrial fibrillation.
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risk in subjects with conventional subclinical AF is unclear, let alone in 
PPG-detected subclinical AF. Hence, the low rates of OAC initiation 
in subclinical AF currently seem like a correct attitude, given the lack 
of evidence. The ARTESiA trial and NOAH-AFNET 6 trials are two on-
going randomized studies to determine whether OAC therapy (with 
apixaban and edoxaban, respectively) reduces the risk of stroke or sys-
temic embolism in patients with subclinical AF and additional risk 
factors.39,40

Interestingly, age and co-morbidities gradually increase from subjects 
with a negative screening result to subjects with subclinical AF and fur-
ther increases in subjects with clinical AF detected by the screening pro-
gramme (Table 1). Hence, the subjects identified with subclinical AF by 
the screening programme are at higher risk for both AF and for 
thromboembolism compared to subjects with a negative screening re-
sult, even if the detection of AF was not confirmed on ECG.41,42 The 
eBRAVE AF trial confirmed that subclinical AF (PPG-detect AF not con-
firmed with ECG) is associated with three times higher risk of major ad-
verse cardiac events.27 Even if anti-thrombotic therapy has not been 
proved to be beneficial in this population, subjects with subclinical AF 
should be targeted for risk factor management far more than they 
are now. Not only the physician but also the screening application 
can provide information about lifestyle modifications and AF to sensi-
tize this group.43–45 This is important as one-third of subjects with 
new detected AF took no further action despite being advised to con-
tact a physician. The main reason for neglecting the advice was being 
asymptomatic or feeling that AF is not a serious condition. As opposed 
to the present pragmatic study design, in which AF confirmation and 
management were left at the general practitioner or cardiologist, the 
Huawei Heart Study integrated an AF management programme with 
a mobile AF application (mAFA) incorporating the Atrial Fibrillation 
Better Care (ABC) pathway: A, avoid stroke; B, better symptom man-
agement; and C, cardiovascular and other co-morbidity risk reduction 
integrated approach to AF management.3,44 This approach motivated 
more participants with PPG-detected AF to contact a physician 
(62%) and participants with confirmed AF to enrol in the mAFA follow- 
up programme (95%).28 This AF management programme reduced the 
risk for the composite outcome of ‘ischaemic stroke/systemic 
thromboembolism, death, and rehospitalization’ compared to usual 
care.44,45

Hence, future AF screening programmes should defer from a prag-
matic AF management approach and incorporate a structured AF man-
agement programme based on the ABC pathway to better educate on 

AF, to stimulate compliance, to increase OAC uptake (in patients with 
an indication for OAC), and to target risk factor management and life-
style modifications.

Study limitations
The main limitations to this study are drop-out, self-reported data, and 
selection bias. Drop-out occurred as only 55% of the subjects with a 
positive screening result for AF responded to the follow-up question-
naire. Self-reported data from questionnaires were used on medical his-
tory, medication, and interventions following AF detection. Selection 
bias was possibly induced as participants were approached through a 
media campaign and registered voluntarily.

Conclusions
Large–scale screening for AF is feasible using only a smartphone with a 
dedicated application based on PPG technology. In this study, 60 629 
participants were screened within a period of only 2 weeks. With su-
pervised digital screening, 1.3% of the participants had a positive screen-
ing result for AF. The number needed to screen to detect a new case of 
AF was 133. Screening initiated important therapeutic actions such as 
changes in antithrombotic therapy, rate or rhythm control therapy in 
over half the subjects with clinical AF, but not in subjects with subclinical 
AF. The uptake of OAC treatment in subjects with clinical AF and an 
indication for anticoagulation increased after screening. The thrombo-
embolic risk of subjects with subclinical AF remains debated, and there 
is no consensus on treatment. Interestingly, this study demonstrates 
that subclinical AF is associated with increased comorbidities that 
were not addressed with risk factor management. Hence, future 
screening programmes should defer from a pragmatic AF management 
approach and incorporate a structured AF management programme to 
optimize guideline-directed therapy in screen positives with clinical AF 
and at least initiate risk factor management in screen positives with sub-
clinical AF.

Supplementary material
Supplementary material is available at European Heart Journal – Digital 
Health.
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