
PPG-based smartphone application vs usual care for atrial fibrillation 
screening: A European multicenter randomized trial

Jakob Johannes Reichl, MD,1,2,3 Khaled Abdel Hamid, MD,1 Thilo Burkard, MD,3,4

Annina Salome Vischer, MD,4 Caroline Guzman,4 Dariusz Dudek, PhD, MD,5 Artur Pawlik, MD,5

Bela Merkely, MD,6 Janos Marcell L�aszló, MD,6 Athanasios J. Manolis, MD,7 Manolis S. Kallistratos, MD,7

Dominik Linz, MD,8 Markus D€orr, MD,9,10,11 Christine Bahr, MD,10 Branko Belesin, MD, PhD,12

Thomas H€ubner, PhD,13 Nicole K€onig, PhD,13 Diana Piper, PhD,13 Jens Eckstein, MD, PhD1,2

ABSTRACT

BACKGROUND Atrial fibrillation (AF) is the most frequent arrhythmia worldwide and a major cause of ischemic stroke. Screening 
tools are becoming increasingly popular to detect AF for stroke prevention, yet data from randomized trials are lacking.

OBJECTIVE The purpose of this study was to analyze AF detection rates using a smartphone application with early intervention 
(intervention group) compared with no intervention (sham group).

METHODS This is an international, multicenter, prospective, randomized, sham-controlled, double-blinded trial conducted 
between October 2019 and May 2024. Patients with no prior AF were randomized 1:1 to an intervention group or a sham group. 
The study application used the smartphone camera to generate photoplethysmography signals. If an arrhythmia was detected, 
patients in the intervention group received a notification and a 7-day patch electrocardiogram to confirm AF.

RESULTS A total of 1021 patients from 8 centers were randomized. The mean CHA2DS2-VASc score was 3.4 6 0.92 in the inter
vention group and 3.5 6 1.02 in the sham group. Arrhythmia was detected in 32 (3.1%) cases: 20 (3.9%) in the intervention 
group and 12 (2.4%) in the sham group. AF was diagnosed in 13 (1.3%) patients. AF detection rates were numerically higher 
in the intervention group (10 [1.9%] vs 3 [0.5%]; P 5 .094), especially in cases of asymptomatic AF (4 [0.8%] vs 0 [0%]; P 5 

.13). There was no difference in the rate of stroke, transient ischemic attack, or systemic embolism after 6 months.

CONCLUSION In this multicenter trial, application usage in combination with early intervention did not significantly increase 
overall AF detection rates. However, asymptomatic AF detection was numerically higher in the intervention group, aligning with 
current guidelines that recommend photoplethysmography–based devices for AF screening.
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Atrial fibrillation (AF) is the most common cardiac arrhythmia, 
affecting an estimated 30 and 100 million people worldwide. 
Because of an aging population and increasing risk factors, 
the prevalence is expected to rise significantly in the coming 

decades.1 Studies have projected that in 2060, ∼14.4 million 
elderly Europeans will be affected.2

AF is associated with increased mortality, higher hospital
ization rates due to heart failure, and a higher risk of 
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thromboembolic events such as stroke.3 While common 
symptoms include dyspnea, chest pain, palpitations, and fa
tigue,4 AF can be asymptomatic or clinically silent. Addition
ally, patients may experience both symptomatic and 
asymptomatic episodes, with silent AF occurring in an esti
mated 12%–45% of cases.5–7

Stroke is the second leading cause of death in Europe, 
responsible for 13% of all deaths,8 and a major cause of com
plex neurological disability. In 2017, the total annual cost of 
stroke reached €60 billion, with further increases expected.9

Since AF is a major contributor to stroke—present in 20%– 
30% of patients with ischemic stroke and newly diagnosed 
in ∼10%—early detection is essential.10–13 AF-related 
strokes are often more severe than ischemic strokes without 
AF, resulting in higher mortality rates, longer in-hospital 
stays, and higher degrees of functional disability.14 Early 
detection of AF and initiation of anticoagulation lead to a 
drastic decrease in stroke risk.13

Consequently, the development of screening strategies for 
early AF detection has become an important research topic 
and is recommended in current professional guidelines.15,16

Traditional methods such as opportunistic pulse palpation, 
routine electrocardiograms (ECGs), and 24-hour monitoring 
often miss paroxysmal AF and are impractical for large-scale 
screening owing to cost and equipment limitations.

Effective screening requires high predictive accuracy at 
low cost by using simple, low-risk tools.1

Recently, digital technologies such as smartphones, smart
watches, and other wearables using photoplethysmography 
(PPG) have emerged as promising tools for AF screening17–19

and are now included in international guidelines.15

The primary aim of this randomized double-blinded study 
was to investigate the effect of a smartphone application on 
the detection rates of AF. We hypothesized higher detection 
rates in the intervention group.

Methods

Study design

We conducted an investigator-initiated, prospective, 
double-blinded, randomized, sham-controlled, international 
multicenter medical device study between October 2019 
and May 2024 in a population at risk but with no history 
of AF. Eight centers in Switzerland, Germany, the 
Netherlands, Poland, Serbia, Hungary, and Greece partici
pated. The study was conducted in compliance with the 
Declaration of Helsinki (as revised in 2013), the International 
Council for Harmonisation (ICH) Good clinical practice 

(GCP)-guidelines, the Interna
tional Organisation for Stand
ardisation guidelines (ISO EN 
14155), and all applicable 
national legal and regulatory 
requirements. Ethics approval 
was obtained from all local 
ethics committees, and the 
study was registered on 

ClinicalTrials.gov (NCT04108884). All patients provided 
written informed consent and were explicitly informed that 
real-time feedback of monitoring results would vary by 
group as part of the study design. In the sham-group, 
abnormal PPG findings were not ignored but were retro
spectively reviewed and escalated for clinical follow-up 
when appropriate. Furthermore, the application was used 
as an adjunct to usual care, allowing patients in the control 
group unrestricted access to medical attention at any time. 
All study sites underwent a site initiation call to review the 
inclusion and exclusion criteria, study variables, and study- 
specific definitions. The study team provided ongoing sup
port to sites throughout the data collection process, 
ensuring that any concerns or questions were addressed.

We included patients with no prior diagnosis of AF and a 
calculated CHA2DS2-VASc score of ≥3 for individuals 
younger than 65 years or ≥2 for individuals 65 years or older. 
All patients were required to provide written informed con
sent to be included in the study. Exclusion criteria were prior 
diagnosis of AF, chronic anticoagulation therapy, an im
planted cardiac electronic device (pacemaker or intracardiac 
cardioverter-defibrillator), and an inability to comply with 
study procedures (eg, language problems, psychological dis
orders, or dementia). Technical limitations such as inability to 
use the application properly or smartphone incompatibility 
were also grounds for exclusion.

Study application

For this study, we used the Preventicus Heartbeats applica
tion (Preventicus GmbH). The application uses a validated al
gorithm to screen for AF by using the patient’s pulse wave 
obtained with the smartphone camera at the fingertip. The 
application uses the smartphone’s light-emitting diode light 
and camera without requiring any additional accessories, 
with the camera functioning as a PPG sensor. The user places 
the camera lens on their fingertip for 1 minute to record a 
pulse wave extracted from the video signal. The generated 
pulse wave signals are analyzed and translated by a patented 
and medical device–certified algorithm into an ECG- 
comparable report that can be read and evaluated by an 
ECG technician or cardiologist. Figure 1 depicts an example 
of arrhythmic pulse waves in a patient who would later be 
diagnosed with AF. Figure 2 presents a report that normal 
users of the application receive. In addition to pulse wave 
analysis and a report of heart rate, patients receive a notifica
tion if arrhythmia is suspected. In the study version of the 
application, patients received no such report or notification. 
The application has been evaluated in clinical trials before 
and reached a sensitivity and specificity of >90% in a study 
group with a high prevalence of AF.17–19 Importantly, the 
application is not intended to provide a definitive diagnosis 
of AF with its therapeutic implications, but exclusively for 
AF screening or progress monitoring. The application is 
compatible with most smartphone platforms, including iOS 
and Android. Minimum requirements at the time of the trial 
were iOS 9 or Android 4.4 operating systems.

Abbreviations

AF: atrial fibrillation 

ECG: electrocardiogram 

EHRA: European Heart 
Rhythm Association 

PPG: photoplethysmography 

TIA: transient ischemic attack 
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Study procedures

Eligible patients were randomized into an intervention arm 
(intervention group) and a standard-of-care arm (sham group). 
The application was installed on the personal smartphones of 
all patients. Randomization occurred during the download 
and installation process in a 1:1 ratio, ensuring that both patients 
and local investigators remained blinded to group allocation.

All patients in both groups downloaded and installed the 
same version of the application. They were instructed to use 
the application twice daily during the first 2 weeks of enroll
ment and then twice weekly from the third week onward, 
and additionally whenever experiencing palpitations. For 
each use, patients were instructed to place a finger over 
the smartphone camera for ∼1 minute. The total observation 
period lasted 6 months.

In cases of suspected arrhythmia in the application group, 
the recording was transmitted to the Preventicus Telecare 
Center, where it was analyzed for the likelihood of AF. For pa
tients in the intervention group, if AF was suspected and 
confirmed by the telecare center, the principal investigator 
was notified and an appointment for a 7-day Holter ECG 
was scheduled. Holter monitoring was conducted using the 
CardioMem CM 100 XT device (Getemed), a mobile patch 
ECG loop recorder. Figures 3 and 4 illustrate the 

measurement protocol and the evaluation process for 
suspected arrhythmia.

For patients in the sham group, instead of immediate 
feedback, a cumulative report was provided at the end of 
the trial. In addition to the specified measurements, patients 
in both groups received standard medical care. Furthermore, 
all patients were free to seek medical counseling, and all 
diagnostic measures, including ECG monitoring, were avail
able to their treating physicians in case of palpitations. If a pa
tient was hospitalized for any reason, it was recorded whether 
hospitalization was due to AF, stroke, transient ischemic 
attack (TIA), myocardial infarction, or systemic embolism. At 
the end of the trial, a patient survey was conducted to assess 
patients’ knowledge about AF before and after the trial, 
including its associated health risks. The survey also evalu
ated any technical difficulties encountered with the applica
tion and overall satisfaction. In patients with a confirmed 
diagnosis of AF, a study visit was conducted by the local in
vestigators. Typical symptoms associated with AF were as
sessed and documented using the European Heart Rhythm 
Association (EHRA) score.20 Asymptomatic AF was defined 
as the absence of typical symptoms such as palpitations, 
chest pain, dyspnea, lightheadedness, and other symptoms 
typically associated with AF.21

Figure 1 
Pulse wave signals of a patient detected by the application. In this case, the infrequent pulse waves suggested arrhythmia. The x-axis shows the time (t) in seconds, 
and the y-axis shows the pulse wave amplitude.

Figure 2 
Example of a report that patients receive from the application. In this case, a patient was informed about arrhythmic pulse frequencies (as depicted in Figure 1), and 
medical consultation with the suspicion of atrial fibrillation (AF) was suggested to him or her. Used with the permission from Preventicus GmbH.
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The primary outcome was the prevalence of AF detected 
by the 7-day Holter ECG. Secondary outcomes included the 
total number of arrhythmias detected by the application, 
detection rates of asymptomatic AF, and the incidence of 
stroke, TIA, systemic embolism, and myocardial infarction 
at 6 months. Additionally, patients’ overall satisfaction with 
the application was assessed, as well as the compliance 
with the measurement protocol. Compliance rates were cate
gorized into 4 categories on the basis of the percentage of 
the required measurements for both phases: >80%, 60%– 
80%, 40%–60%, and <40%.

Statistical analysis

Categorical data are presented as frequencies and percent
ages. For continuous variables, the total number of measure
ments, means, and standard deviations are reported if 

normal distribution was apparent. Normality was tested using 
the Kolmogorov-Smirnov test. Nonnormally distributed vari
ables are presented as medians with 25th and 75th percen
tiles. Statistical comparisons were conducted using the t 
test for normally distributed variables and the Mann- 
Whitney U test for nonnormally distributed variables. Differ
ences between ordinal variables were assessed using the 
Pearson χ2 test. A P value of <.05 was considered significant. 
All data analyses were performed using R Statistics, version 
4.3.3 (The R Foundation). Study data were stored using 
RedCap (Research Electronic Data Capture).

Sample size calculation

The sample size was determined using a resampling method. 
Each sample size was evaluated by simulating patient data 
999 times (R 5 999), thereby assuming a detection rate (num
ber of confirmed AF diagnoses/total number of patients) un
der usual care of 3%. We assumed that the detection rate is 2 
times the rate under usual care when using the application 
(6%). In each sample, the prevalence of detected AF was 
compared between patients treated according to usual 
care and patents using the application and it was tested 
whether these rates differed between the 2 groups using 
the x2 test. An α level of .05 was used (2-sided) for tests. 
Our sample size calculation resulted in a total number of 
1058 patients, assuming no dropouts, in order to achieve a 
power of at least 60%.

Results

Baseline characteristics

A total of 1021 patients from 8 centers met the inclusion 
criteria and were randomized. Of these, 510 patients were as
signed to the intervention group and 511 patients were as
signed to the sham group. The mean age was 65 years for 
both groups, and the mean CHA2DS2-VASc score was 3.4 
6 0.92 for the intervention group and 3.5 6 1.02 for the 
sham group. Baseline characteristics are summarized in 
Table 1. No notable differences in baseline characteristics, 
such as comorbidities or medications, were observed.

AF and arrhythmia detection

A total of 32 cases (3.1%) of arrhythmia were detected, with 
20 (3.9%) cases in the intervention group and 12 (2.4%) in 
the sham group. Among these patients, AF was diagnosed 
in 13 (1.3%). Of these, 10 (1.9%) were diagnosed in the inter
vention group following Holter ECG monitoring after notifi
cation from the telecare center. In the sham group, 3 (0.5%) 
AF cases were diagnosed during the trial in patients where 
application measurements detected an arrhythmia. At 6 
months, there was no significant difference in AF detection 
rates between the 2 groups (1.9% vs 0.5%; P 5 .094). All pa
tients in the sham group with AF reported typical symptoms, 
with an EHRA score of 2–3, while in the intervention group, 4 
patients with AF were asymptomatic (4 [0.8%] vs 0 [0%]; P 5 

.133). This corresponds to an estimated annualized detection 

Figure 4 
Procedure for patients in the intervention group with suspected arrhythmia. 
ECG 5 electrocardiogram.

Figure 3 
Measurement protocol during the study, used by both the intervention group 
and the sham group.
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rate of 15.7 events per 1000 patient-years of asymptomatic 
AF, based on a total of 255 patient-years of observation. Anti
coagulation was initiated in all patients with newly diagnosed 
AF, except for 1 patient, for whom the treating cardiologist 
decided against anticoagulation because of the AF episodes 
being short (<30 minutes) and the patient already being on 
dual antiplatelet therapy.

AF burden and results from Holter ECGs

The AF burden differed significantly between patients, with 
10% AF burden being the longest AF duration. The longest 
single episode in this case was 637 minutes, tachycardia ep
isodes with a maximal heart rate of 140 beats/min, and 
consequently, the patient showed symptoms correlating to 
EHRA score 3. In contrast, in the 4 patients with asymptom

atic AF, the burden was low, ranging from 0.14% to 3.97%, 
with 57 minutes being the longest episode in the latter 
case, with a maximal heart rate of 115 beats/min. In cases 
where AF was not confirmed, the Holter ECG showed sinus 
rhythm with a high burden of premature atrial contractions, 
but there were also 2 cases that showed sinus rhythm without 
any arrhythmia.

Stroke, TIA, and systemic embolism

By the end of the trial, stroke or TIA occurred in 4 patients: 2 
in the intervention group and 2 in the sham group. Addition
ally, systemic embolism was observed in 4 patients: 1 in the 
intervention group and 3 in the sham group. To our knowl
edge, these events were unrelated to AF. Myocardial infarc
tion occurred in 3 cases: 1 in the intervention group and 2 in 
the sham group. A total of 64 patients were hospitalized dur
ing the study; 26 patients in the intervention group and 38 
patients in the sham group. Death occurred in 1 patient in 
each group: one due to respiratory failure and the other 
due to terminal lung cancer. The results are presented in 
Table 2.

Patient questionnaire

In the patient survey, 438 participants (42.9%) reported being 
unaware of AF before joining the study. A total of 652 pa
tients (63.8%) reported a better understanding of AF and 
its associated health risks. Technical difficulties were re
ported by 75 patients (7.3%), with the main issue being 
poor signal quality, which necessitated repeated measure
ments. Overall, 93.9% of patients were very satisfied or satis
fied with the application and the frequency of screening. 
Fifty-eight patients (5.6%) did not complete the study per 
protocol. Of these, 6 patients withdrew their consent, 11 
were lost to follow-up, 12 had noncompliance issues, and 
22 reported technical problems. Five patients terminated 
the study early owing to personal reasons, and health issues 
were the reason for early termination in 2 patients.

Table 1 Baseline characteristics between patients in the inter
vention and sham groups

Variable Intervention group Sham group P

No. of patients 510 511
Age (y) 66.9 6 8.9 66.9 6 10.0 >.99
Sex: male 271 (53.1) 255 (50.2) .381
Ethnicity

Caucasian 493 (96.7) 495 (96.9) .995
Asian 7 (1.4) 2 (0.4) .180
Black 0 (0) 2 (0.4) .480
Others 3 (0.6) 2 (0.4) .998

Height (cm) 169.43 6 11.94 169.60 6 11.68 .820
Weight (kg) 82.32 6 44.85 80.95 6 17.93 .521
CHA2DS2-VASc 

score
3.43 6 0.92 3.54 6 1.02 .091

Estimated GFR 
(Cockroft-Gault 
equation) 
(mL/min)

74.85 6 16.41 74.82 6 17.19 .985

Antihypertensive 
medication

448 (87.8) 444 (87.1) .777

Angiotensin 
receptor 
antagonist

153 (34.2) 179 (40.3) .067

ACE inhibitor 208 (46.4) 209 (47.1) .900
Aldosterone 

antagonist
32 (7.1) 30 (6.8) .924

Diuretics 143 (31.9) 148 (33.3) .705
Alpha antagonist 17 (3.8) 20 (4.5) .716
Calcium channel 

blocker
165 (36.8) 159 (35.8) .805

β-Blocker 273 (60.9) 263 (59.2) .652
Antiplatelet therapy 359 (70.4) 353 (69.2) .733
Aspirin 314 (87.5) 309 (87.5) 1.000
Clopidogrel 99 (27.6) 109 (30.9) .376
Prasugrel 13 (3.6) 15 (4.2) .812
Ticagrelor 47 (13.1) 51 (14.4) .677
Other antiplatelet 

medication
4 (1.1) 7 (2.0) .525

Statin therapy 369 (93.4) 376 (91.9) .501
Insulin therapy 38 (9.6) 31 (7.6) .370
Oral antidiabetics 132 (33.5) 124 (30.4) .385

Values are presented as mean 6 standard deviation or n (%). 
ACE 5 angiotensin-converting enzyme; GFR 5 glomerular filtration rate.

Table 2 Outcomes and findings

Variable
Intervention 

group
Sham 
group P

No. of patients 510 511
Arrhythmia 20 (3.9) 12 (2.4) .210
Atrial fibrillation 10 (1.9) 3 (0.5) .094
Symptomatic 6 (1.2) 3 (0.5) .997
Asymptomatic 4 (0.8) 0 (0) .133
Cerebrovascular accident 

(stroke/TIA)
2 (0.4) 2 (0.4) 1

Systemic embolism 1 (0.2) 3 (0.6) .615
Hospitalization 26 (5.1) 38 (7.4) .153
Hospitalization related to AF 2 (0.4) 2 (0.4) 1
Myocardial infarction 1 (0.2) 2 (0.4) .998
Death (all-cause) 1 (0.2) 1 (0.2) 1

Values are presented as n (%). 
AF 5 atrial fibrillation; TIA 5 transient ischemic attack.
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Compliance

During the first 2 weeks, 83.74% of patients recorded >80% 
of all required measurements; 5.78% recorded 60%–80%, 
while 10.48% recorded 40%–60% of measurements. During 
the rest of the study, 68.27% recorded >80% of measure
ments, 9.07% did 60%–80%, 5.36% 40%–60%, and 17.56% 
recorded <40% of all required measurements.

Discussion

In this large, randomized, double-blind, multicenter Euro
pean trial, we aimed to investigate the potential of a smart
phone application for improving AF detection rates. The 
study did not confirm our initial hypothesis but contributed 
to the growing body of evidence on device-based cardiovas
cular diagnostics, especially in the context of an aging popu
lation and the increasing use of wearable devices.

Large observational trials, such as the Apple Heart Study, 
the Huawei Heart Study, and Fitbit Heart Study, have demon
strated the feasibility of screening for AF by using wearable 
devices for large populations.22–24 The mean ages in the 
Apple and Huawei heart studies were 41 and 35 years, 
respectively. Consequently, the proportion of patients 65 
years or older was low, with only 5.9% in the Apple Heart 
Study and 1.8% in the Huawei Heart Study. Our study 
differs from these aforementioned studies because of the 
randomized double-blinded approach and inclusion criteria 
tailored to include only participants in whom the diagnosis 
of AF would possibly result in anticoagulation therapy. As a 
result, our study included a significantly older population, 
with a mean age of 67 years in both groups. By using a smart
phone application, we aimed to reach more people 
throughout Europe, as smartwatches and other devices are 
less widespread, especially in lower-income countries. Our 
estimated asymptomatic AF diagnosis rate of 15.7 per 1000 
patient-years falls between rates reported in the aforemen
tioned studies. The Apple Heart Study found a lower rate 
of ∼1.14 per 1000 patient-years in a general population, 
while the Huawei Heart Study reported a higher rate of 32 
per 1000 patient-years. These findings emphasize the impor
tance of tailored screening strategies. Even though our study 
was performed in patients at higher risk for AF, determined 
by a CHA2DS2-VASc score of ≥2, the overall event rates 
were surprisingly low. Finding the correct screening proto
cols for the right population will be an important topic for 
future studies.

We found that the applied screening method can assist in 
the diagnosis of AF, especially in the context of asymptom
atic AF. Although we did not find significant differences in 
detection rates between both groups, there was a numerical 
difference, especially regarding asymptomatic AF cases, of 
which we found 4 in the intervention group and none in the 
sham group. Patients with asymptomatic AF are more diffi
cult to diagnose, putting these patients at an especially 
high risk for AF complications such as stroke or systemic em
bolism.25 While symptomatic AF may be detected through a 
variety of conventional means, the primary clinical value of 

the wearable-smartphone system lies in its ability to identify 
asymptomatic or unrecognized episodes, which are unlikely 
to prompt medical attention without continuous or semicon
tinuous monitoring. Importantly though, the AF burden 
measured by our Holter ECGs was low in our asymptomatic 
patients.

In the context of asymptomatic or subclinical AF, clinical 
risk prediction scores such as the HARMS2-AF score or the 
CHARGE-AF score play an important role in identifying 
individuals at risk of developing AF.26,27 These tools could 
guide decision making on whom to screen more extensively. 
However, they estimate risk rather than confirm arrhythmia 
presence. PPG-based smartphone applications offer com
plementary benefits by offering real-time detection of 
possible arrhythmia, enabling a prompter confirmation using 
standard-of-care-diagnostics. When used together, both ap
proaches may enhance AF screening and early diagnosis, 
although this has yet to be proven in prospective trials.

The results of our study differ from recently published 
studies, such as the Assessment of Remote Heart Rhythm 
Sampling Using the AliveCor Heart Monitor to Screen for 
Atrial Fibrillation (REHEARSE-AF) - study by Halcox et al,28

who detected significantly more AF cases using a WiFi- 
enabled iPod to obtain ECGs from high-risk patients. They 
obtained ECGs twice weekly for 1 year. Reasons for this dif
ference in AF detection rates might lie in the longer observa
tional period of 12 months compared with 6 months in our 
trial; additionally, their study population included older pa
tients, with the mean age being 6 years higher than in our 
study. The eHealth-based Bavarian Alternative Detection of 
Atrial Fibrillation (eBRAVE-AF) trial demonstrated a signifi
cant benefit of a smartphone application for AF detection 
rates.29 However, in contrast to their study, which mainly 
included policy shareholders of a large insurance company, 
our population was recruited from a real-world setting in mul
tiple European health care systems.

Notably, the overall incidence of AF in our study popula
tion was low, with only 1.3% of newly diagnosed cases— 
significantly below our estimated incidence of 3%–6%. While 
the reasons for this low incidence in our high-risk study pop
ulation are not fully clear, a possible explanation may lie in 
differences in European health care systems, with a majority 
of patients being enrolled from countries in which the sensi
tivity for the diagnosis of AF in their respective health care 
systems has increased in recent years.30 Another explanation 
may lie in the overall short study duration of 6 months. Addi
tionally, it is important to consider that participation in the 
trial itself may have heightened patients’ awareness of car
diac symptoms in both groups, potentially prompting earlier 
diagnostic evaluations outside the structured trial proced
ures. This phenomenon, commonly referred to as the Haw
thorne effect, could have contributed to the absence of a 
statistically significant difference in AF detection rates be
tween the intervention and sham groups.31

Overall, the role of prolonged cardiac monitoring for 
stroke reduction remains unclear. Prior studies have clearly 
demonstrated the utility of prolonged cardiac monitoring 
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technologies in unmasking AF in patients with stroke.32–34

However, a clear clinical benefit has yet not been proven 
for patients after stroke.35 In this context, an important 
consideration in interpreting our findings is the likely large 
number needed to monitor to prevent a single stroke event, 
particularly given the relatively low incidence of newly diag
nosed AF observed in our study (2.0%). Moreover, while an 
early detection of AF may provide opportunities for stroke 
prevention through anticoagulation, our study was not pow
ered to directly assess stroke reduction, and the 2 cerebro
vascular events observed were unrelated to AF. 
Additionally, it has suggested that low-burden AF may not 
carry the same stroke risk as symptomatic high-burden AF.36

Last, while frequent monitoring may facilitate the early 
detection of AF, it also carries inherent risks. These include 
the possibility of unnecessary follow-up investigations, over
treatment, and increased anxiety or psychological distress 
among patients confronted with asymptomatic or uncertain 
rhythm abnormalities.37,38 The extent of these potential 
harms remains challenging to quantify and was not systemat
ically assessed in our study, yet these points have to be 
considered when developing future screening strategies. 
Defining the appropriate screening population, optimal 
screening duration, and the threshold of AF burden that 
significantly increases stroke risk will be key objectives for 
future clinical trials.

Limitations

Our study has a number of limitations. First, as the study was 
conducted only in Europe, the results may not be applicable 
to health care systems in other regions. Second, as a specific 
smartphone application was used, the transferability to other 
PPG-based technologies and smartphone applications may 
be limited. Another key limitation of our trial was that it was 
underpowered, primarily because of a lower-than- 
anticipated incidence of newly diagnosed AF. This limitation 
likely reduced our ability to detect statistically significant dif
ferences between the study arms. Additionally, the relatively 
short follow-up duration of 6 months may not have been suf
ficient to capture meaningful differences in critical clinical 
outcomes such as stroke or systemic embolism.

Conclusion

In this multicenter trial, the application usage in combination 
with early intervention did not lead to significantly higher 
detection rates of AF. However, usage of the application 
was considered feasible by a large patient cohort, with 
good compliance over 6 months, and it led to a numerically 
higher detection rate of asymptomatic AF, supporting the 
AF screening strategies in the present guidelines.
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