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Detection of Atrial Fibrillation in a Large 
Population Using Wearable Devices: The Fitbit 
Heart Study
Steven A. Lubitz , MD, MPH; Anthony Z. Faranesh, PhD; Caitlin Selvaggi, MS; Steven J. Atlas, MD, MPH;  
David D. McManus, MD, ScM; Daniel E. Singer , MD; Sherry Pagoto, PhD; Michael V. McConnell , MD, MSEE;  
Alexandros Pantelopoulos, PhD; Andrea S. Foulkes , PhD

BACKGROUND: Morbidity from undiagnosed atrial fibrillation (AF) may be preventable with early detection. Many consumer 
wearables contain optical photoplethysmography (PPG) sensors to measure pulse rate. PPG-based software algorithms 
that detect irregular heart rhythms may identify undiagnosed AF in large populations using wearables, but minimizing false-
positive detections is essential.

METHODS: We performed a prospective remote clinical trial to examine a novel PPG-based algorithm for detecting undiagnosed 
AF from a range of wrist-worn devices. Adults aged ≥22 years in the United States without AF, using compatible wearable 
Fitbit devices and Android or iOS smartphones, were included. PPG data were analyzed using a novel algorithm that examines 
overlapping 5-minute pulse windows (tachograms). Eligible participants with an irregular heart rhythm detection (IHRD), defined as 
11 consecutive irregular tachograms, were invited to schedule a telehealth visit and were mailed a 1-week ambulatory ECG patch 
monitor. The primary outcome was the positive predictive value of the first IHRD during ECG patch monitoring for concurrent AF.

RESULTS: A total of 455 699 participants enrolled (median age 47 years, 71% female, 73% White) between May 6 and 
October 1, 2020. IHRDs occurred for 4728 (1%) participants, and 2070 (4%) participants aged ≥65 years during a median 
of 122 (interquartile range, 110–134) days at risk for an IHRD. Among 1057 participants with an IHRD notification and 
subsequent analyzable ECG patch monitor, AF was present in 340 (32.2%). Of the 225 participants with another IHRD 
during ECG patch monitoring, 221 had concurrent AF on the ECG and 4 did not, resulting in an IHRD positive predictive 
value of 98.2% (95% CI, 95.5%–99.5%). For participants aged ≥65 years, the IHRD positive predictive value was 97.0% 
(95% CI, 91.4%–99.4%).

CONCLUSIONS: A novel PPG software algorithm for wearable Fitbit devices exhibited a high positive predictive value for 
concurrent AF and identified participants likely to have AF on subsequent ECG patch monitoring. Wearable devices may 
facilitate identifying individuals with undiagnosed AF.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT04380415.
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Atrial fibrillation (AF) and flutter are associated 
with increased risks of stroke, heart failure, and 
other adverse outcomes.1 Strokes caused by AF 

are preventable with thromboembolism prophylaxis.2 
Lifestyle interventions targeting physical activity, alcohol 
cessation, and weight loss can also minimize morbidity 
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from AF.3,4 Because AF can be paroxysmal and asymp-
tomatic, wearable devices may help identify individuals 
with undiagnosed AF.

Newer smartwatch and fitness tracker models typi-
cally include an optical photoplethysmography (PPG) 
sensor to measure pulse rate. Algorithms can analyze for 
pulse irregularity from the PPG data and infer the pres-
ence of AF. Optimizing these algorithms for use in con-
sumer wearable devices at scale is critical, because false 
positives might lead to anxiety, increased use of health 
care resources, and treatment side effects.

The reported clinical trial and regulatory metric for 
evaluating algorithm performance has been the posi-
tive predictive value (PPV) for AF during simultaneous 
ambulatory electrocardiographic monitoring in 2 previ-
ous large-scale validation studies of wrist-worn wearable 
device–based algorithms that relied on intermittent PPG 
data.5,6 For example, the Apple Heart Study included 

>400 000 Apple Watch users and found that, among 
those receiving an irregular rhythm notification, 34% had 
AF >30 seconds identified on subsequent ECG patch 
monitoring with an 84% PPV of the algorithm for con-
current AF on the ECG patch. The algorithm was subse-
quently cleared in the United States and received a CE 
mark in Europe for over-the-counter use.7,8

We designed a novel algorithm to use more frequent 
sampling of PPG data and stricter criteria for irregular 
rhythm detection. We conducted a large-scale single-
arm remote clinical trial to test whether the algorithm 
would achieve a high PPV for detecting undiagnosed AF 
in users of an array of wrist-worn smartwatches and fit-
ness trackers from a single manufacturer. We additionally 
assessed the probability of a confirmed diagnosis of new 
AF on a subsequent 1-week ECG patch monitor after 
detection of an irregular heart rhythm by the algorithm.

METHODS
Individual-level data from the study will not be made available 
because of participant confidentiality and privacy, and company 
policy regarding user data, as well.

Study Design and Participants
The study design has been described previously.9 This was a 
single-arm remote clinical trial. We invited Fitbit device users 
aged at least 22 years to enroll between May 6 and October 
1, 2020. Participants were eligible if they were US residents 
and used a compatible Fitbit device (Ionic, Charge 3, Charge 
4, Versa, Versa Lite, Versa 2, Versa 3, Sense, Inspire HR, or 
Inspire 2) with a paired Fitbit account and an Android or Apple 
iOS smartphone with installed Fitbit app. A valid phone number 
and email address were required for participation. All partici-
pants were required to confirm that they met eligibility criteria 
for the trial, including that they had not been diagnosed with 
AF, used oral anticoagulants, or had a pacemaker or defibrilla-
tor. Participants were invited to participate through email, Fitbit 
app notifications, social media, and other marketing channels. 
All participants provided informed consent through smartphone 
or web. The protocol was approved by the Advarra Institutional 
Review Board (Columbia, MD). The protocol is available in the 
Supplemental Material.

Procedures
The novel algorithm ran centrally on a server using routinely 
collected PPG data after device syncing through the smart-
phone. The algorithm was unlocked centrally only for users 
who consented to the study. The algorithm analyzed PPG data 
continuously during periods in which participants were sta-
tionary (as determined by device accelerometers), to minimize 
motion artifact and thereby reduce the likelihood of false-pos-
itive AF detections. The PPG data were analyzed as 5-minute 
pulse tachograms acquired every 2.5 minutes (ie, overlap-
ping by 50%). If 11 consecutive tachograms were classified 
as irregular, then an irregular heart rhythm detection (IHRD) 
was generated (Figure S1). The algorithm therefore required 
at least 30 minutes of a sensed irregular heart rhythm to 

Clinical Perspective

What Is New?
• A novel photoplethysmography algorithm for wear-

able devices requires at least 30 continuous min-
utes of an irregular rhythm to generate an irregular 
heart rhythm detection during periods of inactivity 
(to minimize motion artifact).

• The novel algorithm can enable large-scale identi-
fication of undiagnosed atrial fibrillation with a high 
positive predictive value during periods of inactivity.

What Are the Clinical Implications?
• The Fitbit wearable-based irregular heart rhythm 

algorithm may be useful for early detection of undi-
agnosed atrial fibrillation.

• Individuals with a Fitbit wearable-based irregular 
heart rhythm detection have a substantial likelihood 
of having atrial fibrillation confirmed on a subse-
quent ECG patch monitor and considerable burden 
of atrial fibrillation.

• Because wearable-based irregular heart rhythm 
detections using photoplethysmography sensors 
operate during periods of inactivity, wearing devices 
at night may maximize the sensitivity.

• Detection of atrial fibrillation during periods of 
active motion remains a challenge.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation
IHRD irregular heart rhythm detection
IQR interquartile range
PPG photoplethysmography
PPV positive predictive value
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generate an IHRD. The algorithm was developed by Fitbit, 
was prespecified before study initiation, and was not altered 
in any way after study initiation. During the study, we encour-
aged participants to wear their devices through the night to 
maximize periods of stationary time.

Participants with an IHRD were notified through the 
Fitbit app and instructed to schedule a telehealth visit with 
a PlushCare (San Francisco, CA) physician through the app. 
From the Fitbit app, participants were transferred to the 
PlushCare site to register for an account, and the Fitbit and 
PlushCare accounts were linked. Participants received a link 
to download the PlushCare app to schedule and conduct their 
telehealth video visit, and they also had the option to conduct 
the visit through a web browser or by telephone. The tele-
health physician collected medical history, assessed for symp-
toms and adverse events, and confirmed eligibility. Participants 
were then mailed a single-lead ECG patch monitor (ePatch, 
BioTelemetry, Inc.) and instructed to apply and wear the moni-
tor for 1 week before returning it by mail using prepaid pack-
aging. The final day to receive ECG patches for processing 
was January 23, 2021. After the ECG patch was processed, 
participants were notified through PlushCare that results 
were available through a PlushCare portal and instructed to 
schedule a second telehealth visit to discuss. Participants with 
abnormal findings were encouraged to follow up with their per-
sonal health care providers or given a referral to a physician in 
their local area. Participants received up to a $50 incentive for 
completing each telehealth visit.

A survey was administered at 90 days after an IHRD noti-
fication, which assessed whether participants interacted with 
health care providers or received other diagnostic testing or 
treatments. All participants were invited to complete an end-
of-study survey that assessed for new AF diagnoses or related 
clinical management either after their second telehealth visit 
for those that wore and returned an ECG patch monitor or on 
February 13, 2021. The last end-of-study survey was com-
pleted by March 9, 2021.

Outcomes
The primary outcome was the PPV of the first IHRD during 
ambulatory ECG patch monitoring, defined as the propor-
tion of subjects with an IHRD who also had AF confirmed by 
independent cardiologist review of concurrent ECG tracings. 
Because AF occurring at any time during the first IHRD dur-
ing ECG patch monitoring would satisfy the primary outcome, 
the secondary outcome was the proportion of 5-minute pulse 
tachograms within the first IHRD that corresponded to con-
current AF confirmed on the ECG. This secondary outcome 
assessed how much of the first IHRD was coincident with 
ECG-detected AF. Tertiary outcomes included the propor-
tion of participants with an IHRD notification with AF on the 
subsequent ECG patch monitor. Additional outcomes are the 
subject of ongoing analysis.

Outcome Adjudication
All ECG patch monitors were processed by technicians using 
standard protocols, and the clinical reports were overread 
by 1 of 4 board-certified cardiologists at BioTelemetry using 
a single-reviewer adjudication process. For the primary and 

secondary outcomes, BioTelemetry cardiologists adjudicated 
the cardiac rhythm during each 5-minute ECG interval cor-
responding to the 11 pulse tachograms comprising the first 
IHRD, including a 1-minute buffer before and after each tacho-
gram. For tertiary and exploratory outcomes, the clinical ECG 
patch monitor report was used, in which the presence of AF 
was determined by a standardized BioTelemetry process involv-
ing semiautomated AF detection with technician overreading 
and cardiologist confirmation. For all outcomes, AF was consid-
ered present on the ECG patch monitor when it lasted at least 
30 seconds. Participants with prespecified emergent rhythm 
abnormalities detected on the ECG patch monitors were con-
tacted by PlushCare as described in the study protocol (see 
Supplemental Material).

Statistical Analysis
The analytic approach is detailed in the Statistical Analysis Plan 
(see Supplemental Material). Participants were at risk for an 
IHRD notification between the time Fitbit data were available 
(up to 30 days before study enrollment) and the first occur-
rence of either an IHRD notification or end of active data moni-
toring by the algorithm (October 26, 2020). We estimated Fitbit 
wear time, and sleep and awake time classifications, using Fitbit 
device software metrics (Supplemental Material). We estimated 
the cumulative incidence of an IHRD at 90 days among partici-
pants who contributed at least 1 hour of wear time and strati-
fied the analysis by those who contributed retrospective data 
after consent and those who contributed prospective data only. 
For cumulative incidence analyses, person time was defined as 
the IHRD at-risk time described earlier.

The primary outcome analysis was based on participants 
who started wearing an ECG patch within 45 days of the 
IHRD notification and whose patch contained analyzable data 
(Figure 1). To be considered analyzable, the ECG patch had to 
contain at least 1 hour of readable ECG data that were simul-
taneous with analyzable Fitbit PPG data. If an ECG patch did 
not contain analyzable data, a replacement patch was sent to 
the participant. Overall, 18 ECG patches were returned with no 
data (possibly because of an error in activating the patch) and 
32 patches were not readable by BioTel systems (attributable 
to either corrupted data or device damage). The target sample 
size for the number of participants with an IHRD during ECG 
patch wear was 155, which provided 80% power to test the 
hypothesis that the true PPV was >70% on the basis of on 
a 1-sided, 1-sample test of proportion, a type-1 error rate of 
2.5%, and an expected PPV of 80%. We further characterized 
the PPV by reporting the primary end point analysis stratified 
by sex, age (<65 and ≥65 years), and CHA

2DS2-VASc score (0, 
1, or ≥2 in men, and 1, 2, or ≥3 in women).10 CHA2DS2-VASc is 
a stroke prediction score for patients with AF in which 1 point 
is allocated for congestive heart failure, hypertension, age ≥65 
years, diabetes, vascular disease, and female sex; an additional 
point is allocated for age ≥75 years, and 2 points are allocated 
for previous stroke or transient ischemic attack.

We tabulated analyzable pulse tachogram data and the 
frequency of first IHRDs during ECG patch monitoring by 
sleep and awake time. AF burden and episode duration were 
based on the ECG patch clinical report. In post hoc exploratory 
analyses we tabulated the sensitivity and specificity of the first 
IHRD for AF during the ECG patch monitoring using the ECG 
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patch clinical report. All algorithm test characteristics, including 
the primary and secondary outcomes, were reported as point 
estimates and 2-sided 95% Clopper-Pearson exact intervals. 
Analyses were conducted using Python 3.7 and R 4.1.0.

Role of the Funding Source
Fitbit funded the study. The study was designed by Fitbit in col-
laboration with Massachusetts General Hospital investigators. 
Trial conduct was monitored routinely by executive and steer-
ing committees that included coauthors from Fitbit. Statistical 

analyses in this report were performed by the Massachusetts 
General Hospital investigators. Coauthors employed by Fitbit 
were involved in the data collection, interpretation, and review 
of the manuscript in collaboration with the academic coauthors. 
All authors had full access to the data and had final responsibil-
ity for the decision to submit for publication.

Data Sharing
Individual participant data will not be made available because 
of the sensitive and confidential nature of the personal health 

Figure 1. Participant flow through the trial.
IHRD indicates irregular heart rhythm detection.



ORIGINAL RESEARCH 
ARTICLE

Circulation. 2022;146:1415–1424. DOI: 10.1161/CIRCULATIONAHA.122.060291 November 8, 2022 1419

Lubitz et al Wearable-Based Detection of Atrial Fibrillation

information contained. The study protocol and statistical analy-
sis plan are available in the Supplemental Material). Additional 
reasonable requests for study documentation may be made to 
the corresponding author.

RESULTS
A total of 455 699 participants enrolled (Figure 1). The 
median age was 47 (interquartile range [IQR], 35–58) 
years, 12% were aged ≥65 years, 71% were female, and 
73% White (Table 1). At enrollment, 254 430 (56%) par-
ticipants used smartwatches and 199 895 (44%) used 
fitness trackers.

The median number of days at risk for an IHRD was 
122 (IQR, 110–134). The median hours of Fitbit device 
wear time per day was 23 (IQR, 22–24). The fraction of 
days at risk with ≥18 hours of Fitbit device wear time was 
85% (IQR, 54%–96%; Table S2).

IHRD notifications occurred for 4728 (1.0%) par-
ticipants (Figure 2A). In general, participants with IHRD 
notifications were older, more likely to be male, and report 
a family history of AF, personal history of cardiovascu-
lar disease, and sleep apnea (Table 1). Among partici-
pants aged ≥65 years, IHRD notifications occurred for 
2070 (3.6%), and among participants aged <65 years 
IHRD notifications occurred for 2658 (0.7%). IHRD 
notifications were based on pulse tachogram data avail-
able the 30 days before study entry for 2422 (51.2%) 
participants, with the remainder based on prospectively 
acquired pulse tachogram data. Among participants who 
contributed at least 1 hour of wear time, the cumula-
tive incidence of an IHRD at 90 days was 0.94% (95% 
CI, 0.91%–0.97%) and was similar among participants 
who contributed prospective pulse tachogram data only 
(n=14 746; 0.87% [95% CI, 0.73%–1.03%]).

Of participants who received IHRD notifications, 
1671 (35.3%) completed a telehealth visit (Figure 1). 
The proportions of participants who completed a first 
telehealth visit (34.7% versus 36.0%) and wore and 
returned an ECG patch monitor (24.2% versus 25.0%) 
were comparable among those who were notified of an 
IHRD on the basis of retrospective data versus those 
notified on the basis of prospective data, respectively. 
Characteristics of participants who did not initiate a first 
telehealth visit compared with those who completed the 
first telehealth visit are provided in Table S3. On average, 
individuals who initiated a telehealth visit were slightly 
younger, more likely to be female and White, and had 
fewer cardiovascular comorbidities, although the differ-
ences were modest. Of the 1671 participants who initi-
ated a telehealth visit, 142 (8%) were excluded because 
of a previous diagnosis of AF confirmed at the time of 
the telehealth visit or because they were receiving oral 
anticoagulation (Figure 1).

The ECG patch monitoring set included 1057 par-
ticipants who returned a monitor with analyzable data 

(Table 1). The median time from IHRD notification to the 
start of ECG patch monitoring was 18.6 (IQR, 10.9–30.7) 
days. As anticipated, participants who received an IHRD 
notification on the basis of retrospectively collected 
data received ECG patch monitors later than those who 
received an IHRD notification on the basis of prospec-
tively collected data (mean±SD: 32±19 versus 16±13 
days, respectively). The median wear time of the ECG 
patch monitor was 7.0 (IQR, 6.2–7.0) days. The propor-
tion of participants with an IHRD notification with con-
firmed AF on the subsequent ECG patch monitor report 
was 32.2% (340/1057; Figure 2B).

In total, 241 of the 1057 participants in the ECG anal-
ysis set had at least 1 IHRD during ECG patch monitor-
ing, of whom 16 were excluded from the primary and 
secondary outcome analyses because the cardiologist 
adjudicated all ECG tracings corresponding to the first 
IHRD as “unable to evaluate.” Thus, 225 participants 
were included in the primary and secondary outcome 
analyses. For the primary outcome, the PPV of the first 
IHRD during ECG monitoring for concurrent AF was 
98.2% (221/225 [95% CI, 95.5%–99.5%]) and was 
similar for men and women (Figure 2C). On the basis 
of this interval, we conclude that the PPV is statisti-
cally greater than the hypothesized 70%. Among par-
ticipants aged ≥65 years, the PPV was 97.0% (95% CI, 
91.4%–99.4%). Corresponding rhythms among the 4 
participants with an IHRD during ECG patch monitor-
ing but without confirmed AF are summarized in Table 
S4. For the secondary outcome, the proportion of 5-min-
ute tachograms comprising the first IHRD during ECG 
monitoring corresponding to AF was 98.1% (95% CI, 
96.5%–99.9%). The results of sensitivity analyses strati-
fied by CHA2DS2-VASc score are displayed in Table S5.

Acquired Fitbit pulse tachogram data during ECG 
patch monitoring were analyzable for a median of 8 (IQR, 
7–9) hours per day and were primarily available during 
sleep (Figure S2). The proportion of first IHRDs during 
ECG patch monitoring that occurred during sleep was 
75.9% (95% CI, 70.0%–81.2%). Among participants 
with AF during ECG patch monitoring, 242 (71.2%) had 
AF during awake and sleep periods, 23 (6.8%) had AF 
during sleep periods only, and 75 (22.1%) had AF during 
awake periods only.

In an exploratory analysis we used the ECG patch 
monitor report as the reference for confirmed AF. The 
sensitivity (67.6%) and specificity (98.4%) of the IHRD 
during the 1-week ECG patch monitoring period are pro-
vided in Table 2 and Table S6. In this analysis, 11 par-
ticipants who had an IHRD during the ECG monitoring 
period did not have AF ≥30 seconds on the ECG patch 
report (reflecting a false-positive rate of 1.5%).

The median AF burden was 7% (IQR, 2%–29%) 
among the 340 participants with AF on the ECG patch 
(Figure 3) and 14% (IQR, 5%–50%) among the subset 
of 241 participants who had an IHRD during the ECG 
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patch monitoring period. The median duration of the lon-
gest AF episode was 7 (IQR, 2–22) hours among partici-
pants with AF on the ECG patch (Table S7) and 11 (IQR, 
5–61) hours among the subset of participants who had 
an IHRD during the ECG patch monitoring period.

Of the 4728 participants who received an IHRD noti-
fication, 1504 (31.8%) returned the 90-day postnotifica-
tion survey. Participants who were notified of an IHRD on 
the basis of retrospective data were less likely to com-
plete a 90-day postnotification survey than those notified 

Table 1. Characteristics of Participants

Characteristic 
Total enrolled
(n=455 699) 

Irregular heart rhythm 
detection notification 
subgroup (n=4728) 

ECG patch subgroup 
(n=1057) 

ECG confirmed atrial 
fibrillation or flutter 
subgroup (n=340) 

Age distribution, n (%)

 ≥ 75 y 8255 (1.8) 460 (9.7) 71 (6.7) 24 (7.1)

 65–74 y 48 613 (10.7) 1610 (34.1) 351 (33.2) 117 (34.4)

 55–64 y 95 005 (20.8) 1623 (34.3) 395 (37.4) 132 (38.8)

 40–54 y 137 606 (30.2) 776 (16.4) 175 (16.6) 60 (17.6)

 22–39 y 166 051 (36.4) 259 (5.5) 65 (6.1) 7 (2.1)

 Not reported 165 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Sex, n (%)

 Female 322 131 (70.7) 2005 (42.4) 510 (48.2) 142 (41.8)

 Male 132 334 (29.0) 2713 (57.4) 545 (51.6) 198 (58.2)

 Other/prefer not to say 1222 (0.3) 10 (0.2) 2 (0.2) 0 (0.0)

 Not reported 8 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Race and ethnicity

 White non-Hispanic 333 496 (73.2) 3812 (80.6) 906 (85.7) 293 (86.2)

 Black non-Hispanic 23 874 (5.2) 180 (3.8) 24 (2.3) 4 (1.2)

 Hispanic 35 268 (7.7) 166 (3.5) 31 (2.9) 10 (2.9)

 Asian 13 029 (2.9) 69 (1.5) 5 (0.5) 3 (0.9)

 Native American or Alaskan Native 2011 (0.4) 21 (0.4) 3 (0.3) 0 (0.0)

 Native Hawaiian or other Pacific Islander 985 (0.2) 9 (0.2) 3 (0.3) 3 (0.9)

 Multiracial 13 608 (3.0) 81 (1.7) 15 (1.4) 5 (1.5)

 Other/prefer not to say 10 014 (2.2) 95 (2.0) 10 (0.9) 2 (0.6)

 Not reported 23 410 (5.1) 295 (6.2) 60 (5.7) 20 (5.9)

Medical history, n (%)

 Congestive heart failure 2795 (0.6) 144 (3.2) 7 (0.7) 4 (1.2)

 Diabetes 29 705 (6.9) 458 (10.3) 83 (8.3) 25 (7.8)

 Family history of atrial fibrillation or flutter 50 441 (11.1) 1041 (22.0) 206 (19.5) 63 (18.5)

 Hypertension 110 915 (25.7) 2025 (45.7) 420 (42.1) 136 (42.5)

 Obesity (body mass index ≥30 kg/m2) 174 446 (38.6) 2030 (43.2) 399 (38.0) 126 (37.4)

 Vascular disease 6196 (1.4) 182 (4.1) 18 (1.8) 11 (3.4)

 Sleep apnea 50 990 (11.8) 1056 (23.8) 207 (20.8) 63 (19.7)

 Stroke 3951 (0.9) 94 (2.1) 5 (0.5) 3 (0.9)

Current smoking* 43 585 (9.6) 252 (5.3) 42 (4.0) 12 (3.5)

Current alcohol use* 304 048 (66.7) 3109 (65.8) 736 (69.6) 239 (70.3)

CHA2DS2VASc score,† mean (SD) 1.22 (0.89) 1.63 (1.22) 1.49 (1.11) 1.48 (1.14)

CHA2DS2VASc score ≥2 for men or ≥3 for 
women, n (%)

50 216 (11.6) 1576 (35.4) 292 (29.3) 97 (30.3)

Data are n (%) or mean (SD). Percentages include individuals with missing self-reported data; missing data frequencies are summarized in 
Table S1.

*Current smoking and alcohol use were defined as daily or less than daily.
†CHA2DS2VASc is a stroke prediction score for patients with atrial fibrillation or flutter in which 1 point is allocated for each of congestive heart 

failure, hypertension, age ≥65 years, diabetes, vascular disease, and female sex; an additional point is allocated for age ≥75 years, and 2 points are 
allocated for previous stroke or transient ischemic attack; higher scores denote greater risk.
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on the basis of prospective data (29.0% versus 34.7%). 
Postnotification surveys were completed by 916 of the 
1671 (54.8%) participants who attended an initial tele-
health visit and 588 of the 3057 (19.3%) participants 
who did not (P<0.001). Among postnotification survey 
respondents who did not attend an initial telehealth visit, 
the most common reason cited (n=139, 23.6%) for not 
attending was that they discussed the notification with 
their own doctor instead of the study telehealth provider.

Of the 455 699 participants enrolled, 234 532 
(51.5%) returned an end-of-study survey. A new diag-
nosis of AF was reported by 256 of the 773 (34.2%) 

respondents who received an IHRD notification and 
attended an initial telehealth visit, and 198 of the 791 
(26.9%) respondents who received an IHRD but did not 
attend a telehealth visit. In contrast, among the 450 971 
respondents who did not receive an IHRD notification, 
2363 (1%) reported a new diagnosis of AF (Table 3).

Of the 2732 adverse events reported in 1275 (0.28%) 
participants, none was serious (Table S8). Skin irritation 
from a Fitbit device occurred in 977 (0.21%) participants 
and from the ECG patch monitor in 615 (0.13%). Stress 
or anxiety resulting from participating in the study was 
reported by 1124 (0.25%).

Figure 2. Irregular heart rhythm detection frequency and confirmed atrial fibrillation or flutter.
Plots demonstrating the fraction of participants receiving an irregular heart rhythm detection (IHRD) notification (A), fraction of participants with 
an IHRD notification with confirmed atrial fibrillation (AF) or flutter on a subsequent ECG patch monitor (B), and IHRD positive predictive value 
(PPV) for AF, as confirmed on a concurrent ECG patch monitor (C).
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DISCUSSION
In this remote trial comprising 455 699 wearable Fitbit 
device users, we examined a novel software algorithm to 
identify undiagnosed AF occurring during periods of inac-
tivity. The primary outcome showed a 98% PPV for the al-
gorithm during ECG patch wear among 1057 participants 
who had previously received an IHRD notification and 
then wore and returned an ECG patch monitor. The pre-
dictive value of the algorithm was similar across age, sex, 
and CHA2DS2-VASc score strata. Approximately one-third 
of participants who received an IHRD notification had AF 
on the subsequent 1-week ECG monitor, similar to the “di-
agnostic yield” reported in the Apple Heart Study.5

Our findings indicate that wearable devices using the 
algorithm studied may enable large-scale identification of 
undiagnosed AF. In the Apple Heart Study,5 the overall PPV 

was 84% (72/86) during ECG patch wear, and 78% among 
participants aged ≥65 years. In the Huawei Heart Study,6 
the patient-level PPV was 87% (227/262) using various 
clinical follow-up approaches. The PPVs we observed are 
greater than those previously reported, although formal 
comparisons of algorithm performance cannot be clearly 
drawn from the study given the potential differences in 
study participant composition. Nevertheless, features of 
our algorithm may minimize false-positive notifications. By 
comparison, our algorithm uses a more continuous pulse 
data–sampling approach and a strict requirement that all 
11 tachograms within a classification window be irregular 
to generate an IHRD (Table S9). The high device wear time 
in our study enabled prolonged analyzable periods of inac-
tivity, including during sleep, to detect irregular rhythms. It 
is also possible that differences in study composition and 
design account for differences in observed PPVs.

Table 2. End-of-Study Survey Data

Event 
Participants with an irregular heart rhythm detection (n=1564  
respondents/4728 total)

Participants without an irregular 
heart rhythm detection  (n=232 931 
respondents/450 971 total) 

New self-reported event since enrolling 
in study

Attended telehealth visit
(n=773 respondents/1671 total) 

Did not attend telehealth visit 
(n=791 respondents/3057 total) 

Received a new diagnosis of AF 256 (34.2) 198 (26.9) 2357 (1.0)

Started taking a new medication to treat AF 165 (21.3) 145 (18.3) 1503 (0.6)

 Warfarin 3 (0.4) 16 (2.0) 155 (0.1)

 Direct oral anticoagulant* 135 (17.5) 116 (14.7) 604 (0.3)

 Aspirin 47 (6.1) 41 (5.2) 1049 (0.5)

Underwent a cardioversion for AF 31 (4.2) 59 (8.1) 510 (0.2)

Underwent a catheter ablation for AF 24 (3.2) 38 (5.2) 446 (0.2)

Data are n (%). AF indicates atrial fibrillation or flutter.
*Dabigatran, apixaban, rivaroxaban, edoxaban.

Figure 3. Burden and duration of atrial fibrillation or flutter among 340 participants with confirmed arrhythmia during ECG 
patch monitoring.
Plots demonstrating the burden of atrial fibrillation (AF) or flutter among participants with confirmed arrhythmia on the ECG patch monitor (A) and 
the duration of the longest AF episode during ECG patch monitoring (B).
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We note that, as with previous studies,5,6 the PPV of 
the IHRD algorithm was estimated in participants with 
a previous IHRD. Patients with a previous IHRD are 
enriched for having AF, and, because a greater preva-
lence of disease can increase the PPV, the PPV esti-
mates reported in our and previous studies5,6 may be 
higher than would be expected for an initial IHRD that 
occurs in the general population. Therefore, test charac-
teristics of the algorithm in the general population war-
rant prospective evaluation.

Ours is the largest remote study of wearable devices 
and was conducted for only 5 months during a global 
pandemic, underscoring the potential for remote direct-
to-participant recruitment for efficient clinical trial enroll-
ment. Our study also included a range of smartwatches 
and fitness trackers compatible with both Apple iOS and 
Android smart device operating systems. More older par-
ticipants enrolled in our study than in previous studies, 
an important subset given the increased risks of stroke 
among older individuals with AF.11 We also enrolled a 
greater proportion of women, extending the generaliz-
ability of PPG-software algorithms for detecting AF.

A key issue is that, although 98% of those with an IHRD 
during ECG patch monitoring had concurrent AF on the 
ECG, two-thirds of those that received an initial IHRD noti-
fication and returned a subsequent 1-week ECG patch did 
not have AF confirmed. Given the paroxysmal nature of AF, 
episodes of AF may not have coincided with the 1-week 
ECG patch monitor, so the fact that 32% had confirmed AF 
on the ECG patch likely underestimates the true fraction 
with AF. The optimal duration of monitoring and manage-
ment of individuals with an IHRD who do not have AF con-
firmed on an ambulatory ECG patch monitor are unknown 
and warrant further evaluation. Nevertheless, our results 
indicate that IHRDs enrich for individuals likely to have 
AF on subsequent ECG patch monitoring and who have 
an increased AF burden. Previous reports of 2-week ECG 
patch monitoring in adults without any PPG-based pre-
screening for irregular rhythms have demonstrated AF in 
only up to ≈5% of participants12–14 and a median AF burden 
of up to 2% in studies of individuals at elevated AF risk.12,13 
In contrast, the median AF burden after IHRD notification 
was 7% in our study. The enrichment for higher-burden AF 
observed in our study may be clinically relevant because 

recent data highlight the important prognostic value of lon-
ger episodes and higher AF burden for stroke risk.15–18

The current Fitbit algorithm was designed to be specific 
and to minimize false-positive detections. Given the facts 
that the algorithm requires at least 30 minutes of an irreg-
ular pulse to detect AF, and only operates during seden-
tary periods, the algorithm is not expected to have perfect 
sensitivity for episodes of AF. Indeed, we observed that the 
sensitivity of an IHRD for an episode of AF occurring dur-
ing the 1-week ECG patch monitoring period was ≈68%, 
and the specificity was 98%. The imperfect sensitivity 
of the current IHRD algorithm highlights the challenge 
of algorithms that use PPG data to assess for irregular 
rhythm during periods of motion, limits AF burden assess-
ment, and may selectively detect vagally mediated AF.

Our study highlights important challenges related to 
study retention in remote clinical trials. We observed attri-
tion of participants who received an IHRD notification, an 
observation that was similarly observed in 2 other clinical 
trials examining PPG-based software algorithms for AF 
detection.5,6 Participant attrition broadly represents a chal-
lenge to remote digital health studies.19 In our study, many 
participants who received an IHRD notification contacted 
their own health care providers in lieu of study physicians. 
We observed limited survey response rates and the miss-
ingness may be informative. We submit that integration of 
existing care pathways with trial protocols and engage-
ment with telehealth providers during study enrollment 
may facilitate participant retention in future remote clini-
cal trials. Generation of high-quality evidence supporting 
methods for participant engagement is needed.

Our study included existing consumers who may have 
been concerned about heart rhythm abnormalities to 
begin with. Despite the relative geographic and racial 
diversity of participants, future assessment of the soft-
ware algorithm in more diverse groups, including individ-
uals who may not be able to afford a wearable device, is 
necessary.20 Adjudication of the ambulatory ECG patch 
monitors involved single reviewers only, which may result 
in misclassification. The algorithm operates centrally 
using data transmitted to a server and is not capable 
of real-time notification. The pairing of PPG technology 
with single-lead ECG algorithms, which are increasingly 
available in wearable devices, requires prospective evalu-
ation. Although we administered surveys, we did not have 
access to clinical records to measure the associations 
between IHRD notifications and health care outcomes or 
utilization. The clinical- and cost-effectiveness of screen-
ing for AF remains uncertain and future studies are 
needed to assess the downstream benefits and potential 
adverse events resulting from detecting AF through a 
wearable device, in particular, given the increasing access 
to consumer-based technology enabling AF detection.21 
Major professional society guidelines warrant specific 
guidance for clinicians regarding the management of 
consumer-based AF detections.

Table 3. Test Characteristics of the Initial Irregular Heart 
Rhythm Detection During ECG Patch Monitoring, With Refer-
ence to the Clinical Report

Irregular heart 
rhythm detection 

Atrial fibrillation 
or flutter on ECG 
report 

Atrial fibrillation or 
flutter not on ECG 
report Total 

Present 230 11 241

Not present 110 706 816

Total 340 717 1057

Sensitivity is 67.6% (95% CI, 62.4%–72.6%). Specificity is 98.4% (95% CI, 
97.3%–99.2%).
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In conclusion, we found that detection of irregular 
heart rhythms by using a novel PPG-based software 
algorithm in smartwatches and fitness trackers is highly 
concordant with undiagnosed AF. Irregular heart rhythm 
notifications from the software algorithm are associated 
with a substantial enrichment for confirmed AF during 
subsequent ambulatory ECG patch monitoring.
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