
Aalborg Universitet

Consumer-Led Screening for Atrial Fibrillation

A Report From the mAFA-II Trial Long-Term Extension Cohort

Guo, Yutao; Zhang, Hui; Lip, Gregory Y. H.; mAF-App II Trial investigators

Published in:
JACC: Asia

DOI (link to publication from Publisher):
10.1016/j.jacasi.2022.07.006

Creative Commons License
CC BY 4.0

Publication date:
2022

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Guo, Y., Zhang, H., Lip, G. Y. H., & mAF-App II Trial investigators (2022). Consumer-Led Screening for
Atrial Fibrillation: A Report From the mAFA-II Trial Long-Term Extension Cohort. JACC: Asia, 2(6), 737-746.
https://doi.org/10.1016/j.jacasi.2022.07.006

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: December 04, 2025

https://doi.org/10.1016/j.jacasi.2022.07.006
https://vbn.aau.dk/en/publications/cde5daa2-c6ab-4eef-9d93-b9cfe614bf43
https://doi.org/10.1016/j.jacasi.2022.07.006


ORIGINAL RESEARCH

Consumer-Led Screening for
Atrial Fibrillation
A Report From the mAFA-II Trial Long-Term Extension Cohort

Yutao Guo, MD, PHD,a Hui Zhang, MD,a Gregory Y.H. Lip, MD,b,c on behalf of the mAF-App II Trial investigators

ABSTRACT

BACKGROUND There are limited data on mobile health detection of prevalent atrial fibrillation (AF) and its related risk

factors over time.

OBJECTIVES This study aimed to report the trends on prevalent AF detection over time and risk factors, with a

consumer-led photoplethysmography screening approach.

METHODS 3,499,461 subjects aged over 18 years, who use smart devices (Huawei Technologies Co.) were enrolled

between October 26, 2018, and December 1, 2021.

RESULTS Among 2,852,217 subjects for AF screening, 12,244 subjects (0.43%; 83.2% male, mean age 57 � 15 years)

detected AF episodes. When compared with 2018, the risk (adjusted HRs, 95% CI) for monitored prevalent AF increased

significantly for subjects when monitoring started in 2020 (adjusted HR: 1.34; 95% CI: 1.27-1.40; P < .001) or in 2021

(adjusted HR: 1.67; 95% CI: 1.59-1.76; P < 0.001). Of the 961,931 subjects who screening for both AF and OSA, 18,032

(1.9%, 97.8% male, mean age 44 �17 years) were identified as high risk for OSA, which resulted in a 1.5-fold increase

(95% CI: 1.30-fold to 1.75-fold) in the prevalent AF. A total of 5,227 (53.3%, 5,227/9,797) subjects were effectively

followed up, from which 4,903 (93.8%, 4,903/5,227) subjects were confirmed with the diagnosis of AF, by the mAFA

Telecare Team health providers.

CONCLUSIONS Photoplethysmography-based smart devices can facilitate screening for AF with >93% confirmation

of detected AF episodes even for the low-risk general population, highlighting the increased risk for detecting

prevalent AF and the need for modification of OSA that increase AF susceptibility. (Mobile Health [mHealth]

Technology for Improved Screening, Patient Involvement and Optimizing Integrated Care in Atrial Fibrillation [mAFA

(mAF-App) II study]; ChiCTR-OOC-17014138) (JACC: Asia 2022;2:737–746) © 2022 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

A trial fibrillation (AF) is the most common
arrhythmia with an ever-increasing public
health burden and increasing health care

costs.1-3 However, AF is commonly asymptomatic

and some patients may have paroxysmal episodes.
Asymptomatic AF recurrences are common, and may
progress to clinical AF and an increased risk of adverse
outcomes, including stroke.4,5 These unrecognized
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and untreated AF episodes would still lead to
adverse outcomes, given a similarly poor
prognosis of symptomatic and asymptomatic
AF.5

The proliferation of mobile health
(mHealth) and smart devices permits
much earlier detection for AF, especially
subclinical AF, in general population.6,7 Sin-
gle/multilead electrocardiograms (ECGs),
photoplethysmography (PPG), and oscill-

ometry devices can be employed into the wearables
to detect AF, with a validated diagnostic ability
comparable to standard 12-lead ECGs.8,9 Greater AF
detection has been associated with more prolonged,
frequent monitoring.9 Indeed, PPG-based wristband/
wearables have demonstrated the capability of
screening for AF, comparable to a one-off 12-lead
ECG.8

Smartwear devices used for mHealth may facilitate
detection of AF, but there are limited data on
mHealth detection of prevalent AF over time. The
mAFA II (Mobile Health [mHealth] Technology for
Improved Screening, Patient Involvement and Opti-
mizing Integrated Care in Atrial Fibrillation) program,
including the pre-mAFA phase of AF screening, also
called the Huawei Heart Study, using Huawei smart
devices. This phase investigated the incidence of AF
identified with PPG-based screening strategy among
the general population.6 Those with identified AF
would be considered for entry into the mAFA II trial
to validate the integrated ABC (avoid stroke with
anticoagulants, better symptom management, car-
diovascular and other comorbidities risk manage-
ment) care supported by mHealth technology in the
management of AF.

The present ancillary analysis from the mAFA-II
Trial Long-Term Extension Cohort aimed to describe
trends on prevalent AF detection in the general
population over time with consumer-led screening
for AF.

METHODS

The design and principal findings from the Huawei
Heart Study have been previously reported.6 AF
screening was conducted using PPG-based Huawei
smart devices (Huawei Technologies Co.) in the gen-
eral population. The monitored suspected AF cases
were further confirmed by health providers in the
mAFA Telecare center and network hospitals, with
clinical evaluation, ECG, or 24-hour Holter moni-
toring. This screening approach has been previously
reported in prior reports from this program.6,10

In brief, the subjects aged over 18 years freely
downloaded the AF screening app from Huawei App
stores across China. After being acquainted with the
study design, giving electronic informed consent, and
having matched compatible smart devices, the
subjects were entered into the study. Subjects
aged <18 years or with the inability to use smart-
phones or devices were excluded. Adult subjects who
signed electronic informed consent and matched
compatible smart devices entered into this study
between October 26, 2018, and December 1, 2021
(Figure 1). The study protocol is available in the
Supplemental Appendix.

This study was approved by the Central Medical
Ethic Committee of Chinese PLA General Hospital
(approval number: S2017-105-02) and registered at
the ChiCTR (Chinese Clinical Trial Registry) website
(ChiCTR-OOC-17014138). Electronic written informed
consent was obtained from all participants at
enrollment.

AF SCREENING, CONFIRMATION, AND FOLLOW-UP.

The algorithm with a PPG green light signal has been
developed for screening suspected AF.8,9 At least
14-day monitoring using PPG-smart devices was pro-
posed. Periodic measurements were to be automati-
cally taken every 10 minutes, and 60-second PPG
signals were to be continuously collected. Moreover,
individuals could initiate active measurements at
rest, and 45-second PPG signals were collected. The
subjects who received a notification of suspected AF
could freely decide whether to be followed up for
confirmation of the diagnosis of AF by the mAFA
Telecare team. Once they choose “Yes” on the AF
screening App, with regard to the question of whether
they would like to be followed up by mAFA Telecare
team or not, the health providers in the mAFA Tele-
care center would contact him or her to confirm the
diagnosis of AF to the network hospitals. AF was
further diagnosed with clinical evaluation, 12-lead
ECG, or 24-hour Holter monitoring by health pro-
viders from the mAFA Telecare team and network
hospitals. The screened AF patients were considered
for the mAFA II program to receive mHealth tech-
nology supported AF integrated care using the amfAR
App, which was Avoid stroke with anticoagulants,
Better symptom management, Cardiovascular and
other comorbidities risk management, together with
educational programs.11

DEFINITION OF MAIN CARDIOVASCULAR RISK

FACTORS. Study participants were required to fill
out a questionnaire about palpitations and cardio-
vascular risk factors, using the AF screening App.

ABBR EV I A T I ON S

AND ACRONYMS

AF = atrial fibrillation

AHI = apnea hypopnea index

CAD = coronary artery disease

ECG = electrocardiogram

mHealth = mobile health

OSA = obstructive sleep apnea

PPG = photoplethysmography
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Collected data on user-reported risk profiles are
summarized as follows:

i. Hypertension was defined as a resting blood
pressure $140 mm Hg systolic and/or $90 mm Hg
diastolic on at least 2 occasions, or those having
current antihypertensive drug treatment.

ii. Coronary artery disease (CAD) was defined as
prior myocardial infarction, angina pectoris,
percutaneous coronary intervention, or coronary
artery bypass surgery.

iii. Heart failure was defined as the presence of signs
and symptoms of either right ventricular failure
(elevated central venous pressure, hepatomegaly,
dependent edema) or left ventricular failure (ex-
ertional dyspnea, cough, fatigue, orthopnea,
paroxysmal nocturnal dyspnea, cardiac enlarge-
ment, rales, gallop rhythm, pulmonary venous
congestion) or both, diagnosed by doctors.

iv. Obstructive sleep apnea (OSA) is the apnea caused
by upper airway obstruction during sleep, associ-
ated with frequent awakening and often with
daytime sleepiness.

v. Hyperthyroidism was defined by excessive func-
tional activity of the thyroid gland with abnormal
thyroid hormone profile.

vi. Diabetes was defined as a fasting blood sugar level
of 126 mg/dL (7 mmol/L) or higher, a random
blood sugar level of more than 200 mg/dL
(11.1 mmol/L).

When the study participants filled in the ques-
tionnaire, these risk factors were required to be
confirmed by doctors.

SLEEP APNEA SCREENING WITH PPG SMARTER.

A machine-learning model with PPG signals,
including green light, infrared light, and red light
sources, has been developed to monitor blood oxygen
saturation.12 Compared with a home sleep apnea test,
the PPG algorithm based on smart devices detected
moderate-to-severe OSA patients (apnea hypopnea
index [AHI] $15), with the accuracy, sensitivity, and
specificity of 87.9%, 89.7%, and 86.0%, respec-
tively.12 Subjects who had compatible Watch GT or
higher (Huawei Technologies Co.) could freely decide

FIGURE 1 Flow Chart of Consumer-Led Screening for AF

Between October 26, 2018, and December 1, 2021, there were 3,499,461 subjects who downloaded the mobile Atrial Fibrillation Application

(mAFA) screening App across China. After excluding 647,087 subjects without compatible devices, 2,852,374 subjects had rhythm

monitoring data; of these, 157 subjects with unknown rhythm were excluded, and 2,852,217 subjects were entered into the final

analysis. Among them, 961,931 subjects screened for both atrial fibrillation (AF) and obstructive sleep apnea (OSA) risk using

photoplethysmography-based smart devices. Among these, 6,120 subjects (0.6%, 89.2% male, mean age 53 � 15 years) were monitored

with suspected AF
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whether they wanted to simultaneously receive sleep
apnea screening plus AF screening using the AF
screening App. The risk for sleep apnea monitored by
PPG smart devices was grouped as normal, low risk,
intermediate risk, and high risk. High risk of sleep
apnea was defined as more than 80% monitoring
measures with AHI $30 during sleep; intermediate-
risk sleep apnea was defined as more than 80%
monitoring measures with AHI ranged between 15-30
during sleep; and low-risk sleep apnea was defined as
more than 80% monitoring measures with AHI ranged
between 5-15 during sleep. All others were classified
as normal.

STATISTICAL ANALYSIS. Continuous variables were
tested for normality by the Kolmogorov-Smirnov test.
Data with a normal distribution were presented as
mean � SD. Data with a non-normal distribution were
presented as median (IQR).

The monitoring time, defined as time from first
measurement to last measurement, were calculated.
The proportion of detected AF was investigated in the
first 14 monitoring days, third to fourth week, then
monthly during the first year, followed by the second
year, third year, and over 3 years.

Subjects were stratified according to the enrolled
year as follows: October 26, 2018 to December 31,
2018, January 1, 2019 to December 31, 2019, January 1,
2020 to December 31, 2020, and January 1, 2021 to
December 1, 2021. Given there were only approxi-
mately 2 months of enrollment in 2018, the subjects
enrolled in 2018 were merged into those enrolled in
2019 and were analyzed compared with those in 2020
and 2021, respectively. We analyzed trends in the
proportion of suspected AF as monitored by PPG
devices by age strata and year.

All the statistically significant variables at univar-
iate analysis were included in the multivariable

model to distinguish the independent predictors of
detected prevalent AF episodes. A Cox proportional
hazards model was used to analyze the association of
enrolled year and detected AF episodes, after
adjustment (for age, gender, area, palpitation symp-
toms, hypertension, diabetes, sleep apnea, CAD, hy-
perthyroidism, and heart failure) and adjusted HRs
(95% CI) are presented.

A logistic multivariate regression analysis was used
to assess the effects of the risk strata of sleep apnea
on the detected prevalent AF episodes, among sub-
jects who simultaneously received sleep apnea
screening and AF screening using the AF screening
App. The 95% CIs were calculated with the Wilson
score method without continuity correction. A
2-sided P value of <0.05 was considered statistically
significant. Statistical analyses were performed using
IBM SPSS Statistics (version 25.0) and MedCalc
12.6.1.0 (MedCalc Software).

RESULTS

Between October 26, 2018, and December 1, 2021,
there were 3,499,461 subjects (79.2% male, mean age
37 � 15 years) who downloaded the mAFA screening
App across China (Supplemental Figure 1). After
excluding 647,087 subjects without compatible
devices, 2,852,374 subjects had rhythm monitoring
data; of these, 157 subjects with unknown rhythm
were excluded, so 2,852,217 subjects (81.7% male,
mean age 38 � 13 years) were entered into the final
analysis (Figure 1). OSA was the most common self-
reported risk factor, followed by hypertension and
diabetes mellitus (Table 1). Baseline characteristics of
the 2,852,217 subjects are shown in Table 1.

DETECTED AF AND MONITORING TIME. There were
12,244 subjects (0.43%; 83.2% male, mean age 57 � 15

TABLE 1 Baseline Characteristics of 2,852,217 Subjects With Smart Devices Between 2018 and 2021

2018
(n ¼ 25,782)a

2019
(n ¼ 751,341)

2020
(n ¼ 1,040,043)

2021
(n ¼ 1,035,051)

Age, y 37 � 17 36 � 22 38 � 13 38 � 12

Male 23,407 (90.8) 624,974 (83.2) 847,394 (81.5) 833,062 (80.5)

User-reported risk profiles (N ¼ 1,314,964) 11,738 331,909 522,171 449,146

Palpitation 3,298 (28.1) 101,482 (30.6) 156,839 (30.0) 134,979 (30.1)

OSA 3,763 (32.1) 111,064 (33.5) 172,010 (32.9) 144,982 (32.3)

Hypertension 1,930 (16.4) 52,771 (15.9) 87,022 (16.7) 79,160 (17.6)

Diabetes 439 (3.7) 12,620 (3.8) 21,873 (4.2) 20,714 (4.6)

CAD 362 (3.1) 9,767(2.9) 16,895 (3.2) 16,059 (3.6)

Heart failure 161 (1.4) 5,053 (1.5) 8,336 (1.6) 7,577 (1.7)

Hyperthyroidism 161 (1.4) 4,725 (1.4) 7,738 (1.5) 6,960 (1.5)

Values are mean � SD, n (%), or n. aIn 2018, the study period ran from October 26, 2018 to December 31, 2018.

CAD ¼ coronary artery disease; OSA ¼ obstructive sleep apnea syndrome.
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years) who received a notification of suspected AF. Of
these, the median monitoring time (defined as time
from first measurement to last measurement) was 271
(IQR: 92 to 520) days, and the time from first moni-
tored suspect AF episode to last measurement was
187 (IQR: 45 to 381) days.

Detected AF episodes increased from 0.10% (1,219/
1,215,857) in the first 14 days, to 0.83% (395/47,661)
in the 12th month, 0.97% (3,392/348,551) in the
second year, 1.58% (1,391/88,023) in the third year,
and to 3.86% (39/1,011) at over 3 years (P for
trend <0.001) (Figure 2).

DETECTED AF STRATIFIED BY AGE STRATA. The pro-
portion of detected AF increased with ageing, from
0.10% aged 18 to 39 years, 0.42% aged 40 to 54 years,
1.79% aged 55 to 64 years, 3.79% aged 65-74 years,
6.96% ages 75 to 84 years, and 7.26% ages over 85
years (P for trend <0.001). The proportion of sus-
pected AF in relation to age strata and year is sum-
marized in Supplemental Table 1.

UNIVARIABLE AND MULTIVARIABLE ANALYSES. Male sex,
age strata, heart failure, hypertension, hyperthy-
roidism, diabetes, and OSA, contributed to the risk for
detected AF, with HRs between 1.02 and 2.75 (all P <

0.001) (Table 2).
The increased age- and gender-adjusted trend in

period prevalence of first monitored AF by PPG smart
device was significant (all P < 0.001). When compared
with 2018, the risk for monitored prevalent AF
increased significantly for subjects when monitoring

started in 2020 (adjusted HR: 1.34; 95% CI: 1.27-1.40;
P ¼ 0.01) or in 2021 (adjusted HR: 1.67; 95% CI: 1.59-
1.76; P < 0.001), after adjustment for age, gender,
area, user-reported risk profiles (palpitation symp-
toms, hypertension, diabetes, OSA, CAD, hyperthy-
roidism, and heart failure) (Table 3, Figure 3).

OSA RISK AND DETECTED AF. There were 961,931
subjects (86.9% male, mean age 37 � 14 years) who
were screened for both AF and OSA risk using PPG
smart devices. Among these, 6,120 subjects (0.6%,

FIGURE 2 Proportion of Detected AF, in Relation to the Monitoring Time

Monitoring time was defined as the time from first measurement to the last measurement. The proportion of detected atrial fibrillation (AF)

was investigated in the first 14 monitoring days, third to fourth week, then monthly during the first year, followed by the second year, the

third year, and over 3 years.

TABLE 2 Univariable and Multivariable HRs for Detected AF in 2,852,217 Subjects

Univariable Multivariable

HR (95% CI) P Value HR (95% CI) P Value

Male 1.13 (1.07-1.19) <0.001 1.51 (1.44-1.59) <0.001

Age 2.77 (2.74-2.81） <0.001 2.72 (2.68-2.75) <0.001

Area 1.08 (1.07-1.10) <0.001 1.06 (1.05-1.07) <0.001

Palpitation 2.47 (2.38-2.60） <0.001 2.14 (2.05-2.24) <0.001

Heart failure 9.03 (8.43-9.66) <0.001 2.51 (2.32-2.72) <0.001

CAD 6.78 (6.42-7.16) <0.001 1.04 (0.96-1.11) 0.29

Hypertension 2.63 (2.52-2.74) <0.001 1.08 (1.03-1.14) 0.001

Hyperthyroidism 2.37 (2.08-2.69) <0.001 1.19 (1.04-1.35) 0.01

Diabetes 3.01 (2.80-3.22) <0.001 1.09 (1.01-1.17) 0.02

OSA 1.26 (1.21-1.32) <0.001 1.14 (1.09-1.20) <0.001

Year

2018-2019 Reference Reference

2020 1.56 (1.48-1.63) <0.001 1.34 (1.27-1.40) <0.001

2021 1.94 (1.85-2.05) <0.001 1.67 (1.59-1.76) <0.001

Detected AF in 12,244 patients. Age (per year) was as a continuous variable into the multivariable hazard model.

Abbreviations as in Table 1.
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89.2% male, mean age 53 � 15 years) were monitored
with suspected AF.

Of the 961,931 subjects, 18,032 (1.9%, 97.8% male,
mean age 44 � 17 years) were identified as high risk
for OSA, and 311 (1.7%, 95.5% male, mean age 53 � 13
years) were identified with suspected AF. The distri-
bution of the risk of OSA is shown in Supplemental
Figure 2.

On multivariate analysis, high-risk sleep apnea
(>80% monitoring measures with AHI $30 during
sleep) increased the risk of AF detection by 1.51-fold
(95% CI: 1.30- to 1.75-fold), after adjustment of age,
sex, body mass index, hypertension, diabetes melli-
tus, CAD, heart failure, and hyperthyroidism
(Figure 4).

CONFIRMATION OF AF DIAGNOSIS. There were
2,447 subjects who refused to be followed up when
they received the notification of suspected AF.
Among 5,227 subjects (53.3%, 5,227/9,797) subjects
effectively followed-up, 4,903 subjects (93.8%,
4,903/5,227) were confirmed with the diagnosis of
AF by clinical evaluation and 12-lead ECG or 24-
hour Holter, by the mAFA Telecare Team and
doctors.

DISCUSSION

In this large, prospective, population-based, con-
sumer-led screening study using smartwear con-
ducted over 3 years, our main findings are as follows:
1) PPG-based smart devices can facilitate screening
for AF with >93% confirmation of suspected AF epi-
sodes; 2) a consumer-led screening approach dem-
onstrates the increased risk for detecting prevalent
AF episodes over time; 3) male sex, age, user-reported
risk factors (heart failure, hypertension, hyperthy-
roidism, diabetes mellitus, OSA) independently pre-
dicted detected AF episodes; and 4) OSA (as detected
by smartwear) was the most common reported risk
factor, whereas high-risk OSA (more than 80%
monitoring measures with AHI $30 during sleep)
resulted in a 1.5-fold increase in prevalent AF.

CONSUMER-LED AF SCREENING APPROACH IN A

LOW-RISK POPULATION. Our prior validation
studies reported that the diagnostic sensitivity,
specificity, positive predictive value, negative
predictive value, and accuracy of mobile phones with
PPG for AF detection were over 94%, compared with
12-lead ECG.8,9 In this present study involving

FIGURE 3 Cumulative Risk of Monitored AF

Trends in age, gender-adjusted HRs of prevalent monitored atrial fibrillation (AF) were investigated across time periods using a Cox

proportional hazards model. In this model, baseline confounders, including the area (Northeast, North China, East China, South China, Central

China, Northwest, and Southwest), palpitation, hypertension, diabetes, obstructive sleep apnea syndrome, coronary artery disease,

hyperthyroidism, and heart failure were adjusted.

Guo et al J A C C : A S I A , V O L . 2 , N O . 6 , 2 0 2 2

mAFA-II Trial Long-Term Extension Cohort N O V E M B E R 2 0 2 2 : 7 3 7 – 7 4 6

742



3 million subjects with a mean age of 37 years over
3 years, the confirmation of suspected AF by PPG
devices remained over 93%, consistent with the pre-
vious report from the Mafi-II trial Long-term
Extension Cohort.13 In the WATCH AF trial (Smart-
WATCHes for Detection of Atrial Fibrillation) using
a smartwatch-based PPG algorithm, there was a
sensitivity of 93.7%, a specificity of 98.2%, a positive
predictive value of 97.8%, and a negative predictive
value of 94.7%, respectively, as well as an overall
accuracy of 96.1% for AF detection among subjects,
with a mean age 76 years.14 Thus, affordable, easy-
for-use, consumer-led PPG-based smartwear can be
a good screening tool, not only for an elderly popu-
lation with comorbidities, but also for mass screening
in the low-risk general population, with more pro-
longed, frequent monitoring.

RISK FACTORS FOR DEVELOPING AF. We observed
an increased adjusted risk for detecting prevalent AF
episodes over time, and male sex, age, heart failure,
hypertension, hyperthyroidism, diabetes mellitus,
and OSA contributed to the risk for detected AF, with
HRs between 1.04 and 2.72. Indeed, population-based
studies have identified numerous factors that
increase AF susceptibility. The available studies have
established that advanced age, male sex, obesity,
diabetes mellitus, OSA, elevated blood pressure, and
heart failure all predispose to AF, with HRs ranged
from 1.13 to 2.18.15

The increased secular trends on detected prevalent
AF are perhaps affected by increasing cardiovascular

risk factors that enhance AF susceptibility in the
Chinese population. Over the last decade, obesity has
increased by 67.6% in the Chinese adult population,
whereas the mean physical activity has reduced from
385.9 MET h/7 d to 212.8 MET h/7 d.16 Growing
trends are also seen in the prevalence of hyperten-
sion, which has increased to 27.9% in adults over
18 years,16 whereas the all-age prevalence of diabetes
rose from 3.7% to 6.6% from 1990 to 2016.17 On the
other hand, higher levels of cardiovascular health are
associated with decreased risk of developing AF.18

Moreover, OSA was the most popular user-reported
risk factor in the present screening study. A recent
meta-analysis of the global prevalence and burden of
OSA demonstrated that the prevalence was highest in
China, followed by the United States, Brazil, and In-
dia, with an estimated 936 million (95% CI: 903-970
million) men and women aged 30 to 69 years having
mild-to-severe OSA (AHI $5), and 425 million (95% CI:
399-450 million) having moderate-to-severe OSA
(AHI $15) globally.19 The present large, population-
based screening study found a 1.5-fold increase in
the prevalent AF with high-risk OSA (detected
via smartwear), suggesting the need to control risk
factors that increase AF susceptibility.

IMPLICATIONS FOR CLINICAL PRACTICE. Parox-
ysmal AF is missed in clinical practice because many
patients with the condition are asymptomatic, and AF
episodes frequently occur outside the monitoring
windows captured by 12-lead ECGs. Indeed, pro-
longed monitoring is likely to improve the detection

FIGURE 4 ORs of Detected Atrial Fibrillation by the Risk Strata of OSA

Of the 961,931 subjects who screened for both atrial fibrillation and obstructive sleep apnea, 18,032 (1.9%, 97.8% male, mean age 44 �17

years) were identified as high risk for obstructive sleep apnea (>80% monitoring measures with apnea hypopnea index [AHI] $30 during

sleep), which resulted in a 1.5-fold increase (95% CI: 1.30- to 1.75-fold) in prevalent atrial fibrillation.
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of paroxysmal AF.20 The first detection time of AF
burden of <50% per 24 hours was 4 days by active
measurement and 2 days by periodic measurement.9

Instead of one-off ECGs, PPG-based smart devices
allow continuous monitoring and would permit a
much earlier detection of paroxysmal AF or asymp-
tomatic AF, allowing the timely introduction of
therapies to protect patients, not only from the con-
sequences of the arrhythmia, but also from progres-
sion of AF from an easily treated condition to an
utterly refractory problem.

Indeed, the lifestyle and risk factor modification
interventions are increasingly associated with
reduced AF burden.21 However, these lifestyle factors

cannot be considered in isolation; for example, OSA
would contribute to hypertension, diabetes, and HF.
Hence, an integrated care approach would be
required to fully implement clustered risk manage-
ment in the AF patient, not just focusing on individ-
ual risk factors. The use of smart technology may
support implementation of the integrated approach
aimed at both primary and secondary prevention.22

Also, the possibility of smartwear to detect risk fac-
tors such as OSA and patient-centered risk factor
mitigation would be consistent with the move toward
a more holistic or integrated care approach to AF
management23 that is now recommended in guide-
lines.24 Adherence to such an integrated care

CENTRAL ILLUSTRATION Consumer-Led Screening for AF and Its Related Risk Factors

961,931 subjects used PPG-smart devices for screening AF and OSA

2,852,217 subjects used PPG-smart devices for screening AF

PPG-Based Smart Devices Facilitated Screening for AF With >93% Confirmation of Detected AF Episodes for
the Low-Risk General Population, With More Prolonged Monitoring

1
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10
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High-Risk OSA Resulted in a 1.5-Fold Increase
in the Prevalent AF

Guo Y, et al. JACC: Asia. 2022;2(6):737–746.

In the present largest screening study involving 2,852,217 subjects over 3 years for atrial fibrillation (AF) and 979,013 subjects for both AF and obstructive sleep apnea

(OSA), photoplethysmography (PPG)-based smart devices can facilitate screening for AF with >93% confirmation of detected AF episodes, even for the low-risk

general population, with more prolonged monitoring. High risk for OSA resulted in a 1.5-fold increase in the prevalent AF. This consumer-led AF screening approach

highlights the increased risk for detecting prevalent AF episodes over time and the need for modification of OSA and other risk factors that increase AF susceptibility.

AHI ¼ apnea hypopnea index; mAFA ¼ mobile Atrial Fibrillation Application.
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approach has been associated with improved clinical
outcomes.25

STUDY LIMITATIONS. There were only 53.3% sub-
jects with identified suspected AF who were effec-
tively followed up by mAFA Telecare Team and
doctors. One reason was that this was a large, pro-
spective, consumer-led screening study involving
3.5 million subjects over 3 years. Also, this was a
relatively low-risk population, with a mean age of
38 years. Though suspected AF was monitored, they
were not willing to have further confirmation,
possibly because of their asymptomatic status. To
avoid the underlying selection bias, we analyzed
trends in the proportion of suspected AF as moni-
tored by PPG devices by age strata and year. Besides,
given this was a large, prospective, consumer-led
screening study, we cannot confirm that the first
detected AF episode was a new AF episode, or
paroxysmal episode, or asymptomatic AF. Moreover,
the COVID-19 pandemic greatly changes the lifestyle.
It is unclear what the underlying impact of COVID-19
might bring up for the prevalence change of moni-
tored AF and deserves to be further investigated.

CONCLUSIONS

PPG-based smart devices can facilitate screening for
AF with >93% confirmation of suspected AF episodes,
even for the low-risk general population, with more
prolonged monitoring. This consumer-led AF
screening approach highlights the increased risk for
detecting prevalent AF episodes over time and the
need for modification of OSA and other risk factors
that increase AF susceptibility (Central Illustration).

ACKNOWLEDGMENTS The authors are grateful of the
HUAWEI Heart Health Research Team for the devel-
opment and optimization of photoplethysmography
algorithm, headed by Mr Xiaoxiang He. The authors
offer their sincere thanks to all participants in the

mobile Atrial Fibrillation Application (mAFA II)
program for their contributions.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

This research project was funded by the National Natural Science Foun-

dation of China (82170309). This study was an investigator-initiated

project, with limited funding by independent research and

educational grants. Dr Lip has been a consultant and speaker for BMS/

Pfizer, Boehringer Ingelheim, and Daiichi Sankyo, for which he has

received no personal fees. All other authors have reported that

they have no relationships relevant to the contents of this paper to

disclose.

ADDRESS FOR CORRESPONDENCE: Dr Yutao Guo,
Department of Pulmonary Vessel and Thrombotic
Disease, Six Medical Center, Chinese PLA General
Hospital, 5 Fu Cheng Road, Beijing 100048, China.
E-mail: dor_guoyt@hotmail.com. OR Dr Gregory Y.H.
Lip, Liverpool Centre for Cardiovascular Sciences,
University of Liverpool and Liverpool Heart & Chest
Hospital, Thomas Drive, Liverpool L69 7TX, United
Kingdom. E-mail: gregory.lip@liverpool.ac.uk.

RE F E RENCE S

1. Lippi G, Sanchis-Gohar F, Cervellin G. Global
epidemiology of atrial fibrillation: An increasing
epidemic and public health challenge. Int J Stroke.
2021;16(2):217–221.

2. Burdett P, Lip GYH. Atrial fibrillation in the
United Kingdom: predicting costs of an emerging
epidemic recognising and forecasting the cost
drivers of atrial fibrillation-related costs. Eur
Heart J Qual Care Clin Outcomes. 2022;8(2):187–
194.

3. Zhang J, Johnsen SP, Guo Y, Lip GYH. Epide-
miology of atrial fibrillation: geographic/ecolog-
ical risk factors, age, sex, genetics. Card
Electrophysiol Clin. 2021;13(1):1–23.

4. Park YJ, Kim JS, Park KM, On YK, Park SJ.
Subclinical atrial fibrillation burden and
adverse clinical outcomes in patients with
permanent pacemakers. Stroke. 2021;52(4):
1299–1308.

5. Sgreccia D, Manicardi M, Malavasi VL, et al.
Comparing outcomes in asymptomatic and symp-
tomatic atrial fibrillation: a systematic review and
meta-analysis of 81,462 patients. J Clin Med.
2021;10(17):3979.

6. Guo Y, Wang H, Zhang H, et al. MAFA II In-
vestigators. Mobile photoplethysmographic tech-
nology to detect atrial fibrillation. J Am Coll
Cardiol. 2019;74(19):2365–2375.

7. Perez MV, Mahaffey KW, Hedlin H, et al. Large-
scale assessment of a smartwatch to identify atrial
fibrillation. N Engl J Med. 2019;381(20):1909–
1917.

8. Fan YY, Li YG, Li J, et al. Diagnostic perfor-
mance of a smart device with photo-
plethysmography technology for atrial fibrillation
detection: pilot study (Pre-mAFA II registry). JMIR
Mhealth Uhealth. 2019;7(3):e11437.

9. Zhang H, Zhang J, Li HB, et al. Validation of
single central pre-mobile atrial fibrillation apps for
continuous monitoring of atrial fibrillation in a
real-world setting: pilot cohort study. J Med
Internet Res. 2019;21(12):e14909.

PERSPECTIVES

COMPETENCYINPATIENTCARE:Thephotoplethysmography-

based smart devices, which can facilitate screening for AF with

>93% confirmation of detected AF episodes even for the low-risk

general population, demonstrated the increased risk for detecting

prevalent AF episodes over time; detected high-risk OSA resulted

in a 1.5-fold increase in prevalent AF, highlighting the need

for modification of OSA and other risk factors that increase

AF susceptibility.

TRANSLATIONAL OUTLOOK: Future studies will be needed

to move toward a “smart” technology supported implementation

of clustered risk management in the AF patient.

J A C C : A S I A , V O L . 2 , N O . 6 , 2 0 2 2 Guo et al
N O V E M B E R 2 0 2 2 : 7 3 7 – 7 4 6 mAFA-II Trial Long-Term Extension Cohort

745



10. Guo Y, Lane DA, Wang L, Chen Y, Lip GYH.
Mobile Health (mHealth) technology for improved
screening, patient involvement and optimising
integrated care in atrial fibrillation: the mAFA
(mAF-App) II randomised trial. Int J Clin Pract.
2019;73(7):e13352.

11. Guo Y, Lane DA, Wang L, et al. Mobile health
technology to improve care for patients with atrial
fibrillation. J Am Coll Cardiol. 2020;75(13):1523–
1534.

12. Chen Y, Wang W, Guo Y, Zhang H, Chen Y,
Xie L. A single-center validation of the accuracy of
a photoplethysmography-based smartwatch for
screening obstructive sleep apnea. Nat Sci Sleep.
2021;13:1533–1544.

13. Guo Y, Guo J, Shi X, et al. Mobile health
technology-supported atrial fibrillation screening
and integrated care: a report from the mAFA-II
trial Long-term Extension Cohort. Eur J Intern
Med. 2020;82:105–111.

14. Dörr M, Nohturfft V, Brasier N, et al. The
WATCH AF trial: SmartWATCHes for detection of
atrial fibrillation. J Am Coll Cardiol EP. 2019;5(2):
199–208.

15. Kirchhof P, Benussi S, Kotecha D, et al. 2016
ESC guidelines for the management of atrial
fibrillation developed in collaboration with EACTS.
Eur Heart J. 2016;37(38):2893–2962.

16. National Center for Cardiovascular Disease,
China. Annual Report on Cardiovascular Health
and Diseases in China 2019. Accessed May 1,
2022 https://www.fuwaihospital.org/Sites/
Uploaded/File/2021/8/xxgbbg2019.pdf

17. Liu M, Liu SW, Wang LJ, et al. Burden of dia-
betes, hyperglycaemia in China from to 2016:
findings from the 1990 to 2016, global burden of
disease study. Diabetes Metab. 2019;45(3):286–
293.

18. Virani SS, Alonso A, Benjamin EJ, et al. Heart
disease and stroke statistics-2020 update: a
report from the American Heart Association. Cir-
culation. 2020;141(9):e139–e596.

19. Benjafield AV, Ayas NT, Eastwood PR, et al.
Estimation of the global prevalence and burden
of obstructive sleep apnoea: a literature-based
analysis. Lancet Respir Med. 2019;7(8):687–
698.

20. Gahungu N, Trueick R, Coopes M, Gabbay E.
Paroxysmal atrial fibrillation. BMJ. 2021;375:
e058568.

21. Chung MK, Eckhardt LL, Chen LY, et al.
Lifestyle and risk factor modification for reduction
of atrial fibrillation: a scientific statement from
the American Heart Association. Circulation.
2020;141(16):e750–e772.

22. Guo Y, Lip GYH, Lane DA. Lifestyle and risk
factor modification for reduction of atrial fibrilla-
tion: we could do more. Trends Cardiovasc Med.
2020;30(6):387–388.

23. Lip GYH. The ABC pathway: an integrated
approach to improve AF management. Nat Rev
Cardiol. 2017;14(11):627–628.

24. Chao T-F, Joung B, Takahashi Y, et al. 2021
focused update consensus guidelines of the Asia
Pacific Heart Rhythm Society on Stroke Prevention
in Atrial Fibrillation: executive summary. Thromb
Haemost. 2022;122(1):20–47.

25. Romiti GF, Pastori D, Rivera-Caravaca JM,
et al. Adherence to the ’atrial fibrillation better
care’ pathway in patients with atrial fibrillation:
impact on clinical outcomes-a systematic review
and meta-analysis of 285,000 patients. Thromb
Haemost. 2022;122(3):406–414.

KEY WORDS atrialfibrillation, obstructive sleep
apnea syndrome, photoplethysmography,
prevalence, smart devices

APPENDIX For an expanded Methods
section, supplemental figures and a table, and a
list of the mAF-App II trial investigators, please
see the online version of this paper.

Guo et al J A C C : A S I A , V O L . 2 , N O . 6 , 2 0 2 2

mAFA-II Trial Long-Term Extension Cohort N O V E M B E R 2 0 2 2 : 7 3 7 – 7 4 6

746


