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Abstract
Objective: Atrial fibrillation (AF) is one of the most common arrhythmic disorders 
worldwide. This study aims to describe the prevalence of AF in various cities in 
Indonesia using single-lead hand held electrocardiography linked to a smartphone-
based application.
Methods: This is a cross-sectional epidemiological study conducted at tertiary hos-
pital of major cities in Indonesia, between January 2018 and July 2019. The AliveCor 
Kardia™ Mobile system device was used as a screening tool for AF and confirmed its 
finding with clinical diagnoses made by cardiologists.
Results: A total of 9773 subjects were enrolled in this study. The prevalence of AF 
reported by the device and cardiologist was 3.2% and 3.5%, respectively. AF preva-
lences are equal in men than women. The majority of subjects (56%) are having low 
risk for stroke or systemic thromboembolism. Prevalence of risk factors such as heart 
failure, hypertension, diabetes, and history of stroke among AF patients were 50%, 
22.9%, 31.9%, 13.5%, and 5.8%, respectively.
Conclusion: The prevalence of AF at referral hospitals visitors based on smartphone 
diagnosis in Indonesia is 3.2%.
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1  |  INTRODUC TION

Atrial fibrillation (AF) refers to supraventricular tachyarrhythmia char-
acterized by disorganized and diffuse electrical activity that displaces 
normal sinus node function. AF is the most common etiology of ar-
rhythmias worldwide, accounting for 33% of arrhythmia-related hos-
pitalizations.1 It is estimated that there are more than 5 million people 
with AF in the United States, which will increase twice over the next 
decade. AF is associated with an increased risk of thromboembolism, 
decreased cognitive function, and mortality.2 In Southeast Asia, the 
prevalence of AF is reported to be 1.5% in Singapore, 0.4%–2.2% in 
Thailand, and 0.5%–0.7% in Malaysia.3 Currently no official large data 
of AF from Indonesia. We aim to collect simple prevalence data of AF 
from tertiary hospital of major cities of Indonesia.

One third of AF were asymptomatic.4 Silent AF is found in ap-
proximately 10% of patients with ischemic stroke. Screening for AF 
with an implanted loop recorder is one of the best monitoring strat-
egies, especially in patients with recurrent transient ischemic at-
tacks.5,6 However, the usage of implanted loop recorded have some 
major setbacks due to the invasive nature of the procedure. A simpler 
and non-invasive method was needed to effectively screen for AF in 
asymptomatic patients. Currently, several portable ECG devices are 
available outside the hospital, ranging from one-lead to three-lead 
ECG devices. Portable ECG has the advantage of being easy to carry 
anywhere, lightweight, and relatively low costs. AliveCor™ is an FDA 
approved six-lead ECG recorder capable of acquiring ECG signals. 
This application uses a random forest machine learning algorithm to 
distinguish sinus rhythm from AF and other rhythm disturbances.7–9 
Hence this study was conducted by means of AliveCor™ device 
which then validated by cardiologist.

2  |  METHODS

2.1  |  Study population

This is a unique cross-sectional study to screen AF of subject who 
are visiting tertiary hospital in Indonesia, including patient at outpa-
tient department, hospitalized patient, accompanying person, care 
givers, and hospital employees. Informed consent was obtained. This 
study was done in eight major cities of Indonesia between January 
2018 and July 2019. Basic characteristics of patients, such as gender, 
age, history of heart failure, hypertension, diabetes, stroke, coronary 
artery disease, and peripheral artery disease, were collected.

2.2  |  Recording device

We use the AliveCor™ device to screen AF. The device consists of 
a battery-powered pair of electrodes linked to a smartphone-based 
application using ultrasonic audio. The result of the recording is a 
single-lead ECG; which was matched to lead 1 of a standard 12-lead 
surface ECG. A specific algorithm built in the device can identify 

AF. It interpreted the recordings as sinus rhythm, AF, unclassified, 
no analysis, and unreadable. As it was the first large scale study in 
Indonesia using AliveCor™ we confirmed the diagnosis by a cardiolo-
gist blinded to the results of AliveCor™ interpretation.

2.3  |  Statistical analysis

SPSS 21.0 (Chicago, IL, USA) statistical package program used for data 
analysis. Continuous variables were expressed as mean ± standard de-
viation, and categorical data were recorded as percentages. ROC anal-
ysis was used to analyze the sensitivity and specificity of AliveCor™.

3  |  RESULTS

A total of 9773 patients across eight major cities in Indonesia par-
ticipated in this study. The characteristics of the participating sub-
jects are shown in Table 1. The mean age was 44.6 ± 14.9 years-old 
(yo), with women as the majority (54.5%). Based on medical history, 
most patients had no history of heart failure (93.8%), hypertension 
(78.1%), diabetes (93.6%), stroke (98.1%), coronary artery disease 
(89.4%), peripheral artery disease (99.8%), and AF (98.5%).

A total of 310 patients (3.2%) were diagnosed as having AF by 
AliveCor™, while SR was classified in 8458 patients (86.5%) and oth-
ers in 10.3%. The AF patients were older (51.1 ± 14.7 vs. 44.4 ± 14.8 
yo, p <.001), owing higher AF risk factors such as heart failure, hyper-
tension, diabetes mellitus, coronary artery disease and history of AF 
compare to that without AF. The history of stroke was more obvious 
in patients with- compare to that without AF (5.8% vs. 1.8% respec-
tively, p <.001). The age quartile prevalence of AF patients are pre-
sented in Figure 1. In the quartile 1 (aged of <32 yo), quartile 2 (aged 
of 32-45 yo), quartile 3 (aged of 46-56 yo), and quartile 4 (aged of >56 
yo) prevalence of AF were 1.8%, 2.4%, 3.9%, and 4.8% respectively.

The accuracy of AliveCor™ diagnosis on AF was confirm by the 
cardiologists. Using the exact tracings, cardiologists diagnosed AF in 
343 patients (3.5%), SR in 90.8% of patients, and others in 5.7% of 
patients (Table 2). The Kappa agreement between AF interpreted by 
AliveCor™ and AF interpreted by cardiologist was 0.852. The sensi-
tivity and specificity of AliveCor™ to diagnose AF were 82.9% and 
99.7%, respectively.

The CHA2DS2VASc score of AF subjects are presented in 
Figure 2. The AF subjects are classified into low risk (score of 0–1), 
or high risk (score of 2 or more). The majority of subjects are having 
low risk for stroke or systemic thromboembolism (56%) which most 
of them are having score of 1 (36%).

4  |  DISCUSSION

The present study is the first to describe the prevalence of AF in 
Indonesia across 8 regions on a large scale using a smartphone-
based device. Based on this study, the group of patients diagnosed 
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with AF by AliveCor™ was 322 (3.3%) subjects which has excel-
lent agreement with that was diagnosed by a cardiologist at 343 
subjects (3.5%). Similar study in single hospital of Ethiopia 3000 

costumers or visitors of hospital (median 31 years of age; 65% men) 
were screened. AF was detected in 13 (0.43%) individuals (median 
50 years of age; n = 7 men). AF prevalence was higher for older age 
groups, with ≥70 years of age reaching 6.67% (n = 3 of 45). This study 
used same device brand with our study.10 In 2000, the Hokkaido 
Atrial Fibrillation Study Group reported that the prevalence of AF 
was 14% in 19,825 patients who visited the cardiovascular clinics 
of the 13 hospitals in Hokkaido, Japan.11 Based on gross national 
income (GNI) per capita data, the World Bank classifies economies 
for analytical purposes into four income groups: low, lower-middle, 
upper-middle, and high income. Indonesia belongs to upper-middle- 
while Ethiopia belongs to lower-income countries.12 The risk factors 
of AF such as hypertension, diabetes mellitus, coronary artery dis-
ease, obesity and heart failure were more prominent in developed 
countries like Japan and less common in lower income countries like 
Ethiopia.13 The prevalence of AF in Indonesia is then expected to be 
higher than Ethiopia but not as high as developed countries such as 
Japan. In addition, lower-income countries are more dealing with 
infectious disease as compare to non-infectious disease in higher-
income countries. The last epidemiology study that presenting data 
of AF prevalence in Indonesia was conducted more than three dec-
ades ago,14 so that our simple data in this study is an important 
update. Another local study conducted in National Cardiovascular 
Center at Jakarta Indonesia reported that the incidence of AF in 
hospitalized patients increased every year, such as 7.1% in 2010, 
9.0% in 2011, 9.3% in 2012, and 9.8% in 2013.15

The mean age of AF patients diagnosed in our population was 
51.15 ± 14.68 years old. It is relatively younger compare to devel-
oped countries. More than 70% of AF patients in Western Europe, 
Australia and North America were aged >65 years.16 However, it was 

Clinical characteristics
All subjects 
n = 9773 With AF n = 310

Without AF 
n = 9463 p-value

Age (year) 51.1 ± 14.7 44.4 ± 14.8

Quartile 1, n (%) 45 (0.46) 2519 (25.78)

Quartile 2, n (%) 44.6 ± 14.9 58 (0.59) 2367 (24.22) <.001a

Quartile 3, n (%) 96 (0.98) 2357 (24.12)

Quartile 4, n (%) 111 (1.14) 2220 (22.72)

Sex

Males, n (%)
Females, n (%)

4451 (45.5)
5322 (54.5)

155 (50.0)
155 (50.0)

4296 (45.4)
5167 (54.6)

.081b

.081b

Heart Failure, n (%) 604 (6.2) 71 (22.9) 533 (5.6) <.001b *

Hypertension, n (%) 2144 (21.9) 99 (31.9) 2045 (21.6) <.001b *

Diabetes, n (%) 630 (6.4) 42 (13.5) 588 (6.2) <.001b *

Stroke, n (%) 187 (1.9) 18 (5.8) 169 (1.8) <.001b *

Coronary artery disease, n (%) 1033 (10.6) 62 (20.0) 971 (10.3) <.001b *

Peripheral artery disease, n (%) 20 (0.2) 2 (0.6) 18 (0.2) .669b

Known history of AF, n (%) 143 (1.5) 92 (29.7) 51 (0.5) <.001b *

Note: *p-value <.05.
Abbreviation: AF, atrial fibrillation.
aMann–Whitney Test.
bZ proportions Test.

TA B L E  1  Clinical characteristic.

F I G U R E  1  The prevalence of AF based on age quartiles. There is 
trend of increasing AF prevalence by increasing age. Q1, Quartile 1, 
Q2, Quartile 2, Q3, Quartile 3, Q4, Quartile 4, yo, Years-old.

TA B L E  2  Diagnostic results of AliveCor™ and Cardiologist.

Diagnosis AliveCor™ n (%)
Cardiologist 
n (%)

AF 310 (3.2) 343 (3.5)

Non-AF/unclassified 954 (9.8) 508 (5.2)

Unreadable/uninterpretable/
no analysis

51 (0.5) 49 (0.5)

Sinus rhythm 8458 (86.5) 8872 (90.8)

Total 9773 (100) 9773 (100)

Abbreviation: AF, atrial fibrillation.
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similar to other developing countries; the mean age of AF patients 
was 57 ± 16 years in the Gulf-SAFE registry from Arabic population,17 
41 ± 13 years in an Ethiopian study,18 <65 years in 43% of the South 
Korean population detected with AF16 and <50 years in 38% of pa-
tients from one South-African hospital.19 AF has wide heterogeneity 
in terms of comorbidities and age. Although AF is often seen in the 
elderly, some can also occur in young people with no comorbidity.

Based on gender, the majority of AF in our population were 
males, although it was a slight difference compare to females. 
Globally, more incident cases of AF occurred in males [1.59 million 
(95% uncertainty interval [UI] 1.35–1.82)] over females [1.46 million 
(95% UI 1.24–1.68)], with a higher age-standardized incidence rate 
of AF was observed in males [42.5 (95% UI 36.3–49.0)] than in fe-
males [34.2 (95% UI 29.1–39.4)]. Similar results were also found for 
prevalent cases of AF.13 Morphologically, there are differences be-
tween AF in women and men. Left atrial fibrotic remodeling causes 
disruption of the electrical impulses of the atrial cells that contrib-
utes to the incidence of AF. Research reports that women have a 
higher rate of fibrotic remodeling than men.20

In this study, most patients did not have risk factors such as a his-
tory of heart failure, hypertension, diabetes, stroke, coronary artery 
disease, peripheral arterial disease, and a history of AF. Younger age 
of our AF patient may possibly associate with less-established risk 
factors. The sub-analysis of the RELY AF registry show that almost 
all patients presenting to the emergency department without tradi-
tionally defined AF risk factors have less-established or borderline 
risk factors upon closer examination. These patients without tradi-
tional risk factors have seemingly less severe AF with predominantly 
paroxysmal episodes, less AF persistence, and a low 1-year risk of 
death, stroke, and heart failure hospitalizations. Nevertheless, their 
risk of AF-related re-hospitalization is high.21

The CHA2DS2VASc score in our AF subjects almost equally dis-
tributed as low risk (score of 0–1) and high risk (score of ≥2) for stroke 
or systemic thromboembolism. McIntire and Linz classified male pa-
tient with CHA2DS2VASc score of ≥2 or female with score of ≥3 as 
high risk; male score of 1 or female score of 2 as low risk; and male 

with score of 0 or female with score of 1 as minimal risk.22 We clas-
sified our AF subjects into more strict classification such as low and 
high risk based on the need to be anticoagulated. High risk subject 
defined as them who their CHA2DS2VASC score reach the indication 
for oral anticoagulant therapy. Determining the low-risk group is es-
sential as they have very low risk of thromboembolic event hence no 
anticoagulation needed. In Taiwanese population the CHA2DS2VASc 
scoring system performed better than the ATRIA scoring system in 
predicting ischemic stroke among non-anticoagulated AF patients. 
The score of 0 could clearly identify truly low-risk subjects with 1-
year event rates of 1.06, whereas those defined using the ATRIA 
score were not actually low-risk patients.23 Similar study in Korea 
showed the incidence rates of ischemic stroke were 0.24 in low-risk 
(CHA2DS2VASc score 0 for man or 1 for woman).24

This study has several advantages, including the relatively 
large number of samples. In addition, this study is the first to de-
scribe the characteristics of AF in Indonesia on a large scale using a 
smartphone-based method. The percentage of AF diagnoses made 
by AliveCor™ and cardiologists were similar.

5  |  LIMITATIONS

This is a cross-sectional study conducted in 8 major cities in 
Indonesia which may not reflect the actual diverse ethnic population 
that this country has. Furthermore, in depth investigation regarding 
the risk factor and comorbidities in AF was not performed. We only 
used a simple questionnaire that could bring an undetected disease 
that the subject had.

6  |  CONCLUSION

In this study, the prevalence of AF based on tertiary hospital survey 
in Indonesia about 3.2%. In our population, AF patients are younger 
and most of them did not report traditional risk factors. Based on 

F I G U R E  2  CHA2DS2VASc score 
distribution among AF patients.
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CHA2DS2VASc score, most of AF patient are low risk for stroke and 
systemic thromboembolism.
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