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Introduction: The epidemiology of atrial fibrillation (AF) in India has not been studied systematically in
large scale population based surveys. Stroke is one of the leading causes of death and disability in India.
As AF is a major contributor of stroke, it is important to know the burden of AF and stroke risk in the
population. The Andhra Pradesh Atrial Fibrillation (AP-AF) study aims to assess the prevalence, etiology,
risk factors and stroke risk among the rural population in Andhra Pradesh, India.
Methods: This is a cross-sectional survey done using a two-stage sampling process. Adults (�18years)
from villages in East and West Godavari districts were sampled. Field investigators used a structured
questionnaire to collect information on basic demographics, cardiovascular risk factors and medical
history. Anthropometric measurements were performed, blood pressure measured and fasting capillary
blood glucose was assessed. Electrocardiogram was done using a hand-held mobile ECG device-
KardioMobile. ECGs were interpreted by study cardiologists. Participants diagnosed to have AF were
invited to participate in a camp conducted by cardiologists where echocardiogram was done and also a
focused history related to AF was collected. Along with age and sex stratified prevalence of AF,
descriptive statistics will be used to present demographics, clinical profile, and cardiovascular risk fac-
tors. Stroke risk will be calculated using CHA 2 DS 2 -Vasc score.
Conclusion: The AP-AF study is expected to provide important information on AF epidemiology in rural
India. The information may help improve health care policies in preventing stroke and other compli-
cations of AF.
Copyright © 2021, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background and rationale

Atrial fibrillation (AF) is a significant public health problem
worldwide, with a global prevalence of 0.5% [1]. A 2010 report on
the global burden of diseases, injuries, and risk factors (GBD) esti-
mated the worldwide burden of AF as 33million and predicted that
the number would double by 2050 [1]. This potential rise in AF may
burden our healthcare system by increasing morbidity and mor-
tality due to stroke, heart failure, and dementia. The risk of stroke
due to AF can be reduced with oral anticoagulation therapy (OCT)
han).
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[2e4]. However, 10%e40% of patients with AF remain asymptom-
atic [5e9]. In these cases, an embolic stroke could be the first
manifestation of AF [10,11]. Early identification and treatment of AF,
especially in asymptomatic patients, can reduce the morbidity
associated with the disease. Population-level screening and inter-
vention can reduce the burden of AF and its associated co-
morbidities. The first step towards decreasing the country's
burden is to estimate the magnitude of the problem by systematic
epidemiological studies.
1.1. The need for systematic population-based screening of AF in
India

India is witnessing an increase in non-communicable diseases
(NCD) due to multiple factors such as aging, a decreasing fertility
rate, and changing lifestyles [12]. Ischemic heart disease, stroke,
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and diabetes are on the rise in India. These NCDs share common
risk factors with AF, and hence the prevalence of AF is also likely to
be high. Apart from NCDs, rheumatic heart disease (RHD), though
on the decline, is a significant contributor to AF in India [13e17].

To date, only a few systematic population-based studies to
detect AF have been done in India. The Nagpur-AF study, the first
population-based study in India in over two decades showed a
prevalence of 0.19% [16]. Notable observations from the study were
that RHD was the predominant cause of AF, and though diagnosed
with AF, most patients were not on stroke prophylaxis. Possible
reasons for this may be reduced health awareness and accessibility
in many parts of India. As these issues could be more prevalent in
rural areas [18], [e] [21] we planned to conduct a systematic,
population-based survey in this population. This report details the
rationale and methods used in the Andhra Pradesh-Atrial Fibrilla-
tion (AP-AF) study.

2. Methods

2.1. Study design

The AP-AF study was a population-based, cross-sectional survey
of adults (�18 years) in rural Andhra Pradesh (AP), India. The study
was a joint effort of CARE Hospital and CARE Foundation, Hyder-
abad, India.

2.2. Study objectives

The primary objective was to determine the prevalence of AF in
adults in a random sample of a rural population in AP, India. The
secondary objectives were to 1) understand the demographic
profile of the sampled population and assess the prevalence of
cardiovascular risk factors, 2) understand the clinical profile of
participants detected to have AF, and 3) study stroke risk and stroke
prophylaxis of participants detected to have AF.

2.3. Description of study sites

East and West Godavari, coastal districts of AP, a southern state
in the Indian sub-continent (Fig. 1) were chosen for the study. East
Godavari has a population density of 477 persons per square kilo-
meter. The population is 75% rural, with a sex ratio of 998 females
per 1000 males. The overall literacy rate in rural East Godavari is
68%, with 71% for males and 64% for females [22].

West Godavari District's population density is 509 persons per
square kilometer, with a rural population of 79%. The rural sex ratio
is 996 females per 1000 males. The overall literacy rate is 75%. For
males, it is 79%, and for females, 71%. Agriculture is the predomi-
nant occupation in both the districts, with more than 50% of the
category being labourers and less than 10% forming the cultivator
category [23].

2.4. Rationale for study sites selection

East andWest Godavari districts have a mostly rural population,
the target population for our study. In addition to this, several vil-
lages in these districts have peripheral health centers (PHCs) fun-
ded and managed by CARE Rural Health Missions (CRHM), a key
arm of CARE Foundation. A qualified auxiliary nurse midwife
(ANM) manages each PHC. The ANM has experience in conducting
field surveys and outreach medical camps. The ANM is a local
villager and has a good rapport with the residents. The PHCs also
have coordinators who facilitate the activities of CRHM in the
designated village clusters and serve as a channel of communica-
tion between the PHCs and CRHM's head office at Hyderabad. The
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ANMs and coordinators were readily available resource personnel
for the study.

2.5. Participant inclusion and exclusion criteria

All residents of the study villages aged 18 and above were
eligible for the study.

2.6. Ethical considerations

The study was conducted as per the International standards of
Good Clinical Practices (ICH - GCP) guidelines. The study protocol
was reviewed and approved by the Institutional Ethics Committee
(IEC) of CARE Hospital. Strict participant confidentiality was
maintained throughout the study. Only authorized members of the
study team had access to the study data. Informed consent was
obtained from all participants before enrolment in the study.

2.7. Sample size calculation and sampling procedure

We calculated the sample size based on Nagpur-AF study, where
the prevalence (P) was 0.1%. We set the confidence limit (d) at
0.001962 (P/2). As we planned a two-stage sampling, we incorpo-
rated a design effect of two to have a confidence interval of 90%.
With these parameters, the sample size was determined as 11,021
(n ¼ Z2 P(1-P)/d2.

The CRHM manages 127 villages in the East and West Godavari
districts. For the first stage of sampling, 40 villages were sampled
with probability proportional to size method. In the second stage,
individuals aged 18 years and above were selected by age and sex-
stratified simple random sampling using CRHM's latest household
listing.

2.8. Participant approach and enrolment

The field investigators approached the participants at their
respective houses and explained the study. After obtaining consent
from the participants, they started the study procedures.

2.9. Study procedures

The study was done in two stages.
Stage I: The study procedures were carried out in the partici-

pants' houses. Investigators screened the participants for AF,
collected basic demographic information and medical history.

Stage II: The participants identified with AF were brought to a
local hospital on a pre-specified date. Study cardiologists inter-
viewed the participants for a focussedmedical history related to AF.
An echocardiography (Two-dimensional and Doppler) was done to
look for any underlying cardiac conditions.

The sequence of the study procedures is outlined pictorially in
Fig. 2.

2.9.1. Study instruments and measurements
The field investigators visited each house twice (consecutive

days) to complete the study procedures: anthropometric mea-
surements, blood pressure (BP) recording, participant interview,
ECG recording, and blood sampling for fasting glucose.

Bodyweight was measured using a digital weighing scale. Body
height, waist, and hip circumference were measured using a non-
stretchable measuring tape. Blood pressure was recorded with a
digital, electronic BP monitor (Omron HEM-8721, Omron Health-
care Co, Ltd., Kyoto, Japan) and fasting capillary blood glucose (FBS)
using Omron HGM-112 glucose meter (Omron Healthcare Co, Ltd.,
Kyoto, Japan). Blood pressure was recorded thrice with at least a 1-



Fig. 1. 1A shows the location of Andhra Pradesh state within India. 1B shows a zoomed out map of Andhra Pradesh highlighting the districts where the study was conducted.

Fig. 2. Sequence of the study procedures in Stage I and Stage II of the study. ICF: Informed consent Form; ICT: Information and Communications Technology; PHC: Peripheral Health
Centre.
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min interval between measurements and the average of the three
was taken as the participant's BP.

The field investigators interviewed the participants using a
structured questionnaire developed using the REDCap survey and
data management tool [24]. The collected data was entered offline
using REDCap Mobile App installed on the mobile tablets (Apple
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iPad Mini 2 tablet-WiFi only).
Electrocardiograms were recorded using a hand-held ECG de-

vice, Kardia Mobile (Alivecor, Inc., Mountain View, CA, United
States). The Kardia Mobile was synchronized to the Kardia app
(downloaded and installed on the mobile tablet). The single-lead
(Lead I) ECG recorded using the Kardia Mobile was automatically



D.K. Saggu, V.V. Rangaswamy, S. Yalagudri et al. Indian Pacing and Electrophysiology Journal 21 (2021) 275e280
transferred to the tablet after each recording. The procedure for
recording ECGswith Kardia Mobile is described elsewhere [25]. The
key variables are given in Table 1.
2.9.2. Data transfer from field to the study center
At the end of each field visit, the field investigators transferred

the collected data from their mobile tablets via Jio Dongle to the
REDCap server, hosted at CARE Foundation, Hyderabad. This
enabled coordination of the data from the Mobile App with the
main REDCap project. The study team members at Hyderabad
accessed the data from the web-based REDCap application. The
ECGs stored on the mobile tablet were uploaded on to CARE-ICT
(Information and Communication Technology) platform for
remote access by the study cardiologists at Hyderabad.
2.9.3. ECG interpretation
Two study cardiologists at CARE hospital read the ECGs inde-

pendently. The cardiologists read all the ECGs irrespective of the
classification by Kardia Mobile's automated algorithm (“Normal”,
“AF”, or Unreadable”). Mismatches, if any, were resolved by mutual
consensus.
2.10. Data variables

The questionnaire included questions on the participant de-
mographics, cardiovascular and AF risk factors, previous medical
history, and medications. In Stage II, medical history was reviewed
with a focus on previous cardiac surgery, history of stroke, and
medications, especially OACs. In echocardiography, the left ven-
tricular function, left atrial clot, valvular pathology, and any other
cardiac conditions, if present, were assessed.
2.11. Study personnel and training

The field investigators and field supervisors were given a one-
day training on the study rationale, project overview, interview
skills, study tools, and data transferring process. The field super-
visors were additionally trained in the supervision of data collec-
tion and quality checks. The list of core study team members and
their responsibilities are given in Table 2.
Table 1
Description of key variables used in the study.

Variables Description

Systemic Hypertension Raised blood pressure (systolic blood pressure �140 mm
visit) *or, diagnosis of systemic hypertension as mention
medical records/self-reported by participants or currentl

Diabetes Mellitus Raised fasting capillary blood glucose (100 mg/dl) [27] o
participants or currently on medications for diabetes me

Dyslipidaemia Fasting levels of serum cholesterol >/200 mg/dl or serum
<50 mg/dl for women or low density lipoprotein >130 m
reported by participants or currently on lipid lowering m

Tobacco use Smoking, sucking, chewing or snuffing any form of tobac
Smoking Current Smoking - An adult who has smoked 100 cigare

Former smoker: An adult who has smoked at least 100 c
Never smoker: An adult who has never smoked, or who

Alcohol Abuse/Alcohol use
disorder

A person who “can no longer control their use of alcohol
emotional distress when they are not drinking.” [30]

Atrial Fibrillation Diagnosis of atrial fibrillation recorded in participant's m
KardiaMoblie (confirmed by study cardiologist) or, the sa
unclear (confirmed by study cardiologist)

*Average of three blood pressure measurements were taken as the participant's blood p
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2.12. Data quality

2.12.1. Design, pre-testing, and training
We designed the questionnaire as a multilingual survey in-

strument (English and Telugu) and tested for validity with ANMs at
CARE hospital as enumerators and patients' attenders as re-
spondents. The field investigators and supervisors were made to
familiarize themselves with the questionnaire through team exer-
cises on the training day.
2.12.2. Data validation, security, and access
Data validation checks (alerts) were programmed into the

REDCap system for missing values, out of range values, and data
outliers. Field supervisors performed back checks on randomly
selected participants surveyed by the field investigators.

The collected data were stored in the secure database of the
REDCap application and CARE-ICT system. The field officer was the
database administrator who exclusively had the authority for
controlled and customized data sharing with the rest of the study
team.

The study cardiologists from CARE hospital and the field officer
from CRHM were jointly responsible for data validity and analysis.
2.13. Statistical analysis plan

Prevalence will be calculated as the total number of participants
diagnosed with AF divided by the total number of participants
surveyed. The prevalence will be reported as the percentage of
study participants diagnosedwith AF. The prevalence of AFwill also
be calculated for different groups categorized by age and sex.
Descriptive statistics will be used to present demographics, clinical
profile, and cardiovascular risk factors. The clinical profile of par-
ticipants diagnosed with AF, echocardiographic parameters, anti-
coagulant use will also be presented using descriptive statistics.
Stroke risk will be calculated using the CHA2DS2-Vasc score [31].
2.14. Study administration

CARE Hospital, Road No.1, Banjara Hills, is responsible for the
overall study administration, data coordination, statistical data
analysis, and preparing study reports.
Hg, and/or diastolic blood pressure �90 mmHg [26] recorded during the house
ed in the
y on medications for hypertension
r diagnosis of diabetes mellitus as mentioned in medical records/self-reported by
llitus
triglycerides >/150 mg/dl or high density lipoprotein <40 mg/dl for men and
g/dl [28] or a diagnosis of dyslipidaemia as mentioned in medical records/self-
edications.
co
ttes in his or her lifetime and who currently smokes cigarettes.
igarettes in his or her lifetime but who had quit smoking at the time of interview.
has smoked less than100 cigarettes in his or her lifetime.[29]
, compulsively abuse alcohol despite its negative ramifications, and/or experience

edical record or, irregular rhythm with no p waves on a the ECG recorded by
me findings recorded by a standard 12-lead ECG when KardiaMobile rhythm is

ressure.



Table 2
Key study personnel and responsibilities.

Study personnel Responsibilities

PI (cardiologist) � Overall study in-charge
Field investigators (ANMs) � Informed consent from participants

� Questionnaire administration
� Measurement of BP, height, weight, hip, and waist circumference of participants
� Measurement of fasting blood glucose
� Electronic data entry
� Transmission of collected data and ECG to the study center
� Facilitation of participants diagnosed with AF to attend Stage II of the study

Field supervisors � Facilitation of survey for field investigators in the villages
� Supervision and quality checks of data collection in the field
� Facilitation of data transmission from the fields to the study center
� Organization of Stage II of the study

Field officer (Public health specialist) � Direction and supervision of all study related activities at the field
� Data administration

Study cardiologists
CARE hospital

� Train field investigators and supervisors in conducting study procedures
� Interpretation of KardiaMobile ECGs and listing of participants with AF for echo camp
� Administer AF specific questionnaire
� Perform echocardiogram
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3. Discussion

AP-AF study is a large-scale population-based study in India to
assess AF's prevalence, clinical profile of people with AF, and their
stroke risk. This study is now in the data analysis phase.

There were no systematic, population-based surveys on AF
epidemiology in India at the time of planning the study. The
recently published SMARTIndia screened 2500 people more than
40 years of age with Kardia Mobile [32]. The study was done from
villages in Western India using serial ECG recording over five days.
The prevalence was 1.6%, with two-third of the diagnosis made
with the first ECG recording.

The AP-AF study's main limitation is that it uses a single time
point strategy for screening and therefore would miss on parox-
ysmal AFs. While the SMART India study screened thrice over five
days, some studies from other parts of the world have reported a
much higher prevalence with recording over weeks using an
ambulatory ECG monitor [33e36]. Apart from the screening dura-
tion, the population's risk profile and the instrument used to screen
also influence the results.

In addition to studying the prevalence in a different geograph-
ical region, the AP-AF study will complement the SMART India
study on profiling the risk factors of people with AF and understand
the etiology for AF. It is expected to fill in critical knowledge gaps
about AF, such as stroke risk, OAC use in patients with known AF,
treatment practices, and adherence to treatment. These factors
have not been studied in a general population in India, except for
the Nagpur AF study, which has the disadvantage of selection bias.
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