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Objectives: Atrial fibrillation (AF) is a major risk factor for stroke, which is the leading cause of cardiovascular
mortality in sub-Saharan Africa. However, there is limited population-based epidemiological data on AF in
sub-Saharan Africa. We sought to estimate the prevalence and correlates of AF in rural Uganda.
Methods:We conducted a cross-sectional study using community health fairs in 2015 targeting eight villages in
rural Uganda. Study participants completed a medical history, a clinical exam, blood collection, and 12 lead elec-
trocardiographic (ECG) screening. Of 1814 participants enrolled in a parent cohort study that includes 98% of
adults residing in the geographic area, 856 attended a health fair and were included in this study. Our primary
outcome was AF or atrial flutter. We modelled population prevalence of the outcome with inverse probability
of treatment weighting using data collected from the full population.
Results: 856 (47.2%) adults in the area attended a health fair and were included in the analysis. Health fair at-
tendees were older (42 vs 34 years, P b 0.0001), in worse self-reported health (P b 0.0001) and more likely to
be female (62% vs 49%, P b 0. 0001) compared with non-attendees. After applying weights, the estimated popu-
lation mean age was 37.7 ± 14.9 years. 15% of the population was overweight or obese and 1.9% had left atrial
enlargement on ECG. Despite this, the weighted estimate of AF was 0% (95%CI 0–0.54%).
Conclusions: AF appears less prevalent in rural Uganda than in developed countries. The explanations for this
finding may be genetic, environmental or related to survivorship bias.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Atrial fibrillation (AF) is a major public health concern in developed
nations with clinical sequelae including heart failure, cardio-embolic
stroke and cardiovascular mortality. Although data from sub-Saharan
Africa are sparse, model-based estimates from the Global Burden of
Disease Study suggest AF is the fastest growing cardiovascular disease
in the region, their data also suggests that factors other than rheumatic
heart disease are responsible for the AF burden [1]. The authors

highlight the need for significant additional surveillance and detailed
analysis of the mechanisms of atrial fibrillation. If corroborated by
population-based data, such estimated trends in AF would be of high
public health import, because its risk factors, such as alcohol, hyperten-
sion, peripheral vascular disease and tobacco use, and clinical sequelae,
such as stroke, are among the highest burdennon-communicable public
health problems in the region [1,2].

Quality epidemiological data on AF in sub-Saharan Africa are needed
to better inform burden of disease models [1]. A meta-analysis of cross-
sectional studies including both clinic-based and community-based
data from the U.S., Europe, and Commonwealth countries, estimated a
prevalence of AF of 2.3% rising to 4.4% among those ≥65 years old [3].
Similar attempts to estimate the prevalence of AF in sub-Saharan
Africa have been conducted, but these studies were commonly
hospital-based and/or have been limited by selection andmeasurement
bias [4,5]. The objective of this study was to use population-
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representative data to estimate the prevalence of electrocardiogram
(ECG)-detected AF and its correlates in a rural Ugandan community.

2. Material and methods

2.1. Study design and participants

Residents of Nyakabare Parish were invited to attend free community health fairs by
means of radio announcements, printed posters, church announcements and endorse-
ments from community leaders. The health fairs were conducted daily between June
25–29, 2015 in a geographical region approximately 22 km outside of Mbarara Town in
southwestern Uganda. The area is rural, the local economy is based primarily on subsis-
tence farming, and both food and water insecurity are common [6]. Prior to the health
fairs, during June 2014–May 2015, all adult residents in the parish were enumerated in
a population census and invited to participate in a longitudinal cohort study. Approxi-
mately 98% (1814 of 1851) of eligible adults consented to participate and completed
interviews.

2.2. Data collection

There were two primary sources of data from this study: [1] population census inter-
views and [2] the community health fairs. During the 2014–2015 population census, we
collected demographic, social and geographical variables from virtually all Nyakabare
Parish residents. Thus,wehaddetailed information about thewholepopulation (including
demographic, social, psychological and geographical data) eligible to attend the
health fairs, whether they attended or not. During health fairs, participants completed a
survey administered by trained research assistants to ascertain medical history and
sociodemographic characteristics. Physical activity was assessed using the International
Physical Activity Questionnaire and converted intometabolic equivalent of task (MET)mi-
nutes and divided into three categories: active,minimally active and inactive [7]. Smoking
was assessed using a version of the WHO Steps Questionnaire [8].

Participants also underwent short clinical examinations and blood sampling to assess
height, weight, blood pressure, creatinine, hemoglobin A1c (HbA1c, Siemens DCA Van-
tage, Munich, Germany), serum lipids, and human immunodeficiency virus (HIV) rapid
antibody testing based on the 2010 Ugandan National HIV Testing Guidelines algorithm.
Lastly, the patients underwent a 10-second seated ECG recording using a portable ECGma-
chine (CardioCard Digital ECG Box with CardioCard software, Nasiff Associates, New York,
USA).

2.3. ECG interpretation

ECGs were interpreted by a board-certified cardiac electrophysiologist (AA) using a
standardised interpretation sheet with 89 possible itemized categories. ECG left atrial en-
largement was defined as either a biphasic P-wave in lead V1with a large negative deflec-
tion (N0.1 mV) or prolongation of the P-wave duration to N0.12 s with a widely notched
appearance [9]. ECG left ventricular hypertrophy (LVH) was defined using the Sokolow-
Lyon criteria of the S wave in V1 or V2 and an R wave in V5 or V6 ≥ 3.5 mV [10]. Atrial
fibrillation was defined as the presence of fibrillatory waves associated with an irregular
ventricular response. Atrial flutter was defined as the presence of rapid flutter waves
[11]. Left bundle branch blockwas defined as a QRS duration of N0.12 swith awide slurred
R wave in leads I, aVL, V5 and V6, and absent Q waves in leads I, V5 and V6. A Q wave
myocardial infarction was defined per the ACC/AHA definition [12].

2.4. Statistical analysis

Wedescribed our sample using both standard descriptive techniques of thehealth fair
sample and weighted population estimates. For unweighted characteristics, continuous
data are presented as mean ± SD or median with interquartile range (IQR), depending
on their distribution. Normality was assessed visually with the use of histograms. Categor-
ical data are expressed as a percentage with frequency with missing data recorded as
missing.

To estimate weighted population characteristics and outcomes, we constructed sam-
pling weights using inverse probability of treatment (IPT) weighting. We first estimated
propensity to participate in the health fair using a logistic regression model that included
variables which we expected to determine participation: sex, age, marital status, educa-
tional attainment, household asset wealth, village of residence, distance from the health
fair, difference between the altitude of the household residence and the altitude of the
health fair, heavy alcohol use, self-reported HIV status, self-reported overall health, social
network size, index of social participation, food insecurity, and water insecurity. The in-
verse of the predicted conditional probabilities of health fair attendance were applied as
IPT weights [13]. The IPT weights enabled population estimates to be generated from
the health fair data. We assessed the accuracy of this method using variables that were
not included in the IPT model for which we had values for the whole population
(as shown in Supplementary Table 2).We also assessed the sensitivity of themodel to ex-
treme weights using trimming at the 95th/5th percentiles (as shown in Supplementary
Table 4).

We generated population-representative estimates of risk factors and ECG findings
applying the sampling weight technique described above. Our primary outcome of inter-
est was the prevalence of AF. Most proportions are presentedwith logit-transformed con-
fidence intervals and survey design incorporated via Taylor linearization. However, this

approach cannot estimate confidence intervals if the sample proportion is 0%, as it was
for some of our outcomes. For such variables, we approximated the confidence interval
by calculating Wilson confidence intervals, and then multiplying the upper bound by
the design factor from a similar outcome (left bundle branch block). We were unable to
conduct our pre-planned regression modelling to identify AF correlates due to zero cells
in our primary outcome. All analyses were performed using Stata version 14 (StataCorp
LP, College Station, Texas).

2.5. Ethical considerations

All study procedures were approved by the institutional review committees of the
Mbarara University of Science and Technology and Partners Healthcare. Consistent with
national guidelines, we also obtained clearance for the study from the Ugandan National
Council of Science and Technology and from the Research Secretariat in the Office of the
Ugandan President. All participants gave written informed consent to participate.

3. Results

Of the 1814 adults included in the Nyakabare parish census,
856 (47.3%) presented to one of the five health fairs. The sample
consisted of 320 (37.5%) men, the mean age was 42.3 ± 17.5 years,
and the mean BMI was 24.7 ± 5.1 kg/m2 as shown in Table 1. There
were 105 (12.3%) participants aged b25 years old and 127 (14.8%)
aged N65 years old. Forty participants (4.7%) had a positive HIV test re-
sult. Four-hundred-and-six (47.4%) had completed at least primary ed-
ucation. Comparing health fair attendees to those in the census who did
not attend, women were more likely to attend than men (P b 0.0001,
Supplementary Table 1). Health fair attendees were older (P b 0.0001)
and more likely to report bad or very bad overall health (P b 0.0001),
but were similar in household asset wealth (P = 0.3) and village loca-
tion (P = 0.1). Twenty-eight (3.3%) participants had missing ECG data,
but were similar in other characteristics as the rest of the sample
(Supplementary Table 3).

3.1. Weighted population estimates of atrial fibrillation risk factors

Using IPT weights, the entire population was defined by a mean age
of 37.7 ± 14.9 years, BMI 24.4 ± 4.5 kg/m2, 2.1% with diabetes, 8.7%
with hypertension, 3.9% with self-report of a prior myocardial infarct
or heart failure and 3.1% with a prior stroke (Table 1). Almost 30% of
the population had consumed alcohol within the past year, of which
17%met criteria for binge drinking (≥6 drinks in one occasion). Approx-
imately one quarter (26.4%) were former or current smokers. The ma-
jority (75.3%) had high levels of physical activity.

3.2. ECG findings

In weighted estimates, approximately two-thirds of the population
had a normal ECG (67.7%, 95% CI 62.4 to 72.6, Table 2). ECG-defined
left atrial enlargementwas found in 1.9% (95%CI 1.2 to 3.2) and left ven-
tricular hypertrophy in 1.1% (95% CI 0.6 to 1.9). Despite this, there were
no cases of atrial fibrillation or atrial flutter detected (0%, 95% CI 0% to
0.54%). Trimmed weight estimates at the 95th/5th percentiles were
similar to the untrimmed estimates (Supplementary Table 4).

4. Discussion

In this cross-sectional, population-based study in rural Uganda,
we found a 0% prevalence of AF or atrial flutter using single-point
12 lead ECG screening. By applying weights derived from whole-
population data to account for self-selection into health fair participa-
tion, we obtained a population estimate of AF prevalence with an
upper bound confidence interval of approximately 0.5%. These findings
are unexpected given the prevalence of multiple established AF risk fac-
tors in this cohort, including obesity, hypertension, left atrial enlarge-
ment and ischemic heart disease/heart failure [14–17]. Our results
contrast with a large meta-analysis of 30 studies—all from developed
countries—that used similar single-point screening to estimate the
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