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ABSTRACT

Background The incidence of sports-related sudden
cardiac arrest (SrSCA) in sub-Saharan Africa is unknown.
Objective To determine the incidence of sudden cardiac
arrest (SCA) in non-competitive athletes in an urban
population of Cameroon, a country in sub-Saharan Africa.
Methods Two study populations in Cameroon were used.
A 12-month, multisource surveillance system of 86 189
inhabitants over 12 years old recorded all deaths in two
administrative districts of Douala City. All fields of sports,
emergency medical service, local medical examiners and
district hospital mortuaries were surveyed. Two blinded
cardiologists used a verbal autopsy protocol to determine
the cause of death. SCA was identified for all deaths
occurring within 1 hour of onset of symptoms. A cross-
sectional study was conducted among 793 persons in
Yaoundé City, which is the second study population aimed
at determining the proportion of people who are physically
active.

Results The mean age in the cross-sectional study was
27.3+10.7, with more men (56.2%). The cross-sectional
study showed that 69.0% (95% Cl 65.8 to 72.2) of the
population could be considered to have at least 3hours
of physical activity per week. The surveillance found that
among 288 all-cause deaths, 27 (9.4%) were due to

SCA. One SrSCA was registered in a 35-year-old woman
while running. Merging both sources revealed an SrSCA
incidence of 1.7 (95% Cl 0.2 to 12.0) cases per 100000
athletes per year.

Conclusion This pioneer study reports the incidence
estimates of SrSCA in a sub-Saharan African general
population and should be regarded as a first step to a big
problem.

INTRODUCTION

Sudden cardiac death (SCD) remains a major
public health problem claiming up to 20% of
deaths in Western societies.' * Sudden cardiac
arrest (SCA) is the leading medical cause of
death in athletes.” The incidence of sports-
related sudden cardiac arrest (SrSCA) in
several studies has ranged from 0.13 to 13.0
per 100000 person-years (PY) depending on
the methodology, accuracy and population

7,8

What are the new findings

» The prevalence of physical activity (at least 3 hours
of physical activity per week) in a general popula-
tion in sub-Saharan Africa was established at 69.0%
(95% Cl 65.8 to 72.2).

» This study is the first to provide an estimate of
sports-related sudden cardiac arrest in a general
population in a sub-Saharan country.

» With an incidence estimate of 1.7 (95% Cl 0.2 to
12.0) cases per 100000 population, cardiac arrest
during practice of recreational sports in Africa seems
to be comparable with the rate in some Western
countries.

studied, according to a meta-analysis of 21
studies with 1994 SrSCA over 437 156 081
PY." Several studies around the world have
estimated the incidence and causes of SrSCA
in the populace of non-professional athletes.*
These data indicate that exercise is a precipi-
tant factor of SCA. Indeed, the study reported
the incidence of SrSCA was 0.72 (95% CI
0.58 to 0.86) per 100 000 PY.* However, such
data are scarce in Africa. To our knowledge,
mortality during exercise was prospectively
reported in Africa only in one study from
Tunisia.” The increased incidence of SrSCA
in black athletes has been recorded in several
studies.® 7 SrSCA is a catastrophic event with
profound psychological impact on family and
society. However, from a public health point
of view, promoting exercise in the commu-
nity brings substantial improvement to
overall health, especially non-communicable
diseases. While it is recognised that hypertro-
phic cardiomyopathy (HCM), for example,
is a leading cause of SCA in professional
athletes of African background, such data are
limited in non-professional athletes. This is
particularly useful, as such information would
be useful for public health officials to accu-
rately gauge utilisation and distribution of
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resources, such as automated external defibrillators, in
public recreational areas. Therefore, we sought to inves-
tigate and establish the burden of recreational SrSCA in
an urban sub-Saharan African population in Cameroon.
The secondary objective was to determine the number
of people engaging in physical activity on a regular basis
for at least 3hours, defined in this study as recreational
athletes. Information on the incidence of SCA among
athletes will help to tailor some public health policies
towards this specific group to prevent the occurrence
of this event. The need to address basic preventative
setting, such as mandatory preparticipation screening
programmes, for athletes could be supported by estab-
lishing the first incidence rate in sub-Saharan Africa.

METHODS

Study population

Definition of concepts

SCA is ascertained if an unexpected death happened
without obvious extracardiac cause, occurring with a
rapid witnessed collapse, or if unwitnessed occurring
within 1hour after onset of symptoms. A probable SCD is
an unexpected death without obvious extracardiac cause,
occurring within the previous 24 hours.®

SrSCA is an SCA occurring during exercise or within
1 hour after exertion.”

A competitive sports activity is defined as any intensive
physical activity during an official competition, be it
individual or collective, and involves substantial rewards
depending on the performance and level of excellence
of the athlete.’

Recreational sports activity is characterised as any sports
activity practised more than 3hours per week, whether
on a regular basis or not and outside of a competition.'’

A recreational (leisure) or mon-competitive athlete is any
person practising sports more than 3hours per week on
a regular basis for his well-being and/or his own pleasure
and outside of a competition."

Study population

The methodology to achieve the aims of this study
required data collection from two general population
samples drawn from the two largest cities in Cameroon,
Douala and Yaoundé, with similar sociodemographics
and which have the infrastructure to facilitate accu-
rate data collection. Data from the Douala population
provided information on the incidence of SCA, while data
from the Yaoundé population provided the percentage
of non-competitive athletes enduring =3 hours per week
of physical activity. This study was prepared and reported
in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology checklist.""

Data collection

The first source was the number of SCA in the general
population and in non-competitive athletes obtained by
conducting a prospective, multiple-source, community-
based cohort surveillance of all cases of sudden

unexplained death in the city of Douala, Cameroon'?

and establishing the incidence in the general popula-
tion."” Two health areas from two administrative districts
in Douala were randomly chosen to monitor all-cause
deaths during the period from January to December
2013. The 2013 census indicated that 57% of the Camer-
oonian population were over 15 years of age.'* A total of
86 188 inhabitants were monitored for all-death occur-
rence.

During the 12-month surveillance period, every
natural and unexpected death was recorded by the
staff of the health committees known as the COSA
(Comité de Santé) within the neighbourhoods as well
as the personnel working in the hospital mortuary. All
fields of sports, emergency medical service (EMS), local
medical examiners and district hospital mortuaries were
also surveyed. In addition, special attention was paid to
all cases of deaths reported by residents in the health
areas, the local press, radio, churches and other places
or means. Deaths were coded based on the 10th Revi-
sion of the International Classification of Diseases."
Circumstances of death were collected by a postgraduate
medical fellow supervised by a general physician (GP)
from the district hospital. Together with a cardiologist,
the medical fellow and GP identified all cases of sudden
natural death that possibly met the clinical definition of
SCA.® ™ Cases of SCA were mainly ascertained by verbal
autopsy from the household administrative office and the
COSA," district hospital mortuaries, public and private
medical centres databases, as well as EMS and ambulance
transportation service reports. In rare situations where
data obtained from mortuaries revealed that patients
had undergone autopsy from a pathologist (less than
1%), the cause of death was noted.'®> When a case of SCA
was suspected, confirmation was required from a second
cardiologist. If both cardiologists disagreed, a third expe-
rienced specialist was consulted. Data were collected
using a questionnaire designed to meet the criteria for
the verbal autopsy model.'"* '® Among victims of SCA
belonging to the population of competitive athletes or
highly active people, if the victim of SCA was known to be
either a competitive or non-competitive athlete, the phys-
ical activity during the last 3hours before death occurred
was recorded."

However, the definition of SrSCA used in the study was
death or cardiac arrest that occurred during exercise
or within 1hour of cessation of sports activity.” Figure 1
provides an overview of the flow of participants who expe-
rienced SCA.

The second source was a cross-sectional study
conducted in Yaoundé, the capital of Cameroon. The
sample of 1066 inhabitants contacted for the study was
estimated to be representative of the 2969156 inhabi-
tants living in Yaoundé, with a margin of error of 3% in
the estimations. From the 1066 persons contacted, only
793 patients completed the questionnaire. Selection bias
was assessed and is discussed. The inclusion criteria were
as follows: age between 12 and 65 years; living for at least
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Population size=
86 189 inhabitants

Athlete population= 59454 inhabitants
(Estimation of population practising
sport on a regular basis= 68.98%)

All deaths= 288

Non-athlete population=
26 968 inhabitants

Expected deaths= 257
-Deaths related to diseases= 245
- Deaths from external causes= 12

TRT

Presumed sudden unexpected
deaths=31

Non-cardiac unexpected
deaths=4

Sudden cardiac deaths= 27

E

Non-sport-related sudden
cardiac deaths= 26

Sport-related sudden cardiac death:
1(3.7%)

-Non-competitive athlete= 1

-Competitive athlete=0

Figure 1 Flow chart of the study population.

6 months in the city; and no form of physical activity
forbidden by a medical professional. Respondents were
asked whether they engage in any physical activity for
more than 3hours per week.

Written informed consent was obtained from the legal
representatives and family members of the victim. All
participants of the sports-related survey provided consent
before their information was collected.

Statistical analysis

The percentage of individuals from the Yaoundé popu-
lation sample who performed regular physical activity of
=3hours per week (non-competitive athletes) was deter-
mined. Mean and SD were used to summarise continuous
variables, while number and percentage were used
for categorical variables. Comparisons between those
who participated in non-competitive athletes enduring
=3hours per week of physical activity compared with
<3hours of physical activity per week were done using
t-test for continuous variables and % test for categorical
variables.

To determine the incidence of SrSCA in the general
population, the percentage of non-competitive athletes
derived from the cross-sectional survey of the Yaoundé
general population sample was applied to the Douala
population, where data on the incidence (95% CI)
of SCA were collected, to obtain the number of non-
competitive athletes in this population. Then from the
number of SrSCA cases identified from the Douala popu-
lation, the incidence per 100000 athletes-years and 95%
CI were computed.

Open access

All analyses were performed using SAS (V.9.3) software,
and the statistical significance threshold was set at 0.05.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Overall, 793 out of 1166 persons were surveyed during
the cross-sectional study. The average age of participants
was 27.3+10.7, most of them were men (56.2%). More
than two-thirds (69.0%) of participants out of the 793
surveyed declared engaging in physical activity (table 1).
There was an association between schooling and engaging
in physical activity; 51.2% of people engaging in physical
activity were students and 26.4% of students were catego-
rised as non-active (p=0.0007).

Based on the results obtained from the 12-month
extended multisource surveillance of the Douala SCD
1regist1ry,6 27 (9.4%) deaths were presumed to be of cardiac
origin (table 2). The age-adjusted incidence of SCA in the
general population (based on African age structure) was
33.6 (95% CI 22.2 to 44.9) cases per 100000 persons per
year. A 35-year-old non-competitive female athlete died
while running. Given the prevalence of recreational sport
athletes of 69.0%, there was one sports-related cardiac
arrest in this population out of 59452 athletes per year,
representing 1.7 (95% CI 0.2 to 12.0) cases per 100000
athletes per year (table 2).

The associated cardiovascular diseases among SCA
victims were hypertension (22.2%), diabetes (11.1%),
heart failure (14.8%), dilated cardiomyopathy (7.4%)
and myocardial infarction (7.4%). In-hospital cardiac
arrest occurred in 37.0% of cases, 55.6% at home, 3.7%
at work and 3.7% in public place. Death occurred while
victim was asleep in 11.1% of cases, 85.2% while resting
and 3.7% were sports-related.

DISCUSSION

Estimates of SCA in general populations of African athletes

In the Oregon SCD registry, 63 (5%) of the 1247 SCA
cases occurred during sports activities, yielding an inci-
dence of 2.2 (95% CI 0.8 to 3.5) per 100000 athletes per
year. The same study reported 55.5 (95% CI 54.1 to 56.8)
cases per 100000 persons per year in the general popula-
tion,'® representing a 25-fold higher frequency of death
compared with that of athletes. In the nationwide Danish
survey, the incidence was 3.0 (95% CI 2.0 to 4.3) in non-
competitive athletes aged 36-49 years, whereas the rate
in the general population was 10.7 (95% CI 10.0 to 11.5)
per 100000 persons per year,'” which is almost a fourfold
higher incidence. Although the denominator and numer-
ator of our study came from different populations, the
populations of Douala and Yaoundé are homogeneous,
so the rates are reliable. The age-adjusted incidence of
SCA among the general population of 33.6 (95% CI 22.2
to 44.9) cases per 100000 persons per year'* is almost
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Table 1 Sociodemographic characteristics of participants of the Yaoundé survey

Total Physical activity (>3 hours/week)
Variables (n=793) Yes (n=547) No (n=246) P value
Age (mean+SD) 27.34+10.67 26.14+10.57 30.06+10.45 <0.0001
Sex, n (%) <0.0001
Male 446 (56.24) 376 (68.74) 70 (28.46)
Female 347 (43.76) 171 (31.26) 176 (71.54)
Highest level of education, n (%) 0.0628
No degree 7(2.14) 9 (1.65) 8 (3.25)
Primary school degree 91 (11.48) 45 (8.23) 46 (18.70)
Secondary school degree 410 (51.70) 295 (53.93) 115 (46.75)
University degree 275 (34.67) 198 (36.20) 77 (31.30)
Profession, n (%) 0.0007
Student 345 (43.51) 280 (51.19) 65 (26.42)
Self-employed 24 (3.03) 4 (2.56) 0 (4.07)
Public agent 62 (7.82) 45 (8.23) 7 (6.91)
Unemployed 107 (13.49) 57 (10.42) 50 (20.33)
Informal sector 251 (31.65) 148 (27.06) 103 (41.87)
Not reported 4 (0.50) 3 (0.55) 1(0.41)
Income per month, n (%) 0.8771
Low (<$509) 401 (50.57) 263 (48.08) 138 (56.10)
Middle ($50-$300) 244 (30.77) 171 (31.26) 73 (29.67)
High (>$300) 27 (3.40) 8 (3.29) 9 (3.66)
Unknown 121 (15.26) 95 (17.37) 26 (10.57)

20-fold higher than the rate in athletes: 1.7 (95% CI 0.2
to 12.0) per 100000 athletes per year. Hence, the burden
of SrSCA in this general urban population from Africa is
comparable with that in the Oregon registry.

Challenging identification of cases and causes

Several factors affect case identification, including the
definition of what an athlete is, methods of data acqui-
sition, lack of mandatory reporting requirements in
most settings, inclusion or exclusion of cases based on
time and location of the event, inclusion of all cardiac
events (including survivors) versus only those resulting in
death, and the population examined. The selection and
calculation of the denominator also vary widely in preci-
sion. These limitations are greater in African settings
for several reasons: (1) poor documentation of medical

history of athletes, (2) lack of sport clinics, (3) lack of
diagnostic work-up such as coronary angiography labo-
ratory, cardiac MRI, electrophysiological equipment and
postmortem molecular techniques, and (4) a very low
rate of autopsied cases owing to cultural and financial
barriers as well as lack of experienced forensic scien-
tists.'8 19 Consequently, survivors are rare, with limited
access to full personal and family diagnostic work-up, and
deceased athletes rarely undergo retrospective medical
examination.

In the Douala population where SCD was initially
assessed, the cases were defined from verbal autopsies
and EMS records.'* Definitive causes of death were not
available in all cases given the low levels of cardiovas-
cular work-up investigations and actual postmortem

Table 2 Crude incidence of sudden cardiac arrest based on the two studies

Characteristics

General population

Population size
Sudden cardiac death (SCA)
Median age (interval interquartile)

Total (=86 189)
27
46 (37)

SCA incidence (per 100 000 person-years) 31.3 (20.3-41.3)

Men (n=42664) Women (n=43525) Athletes* (n=59452)
14 13 1

56 (42) 35 (16) 35 (-)

32.8 (19.2-40.6) 29.9 (21.6-44.6) -

SrSCA incidence (per 100 000 athletes-years) - - - 1.7 (0.2-12.0)
*The denominator of the study population was taken from the cross-sectional survey of the Yaoundé survey.
SCA, sudden cardiac arrest; SrSCA, sports-related sudden cardiac arrest.
4 Tchanana GMK, et al. BMJ Open Sp Ex Med 2020;6:e000706. doi:10.1136/bmjsem-2019-000706
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examinations performed by pathologists. Nevertheless,
there are compelling data suggesting that HCM is more
prevalent in people of African descent when compared
with whites® and is the most frequent cause of SrSCA in
people of African origin.?' Indeed, African-American
athletes have shown a higher rate of HCM than other
ethnic groups.”” In the US National Registry of Sudden
Death in Athletes study published more than 15 years
ago, and which documented more than 2400 deaths in
athletes between the ages of 13 and 25, Maron et al’ showed
that more than one-third (36%) of reported cardiovas-
cular deaths were caused by HCM and that more than
50% of them occurred in young, male black athletes.’
Most recent contemporary national data from the USA
depicted that young college competitive black athletes
were three times more likely to suffer SrSCA compared
with their white counterparts. In that study, black athletes
were more likely to die of a cardiomyopathy (HCM and
dilated cardiomyopathy) than white athletes, although
most of the cases of SrSCA in the entire study popula-
tion were autopsy-negative sudden unexplained deaths
(25%), with HCM accounting for only 8%.° The relative
reduction in proportion of HCM-related SrSCA in recent
times might be accounted for by increased prepartici-
pation screening.”’ ** In the Tunisian registry of sudden
deaths during sports activity, Allouche et af** autopsied 32
cases. HCM was the predominant aetiology, with a preva-
lence of 41% in young patients <35 years old.”

Prevention and perspectives
The prevention of SCA during competitive and non-
competitive sports has been extensively discussed in the
literature. Most consensus recommendations call for a
screening protocol with the subject’s personal history,
family history and physical examination.”” Screening in
the European guidelines includes a 12-lead ECG to iden-
tify athletes with previously undiagnosed heart disease,*
while the American Heart Association/American College
of Cardiology guidelines do not recommend universal
ECG screening.” *° Italian investigators reported a nearly
90% decline in the annual incidence of sudden cardio-
vascular death in competitive athletes in the Veneto
region of northeastern Italy.?” This change in death rate
occurred in parallel with progressive implementation of
nationwide screening and the increasing identification
of affected athletes, who were then disqualified from
competitive sports. Indeed, the ECG is abnormal in up to
95% of patients with HCM.*®

ECG screening is not systematically performed in many
African countries for several reasons. First, ECG machines
are not available in many medical centres. Second, the
cost of examination is relatively higher compared with
the minimum wage. For example, an ECG examination
in France costs less than €15 compared with €20 and
€30 in low-income countries such as Cameroon and
Gabon, respectively. Third, Africa has an insufficient
number of physicians qualified in sports medicine and
who are able to accurately interpret an athlete’s ECG.

Fourth, specialised sports medicine clinics are few and
far between. As a result, African athletes have less access
to medical care, so it is less likely that young black men
will receive a diagnosis of HCM.” Consequently, African
athletes with HCM are also less likely to be disqualified
from competition to reduce their risk of sudden death, in
accordance with the recommendations of the Bethesda
Conference.”

The real burden of cardiac death in both competitive
and non-competitive African athletes needs to be estab-
lished. Prospective cohort registries should therefore be
set up. Identifying athletes at risk through mandatory
preparticipation ECG screening and training courses
on cardiopulmonary resuscitation, including the use of
automated external cardioverter-defibrillators, for every
single athlete should be part of public health policies.
The African Heart Rhythm Association, which is part of
the Pan-African Society of Cardiology, has adopted this
agenda as its roadmap for reducing cardiac arrest and
death during exercise on the African continent.”*!

Study strengths and limitations

To our knowledge, this study represents the first compre-
hensive prospective assessment of the incidence of SCA
in athletes in sub-Saharan Africa. In addition, the data
sources are exhaustive. Furthermore, no index death was
lost, thanks to the use of the public health network with
health workers playing an important part in data collec-
tion. Nevertheless, the study has several weaknesses. First,
it was conducted with limited financial support and had
to be stopped prematurely after 12 months instead of
running the full 3years initially planned. Second, the
expected number of 1066 participants was not attained,
which could lead to selection bias. Third, the lack of
information about non-respondents did not allow any
sensitivity analyses. However, the study team did not iden-
tify any evidence showing that non-respondents engaged
in physical activity regularly. Therefore, confidence on
the incidence estimates should be regarded as quite low.

CONCLUSION

The rate of cardiac arrest during sports in this general
African population seems to be comparable with that
of Western populations. Larger cohort studies to estab-
lish a more accurate burden of cardiac arrest in African
athletes are warranted. The availability of these data will
help to fuel adequate prevention policies in sub-Saharan
countries.
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