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Cardiovascular disease in Africa:
epidemiological profile and challenges

Ashley K. Keates', Ana O. Mocumbi?, Mpiko Ntsekhe®, Karen Sliwa'* and Simon Stewart'’#

Abstract | From a global perspective, the large and diverse African population is disproportionately
affected by cardiovascular disease (CVD). The historical balance between communicable and
noncommunicable pathways to CVD in different African regions is dependent on external factors
over the life course and at a societal level. The future risk of noncommunicable forms of CVD
(predominantly driven by increased rates of hypertension, smoking, and obesity) is a growing public
health concern. The incidence of previously rare forms of CVD such as coronary artery disease will
increase, in concert with historically prevalent forms of disease, such as rheumatic heart disease,

that are yet to be optimally prevented or treated. The success of any strategies designed to reduce

the evolving and increasing burden of CVD across the heterogeneous communities living on the

African continent will be dependent upon accurate and up-to-date epidemiological data on

the cardiovascular profile of every major populace and region. In this Review, we provide a

contemporary picture of the epidemiology of CVD in Africa, highlight key regional discrepancies

among populations, and emphasize what is currently known and, more importantly, what is still
unknown about the CVD burden among the >1 billion people living on the continent.

Cardiovascular diseases (CVDs) were responsible for
almost half of all deaths worldwide in 2008 (REF. 1). The
majority of these deaths occurred in low-to-middle
income countries®, with >50% occurring in those aged
<70 years®. Africa is home to >1 billion people, and is a
major contributor to the global burden of CVD*. In 2013,
an estimated 1 million deaths were attributable to CVD
in sub-Saharan Africa alone, which constituted 5.5% of
all global CVD-related deaths and 11.3% of all deaths
in Africa®. CVD-related deaths contributed to 38% of
all noncommunicable disease-related deaths in Africa,
reflecting the growing threat of both noncommunicable
disease and CVD. An almost twofold increase in the over-
all number of CVD-related deaths since 1990 has been
reported, with a >10% difference in mortality among
women compared with men®. This dramatic change in
the profile of CVD in Africa can be directly linked to
population dynamics and epidemiological transitions
among some of the most vulnerable communities in
the world. Indeed, the largest proportion of the poorest
billion individuals on the planet reside in sub-Saharan
Africa, concentrated geographically along a ‘central belt’
stretching from West to East Africa, and incorporating
many countries in Central Africa®. On the basis of these
profound population statistics alone, the external factors
that influence the health profile of these individuals across
their life course should not be overlooked (BOX 1: FIC. 1).

In this Review, we outline the large-scale factors that
influence global patterns of health and illness, and their
particular relevance to the cardiovascular health of all
Africans from a lifespan perspective. We also provide a
contemporary overview of the cardiovascular risk profile
of the African population. By presenting the historical
pattern of CVD in Africa, we recognize the inherent
difficulty and limitations in relying upon historical
reports and projected data in such a large, dynamic, and
heterogeneous population. On this basis, we provide
contemporary epidemiological findings, where avail-
able, for each of the five geographical African regions
(as defined by the United Nations’)for the most com-
monly described forms of CVD from maternal, child-
hood, and adulthood perspectives. In providing these
data, we identify important gaps in our knowledge of the
epidemiology of CVD in Africa that are rarely acknow-
ledged in reports on burden of disease. We also identify
some of the challenges in addressing critical deficits in
this area.

Pathways to cardiovascular disease

At the start of the 21st century, the disease prevalence of
most of sub-Saharan Africa was characterized as being
in the first stage of ‘epidemiological transition, from
a predominance of communicable disease towards a
greater proportion of noncommunicable diseases®.
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Key points

* Socioeconomic forces beyond the individual's control influence the life-course of
cardiovascular disease (CVD); consistent with the phenomenon of epidemiological
transition, risk factors for CVD are high in many parts of Africa

¢ Historically, the number of epidemiological reports from Africa has been low,
with a predominance of projected estimates used to characterize the pattern
of cardiovascular risk and disease

* Major knowledge gaps include patterns of maternal cardiovascular health,
the prevalence and balance between congenital and acquired CVD in children,
and the spectrum of CVD in adulthood

* In many regions of Africa, the burden of cerebrovascular disease, cardiomyopathies,
and rheumatic heart disease still predominate, with HIV-related CVD presenting
anew communicable threat

* In more affluent regions, hypertensive heart disease and related heart failure
predominates, with emerging reports of previously scarce conditions such as
coronary artery disease, peripheral artery disease, and atrial fibrillation

* Compared with the global burden of CVD, affected Africans are typically younger,
predominantly female, and mostly from disadvantaged communities

By the mid-2000s, many urban communities in fairly
affluent African countries had already progressed to the
second phase of epidemiological transition, character-
ized by an emergence of diseases closely related to hyper-
tension”'°. Furthermore, up to 85% of the population in
certain African countries are predicted to migrate from
rural regions to major cities in the next decade. As high-
lighted in the PURE study"’, in which >150,000 individ-
uals across 18 countries (including Zimbabwe and
South Africa) were assessed, this migration will poten-
tially result in profound changes in lifestyle and cardio-
vascular risk exposures for millions of African citizens.
However, comparisons of the South African cohort of
the PURE study" with the South African cohort of the
THUSA study'®, which was conducted from 1996 to
2005, demonstrated that socioeconomic factors such as
employment and education status modulate risk regard-
less of where an individual resides'*. The modifiable
risk factors and behavioural choices that are most likely
to influence the future pattern and burden of CVD in
Africa are outlined below.

Tobacco use

Tobacco smoking is a leading contributor to the global
burden of disease, particularly CVD. WHO data on the
prevalence of tobacco smoking, available for 29 African
countries, revealed a differential pattern of tobacco use
across the continent'. For example, 45-50% of the adult
population of Morocco and Egypt, 43-44% of Cameroon
and the Republic of the Congo, and 44-60% of Mauritius
and Sierra Leone reported tobacco use. By contrast,
Ethiopia and Ghana had a lower prevalence of smokers
(9% and 13%, respectively). Consistent with the rest of
the world, smoking prevalence is consistently higher in
men than women, as reflected by the predominance of
smoking-related diseases among Tanzanian men’®. The
absolute number of smokers in sub-Saharan Africa alone
is projected to increase by nearly 1.5-fold to >200 million
people by 2030, with the prevalence of smoking among
adolescents also on the rise’.

Hypertension

Hypertension is a major driver of CVD in Africa,
especially stroke and hypertensive heart disease'®". A sys-
tematic review of 33 studies from 15 sub-Saharan African
countries reported a prevalence range of 15-70% for
hypertension for the period from 1999 to 2013 (REF. 20).
The systematic review also highlighted the lack of hyper-
tension awareness, treatment, and control in this region®'.
Based on current WHO estimates, the prevalence of
hypertension is seemingly shifting towards the upper
end of historical figures (typically 35-45% of adults)
in all African regions, and will be a major contributor to
highly preventable CVD events in the foreseeable future.
A retrospective population study conducted in Gabon in
2005 involving 736 patients aged >40 years reported that
CVD was largely attributable to high rates of hyperten-
sion, with high blood pressure being predictive of stroke
and peripheral arterial disease (PAD)*.

Hypercholesterolaemia

WHO estimates that the global prevalence of hyper-
cholesterolaemia (total cholesterol >5 mmol/l) for men
and women to be 37% and 40%, respectively, with little
change in the past 25 years®. Historically, the lipid
profiles of African individuals were considered largely
favourable, reflecting traditional lifestyles that include
high levels of physical activity and diets low in fat,
together resulting in low rates of atherosclerotic disease.
Although the proportion of individuals aged >25 years
with hypercholesterolaemia in numerous Western
African countries (such as Nigeria and Sierra Leone)
is relatively low (15-20%) compared with global aver-
ages, the rate of hypercholesterolaemia among those
living in Northern African countries (such as Tunisia
and Egypt) is closer to 45%%. The prevalence for the rest
of Africa typically ranges from 20% to 35% of the popu-
lation, with women consistently having higher values.
Beyond total cholesterol, a paucity of data exists on the
lipid profile of individuals living in Africa. However, iso-
lated studies from across Africa consistently report the
phenomenon of low levels of HDL cholesterol in both
men and women together with relatively high levels of
LDL cholesterol and triglycerides.

Physical inactivity

Although sedentary behaviour is frequently assessed
in individuals living in high-income countries®,
at present, very few reports on sedentary behaviours
among African individuals have been described; activ-
ity levels are more often evaluated in this setting?*?’.
Surprisingly, data from a large survey on the physical
activity levels of 57,000 individuals aged 25-64 years
from 22 African countries from 2003 to 2009 suggested
that African men and women were no more active
than equivalent Asian, European, and North American
cohorts®. Activity type was predominantly related to
employment and commuting, with very little leisure
activity. The highest levels of activity were found in
individuals living in Mozambique and Malawi (>90% of
the surveyed population meeting WHO-recommended
activity levels) and the lowest in Mali and Mauritania
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(40-50% meeting WHO-recommended activity levels)®.
Cross-sectional studies of younger adults from African
countries have consistently reported that less-than-
optimal activity levels are linked to increased BMI and
blood pressure levels®—2

Obesity

The prevalence of obesity is markedly higher in African
women than men, in contrast to other regions of
the world*. WHO estimates for 2014 suggest that in
much of Africa, obesity affects <15% of adults, ranging
from 2-10% in 31 countries and 10-15% in 15 other
countries®. Overall, obesity is more prevalent among
women (10-15%) than in men (4-5%). The countries
with the lowest prevalence of obesity are typically located
in the poorest regions of Central and Western Africa.
The prevalence of obesity in the ten African countries
with the highest rates of obesity is consistent with
that seen in high-income countries, including Egypt
(29%) and South Africa (27%), reflecting the frequent
dichotomy in risk and disease that is largely attributable
to economic growth and epidemiological transition®.
In many of these countries, an increase in weight pro-
file among its residents has been directly implicated
in rising cardiovascular risk levels from adolescence
onwards?>*. Moreover, in Tunisia, where abdominal
obesity levels rose by ~70% in both men and women
from 1997 to 2009, this adverse trend has been directly
linked to increased mortality®.

Diabetes mellitus

The International Diabetes Federation World Atlas pre-
dicts that the number of individuals aged 20-79 years
with diabetes in Africa (predominantly type 2 diabetes)
will rise from 14 million at present to 34 million by 2040
(REF. 37). The overall age-adjusted regional prevalence
of diabetes is estimated to be 3.8%. However, there are
no reliable national figures for the majority of African

Box 1 | Framework for determining cardiovascular health

® The current and future cardiovascular health of most Africans is not only dependent
on individual health choices, but on many external factors beyond their control***

* The poorest and most marginalized Africans (whether based on geography, age,

or sex) have the least opportunity to optimize their health and longevity®

¢ Although the African environment is largely underdeveloped, around 10% of the
overall disease burden is attributable to concerning levels of indoor and outdoor
pollution, poor sanitation and hygiene, and overcrowding?**

e Communicable forms of cardiovascular disease (particularly high levels of rheumatic
heart disease) are likely to persist in the 21st century without profound
socioeconomic change'*®

* Political instability (with high levels of corruption in many African countries)

and economic uncertainties have an adverse effect on the potential application

of innovative and cost-effective health programmes?!*%1®

* Two-thirds of Africans do not have regular access to electricity, and it is often cheaper
to eat unhealthy food?*"”

¢ In countries such as Mozambique, limited government wealth and resources results in
areliance on overseas funding, with limited scope to address future health concerns?*®
e Simply providing more health services, without understanding how those services can
be effectively utilized, is likely to benefit wealthier rather than poorer individuals?*®
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countries, and up to two-thirds of African individuals
with diabetes are thought to be undiagnosed — a figure
close to double that of high-income countries. The
age-adjusted prevalence of impaired glucose tolerance
among African individuals is 9.1%*. A dichotomy of
diabetes prevalence exists, depending on age and sex,
with a higher prevalence among African women aged
20-39 years and African men up to the age of 79 years.

Dietary patterns

Given the potential for hypertension linked to salt-
sensitivity in many African individuals®, excessive salt
intake through the transition of diets from staple cereals,
vegetables, and fruits to more processed foods poses a
large health risk®. A study conducted in 2015 across 187
countries (including >30 African countries) examined
trends in food intake from 1990 to 2010 (REF. 40). Low
levels of healthy food consumption in combination with
an increase in consumption of unhealthy foods (includ-
ing fat-rich and sugar-rich diets linked to obesity, dia-
betes, and atherosclerosis) were observed in individuals
living in low-income African countries. Individuals from
middle-income African countries, such as South Africa,
reported higher consumption of healthy foods, which
was countered by a parallel increase in the consump-
tion of unhealthy foods. Overall, those living in Central
Africa consumed the least number of unhealthy items,
whereas those with highest levels lived in the Southern
and Northern Africa*®. A WHO report on high-risk
alcohol intake noted high abstinence rates in the pre-
dominantly Muslim populations of Northern Africa,
in contrast to high rates of alcohol consumption (when
compared with the rest of the world) in Southern Africa
(including Namibia and South Africa)*'.

Historical research reports in Africa

For most of the 20th century, research reports on the
cardiovascular health of Africans were limited, typically
ranging from 50 to 100 publications (predominantly
small case series) each year from the 1960s onwards*.
Therefore, very limited historical data are available to
describe the cardiovascular health and related mater-
nal outcomes among African women*, despite preg-
nancy being a ‘provocative’ state with the possibility
of unmasking or exacerbating subclinical CVDs with
potentially fatal consequences (including congeni-
tal heart disease [CHD] and rheumatic heart disease
[RHD])**. However, routine screening for CVD in
pregnant African women remains scarce”. A high prev-
alence of postpartum cardiomyopathy in Africa has also
been reported***. Among infants and children, CHD is
a perennially reported cause of mortality. Case—fatality
rates are exacerbated by a lack of resources for the rapid
detection and treatment of affected infants with other-
wise highly reversible defects (typically simple defects
of left-to-right shunt physiology)**'. Among survivors,
progression to heart failure (HF) is common both acutely
and in later life*>**. Given that left obstructive lesions are
rarely diagnosed, the true epidemiology of CHD among
this population is difficult to determine®. However, the
reported incidence of CHD seems to be similar to that

NATURE REVIEWS | CARDIOLOGY

VOLUME 14 | MAY 2017 | 275

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.




REVIEWS

Environmental

Q@

Political &

2

on 9®+

Economical @(\b

&
&

Technological

Sociocultural

Individual

Life-course of risk and cardiovascular disease

Figure 1| Cardiovascular risk and disease across the
life-course through the prism of societal to individual
determinants of outcome?*®. Adapted from Etches, V. et al.
Measuring population health: a review of indicators.

Annu. Rev. Public Health 27, 29-55 (2006), with permission
from Annual Reviews.

of high-income countries (~8 cases per 1,000 births)®.
Hypocalcaemia, which results from vitamin D defi-
ciency, has been suggested as a cause of the observed
low prevalence of obstructive aortic lesions among
those with CHD®. In some African countries, congen-
ital abnormalities reportedly outnumbered acquired
forms of heart disease (notably RHD) in children aged
<15 years*. However, this observation probably reflects
late diagnosis and delayed referral to specialist cardiac
care®*. Some acquired forms of heart disease remain
unique or endemic to many parts of Africa. In poorer
regions, endomyocardial fibrosis®, Takayasu arteritis®',
and malnutrition-related cardiomyopathies (such as
dilated cardiomyopathy) have been reported in endemic
proportions among children and adolescents*?. Other
highly prevalent conditions include acute rheumatic
fever, subsequent RHD (historical reports suggest
>10 cases per 1,000 population in parts of Eastern and
Central Africa®, with very high mortality®®), tuberculous
pericarditis, cardiomyopathies, and parasitic diseases.
Among adults, historical reports of the epidemio-
logical profile of cardiac arrhythmias (including sudden
cardiac death® and atrial fibrillation [AF]%°) have been
surprisingly scarce®®’. Less surprising, given the histori-
cal risk profile of the African population, is the paucity of
cases of coronary artery disease (CAD)®*%. In addition,
very few historical studies have reported on the inci-
dence of PAD™. By contrast, HF and cardiomyopathies
(notably dilated cardiomyopathy, rather than ischae-
mic cardiomyopathy) were commonly described in the
African population in the latter half of the 20th century®,
with reports of HIV-related cardiomyopathy becoming
increasingly common in the 1990s”". HIV/AIDS, there-
fore, makes up one of a number of highly prevalent,
communicable pathways to heart disease in Africa™.
Notably, tuberculosis remains endemic throughout most
parts of Africa, alongside malaria and bacterial infec-
tions”. Tuberculosis-related heart disease that is associ-
ated with subacute effusive pericarditis (with or without

cardiac tamponade or constrictive pericarditis) and con-
current HF is commonly observed™. In adults, late-stage
RHD (resulting from acute rheumatic fever and acute-
phase pancarditis earlier in life”®) is an important legacy
of childhood disease with little hope of prevention after
the primary communicable event”®””. Adults affected by
RHD typically progress from isolated mitral regurgita-
tion in the first decade of life towards mixed valvular
heart disease (VHD) by the third decade of life, which
eventually leads to advanced HF”®. Likewise, latent CHD
in adults (for example, mitral valve prolapse, ventricu-
lar septal defect, and patent ductus arteriosus) comprise
a substantial portion (typically 10-25%) of all cases of
CVD in adults™.

In contrast to other forms of CVD, research studies
focusing on stroke in Africa have often been reported.
Historically, cerebrovascular disease was identified as the
single largest contributor to cardiovascular morbidity and
mortality on the continent®*, with mortality typically
ranging from 100 to 150 deaths per 100,000 men, and 150
to 200 deaths per 100,000 women. After adjusting for age,
disabling strokes are at least as common in Africa as they
are in high-income countries (age-standardized rate of
114-315 cases per 100,000 men, and 154-281 cases per
100,000 women in sub-Saharan Africa)®.

A regional perspective

As indicated previously, many statistics outlined above
derived from historical reports are not representative
of the scale and diversity of the African continent and
its people. We provide, therefore, a contemporary per-
spective of the epidemiology of CVD (including what is
known and not known) on a regional basis. FIGURES 2-6
summarize and contrast some of the main sociodemo-
graphic statistics across >50 African countries according
to the five main geographical regions identified by the
United Nations’. From the smallest (Seychelles: popu-
lation of 93,000) to the largest (Nigeria: population of
182 million) country, key statistics published by the World
Bank include infant mortality (<50 deaths per 1,000 live
births among infants aged 0-5 years in 20 countries to
>100 deaths in eight countries), life expectancy (range
49-75 years), and proportion of the population living
in poverty (range 9-77%, with 49 and 84 million people
living in poverty in the Democratic Republic of the
Congo and Nigeria, respectively)®. Overall, these data
demonstrate that nearly every African country strug-
gled to achieve the Millennium Development Goals
(eight goals which aim to improve the lives of the world’s
poorest individuals) by the 2015 target date®. Despite
their critical importance, obtaining accurate health and
social statistics from much of Africa is difficult and any
data (including those presented in this Review) should
be interpreted with care®, including the quoted poverty
rates for each country (defined as the proportion of the
population living on <US$1.25 per day measured at
2005 international prices and adjusted for purchasing
power parity)¥. For each of the five geographical African
regions, potential gaps relating to the contemporary bur-
den and epidemiology of CVD in maternal health, infant
and childhood health, and adult health are highlighted.

276 | MAY 2017 | VOLUME 14

www.nature.com/nrcardio

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



Northern regions of Africa

The Northern region of Africa is often disregarded in
reviews that typically focus on sub-Saharan Africa alone.
This region comprises the seven diverse countries of
Algeria, Egypt (largest population), Libya, Morocco,
Sudan, Tunisia, and the disputed state of Western Sahara
(smallest population and least-developed in the region;
BOX 2; FIG. 2). Individuals living in Northern Africa have
the highest life-expectancy and wealth compared with
those living elsewhere in Africa®. However, a number of
countries including Sudan and Western Sahara remain
poverty-stricken.

Maternal health

Few contemporary studies on maternal cardiovascular
health in Northern Africa have been reported. Notably,
a 57% decline in the maternal mortality ratio has been
observed during the period from 1990 to 2013, from 160
to 69 maternal deaths per 100,000 live births®.

Infant and childhood health

Congenital heart disease. CHD has been the primary
focus of contemporary cardiovascular research among
infants and children living in this region. In Egypt,
the prevalence of CHD was reported to be 1.01 cases
per 1,000 school-aged children in the year 2000, with
significantly more female than male cases (1.09 ver-
sus 0.94 per 1,000 cases, respectively)®. However,
these figures were reduced by half compared with
those recorded for CHD in 1994 (2.6 cases per 1,000
school-aged children)®. The most common types of
CHD recorded in Egypt in 2000 were: ventricular sep-
tal defect (3.6 cases per 10,000 school-aged children),
pulmonary stenosis (1.9 cases per 10,000), and atrial
septal defect (1.4 cases per 10,000)%. The reported prev-
alence of CHD in school children in Sudan in the 1990s

Algeria
Poverty: 23%

Population: 39.7
Life expectancy: 74.8

Mortality: 26

Tunisia

Poverty: 16%
Population: 11.1

Life expectancy: 74.1
Mortality: 14

Libya

Poverty: 33%
Population: 6.3

Life expectancy: 71.1
Mortality: 13

(Morocco |

Poverty: 8.9%
Population: 34.4

Life expectancy: 74.0
(Mortality:28 )

o et Rt )
Western Sahara

Poverty: NA
Population: 0.5
Life expectancy: 62.3

Mortality: NA

(Frume 0
Egypt

Poverty: 25%

Population: 91.5

Life expectancy: 71.1
\Mortality: 24 )

Sudan

Poverty: 47%

Population: 40.2

Life expectancy: 63.5

Mortality: 70

Figure 2 | Key sociodemographic statistics for Northern Africa. Population is
displayed in millions, life expectancy in years, and mortality per 1,000 births <5 years.

NA, not available.
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was higher than that of Egypt (2 cases per 1,000), how-
ever, more up-to-date data are still awaited®”’. A similar
study conducted in Tunisia examined the incidence
of CHD among infants aged <2 years (an analysis of
>37,000 births from 2010 to 2011), and reported 6.8
cases of CHD per 1,000 live births, with the most com-
mon defects being ventricular septal defect, atrial sep-
tal defect, pulmonary stenosis, and atrioventricular
septal defect”.

Rheumatic heart disease. From an acquired-disease
perspective, the WHO global rheumatic fever/RHD pre-
vention programme’s contemporary phase (undertaken
in 1994-2003 after a historical phase in 1986-1989) was
conducted among school children in Sudan. The prev-
alence of RHD was 0.3 cases per 1,000 children in 2003
(REF. 93), which was much lower than the 3.4 cases per
1,000 children reported in the 1980s.

Adult health

Coronary artery disease. Between 1997 and 2009, CAD-
related mortality in Tunisia increased from 70 to 87
deaths per 100,000 men and 28 to 41 deaths per 100,000
women*’. However, this increase was observed only
in men aged 255 years and in women aged 265 years;
a decline in CAD-related mortality was seen in the
younger age groups™. In Sudan, the age-adjusted mor-
tality from CAD in 2002 was estimated to be 205 deaths
per 100,000 population®.

Cardiomyopathy and heart failure. The incidence of
cardiomyopathies has also been explored in a hospital
series based in Sudan. In 2009, 12% of all admissions to
the cardiology unit of a tertiary hospital were found
to be attributable to an increasing number of cases of
idiopathic dilated cardiomyopathy®’.

Cerebrovascular disease and stroke. As noted in a
review published in 2014, a relative paucity of data
on stroke exists in Northern Africa, particularly from
major urban centres®. Stroke contributes to 6% of all
deaths in Egypt®. Apart from a large case series in
Cairo, Egypt, involving 1,000 patients purposefully
screened for substantial carotid disease (which reported
a prevalence of 13.2% in patients aged 260 years)®,
the most definitive data come from studies conducted
in regional Egypt. In a prospective, community-based
survey with purposeful sampling conducted in Qena,
Egypt (n=8,027, 52% male, and 70% aged >20 years),
the age-adjusted prevalence of stroke was reported to
be 777 cases per 100,000 local population (equivalent
to 567 cases per 100,000 people for the Egyptian popu-
lation). The crude rate of ischaemic stroke (797 cases
per 100,000 population) was markedly higher than
the rate of haemorrhagic stroke (125 cases per 100,000
population), and prevalence increased with age (>8% in
those aged >70 years). Remarkably, patients who were
illiterate had a fivefold increased risk of stroke com-
pared with literate counterparts”. In another regional
study that involved door-to-door screening of individ-
uals (n=33,285), the annual incidence of stroke was
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found to be 1.8 cases per 1,000 population, with a prev-
alence of 655 cases per 100,000 population. A similar
predominance of ischaemic strokes was observed, and
the incidence increased with age®®. In the 2008 Rabat-
Casablanca Study® in Morocco, a large population-
based study with purposeful sampling, a total of 127
cases of stroke were diagnosed within the study cohort
of 44,742 individuals. The crude prevalence of stroke
was highest among rural-dwelling compared with
urban-dwelling people aged >15 years (338 versus 252
cases per 100,000 population). Ischaemic strokes were
also predominant (71%).

Congenital heart disease. The prevalence of CHD
was assessed in a cohort of 522 Sudanese patients aged
0-65 years. CHD was responsible for 87% of all cases of
CVD, with acquired heart disease and rhythm disorders
comprising the rest'.

Eastern regions of Africa

Eastern Africa is regarded as the most populous region
on the continent and comprises 18 diverse countries
that run along or parallel to the Indian Ocean, with a
combined population of close to 400 million people
(BOX 2; FIC. 3). Poverty levels are uniformly high across
the region, with life expectancy typically ranging from
55 to 65 years.

Maternal health

In 2008, a 6-week, prospective, cross-sectional survey
of 348 pregnant women (mean age 26.9 years) con-
ducted in Keren, Eritrea using echocardiography found
a2.3% prevalence of subclinical RHD; most participants
were otherwise asymptomatic. This prevalence is simi-
lar to that reported among school children in other

developing countries''.

Infant and childhood health

Congenital heart disease. A number of hospital-based
reports from the region have examined the pattern of
children presenting with CVD. In a hospital series
of 250 cases in Malawi (2009-2011), a predominance of
children presented with CHD (56%) as opposed to
acquired heart disease (44%)'®. A further hospital series
conducted in Uganda involving 194 patients aged 10 days
to 15 years reported that the most common presentations
of CHD were ventricular septal defects (25%), patent
ductus arteriosus (20%), and tetralogy of Fallot (13%).
Notably, 27% of children aged <15 years with CHD pre-
sented with an arrhythmia'®. Another retrospective,
hospital-based study from Uganda conducted during
the period 2007-2011 explored the pattern of all forms
of CVDs among children aged 4-15 years according
to their echocardiographic profile. CHD was the most
prevalent form of CVD (76%), followed by RHD (46%)

Rwanda

Poverty: 45%
Population: 11.6
Life expectancy: 64
Mortality: 42

Uganda

Poverty: 20%
Population: 39.0

Life expectancy: 58.5
Mortality: 55

South Sudan
Poverty: 50%
Population: 12.3
Life expectancy: 55
Mortality: 92

Eritrea

Poverty: 55%
Population: 4.8

Life expectancy: 63.7
Mortality: 47

Burundi

Poverty: 65%
Population: 11.2

Life expectancy: 56.7
Mortality: 82

Tanzania
Poverty: 28%
Population: 53.5

Life expectancy: 64.9
Mortality: 49

Zambia

Ethiopia
Poverty: 30%
Population: 99.4
Life expectancy: 64
Mortality: 59

Djibouti

Poverty: 23%
Population: 0.9

Life expectancy: 62
Mortality: 65

Somalia

Poverty: 54%
Population: 10.8

Life expectancy: 55.4
Mortality: 137

Kenya

Poverty: 61%

Poverty: 46%

Population: 16.2

Population: 46.1

Life expectancy: 60
Mortality: 64

Zimbabwe

Poverty: 58%
Population: 15.6

Life expectancy: 57.5
Mortality: 71

Malawi

Poverty: 51%
Population: 17.2

Life expectancy: 63.7
Mortality: 64

Life expectancy: 64
Mortality: 49

Seychelles

Poverty: 39%
Population: 0.1

Life expectancy: 73.2
Mortality: 14

Mozambique
Poverty: 55%
Population: 28.0
Life expectancy: 55
Mortality: 79

Comoros

Poverty: 45%
Population: 0.8

Life expectancy: 63.3
Mortality: 74

Mauritius

Poverty: 9.0%
Population: 1.3

Life expectancy: 74.2
Mortality: 14

Madagascar
Poverty: 75%
Population: 24.2

Life expectancy: 57.6
Mortality: 50

Figure 3 | Key sociodemographic statistics for Eastern Africa. Population is displayed in millions, life expectancy in

years, and mortality per 1,000 births <5 years.
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Namibia Botswana
Poverty: 29% Poverty: 19%
Population: 2.5 Population: 2.3
Life expectancy: 64.7 Life expectancy: 64.4
Mortality: 45 Mortality: 44
South Africa Lesotho Swaziland
Poverty: 53% Poverty: 57% Poverty: 63%
Population: 55 Population: 2.1 Population: 1.3
Life expectancy: 57.2 | | Life expectancy: 49.7 | | Life expectancy: 48.9
Mortality: 41 Mortality: 90 Mortality: 61

Figure 4 | Key sociodemographic statistics for Southern Africa. Population is
displayed in millions, life expectancy in years, and mortality per 1,000 births <5 years.

and dilated cardiomyopathy (22%)'*. A hospital-based
study in Djibouti also examined the spectrum of CVD
in 156 case-presentations in children aged 1 month to
15 years during the period 2009-2010. Overall, 20%
of patients presented with CVD, and among these
patients, most presented with CHD (84%), followed
by dilated cardiomyopathy (16%) and RHD (1%). The
most common forms of CHD were ventricular septal
defect (37%) and isolated ventricular septal defect (19%).
Notably, 25% of these patients were also HIV-positive'®.

Rheumatic heart disease. A number of prospective,
community-based surveys have also examined the prev-
alence of RHD in Eastern Africa. A 2010 cross-sectional,
echocardiographic survey involving 4,869 primary
school children aged 5-16 years in Kampala, Uganda,
found a RHD prevalence of 14.8 cases per 1,000 children
(1.5%)'®. Subsequent reports from Malawi (n=1,450)
and Ethiopia (n=3,238) went on to assess RHD among
children aged 5-18 years in 2014 and 2013-2015, respec-
tively'®!%. Malawi investigators reported a prevalence of
3.4%, 0.7%, and 2.7% for latent, definite, and ‘borderline’
RHD, respectively'”. The highest prevalence of RHD
in this cohort was observed in those aged 11-13 years.
Consistent with the earlier reports, the prevalence of
definitive RHD was threefold higher than borderline
RHD in the Ethiopian cohort (14 cases versus 5 cases
per 1,000 children, respectively)'®. An echocardio-
graphic study involving 488 HIV-positive children (aged
5-18 years; 53% female) in Kampala, Uganda, from
2012 to 2013 found that four children had latent RHD
on the basis of World Heart Federation criteria, resulting
in a 0.82% prevalence of latent RHD'®. Furthermore,
two children had definite RHD, and a further two had
borderline RHD. An additional cross-sectional survey
was conducted in 2012-2013 in Harare, Zimbabwe,
involving 2,601 patients (aged 1-12 years) admitted to
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the paediatric medical unit found 31 children with RHD
or acute rheumatic fever, resulting in an overall preva-
lence of 11.9 cases per 1,000 hospitalized children. Of the
85 patients hospitalized with cardiovascular-related con-
ditions, 26% presented with chronic RHD. An additional
1,026 outpatients were included in this study and of these,
2% had chronic RHD'". Finally, an Eritrean population
study conducted between 2007 and 2008 involving 684
children (mean age 16.7 years, 46% female) from nine
high schools reported that 4% of students had definitive
RHD, whereas 3.3% had suspected RHD. An additional
23% of students presented with valve abnormalities,
including mild aortic, mitral, or tricuspid regurgitation'"'.

Adult health

Spectrum of cardiovascular disease. A number of pre-
dominantly hospital-based studies have examined the
overall pattern of CVD in adults in the region. An autopsy
study (n =145) in Kenya conducted between 2005 and
2009 found that CVD was the attributable cause of death
in 13% of cases (mean age of 50 years with a male-to-
female ratio of 2.7:1), the main contributors being myo-
cardial infarction (19%) and cardiomyopathy (17%).
Infective pericarditis and RHD were responsible for 7.5%
and 6.7% of the deaths, respectively''>. A retrospective
study of 3,908 patients (aged from 2 months to 82 years)
admitted to the cardiac clinic of a tertiary hospital in
Malawi between 2001 and 2005 showed that RHD was
the most common cardiac presentation (30%), followed
by hypertensive heart disease (24%), and dilated cardio-
myopathy (18%)'"*. CHD accounted for 4% of CVDs.
A similar spectrum of case-presentations was reported
from Ethiopia from 2003 to 2008 (comprising 781
hospital cases with a mean age of 43.5 years), with the
most prevalent CVDs being RHD (33%), hypertensive
heart disease (24%), and dilated cardiomyopathy (20%)".
In a retrospective case series of 40 children (70% female)
presenting with infective endocarditis in Ethiopia from
2008 to 2013, all patients had concurrent RHD (49%)
or CHD (51%)'". In contrast to these earlier reports,
however, the most common echocardiographic abnor-
malities found among 1,028 adult patients presenting to
a tertiary hospital in Ethiopia from 2011 to 2013 were
associated with VHD (45%)""°. A distinctive age-related
presentation of valvular dysfunction was observed, with
younger individuals displaying RHD and older individ-
ual showing degenerative changes. Around one-third of
patients were also found to have diastolic HF with hyper-
tensive heart disease as the main contributor'*. From a
broader perspective, an analysis of hospital admissions in
the 30-year Medical-ICU registry'"” in Ethiopia (n=500;
December to May of 1981-1982, 1991-1992, 2001-2002,
and 2011-2012) reported that CVD accounted for 43%
of presentations. The overall case fatality rate was 32%.

Arrhythmias. A prospective, community-based, cross-
sectional survey undertaken in a rural district of Tanzania
screened 2,232 men and women aged =70 years for
AF by electrocardiography''. Overall, 15 patients were
diagnosed with AF (12 women), equating to a crude
prevalence of 0.67% (age-adjusted prevalence of 0.64%).
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Senegal

Poverty: 47%
Population: 15.1

Life expectancy: 66.4
Mortality: 47

Gambia
Poverty: 50%
Population: 12.4

Mauritania
Poverty: 42%
Population: 4.1

Life expectancy: 63
Mortality: 85

Mali

Poverty: 44%
Population: 17.6
Life expectancy: 58
Mortality: 115

Life expectancy: 55.5
Mortality: 92

Cabo Verde

Burkina Faso
Poverty: 40%

Population: 18.1 Niger

Poverty: 26.6%

Life expectancy: 58.6 || Poverty: 49%

Population: 0.5
Life expectancy: 73.1

Population: 19.9
Life expectancy: 61.5

Mortality: 89

Mortality: 25

Mortality: 96

Guinea-Bissau

Poverty: 69%
Population: 1.8

Life expectancy: 55
Mortality: 92

Sierra Leone
Poverty: 66%
Population: 6.5

Life expectancy: 50.9

Guinea
Poverty: 55%
Population: 12.6
Life expectancy: 58.7

Mortality: 94 Mortality: 120

Nigeria

Poverty: 46%
Population: 182.2
Life expectancy: 52.8
Mortality: 109

Togo Benin

Poverty: 55% Poverty: 36%
Population: 7.3 Population: 10.9

Life expectancy: 59.7 | | Life expectancy: 59.5
Mortality: 78 Mortality: 100

Liberia
Poverty: 64%
Population: 4.5
Life expectancy: 60.8
Mortality: 70

Cote d’Lvoire
Poverty: 46%
Population: 22.7

Life expectancy: 51.6
Mortality: 93

Ghana

Poverty: 24%
Population: 27.4

Life expectancy: 61.3
Mortality: 62

Figure 5 | Key sociodemographic statistics for Western Africa. Population is displayed in millions, life expectancy

in years, and mortality per 1,000 births <5 years.

The AF prevalence was higher in women than in men
(0.96% versus 0.31%); however, 1-year mortality was
higher in men than in women (67% versus 50%). Overall
prevalence of AF increased with age from 0.46% in those
aged 70-74 years to 1.3% in those aged 285 years''.
A retrospective, observational hospital survey of AF was
also conducted in Nairobi, Kenya, from 2008 to 2010.
Among the 162 patients included in the study (mean
age 67 years; 56% male); 40% presented with paroxys-
mal AF, 20% with persistent AF, and 40% with perma-
nent AE During the 6-month follow-up, mortality and
the readmission rate were 6% and 12%, respectively'"”.

Coronary artery disease. CAD has been recognized as
an emerging health threat in Kenya'*. A prospective
study of 2,156 high-care patients admitted to a tertiary
hospital in Nairobi, Kenya, between 2008 and 2010
found that 5.1% of admissions (mean age 64 years, >75%
male) were attributable to acute coronary syndrome
(56% with acute myocardial infarction with ST-segment
elevation). The most common risk factors were hyper-
tension (~50% of patients) and smoking (~25%); over
one-third of patients also had type 2 diabetes'*".

Cardiomyopathy and heart failure. The increas-
ing importance of HF in the spectrum of CVD in
the region has been highlighted by a number of
contemporary studies. The 2013 Tanzania Heart Failure
Study'? involving 521 patients reported that HF was
associated with a mortality of 22.4 deaths per 100
person-years, with the most common aetiology being

hypertension (45%). A subsequent Ugandan study of
the clinical characteristics and predictors of in-hospital
mortality among 274 patients with HF found that the
most common comorbidities were hypertension (36%),
HIV (11%), chronic kidney disease (8%), and type 2
diabetes (7%)'*. In-hospital mortality was 18.3%, and
the median length of hospitalization for patients who
died was 2 days compared with 6 days for survivors,
indicating a high burden of acuity and late-presenting
HEF in the overall cohort'>.

Cerebrovascular disease and stroke. A large, prospec-
tive, hospital-based study investigated the epidemio-
logical features of stroke events among 651 patients
(mean age 59 years, 48% female, and 95% of African
ancestry) in Maputo, Mozambique, from 2005 to 2006.
Clinically confirmed stroke subtypes included sub-
arachnoid haemorrhage (1.3%), haemorrhagic stroke
(40%), and ischaemic stroke (58%)'*. Overall, 13% of
stroke events occurred in individuals aged <45 years.
Case-fatality rates were high, with a differential pattern
among ischaemic versus haemorrhagic stroke and
de novo versus recurrent events. Overall, 254 (50%)
patients died during the 28-day follow-up, with haemor-
rhagic stroke conferring a twofold to threefold higher
risk of death. The overall incidence of stroke events
in Maputo was 149 cases per 100,000 population per
annum (equivalent to an age-standardized rate of 260
cases per 100,000 people aged 225 years per annum).
The incidence of haemorrhagic stroke plateaued in both
men and women aged >55 years to 150-200 events per
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100,000 people per annum, whereas ischaemic stroke
events steadily increased with age (peaking at around
700 events per 100,000 people aged >75 years per
annum)'?*. Another prospective, hospital-based study
was conducted at a tertiary referral hospital in Ethiopia
(2013-2014) involving 163 patients with stroke (mean
age 53 years and 66% male), and found an almost equiv-
alent number of ischaemic versus haemorrhagic stroke
presentations'”. In-hospital stroke mortality was 14.7%,
with the main correlates of case-fatality being haemor-
rhagic stroke, stroke severity at admission, seizure, and
decreased level of consciousness. Overall, the reported
proportion of haemorrhagic stroke presentations in
this cohort was markedly higher than in developed
countries'?. Similar findings were reported by the pro-
spective Tanzanian Stroke Incidence Project that com-
pared the pattern of cases of incident stroke in the rural
community (n=132) with that in the urban communi-
ties (n=69) between 2003 and 2006. In both districts,
>80% of strokes were attributable to cerebral ischaemia,
with the remainder being caused by cerebral haemor-
rhage, based on CT scans performed within 15 days of
stroke (noting potential survivor bias)'*°.

Southern regions of Africa

Southern Africa comprises two geographically large, but
sparsely populated countries (Namibia and Botswana),
and two small kingdoms (Lesotho and Swaziland)
surrounded by South Africa, the wealthiest and most
populous country in the region (BOX 2; FIC. 4). There are
marked differences in poverty levels (20-60% of the
population) and life-expectancy (49-65 years) across
these five neighbouring countries. Not unexpectedly,
much of epidemiological data from the region emanates
from South Africa.
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Maternal health

Spectrum of cardiovascular disease. Maternal mortal-
ity in South Africa has quadrupled between 1998 and
2007 from 150 to 625 deaths per 100,000 live births'?’.
An increase in the prevalence of CVD is thought to be
an important contributor to this trend. A single-centre,
4-year, retrospective audit (2002-2005) of 189 preg-
nant women in South Africa found that around 1% of
all pregnant women had underlying CVD'*. Most cases
were related to RHD, with HF being the most common
presentation. Severe morbidity and case-fatality occurred
in 12% and 3% of patients, respectively. A prospective
study conducted from 2010 to 2012 in a single tertiary
centre in South Africa examined the spectrum of CVD in
225 consecutive pregnant women (45% African ancestry
and 32% mixed ancestry, mean age 29 years)*. Of those
classified as WHO class I (patients without any limitation
to physical activity; n=73), 35% were diagnosed with a
minor or corrected form of CHD and 22% showed evi-
dence of RHD. Of those presenting as WHO class II-IV
(from patients presenting with a slight limitation to phys-
ical activity, to patients with pulmonary hypertension
presenting with severe limitations to physical activity;
n=152), 32% had CHD, 26% had RHD, and 27% had
a cardiomyopathy (including postpartum cardiomyo-
pathy, hypertensive HF, and idiopathic dilated cardio-
myopathy). Other less common diagnoses were Takayasu
arteritis, Marfan syndrome, ventricular arrhythmias, and
constrictive pericarditis”’. Overall, 5.9% of patients died
within 6 months. Perinatal mortality (death <42 days
postpartum) in this cohort was 7 deaths per 1,000 live
births. These data are largely consistent with a systematic
review of seven studies of antenatal heart disease in South
Africa'. Overall, the prevalence of heart disease ranged
from 123 to 943 per 100,000 deliveries (median 616 cases
per 100,000 deliveries). Rheumatic valvular lesions were
the most common cardiac abnormalities. Peripartum

Cameroon

Poverty: 40%
Population: 23.3

Life expectancy: 55.5
Mortality: 88

Equatorial Guinea
Poverty: 77%
Population: 0.8

Life expectancy: 57.6
Mortality: 94

case-fatality rates were highest in low-resource settings
(9.5%), whereas perinatal mortality ranged from 9-24%.

Sao Tomé and Principe
Poverty: 62%
Population: 0.2

Life expectancy: 66.4
Mortality: 47

Gabon

Poverty: 33%
Population: 1.7

Life expectancy: 64.4
Mortality: 51

Infant and childhood health

Congenital heart disease. A report on childhood health
in South Africa identified CHD as a major contributor to
death, accounting for 0.6-0.8 deaths per 1,000 live births,
which was equivalent to 11,000 deaths each year'.
Of those amenable to surgical intervention (~40%),
survival to adulthood was estimated to be >85%.

Chad
Poverty: 47%
Population: 14

Life expectancy: 51.6
Mortality: 139

Rheumatic heart disease. A systematic review of the inci-
dence, prevalence, and outcomes of RHD in South Africa
in the past 2 decades reported a prevalence of 20.2 cases
of asymptomatic RHD per 1,000 school children’*"'*,

Central African Republic
Poverty: 62%

Population: 4.9

Life expectancy: 50.7
Mortality: 130

Republic of the Congo
Poverty: 47%
Population: 4.6

Life expectancy: 62.3
Mortality: 45

Adult health

Spectrum of cardiovascular disease. The Heart of Soweto
Study®'* focused on a large urban community in South
Africa undergoing epidemiological transition. An initial
study of 4,162 cardiology presentations to the only ter-
tiary referral hospital in Soweto in 2006 was undertaken,
which included 1,593 de novo cases of heart disease (38%)
affecting proportionately more women (59%), who were

Democratic Republic
of the Congo
Poverty: 64%
Population: 77.3

Life expectancy: 58.7
Mortality: 98

Angola

Poverty: 37%
Population: 25

Life expectancy: 52.3
Mortality: 157

Figure 6 | Key sociodemographic statistics for Central Africa. Population is displayed
in millions, life expectancy in years, and mortality per 1,000 births <5 years.

NATURE REVIEWS | CARDIOLOGY VOLUME 14 | MAY 2017 | 281

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.



REVIEWS

Box 2 | Regional knowledge gaps

Northern Africa

To our knowledge, no substantive cardiovascular-related research has been reported
in the English literature from the countries of Algeria, Libya, and Western Sahara in the
21st century. From a regional perspective, a paucity of data exists (particularly in
relation to maternal cardiovascular health) relating to a broad range of cardiovascular
diseases. Of note, the prevalence of heart disease in Sudan was estimated at 2.5% of
the population in 2006 based on self-reported data from the Sudan Household Survey,
an official government study®>.

Eastern Africa

A number of Eastern African countries seem to be unrepresented in the literature
from a cardiovascular research perspective, with the volume and spectrum of reports
disproportionate to the size of the region.

Southern Africa

Relative to the other regions of Africa, the southern region is very well represented.
However, most contemporary studies for this region are focused in South Africa,
leaving the remaining countries with limited data on the epidemiology of CVD.

Western Africa

Like Southern Africa, Western Africa is very well represented in the literature and most
forms of CVD across the lifespan are covered. However, despite some important reports
from Senegal, Nigeria is equivalent to South Africa in its domination of regional
research reports. Many countries in the region do not seem to have generated any
substantial cardiovascular reports.

Central Africa

Limited cardiovascular reports are available for Angola, Chad, Democratic Republic
of the Congo, Equatorial Guinea, and Sdo Tomé and Principe, with relatively more data

from Cameroon.

on average 2 years younger than affected men (mean age
of 53 years versus 55 years)’. HF was the most common
primary diagnosis (44%), and of those patients, 68% had
a combination of hypertensive HF and dilated cardio-
myopathy'**. Hypertension was identified in 56% of the
cohort, and was the primary diagnosis in 19% of patients.
VHD was identified in 23% of the cohort (predominantly
RHD), and was the primary diagnosis in 17% of patients.
CAD was diagnosed in 10% of patients, with pericardial
effusions, rhythm disorders, CHD, and stroke account-
ing for the remaining presentations (9%)°. The balance
between communicable and noncommunicable forms
of heart disease was subsequently investigated in 5,328
patients with de novo CVD (88% with African ancestry
and 60% female). The prevalence of historically preva-
lent, communicable CVDs during the period 2006-2008
was 39% versus 35% of noncommunicable forms of heart
disease (with a predominance of hypertensive heart dis-
ease). Clear trends in CVD presentation according to
sex and residential status (born in the city of Soweto or
in rural areas) were also evident. For example, patients
aged <50 years predominantly suffered from ‘traditional’
forms of heart disease (19-60 cases per 100,000 popula-
tion per annum); the prevalence for noncommunicable
forms of heart disease was 5-45 cases per 100,000 popu-
lation per annum. By contrast, patients aged 260 years
presented predominantly with noncommunicable heart
disease (350 cases per 100,000 population per annum
versus 211 cases per 100,000 population per annum for
traditional forms of CVD). Overall, prevalence of tradi-
tional forms of heart disease was highest among women
aged <39 years who had migrated to Soweto'*.

Arrhythmia. A retrospective review of a paramedic data-
base covering the metropolitan region of Johannesburg
in South Africa in the period from 2001 to 2007 identi-
fied 563 individuals (510 adults) who experienced
out-of-hospital cardiac arrest, representing 3% of 17,507
recorded paramedic attendances (incidence of 6.4 events
per 100,000 population per annum). In subsequent
selected case reviews, 75% of cases were presumed to
be of cardiac origin and 23% were associated with a
shockable rhythm, the only independent predictor of
survival®. In the Heart of Soweto Study'*” (2006-2008),
4.6% of patients (mean age 59 years, 61% female, and
86% African ancestry) presented with AF that was con-
firmed with an electrocardiogram. Lone AF occurred
in 8.9% of patients, whereas 44% had concurrent
VHD. The estimated rate of incident AF presentations
from Soweto was 5.6 cases per 100,000 population per
annum, with <1 case per 100,000 population in those
aged 15-24 years, and >50 cases per 100,000 population
in those aged =75 years'”. These findings contrast with
data from a multicentre registry across South Africa
(29 centres) that analysed 302 cases of AF (mean age
67 years and 60% male) comprising a privately insured
and affluent cohort'®. The profile and outcomes of AF
in these patients were similar to those seen in individ-
uals with AF living in high-income countries. Among
these patients, 66% had concurrent hypertension and a
high burden of pre-existing CVD; 33%, 8.3%, and 5.3%
reported having HE, stroke, or transient ischaemic attack
in the previous year, respectively'*.

Coronary artery disease. A historical comparison study
of CAD admissions to a tertiary hospital in Soweto
identified 154 patients (42% African ancestry) admitted
to the hospital in 2004 with an acute coronary syndrome
(troponin-positive)'*. In the subsequent Heart of Soweto
Study'” conducted in 2006-2008, CAD was diagnosed
in 581 patients (11% of 5,328 patients presenting to the
Cardiology Unit with substantial risk or disease); a lower
prevalence was seen among those of African ancestry
(5.9%). The incidence of CAD was very low in those
aged 20-39 years (150 cases per 100,000 population per
annum). A specific analysis of 30 treatment-naive, HIV-
positive patients with acute myocardial infarction (all of
African ancestry and mostly young men with a mean
age of 43 years) found that most patients had thrombus
formation without underlying atherosclerosis, and few
risk factors other than smoking'. Data from 615 South
African patients admitted to hospital with an acute coro-
nary syndrome from the ACCESS registry'*' showed a
12-month case-fatality rate of 5.7%, with higher mortality
observed in those aged =70 years, with concurrent type 2
diabetes, or a history of cerebrovascular disease.

Cardiomyopathy and heart failure. In patients enrolled
in the 2006 Heart of Soweto study’ (mean age 55 years,
57% female, and 87% African ancestry), HF was the pre-
dominant form of CVD among both prevalent (43%)
and de novo (44%) cases. The most common diagno-
ses were hypertensive HF (33%), idiopathic dilated
cardiomyopathy (28%), right HF (27%), ischaemic
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cardiomyopathy (9%), and HF owing to primary valve
disease (8%)'**. A subanalysis of 761 patients of African
ancestry presenting with hypertension (n=761) showed
a predominance of hypertensive HF (54%), with left ven-
tricular hypertrophy, renal dysfunction, and anaemia
found in 39%, 24%, and 11% of patients, respectively.
Men were twice as likely to present with reduced ejec-
tion fraction than women. A high prevalence of right
HF (28%) was also found in this cohort; proportionately
more men presented with right HF (15% versus 12%)"*2.
As highlighted by the subsequent PAPUCO study'**'*,
multiple pathways to the development of right HF
existed, including chronic lung disease and tuberculo-
sis, and pulmonary arterial hypertension (PAH; 20%).
A comparative, follow-up study in Cape Town involving
patients with idiopathic dilated cardiomyopathy (1= 80)
and familial dilated cardiomyopathy (n=40) demon-
strated some potentially important differences in clinical
presentation, but both cohorts of patients had similar
case-fatality in the long-term (40% mortality during
median 5-year follow-up)'*.

Communicable heart disease. Beyond RHD and cases
of idiopathic dilated cardiomyopathy, HIV infection
observed in the Heart of Soweto'* cohort made up 9.7%
(n=518) of the entire cohort. The mean age of this sub-
set of patients was 39 years, 62% were women (on aver-
age 4 years younger than men), and 97% were of African
ancestry. The major HIV-related CVD diagnoses were
HIV-related cardiomyopathy (38%), pericarditis or peri-
cardial effusion (25%), and HIV-related PAH (8.1%)'4.
By contrast, a cross-sectional study in Botswana that
included 179 patients (58% female, aged 14-97 years)
from 2007 to 2008 found that the most common cardiac
pathologies were cardiomyopathies (37%), pericarditis
(21%), hypertensive heart disease (14%), RHD (8%),
and right HF (7%)'¥". Of those with a cardiomyopathy
(n=66), 52% had a HIV-related cardiomyopathy, 20%
had idiopathic dilated cardiomyopathy, and 29% had
peripartum cardiomyopathy.

Valvular and rheumatic heart disease. A subanalysis as
part of the Heart of Soweto Study'** (2006-2007) exam-
ined VHD in 4,005 patients and found that 960 had val-
vular abnormalities on echocardiography. Of these, 344
(36%) patients (median age 43 years and 68% female) had
newly diagnosed RHD. Adults with latent RHD showed
a transition from pure mitral involvement to mixed
valvular dysfunction with increasing age. As expected,
degenerative valvular disease was closely linked to
advancing age. The overall estimated incidence of RHD
in the region for those aged >14 years was 23.5 cases
per 100,000 population per annum. However, a J-shaped
distribution was evident with incidence rising from
15 cases to 53 cases per 100,000 population per annum
from the age of 19 years upwards, but with the highest
incidence among those aged 15-19 years (30 cases per
100,000 population per annum)'*. A systematic review
of the limited available data in South Africa reported that
60-day and 180-day mortality post-admission with acute
HF owing to RHD was 24.8% and 35.4%, respectively'*.
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Overall, RHD-related mortality per 100,000 population
was estimated to decrease from 1.27 to 0.7 between 1997
and 2012 in South Africa'®2

Cerebrovascular disease and stroke. In 2008, 75,000
events of stroke were predicted to have occurred in
South Africa, with 25,000 of these fatal within 1 month
of the event'®. The associated burden of disease owing
to stroke was further estimated to be 564,000 disability-
adjusted life years'. As part of a continuing popula-
tion-based surveillance study in a rural community
northeast of South Africa (Agincourt north of Swaziland),
the Southern Africa Stroke Prevention Initiative (SASPI)'*
reported on the prevalence of survivors of stroke in 2001.
Subsequently, 103 cases of stroke were found from 68,500
individuals subject to health surveillance. The crude prev-
alence of stroke was 243 cases per 100,000 population in
those aged =15 years, and 300 cases per 100,000 popu-
lation when including all potentially positive cases. The
male-to-female ratio was 1:1.8 (almost equal after age-
standardization). A steep gradient in prevalence according
to increasing age was observed. The overall prevalence
of survivors of stroke in the community was 300 survi-
vors per 100,000 population after adjusting for age'.
A subsequent report from the Agincourt surveillance
site was used to quantify the burden of stroke in rural
South Africa for the period from 2007 to 2011 (REF. 151).
An estimated 842 incident cases of stroke occurred,
equivalent to 244 cases per 100,000 person-years. Crude
mortality was 114 deaths per 100,000 person-years.
The projected burden of stroke among the 13 million
rural-dwelling South Africans was 33,500 cases each year
by 2011 (REF. 151). Overall, stroke accounted for 18% of
deaths attributable to noncommunicable disease in South
Africa (with 1.3-fold more deaths among those of African
ancestry than among those of European ancestry)'*.

Peripheral artery disease. As part of SASPI'*%, a cross-
sectional study undertaken in South Africa (Limpopo
province) analysed a random sample of 526 men and
women aged >35 years who were selected for cardio-
vascular screening in 2002. A subset of participants
(n=322; 78% women, mean age 54 years; 22% male,
mean age 59 years) were screened for PAD (defined as
an ankle-brachial index >0.9). The prevalence of PAD
increased with age, from 8.6% in those aged <40 years to
39.7% in those aged >70 years'®*. A purposefully selected,
prospective cohort study of PAD reported in 2007 was
undertaken in a regional hospital servicing the Eastern
Cape of South Africa (a predominantly low socio-
economic population)'*. Among 315 female and 227
male patients of African ancestry (mean age of 62 years)
who attended the hospital’s outpatient department, the
overall prevalence of PAD was 29.3%. Consistent with an
outpatient population selected for screening, the preva-
lence of underlying risk factors was high, and included
diabetes (30%), smoking (31%; predominantly male),
obesity (38%; predominantly female), and hypertension
(75%). Independent predictors of PAD were smoking
(4.3-fold increased risk of PAD), diabetes (1.7-fold
increased risk), and male sex (1.7-fold increased risk)™*.
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Western regions of Africa

The Western region of Africa is home to >350 million
people, over half of whom reside in Nigeria, Africa’s
most populous country with the largest economy
(BOX 2; FIC. 5). Apart from Nigeria, the region contains
a number of small-to-medium countries (population
10-20 million people), many of which lie along the
Atlantic Ocean. As with many regions in Africa, poverty
levels vary, but are relatively high in comparison to
the rest of the continent. Life-expectancy is typically
50-60 years. As expected, much of epidemiological data
from the region emanates from Nigeria.

Maternal health

Spectrum of cardiovascular disease. A few notable
reports have investigated the epidemiology of heart
disease in pregnant women living in Western Africa.
A study of 50 pregnant women with heart disease admit-
ted to a tertiary hospital in Senegal over an 8-year period
revealed RHD as the predominant pathology (92%), of
whom 15% had a previous surgical intervention. The
remainder of the patients suffered from mitral steno-
sis. Nearly three-quarters of the cohort also presented
with acute HF and 34% died during the 8-year period,
with those who received early surgical intervention more
likely to survive. The effect on birth outcomes was pro-
found, with only 30 live births from 50 pregnancies, and
amedian gestational age of 28 weeks'**.

Cardiomyopathy and heart failure. In contrast to the
poor outcomes reported from Senegal, a large retro-
spective hospital study conducted in southwest Nigeria
that specifically focused on rates of HF among pregnant
women reported more favourable outcomes. Overall,
the study found a HF prevalence of 2.2 cases per 1,000
patients (typically second or third trimester) among
4,523 pregnant women during the period 2004-2010.
Opverall, two maternal deaths and three fetal or perinatal
deaths were reported, with only one case of CHD and
no cases of RHD™®. A prospective study of 65 patients
with postpartum cardiomyopathy in a tertiary hospital
in northwest Nigeria (2003-2005) revealed a prevalence
of 1 case per 102 births. Affected women (mean age
28.2 years) were predominantly multiparous, and of low
socioeconomic status. These cases represented 60% of
all cases of HF among women during the study period,
with an associated case-fatality of 12.3%'".

Infant and childhood health

Spectrum of cardiovascular disease. A retrospective
study conducted in north-central Nigeria examined the
pattern of childhood acquired heart disease relative to
historical trends and data from other regions. Over a
period of 10 years, 175 patients with CVD were identi-
fied (mean age 9.8 years and 54% female). RHD was the
predominant cardiac pathology (58%), along with dilated
cardiomyopathy (19%), which was most common in
those aged <5 years. A range of other conditions were also
diagnosed, including cor pulmonale or right HF (9.1%),
pericardial disease (8.6%), and infective endocarditis
(4.6%); 4% of patients also had concurrent CHD"®.

A parallel study in northwestern Nigeria examined
the pattern of acquired heart disease in 110 paediatric
patients (comprising 2.9% of the 3,810 children assessed)
diagnosed between 2009 and 2014 (REF. 159). The mean
age of the patients was 10.4 years and 58% were male.
Once again, RHD (43%) and dilated cardiomyopathy
with or without myocarditis (33%) were the predominant
causes of heart disease, with similar prevalence of peri-
cardial effusion (11%). Notably, endomyocardial fibrosis
(6.4%) and Kawasaki disease (1.8%) were also diagnosed
in this cohort. The overall mortality was 17.3%. Another
multicentre study conducted in Nigeria identified 116
children with acquired heart disease over a 42-month
period (mean age was 6.7 years, 54% male). Compared
with the preceding studies, this study reported a lower
prevalence of RHD (17%), with a more even distrib-
ution of dilated cardiomyopathy or myocarditis (29%)
and pericarditis (26%). A further 14% of patients pre-
sented with hypertrophic cardiomyopathy, and 2.3%
with endomyocardial fibrosis'®. In a cross-sectional
study of 1,764 school children (mean age 8.9 years, 51%
female) in southern Nigeria, only six (0.34%) had a car-
diac murmur detected on auscultation and, of these, only
one (a boy from a poor socioeconomic background) had
echocardiographically confirmed RHD (equating to a
prevalence of 0.57 cases per 1,000 children)'®'.

Congenital heart disease. A number of studies have
examined the pattern of CHD among infants and chil-
dren in Western Africa's>'’. A retrospective study of
31,795 children attending the outpatient clinics of a ter-
tiary hospital in Nigeria during the period 2007-2012
reported a prevalence of 2.2 cases per 1,000 children
for CHD, with the most common defect being isolated
ventricular septal defect'®. A similar study conducted
in two hospitals in the Niger Delta region of Nigeria
between 2009 and 2013 reported a higher prevalence
of CHD (14.4 cases per 1,000 children), with ventricu-
lar septal defect also common'®. A systematic review
of reports from Nigeria suggested a 6% increase in
ventricular septal defects every decade for the past
5 decades'*. Similarly, a study of CHD and malnutri-
tion in 40,123 children attending a tertiary outpatient
clinic in Nigeria reported a prevalence of 12.5 cases per
1,000 children, with malnutrition evident in 92% of these
cases'?. In a decade-long (2000-2010) multicentre study
in Cote d’Ivorie of congenital abnormalities among 1,632
newborns, 1,725 congenital anomalies were recorded,
indicating a frequency of 173 congenital abnormalities
per year'®®. Furthermore, in a prospective, school-based
screening study for RHD in Dakar, Senegal, in 2010 that
included adolescents, the prevalence of RHD was 5.4 and
10.1 cases per 1,000 people in those aged 5-15 years
and 16-18 years, respectively'®.

Adult health

Spectrum of cardiovascular disease. Two notable stud-
ies examined the spectrum of CVD presentations to a
tertiary institution in the southern region of Nigeria.
In 1,441 individual patients (mean age 54 years, 48%
female) who underwent echocardiographic review
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during an 18-month period (2005-2007), hypertensive
heart disease was detected in 57% of the cohort, RHD
in 3.7%, and dilated cardiomyopathy in 3.0%. Other
less common diagnoses were pericardial disease (1.8%),
cor-pulmonale or right HF (1.6%), CHD (0.6%), and dia-
betic heart disease (0.4%)'”. Over a similar 3-year period
(2007-2009) in southeast Nigeria, a total of 537 patients
with CVD (mean age 61 years, 40% female) were identi-
fied from 3,546 medical admissions. Stroke (47%) and
HF (31%) were the predominant reasons for admission,
with stroke contributing to 170 deaths. Hypertension
was diagnosed in 21% of patients, whereas VHD with
or without HF was present in 3.9% of patients'”".

Arrhythmia. A retrospective study of sudden deaths was
undertaken in southwest Nigeria over a 9-year period
(2003-2011)'"2. Overall, sudden cardiac deaths accounted
for 4% of 718 adult medical deaths (mean age 47 years,
predominantly male), comprising 72% of out-of-hospital
events. Of these deaths, 52% were attributable to CVD
with hypertensive heart disease (87%); left ventricu-
lar hypertrophy was present in 69% of these patients.
Among those aged 250 years, 39% had moderate-to-
severe coronary atherosclerosis, with no cases of acute
myocardial infarction found'”?. An ongoing surveillance
study of a rural cohort in Ghana showed a low prevalence
of AF (0.3%) among 924 patients aged =50 years who
underwent electrocardiographic screening'”>.

Coronary artery disease. A hospital-based, retrospec-
tive study of the prevalence and spectrum of CVD was
conducted in northwest Nigeria during a 5-year period
(2000-2005)""*. Among 5,124 medical admissions, 1,347
(26-89% of African ancestry, 72% male) were diagnosed
with CVD. Of these, 46 (3.4%) patients had CAD (over-
all prevalence of 9.0 cases per 1,000 population). The
majority of the patients had underlying hypertension
(80%) and a substantial proportion had dyslipidae-
mia (44%) and/or diabetes (35%). The most common
forms of clinical presentation were acute myocardial
infarction (48%), ischaemic cardiomyopathy (30%), and
angina pectoris (22%)"7*. Consistent with these find-
ings, an autopsy study of 747 coroner cases in southern
Nigeria revealed a prevalence rate of 16 cases of CAD
per 1,000 population, the majority of whom were male,
urban-dwelling, of higher social class, and with multiple
CVD risk factors'”.

Cardiomyopathy and heart failure. A number of
studies from Nigeria have examined the pattern of HF
in hospital-based cohorts. The prospective Abeokuta
Heart Failure Clinical Registry'’® examined the profile of
452 patients with acute HF from the local population
of 1 million people over a 2-year period (suggesting an
incidence of 0.20 cases per 1,000 population per annum).
The mean age of these patients was 57 years and 45%
were female. Overall, 64% had a history of hypertension
and 10% had diabetes; consequently, hypertensive HF
was the most common aetiology (79%). Less common
causes of HF included dilated cardiomyopathy (7.5%),
cor pulmonale or right HF (4.4%), pericardial disease

REVIEWS

(3.3%), RHD (2.4%), and ischaemic heart disease (0.4%).
In-hospital mortality was 3.8%'7°. In a similar study, 304
Nigerian patients presenting with HF (mean age 51 years,
49% female) in Abuja were also most likely to have hyper-
tensive HF (62%)'”". A subsequent report involving 611
patients with the same predominance of hypertensive
HF (diagnosed via echocardiography) over an 8-year
period within the same institution found 45% (n=272)
of patients had evidence of right ventricular dysfunction
or right HF'8,

Congenital heart disease. A study of 4,539 patients in
southeast Nigeria over a 9-year period (2003-2012)
reported a prevalence of 2.5% for CHD (determined by
a retrospective review of echocardiography data). The
most common lesions found were ventricular septal
defects (31%), atrial septal defects (29%), and tetralogy
of Fallot (10%)'”. A similar study conducted in west-
ern Nigeria (n="76) confirmed that ventricular (28%)
and atrial (21%) septal defects were the most common
defects, along with patent ductus arteriosus (13%) and
tetralogy of Fallot (12%)'%.

Valvular and rheumatic heart disease. A retrospective
study of all presentations of RHD to a tertiary hospital in
southwest Nigeria was conducted over a 9-year period
(2003-2011)"". Of 9,423 case presentations related to
heart disease, 11 patients with RHD (mean age 26 years,
55% male) were identified (prevalence of 0.16 cases per
1,000 population). Mitral valve defects were evident in
ten patients (91%), with mixed mitral and aortic lesions
found in two patients (18%). Concurrent HF was present
in ten patients (91%)'". A larger study in a tertiary hospi-
tal in southeast Nigeria found that 38% of 2,527 patients
(mostly aged 230 years and 45% female) referred for
echocardiography over a 10-year period (1991-2001) had
VHD. Mitral valve disease was the predominate aetiology
(68%), with the aortic valve affected in 25% of patients.
RHD was the presumed aetiology in 59% of cases'®.

Peripheral arterial disease. In a cohort of 225 patients
(mean age 61.4 years) in a tertiary hospital in Lagos,
Nigeria, most of whom were being treated for type 2 dia-
betes, purposeful screening of PAD revealed an under-
lying prevalence of 40%'®. In a similar study involving
219 patients with diabetes (aged 50-89 years) in Nigeria,
the prevalence of symptomatic PAD (claudication pain)
was 28.7%; the remaining asymptomatic patients were
diagnosed with PAD based on an ankle-brachial index
of >0.90 (REF. 184).

Cerebrovascular disease and stroke. A range of com-
munity and hospital-based studies have examined the
epidemiological profile of stroke in the region'®. In a
2007 prospective, community-based stroke registry
examining de novo stroke events in southwest Nigeria,
the crude incidence of stroke was found to be 25.2 cases
per 100,000 population per annum (age-adjusted rate of
54.1 cases per 100,000 world population per annum)'®.
Incidence rates were higher in men versus women (28.3
versus 21.3 cases per 100,000 population), with a mean
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age of 59 years in those affected. Among patients who
were hospitalized, case-fatality was 16.2%'%. A pro-
spective, cross-sectional survey in 2008-2009 of 15,155
individuals living in the economic capital of Benin
(Cotonou) found a crude prevalence of 460 cases of
stroke (mostly ischaemic) per 100,000 population (770
per 100,000 world population). The majority of patients
(70%) were aged between 45 and 74 years, and 54%
were male'®. A similar study undertaken in the rural
Niger Delta region in southern Nigeria reported a crude
prevalence of stroke (undifferentiated by type) of 851
cases per 100,000 population'®. The onset of stroke
occurred earlier in this rural cohort on an age-adjusted
basis compared with that derived from an equivalent
urban cohort in Lagos, Nigeria'®. In a large, retro-
spective study of 1,054 patients presenting with stroke
(undifferentiated by type; mean age 64 years, 51% male)
to a major tertiary centre in the Ashanti region in Ghana
(2006-2007), stroke constituted 9.1% of adult medical
admissions. Case-fatality was 32.7% at 7 days and rose
to 43.2% by 28 days'"".

Central regions of Africa

Central Africa consists of nine widely diverse popula-
tions, with the Democratic Republic of the Congo being
the most populous (BOX 2; FIC. 6). Equatorial Guinea, one
of the smallest countries in this region, has the high-
est reported poverty rate (77%). Angola has the highest
number of deaths per 1,000 births of those aged <5 years
(157 deaths per 1,000 births).

Infant and childhood health

Communicable heart disease. A cross-sectional descrip-
tive study focusing on the health consequences associ-
ated with HIV infection among 100 children aged
1-15 years in Yaounde, Cameroon, found that 89% of
the cohort presented with more than one cardiac abnor-
mality: right ventricular dilatation was present in 76% of
patients, left ventricular diastolic dysfunction in 32%,
left ventricular hypertrophy in 12%, pericardial effusion
in 11%, and left ventricular systolic dysfunction in 2%.
Cardiac abnormalities were frequent in HIV-infected
children, most of whom remained asymptomatic;
routine echocardiography contributed to rapid diagnosis
in this setting'®.

Congenital heart disease. From 2002 to 2008, among
292 paediatric patients (mean age 10 years) with sus-
pected cardiac pathologies and presenting to a major
cardiosurgical centre in Cameroon that services the
west and central regions of Africa, 96% had a confirmed
diagnosis of CHD'?. The most common lesions were
isolated ventricular septal defect (38.8%) and tetralogy
of Fallot (26.1%). A further retrospective study con-
ducted in Cameroon from 2006 to 2009 among 505
patients (mean age 10 years, 55% female) presenting
to three urban referral centres in Douala, Shisong, and
Yaoundé also confirmed CHD in 67.2% of patients,
who had important differences in case presentation'*’.
Interatrial septal defect, isolated pulmonary valve steno-
sis, and isolated ventricular septal defect were more

commonly found in those presenting to the Douala
centre. By contrast, ductus arteriosus, tetralogy of Fallot,
congenital mitral valve regurgitation, coarctation of the
aorta, double outlet right ventricle, atresia of the tricus-
pid valve, left isomerism, and anomalous pulmonary
venous return were more commonly found in those
presenting to the Shisong centre. Lastly, Ebstein disease
arterial trunk and transposition of great arteries with
ventricular septal defect was more commonly found in
the Yaoundé cohort'”.

Valvular and rheumatic heart disease. Echocardio-
graphic data from children presenting to the largest
referral hospital in Yaounde, Cameroon, over a 10-year
period (2003-2013) were assessed'*. A total of 65 chil-
dren presenting with RHD were identified. The most
common form of RHD was isolated mitral valve regur-
gitation (49%), followed by the combination of mitral
and aortic valve regurgitation (35%)'*. A retrospective
study in Cameroon from 2005 to 2007 also examined
the pattern of rheumatic valvulopathies among children
and adolescents. Of the 262 patients aged 5-18 years pre-
senting with abnormal echocardiographic data, 65% had
RHD and 31% had CHD"". A similar study investigated
cardiac aetiologies from 1,252 echocardiographic reports
from a cardiovascular clinic in Cameroon (2008-2010).
Overall, CHD was the most frequent CVD among
patients aged <10 years (53%), followed by RHD (29%).
The most common types of CHD were persistent ductus
arteriosus (28%), tetralogy of Fallot (21%), and inter-
atria or interventricular communication (21%). Among
those aged 10-19 years, RHD was the most common
presentation (62%)".

Adult health

Spectrum of cardiovascular disease. Among patients
aged 20-39 years presenting at a cardiovascular clinic
in Cameroon, 53.3% presented with RHD and 27% pre-
sented with CHD (27%)"**. In those aged 40-49 years,
cardiomyopathies were the most prevalent cardiac
aetiology (53%), followed by pericarditis (27%). Among
those aged =50 years (comprising 86% of the cohort),
the most frequent cardiac aetiologies were hyperten-
sive heart disease (48%) and cardiomyopathy (31%).
Another retrospective population study was conducted
in Gabon in 2005 that involved 736 patients aged
>40 years”. CVD was identified in 13.3% of patients;
prevalent cases accounted for 14.7-14.9% of all presenta-
tions, and incident cases for 11.5% and 8.9% of men and
women, respectively.

Arrhythmia. The AFIB in Cameroon Study'”, a counter-
part of the AFIB Geneva Survey in Switzerland, was con-
ducted from 2006 to 2007. In total, 172 patients aged
>18 years were included in the study. The most com-
mon subtypes of AF were permanent AF (56%), fol-
lowed by paroxysmal AF (23%) and persistent AF (22%).
Underlying cardiac disorders were present in 91% of the
patients, with hypertensive heart disease presenting in
48%, VHD in 26%, dilated cardiomyopathy in 16%, and
CAD in 6%'.
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Table 1| Large multinational studies of cardiovascular disease in Africa

Study

Sub-Saharan
Africa Survey
of Heart Failure
Study?05206
(2007-2010)

Pan-African
Pulmonary
Hypertension
Cohort
Study 3144
(2011-2014)

VALVAFRIC
study??°
(2004-2008)

Pan-African
Sudden Cardiac
Death Survey®
(Protocol paper)

Disease

Acute
HF

PAH

RHD

Sudden
cardiac
death

1,006 patients were enrolled (52 + 18 years; 51% female;

* Acute HF aetiology: hypertension 45%, anaemia 15%, RHD 14%, type 2
diabetes 11%, ischaemic heart disease 8%, and atrial fibrillation 8%

e South African patients had higher number of events within 60 days

® 209 adults (median age 48 years, IQR 35-64 years) and 11 paediatric
patients (age range 1-17 years)
® 66% WHO class -1V and right ventricular systolic pressure (58 mmHg,

* 16% presented with PAH; of these, 69% were owing to left heart disease

e Paediatric patients were diagnosed with PAH associated CHD and left

* Of 3,441 patients enrolled, 1,385 had severe lesions (58% female,

Countries Design Main findings
e Cameroon Prospective
e Ethiopia observational survey 99% African ancestry)
e Kenya conductedin 12
* Mozambique university hospitals
e Nigeria among patients with ® 6-month mortality: 17.8%
* Senegal confirmed acute HF
® South Africa  aged =12 years
* Sudan
* Uganda
e Cameroon Prospective
* Mozambique multinational cohort
e Nigeria conducted in nine
° South Africa  specialist centresamong  |QR 49-74 mmHg)
confirmed cases of PAH
and 11% to lung disease
* 6-month case-fatality: 21%
heart disease
e Cameroon Retrospective
* Gabon hospital-based registry age 29+ 16 years)
* Guinea conducted in 12

* lvory Coast
* Mali

cardiology units among
patients presenting

* Severe lesions correlated with worse economic status

* Prevalence of valve disease: mitral regurgitation 53%, aortic
regurgitation 32%, mitral stenosis 13%, and aortic stenosis 2%

* Prevalence of HF: 40%; left/right ventricular and/or left/right atrial
dilatation 14% and 20%, respectively, and PAH 29%

® 27 of 1,200 patients requiring valve repair/replacement underwent surgery

* Inpatient case-fatality 16% and readmission 14%

* Potential findings will include the incidence, prevalence, and
characteristics of sudden cardiac death in a range of African countries

¢ Nigeria with one or more RHD

* Senegal confirmed lesions

* Togo

e Cameroon Prospective, multicentre,

* Mozambique community-based

e Nigeria registry among all cases Results are pending
e South Africa  of sudden cardiac death

HF, heart failure; IQR, interquartile range; PAH, pulmonary arterial hypertension; RHD, rheumatic heart disease.

Cardiomyopathy and heart failure. Pulmonary hyper-
tension was assessed in the urban population of Shisong,
Cameroon, from 2013 to 2014 as part of the ongoing
PAPUCO study™®. Overall, 15.6% of the PAPUCO reg-
istry (n=2,194) presented with pulmonary hyperten-
sion; 150 of these patients were included in the analysis
(mean age was 62.7 years). Mean right ventricular systolic
pressure was 68.6 mmHg; 7% presented with mild (36—
50 mmHg), 29% with moderate (51-60 mmHg), and 63%
with severe (>60 mmHg) pulmonary hypertension. The
two most common aetiologies of pulmonary hypertension
were left heart disease (65%) and RHD (36%)".

Communicable heart disease. A study conducted in
Yaoundé, Cameroon, in 2014 examined the pattern of
CVD among a cohort of 44 adults who were HIV-positive
(mean age of 48 years, 70% receiving antiretroviral ther-
apy)"”. HF was found to be the predominant clinical pres-
entation (75%), followed by pericardial effusion (46%) and
dilated cardiomyopathy (23%). Furthermore, pulmonary
hypertension was identified in 11.4% of patients'®.

Cerebrovascular disease and stroke. A 14-year study on
stroke admissions and case fatality was conducted from
1999 to 2012 in a major tertiary hospital in Yaoundé,
Cameroon, which assessed a total of 1,688 stroke admis-
sions confirmed by CT scan®®. Overall, the number of
cases of stroke increased from 34% in 1999-2000 to 84%
in 2011-2012.

Peripheral artery disease. Owing to the sparse data
on PAD in Africa, which was mainly limited to urban
areas, a cross-sectional survey focusing on PAD was
conducted in two Central African countries from 2008
to 2009: the Central African Republic and the Republic
of the Congo®'. A total of 976 participants (mean age
73.6 years) were included in the analysis. The prevalence
of PAD was 15% in the Central African Republic and 32%
in the Republic of the Congo, both increasing with age'.
The cross-sectional, population-based EPIDEMCA
study”*” was conducted from 2011 to 2012 in the Central
African Republic and the Republic of the Congo. Overall,
1,871 patients (aged >65 years) were studied and the
prevalence of PAD was reported to be 14.8%. The prev-
alence of PAD increased with age from 11% in patients
aged 65-69 years and 15% in those aged 70-74 years to
22% in those aged >80 years, with higher rates in women.
The differences in PAD prevalence between urban and
rural areas were noteworthy in the Republic of the Congo
(urban 21% versus rural 14%), but not in the Central
African Republic (12% versus 13%)>>

Pan-African perspective

The historical capacity to conduct studies larger than
single-centre studies focusing on specific disease states
was limited from an African perspective. Much of the
Global Burden of Disease* data on an Africa-wide and
country-by-country perspective provides only approx-
imations of the relative burden of different forms of
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Table 2 | Large regional comparison studies of cardiovascular disease in Africa

* Prevalent hypertension was extremely low at 36 weeks gestation (1.7%)
* 3.5% still birth pregnancies, 26% preterm births, and low birth weight

e Risk of still birth increased with a mean arterial pressure increment of
5mmHg by 26-32% during the period of 20-36 weeks of pregnancy

* Hypertension highly prevalent (more so in Abuja); predominantly

e Patients from Abuja are 3—4 years younger than those from Soweto
(49 + 14 versus 53 £ 17 years), and predominantly male
* Marked differences in (other) risk factor profiles and clinical presentation
e Abuja cohort 2.1-fold to 2.5-fold more likely to present with hypertension
and hypertensive HF, with less coronary artery disease (0.2% versus 11%)

* Weighted prevalence of prehypertension similar in Ghana (30.7%) versus
* Prevalence of hypertension lower in Ghana (42.4%) versus South Africa

e Stage 1 hypertension in Ghana— advancing age, higher income, and
higher BMI versus advancing age, male sex, and higher BMI in South Africa
* 45% of South Africans with stage 2 hypertension and obesity versus 25%

* Mean age of individuals from South Africa and Kenya are similar

e Prevalence of RHD in South Africa and Ethiopia: 20 (95% Cl 15-26)
versus 31 (95% Cl 23-39) cases per 1,000 population

* South African community with more individuals with African ancestry
and low socioeconomic status had equivalent RHD prevalence as
Ethiopian cohort: 27 (95% CI 19-37) versus 13 (95% CI 7.1-20) cases

Study Disease Countries Design Main findings
HPTN024 Effect of * Malawi Prospective, ® 2,126 women enrolled
Trial Cohort** hypertension ®Tanzania randomized,
(2001-2003) oninfant e Zambia controlled trial
outcomes conducted in in 15% of live births
four sites among * Neonatal death in 4.3% of live births
HIV-infected
pregnant women
Abuja Heart Hypertensive e Nigeria ~ Comparison of
Studyand Heart HF * South two prospective hypertensive HF
of Soweto Africa hospital-based
Study?** (Nigeria registries conducted
2006-2010; in one hospitalin
South Africa each country among
2007-2009) patients presenting
with hypertensive HF and right HF (2.5% versus 27%)
WHO Studyon  Hypertension © Ghana Comparison of data
global AGEing * South from the two African South Africa (29.4%)
and adult Africa countries
health survey?? (46.0%)
(2007-2010)
in Ghana
Stop RHD ASAP  RHD e Ethiopia  Two parallel,
Programme of * South prospective, (12.2+4.2 versus 10.7 £ 2.5 years)
the Pan-African Africa cross-sectional
Society of screening of randomly
Cardiology?** selected school pupils
(Ethiopia (aged 4-24 years)
2010-2013; who underwent
South Africa echocardiography per 1,000 population
2008-2012) assessment

HF, heart failure; RHD, rheumatic heart disease.

CVD, with highly variable confidence limits and pro-
jections®”. Only in the past decade or so have more
substantial multinational studies been undertaken to
allow ‘like-for-like’ comparisons across the continent
and against non-African countries. Importantly, some
of these multicentre studies cover the absence of specific
reports from regions such as Eastern Africa. However,
studies such as the INTERHEART study* are derived
from ethnic and cultural minorities, as investigators
struggle to collect data on those of African ancestry.
Moreover, a majority of inter-African studies struggle
to establish the capacity to generate data beyond special-
ist tertiary centres and countries such as Cameroon,
Mozambique, Nigeria, and South Africa, largely relying
upon the efforts of key individuals and teams who con-
tinue to generate a disproportionate amount of research
data on CVD in Africa. TABLE 1 (large multinational
studies), TABLE 2 (regional comparison studies), and
TABLE 3 (international studies with a substantial African
component) outline the major multinational studies
that currently (or will in the immediate future) frame
the epidemiology of CVD beyond an individual country
or regional perspective.

Cross-African comparisons

The distribution of reports from Africa, from both geo-
graphical and spectrum-of-disease perspectives, are
inconsistent and scarce when compared with the size of

the continent and population. The addition of African-
specific burden of disease estimates and an increasing
number of multicentre surveillance studies (notably the
THESUS study**?%) do not substantially alter this fact.
Consequently, many unknowns with respect to provid-
ing a comprehensive and accurate picture of CVD in
Africa exist. A robust and practical research framework
for African researchers that allows meaningful, cross-
African comparisons is critically needed. The WHO
STEPwise approach to risk and disease surveillance is a
particularly attractive option in this regard*”.

In the meantime, meaningful epidemiological com-
parisons across the life-spectrum can be derived from
individual studies. These examples highlight the value
of being able to make such comparisons and, therefore,
enhance the value of combining independent studies
to draw larger conclusions. For example, in an urban
community in Nigeria (where birth outcomes seem
more favourable on a regional basis), the reported rate
of pregnancy-related HF was 2.2 cases per 1,000 births,
compared with 40 cases per 1,000 births in South Africa
where surveillance and awareness of postpartum cardio-
myopathy is much higher'***. For birth outcomes, the
reported rate of CHD per birth (noting differences
in reporting live versus ‘all’ births) is fairly consistent
across urban centres in Egypt, Nigeria, and South Africa
(0.5-2.0 cases per 1,000 births)*”'3*1¢*, By contrast, the
rates are much higher in Tunisia (~7 cases per 1,000
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births)®> and more rural regions of Nigeria (~14 cases
per 1,000 births)'®®. Among schoolchildren, the reported
prevalence of RHD is also fairly consistent (15-30 cases
per 1,000 children screened) in the diverse countries of
Ethiopia, Malawi, Nigeria, South Africa, and Uganda'®.
For adults, a limited number of studies provide directly
comparable rates of CVD, with some notable excep-
tions. A prospective, surveillance study in Maputo,
Mozambique (Eastern African), reported a rate of 150
strokes per 100,000 population per annum, with 40%
attributable to cerebral haemorrhage, an almost 1:1 ratio
of women to men, and a predominance of patients aged
<65 years'**. An ongoing, community-based surveillance
study in rural South Africa (adjacent to Mozambique)
reported a rate of 250 strokes per 100,000 population per
annum. In both studies, case-fatality was high'*".

REVIEWS

Responding to cardiovascular disease

Asnoted in a 2016 report on the effect of socioeconomic
status, ethnicity, and urbanization on the risk factor pro-
files of CVD in Africa®®, considerable challenges exist
in trying to achieve some of the aspirational goals to
reduce CVD proposed by those both inside and outside
Africa®?®. For example, the Drakensberg Declaration
on the control of RHD in Africa in 2006 outlined four
main areas of activity to prevent and treat the disease
effectively, one of which focused on improving the qual-
ity of data via more robust and systematic epidemio-
logical surveillance®”. A continental ‘roadmap’ of key
actions that need to be taken by governments to elimin-
ate acute rheumatic fever and eradicate RHD in Africa
was designed and endorsed by the governments®®. The
main priorities of this document include surveillance,

Table 3 | Large international studies of cardiovascular disease including an African cohort

Study

Global Rheumatic
Heart Disease
Registry
(REMEDY)’®
(2010-2012)

INTERnational
Congestive Heart
Failure (INTER-CHF)
Study??
(2012-2014)

Randomized
Evaluation of
Long-term
anticoagulant
therapy (RE-LY
Atrial Fibrillation)??®
(2008-2011)

AFRICAN
INTER-HEART
STUDY**
(1999-2003)

INTERSTROKE
STUDY?#’
(2007-2010)

Disease Countries Design
RHD e Ethiopia * Prospective hospital
* Kenya registry conducted in
* Malawi 25 cardiac centres
* Namibia
* Mozambique
* Nigeria
* Rwanda
* South Africa
e Sudan
* Uganda
e Zambia
Congestive © Nigeria * Prospective registry
HF * South Africa conducted in 108
¢ Sudan hospitals in 16 countries
¢ Uganda ©1,294/5,813 (22%) of
* Mozambique patients were from Africa
* Egypt (depicted
as Arabia)
Atrial * Cameroon * Prospective registry
fibrillation  * Kenya conducted in 164
* Nigeria emergency departments
* Mozambique among patients
* Senegal presenting with acute
e South Africa atrial fibrillation
e Sudan ©1,137/15,400 (7.4%) of
¢ Tanzania patients were from Africa
* Uganda
* Zambia
* Egypt (depicted
as Middle East)
AMI * Benin * Prospective case—control
* Botswana study in 52 countries
e Cameroon ©538/15,152 (3.6%) of the
* Kenya study cohort were from
* Mozambique Africa: 80% South African
* Nigeria and 36% of African
e Seychelles ancestry
* South Africa
¢ Zimbabwe
Stroke * Mozambique * Prospective case—control

* Nigeria study conducted in 84

¢ Sudan centres in 22 countries

* South Africa ©323/3,000 (11%) of

¢ Uganda patients were from Africa

AMI, acute myocardial infarction; HF, heart failure; RHD, rheumatic heart disease.

Main findings

* 3,343 patients (median age 28 years, 66% female)

® 64% multivalvular disease complicated by HF (33%),
pulmonary hypertension (29%), atrial fibrillation (22%),
and stroke (7.1%)

* Women of child-bearing age in low-to-middle-income
countries were disproportionately represented

¢ Paediatric patients were predominantly affected by pure
mitral regurgitation

* Adult patients had more mixed mitral and aortic valve disease

e Patients with African ancestry (52% male and 32% rural) were
the youngest overall (mean age 53 years)

e Patients with African ancestry were more likely to be illiterate
(43%) and be in NYHA class IV (21%)

* HF aetiology: hypertensive HF 35%, ischaemic
cardiomyopathy 20%, idiopathic dilated cardiomyopathy
15%, and RHD 7%

e African patients were youngest (57 £ 19 years) and mostly
female (53%)

® RHD: 22% cases in Africa versus 2.2% in North America

* Lowest coprevalence of AMI (5.5%)

* 81% of individuals with African ancestry presented with
permanent atrial fibrillation, with higher levels of HF (64%)
and valvular heart disease (33%)

* ~8% of African cases associated with HIV, pericarditis,
endomyocardial fibrosis, and/or tuberculosis

e African patients were significantly younger than those from
the rest of the world (52 12 versus 57 £ 12 years), with higher
BMI (28 +5kg/m? versus 26 =4 kg/m?), but lower lipid levels

e Risk factor profile: higher levels of hypertension (+3%),
diabetes (+5%), smoking (+7%), and depression (+8%)

* Common risk factors for AMI found across all countries

e Risk of AMlincreased with greater income and education,
and particularly hypertension in patients with African ancestry

e African patients were the youngest (mean age 58 + 15 years;
with 24% aged <45 years) and had the second highest
proportion of women affected (24%)

* Highest proportion presenting with an intracerebral bleed
(34%) compared with 9% in high-income countries

* Low coprevalence of atrial fibrillation (6%)

* Common risk factors for stroke found across all countries
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provision of adequate supply of high-quality benzathine
penicillin for the primary and secondary prevention of
acute rheumatic fever and RHD, improved access to
reproductive health services for women, and decentral-
ization of technical expertise and technology for diag-
nosing and managing acute rheumatic fever and RHD*”.
The AFROStrep study*'” is a collaborative multicentre
study of clinical, microbiological, epidemiological, and
molecular characteristics for group A streptococcal
infection in Africa that comprises two components:
active surveillance of group A Streptococcal pharyngitis
cases from sentinel primary care centres (non-group A
streptococcal infection); and passive surveillance of
group A streptococcal disease from microbiology lab-
oratories. A biorepository will be created to serve as a
platform for vaccine development in Africa.

Beyond surveillance, the challenges of generating
African-specific treatments for African-centric forms
of CVD have been encapsulated by two trials. The IMPI
trial?"!, was a randomized, controlled trial of assessing
the efficacy and safety of adjunctive immunotherapy for
patients with tuberculous pericarditis. This condition is
common, and is associated with effusive pericarditis with
or without tamponade, constrictive pericarditis, and
consequently poor outcomes™. Overall, the trial demon-
strated that neither Mycobacterium indicus pranii nor
prednisolone reduced the primary composite outcome
of constrictive pericarditis, cardiac tamponade, or
mortality. Prednisolone was, however, associated with
reduced hospitalization and constrictive pericarditis in
both HIV-positive and HIV-negative patients. However,
when both treatments were given jointly, an increased
incidence of HIV-related cancer in the study population
was observed®!!. Such differential outcomes are indicative
of the competing pathologies and treatments in complex
cases in Africa that require careful hypothesis-testing.
However, generating sufficiently experienced research
sites and personnel, as well as carefully coordinating
patients in a resource-poor health and social environment
is not easy — as shown by the BA-HEEF trial*'?, the first
interventional, multicentre, multicountry, randomized
HF study performed in Africa. Building on the land-
mark THESUS HF registry study*”, investigators in the
BA-HEEF trial planned to test the efficacy (primary end
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point of death or HF readmission during 6-month
follow-up) of combination hydralazine and nitrate ver-
sus placebo in 500 African patients admitted to hospital
with acute HE Unfortunately, after 4 years of recruitment,
only 150 patients were recruited into the study and owing
to the expiry of the study treatment, primary end point
analyses had to be undertaken prematurely. Overall, the
primary end point proved to be neutral (HR 1.05, 95% CI
0.48-2.27, P=0.90 for 133 randomized patients subject
to intention-to-treat analyses). However, potentially
insightful and important differences in secondary end
points (including dyspnoea severity) were undermined by
type Il error. Many of the research sites were underfunded
and lacked the expertise to conduct the trial successfully,
in contrast to some of the highly successful observational
registries highlighted in this Review?'%.

Conclusions

CVD poses unique challenges for the whole of Africa.
Given the overwhelming burden of noncardiac-related
infectious diseases (including malaria and the broader
epidemic of HIV/AIDS), CVDs are often overlooked as
a matter of health importance. Ultimately, a more com-
prehensive and accurate picture of the epidemiology
of cardiovascular risk and CVD in Africa will require
a substantial investment in a purposeful network of
surveillance sites collecting standardized data across
all parts of Africa. Much of the intellectual property
for this strategy has been established through seminal
studies such as the Heart of Soweto Study’, THESUS*®,
and REMEDY", and planned studies such as the Pan-
African SCD study*. Investment in such a network is
beyond the current resources of most African countries.
Parallel to any health surveillance, such a network would
provide two important benefits — first, collection of
parallel socioeconomic data and, second, the capacity
to undertake critically important, African-based trials
(such as IMPI?"! and BA-HEF?") to generate African-
specific evidence and clinical recommendations. Such
activity would provide the platform to measure accur-
ately the effect of all policies and interventions (from a
societal to individual perspective and across the lifespan
as outlined in FIC. 1) designed to improve the health of
the African population from Morocco to South Africa.
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