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Editorial

H3africa comes of age
George A Mensah, Emmanuel K Peprah, Uchechukwu KA Sampson, Richard S Cooper

With the advent of technology that made possible large-scale 
sequencing and genotyping studies, it quickly became apparent 
that the demographic history of our species had been recorded 
in the genome and we could reconstruct our wanderings across 
the globe by studying DNA. While the vast majority of 
genetic variation is shared among continental populations, the 
most prominent finding from these early surveys of regional 
populations was the substantially greater degree of heterozygosity 
found in contemporary African populations.1 The ‘out of Africa’ 
story has long been a central dogma in paleoanthropology, and 
the rich cultural and linguistic heritage of the continent has also 
been well documented; yet the implications of this phase of 
human history for biomedicine had never been fully appreciated. 

Major research endeavours, including the HapMap 
Project,2 the 1,000 Genomes,3 and more recently the African 
Genome Diversity Project,4 have exhaustively demonstrated 
that African populations exhibit greater sequence variation, 
shorter population-shared haplotype lengths, and less linkage 
disequilibrium than other continental groups, all a result of 
the long history of human occupation of sub-Saharan Africa 
(SSA).2-4 At the same time, the biomedical research community 
was confronted with the glaring reality that genetic research 
on both normal phenotypic traits as well as conditions of 
medical interest had been grossly neglected in Africa. As a 
result, in 2010, the US National Institutes of Health and the 
UK Wellcome Trust joined forces to launch an unprecedented 
research programme, now known as Human Heredity and 
Health in Africa, or H3Africa.5 

H3Africa has established an ambitious agenda that includes 
not only large-scale, disease-specific research projects but 
training and capacity development as well. In this special issue 
of Cardiovascular Journal of Africa, some of the initial efforts 
of the disease-oriented programme of H3Africa are described. 

The articles document the enormous effort contributed by 
staff at the NIH and the Wellcome Trust and teams of scientists 
in Africa and their collaborators in Europe and North America 
to bring state-of-the art genomic science to Africa. These reports 
primarily reflect presentations that were made at the 30 May 
2014 workshop of the H3Africa cardiovascular disease (CVD) 

working group held in conjunction with the fourth H3Africa 
consortium meeting in Cape Town, South Africa.6 

The primary workshop objectives were to review the burden 
of CVD in sub-Saharan Africa, advance our understanding of 
the genetic underpinnings of the major CVDs in Africa, and 
strengthen collaborations among the H3Africa research teams 
and other researchers using novel genomic and epidemiological 
tools in the assessment of CVD in Africa.6 As is readily apparent, 
CVD research consortia sponsored by H3Africa are well on their 
way to becoming mature international collaborations that are 
capable of coordinating recruitment of participants, phenotype 
characterisation and analysis of genetic variation and other key 
physiological traits. 

defining the historical and biomedical contest 
for H3africa
H3Africa has taken on a series of daunting challenges. As 
confirmed above, however, the record of accomplishment on 
display in the collection of reports in this issue demonstrate that 
progress is being made – both to create a coherent intellectual 
framework for the research that has been initiated and to build a 
structure that can carry out the complex logistical and laboratory 
tasks that the work scope demands. However H3Africa has set an 
even higher standard against which it will ultimately be judged. 
While dedicated to capacity building and the application of the 
powerful new tools of genomics on the continent, as described 
in the White Paper,7 written at the launch of H3Africa, there is 
also a clear recognition that in a region of the world with limited 
resources for biomedical research and healthcare delivery, all 
scientific ventures in SSA must take account of this context of 
under-development. This perspective was clearly articulated in 
the final paragraph of the H3Africa White Paper7

Genomics is under increasing pressure to demonstrate the 
value of the enormous investment… that have been made (and 
must) accept a direct comparison to epidemiology and public 
health as weapons to improve human health… Nowhere will 
this competition be more difficult than in Africa.7 

For research in CVD, the bar in terms of the competition 
for relative efficacy is raised even higher than for many other 
diseases. In the last half-century, epidemiology has provided 
a near-complete description of the environmental factors that 
cause common CVD, and both preventative and therapeutic 
measures with great efficacy have been identified. 

Wide implementation of these prevention and treatment 
strategies in most industrialised countries has led to dramatic 
declines in both coronary heart disease and stroke mortality of 
60–80% in the last 50 years.8,9 At least half of the decline in CVD 

Center for translation research and implementation 
Science (CtriS), National Heart, Lung, and Blood institute, 
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mortality has been accomplished by reducing population levels 
of risk factors.8,9 A similarly dramatic decline in CVD mortality 
resulting from population-level reductions of risk factors cannot 
be demonstrated for sub-Saharan Africa for a variety of reasons. 

First, reliable survey data on CVD risk factors and incidence 
and mortality are virtually non-existent in sub-Saharan Africa 
(SSA), with the exception of the Republic of South Africa, 
Mauritius and the Seychelles.10 A recent meta-analysis of 
sample surveys however documented the substantial burden of 
hypertension, and the all-too-obvious low rates of treatment and 
control.11 Likewise, as documented in three articles in this issue, 
stroke imposes an enormous burden on the population of SSA. 
Therefore, while the attempt is being made to drive biomedical 
research forward into wholly unchartered territory through 
the use of genomic technology, we must not lose sight of the 
historical context of the evolution of CVD and the requirement 
in the short run to use what we already know will spare patients 
premature mortality, morbidity and misery. 

For reasons too obvious to require elaboration, the 
infrastructure of public health surveillance for CVD risk factors 
and primary care systems that can provide long-term treatment 
are missing in most of  SSA. Establishing these essential 
components of a healthcare system must therefore rank as the 
most urgent priority. 

How then can we situate the research agenda for genomics 
and the H3 programme within the real-world context of SSA? As 
noted above, this question weighed heavily on the minds of the 
scientists and staff who designed H3Africa, and the White Paper 
and other related documents provide insightful responses to this 
question. Science is a broad social movement and consistent 
improvement in the health and economic opportunity of any 
country requires a vibrant scientific community. 

H3Africa has clearly injected tremendous enthusiasm into the 
biomedical community in Africa and has led to rapid intellectual 
and technical advances in many areas of biomedicine. As 
editorialists, we respond to the question ‘what role for genomics?’ 
not with skepticism but rather a plea for an appreciation of the 
full breadth of scientific achievement now available to those 
who work to reduce the burden of CVD, and a reminder that 
we must never forget that curiosity and skepticism are co-equal 
ingredients of the research process. 

Progress into the translational sphere is already being made 
and genomics has led to multiple breakthroughs in CVD 
research in recent years. The discovery of genetic variants of the 
gene coding for PCSK9 has led directly to a major new treatment 
modality for hyperlipidaemia.12 Notably, the mutation underlying 
this discovery was found in an Afro-origin population, where it 
occurs at a frequency of 1–2%, and underscores the importance 
of genetic research in the highly diverse societies of SSA. 

Identification of a variant in APOL1 has greatly improved 
our understanding of the excess rates of renal failure in Afro-
origin populations,13-15 again based on a mutation occurring 
primarily in Africans. Genomic research is also generating 
mounting evidence that levels of  high-density lipoprotein 
(HDL) cholesterol are not causally related to risk of CVD.16 If  
fully verified, a demonstration of a non-causal role for HDL 
cholesterol would have a major impact on the approach of 
physicians to the treatment of serum lipid levels and re-direct 
an enormous research effort away from drugs intended to raise 
levels of this lipoprotein. 

We are on the threshold of the discoveries of the molecular 
mechanisms underlying CVD that can improve the life of 
patients everywhere, and, although only on the threshold, we can 
confidently say that the door has been unlocked. For instance, 
what if  in this process we were able to realise a stroke-free 
generation of individuals living with sickle cell disease?17 What 
if  we were able to identify genetic or bio-molecular targets that 
help transform the outcomes of CVD? Compelling research 
questions such as these must be part of the strategic visioning in 
biomedical research over the next decade.17 

Many opportunities for important discoveries of  the 
mechanism of disease in CVD will surely be found in Africa. 
In the interim, however, we must endeavour to also implement 
evidence-based interventions that are feasible, affordable and 
appropriate to implement within the constraints of the SSA 
setting for the prevention and control of cardiovascular diseases 
in Africa. A priority among these interventions is those that 
address hypertension, diabetes, unhealthy diet, physical inactivity 
and tobacco use. Additionally, investments to improve the 
systematic collection, analysis and reporting of survey data 
on CVD incidence, prevalence, magnitude and trends in risk 
exposure, disease burden and mortality will be necessary.

The current myriad of clinical and public health challenges 
cannot await the promises of the genomic revolution. Active 
dissemination and implementation of effective interventions 
for prevention, treatment and control of CVD and other 
non-communicable diseases must be prioritised. Herein, the 
words of Dr Martin Luther King ring loud and true because 
indeed ‘… we are confronted with the fierce urgency of now... 
there is such a thing as being too late… this is a time for vigorous 
and positive action.’

The views expressed in this article are those of the authors and do not neces-

sarily represent the views of the National Heart, Lung, and Blood Institute, 

National Institutes of Health, or the US Department of Health and Human 

Services. 
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Cardiovascular Topics

Mortality from cardiovascular diseases in sub-Saharan 
africa, 1990–2013: a systematic analysis of data from the 
Global Burden of disease Study 2013
George A Mensah, Gregory A Roth, Uchechukwu KA Sampson, Andrew E Moran, Valery L Feigin, 
Mohammed H Forouzanfar, Mohsen Naghavi, Christopher JL Murray, for the GBD 2013 Mortality and 
Causes of Death collaborators

abstract
Background: Cardiovascular disease (CVD) has been the 
leading cause of death in developed countries for most of the 
last century. Most CVD deaths, however, occur in low- and 
middle-income, developing countries (LMICs) and there is 
great concern that CVD mortality and burden are rapidly 
increasing in LMICs as a result of population growth, ageing 
and health transitions. In sub-Saharan Africa (SSA), where 
all countries are part of the LMICs, the pattern, magnitude 
and trends in CVD deaths remain incompletely understood, 
which limits formulation of data-driven regional and national 
health policies. 
Objective: The aim was to estimate the number of deaths, 
death rates, and their trends for CVD causes of death in SSA, 
by age and gender for 1990 and 2013. 
Methods: Age- and gender-specific mortality rates for CVD 
were estimated using the Global Burden of Disease (GBD) 
2010 methods with some refinements made by the GBD 2013 
study to improve accuracy. Cause of death was estimated as 
in the GBD 2010 study and updated with a verbal autopsy 
literature review and cause of death ensemble modelling 
(CODEm) estimation for causes with sufficient information. 

For all quantities reported, 95% uncertainty intervals (UIs) 
were also computed.
Results: In 2013, CVD caused nearly one million deaths in 
SSA, constituting 38.3% of non-communicable disease deaths 
and 11.3% of deaths from all causes in that region. SSA 
contributed 5.5% of global CVD deaths. There were more 
deaths in women (512 269) than in men (445 445) and more 
deaths from stroke (409 840) than ischaemic heart disease 
(258 939). Compared to 1990, the number of CVD deaths in 
SSA increased 81% in 2013. Deaths for all component CVDs 
also increased, ranging from a 7% increase in incidence of 
rheumatic heart disease to a 196% increase in atrial fibril-
lation. The age-standardised mortality rate (per 100 000) in 
1990 was 327.6 (CI: 306.2–351.7) and 330.2 (CI: 312.9–360.0) 
in 2013, representing only a 1% increase in more than two 
decades. 
Conclusions: In SSA, CVDs are neither epidemic nor among 
the leading causes of death. However, a significant increase 
in the number of deaths from CVDs has occurred since 1990, 
largely as a result of population growth, ageing and epide-
miological transition. Contrary to what has been observed 
in other world regions, the age-adjusted mortality rate for 
CVD has not declined. Another important difference in CVD 
deaths in SSA is the predominance of stroke as the leading 
cause of death. Attention to aggressive efforts in cardiovas-
cular health promotion and CVD prevention, treatment and 
control in both men and women are warranted. Additionally, 
investments to improve directly enumerated epidemiological 
data for refining the quantitation of risk exposures, death 
certification and burden of disease assessment will be crucial.

Keywords: cardiovascular diseases, sub-Saharan Africa, epide-
miology, mortality rate, global burden of disease, developing 
countries
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leading cause of death throughout most of the last century. In 
the United States, for example, heart disease has been the leading 
cause of death every year since 1918.2 Currently, however, 
most CVD deaths occur in low- and middle-income countries 
(LMIC) and there is growing concern that an epidemic of CVDs 
is emerging in these countries that must be prevented.3,4 The 
World Health Organisation (WHO) and the United Nations 
have also called attention to a rising burden of CVD and other 
non-communicable diseases and the need for aggressive measures 
to forestall this epidemic in these countries5,6 

In sub-Saharan Africa (SSA), where all countries are part 
of the developing world, the magnitude of and trends in CVD 
deaths remain incompletely understood. The African regional 
office of the WHO has stated that CVDs are ‘increasing rapidly 
in Africa, and it is now a public health problem throughout the 
African region’.7 However, a systematic analysis of estimates for 
CVD mortality in the Global Burden of Disease (GBD) 2010 
study showed no significant rise in age-standardised mortality 
rates for CVD in SSA for the period of 1990–2010.8,9 Similarly, 
recent data from the INDEPTH Health and Demographic 
Surveillance System show little evidence of NCD mortality rates 
increasing over time.10,11 However, data on CVDs are limited in 
the region,12-14 and novel methods are required in order to make 
meaningful estimates. 

Clarifying the epidemiology of CVD in SSA is essential 
for the formulation of regional and national health policies. 
Accordingly, we explored as a primary objective, estimates of the 
number of deaths, age-standardised and age- and gender-specific 
mortality rates, and their trends in SSA, by age and gender, for 
the period 1990–2013 for total CVD, rheumatic heart disease 
(RHD), ischaemic heart disease (IHD), cerebrovascular disease 
(including ischaemic and haemorrhagic stroke), hypertensive 
heart disease, cardiomyopathy and myocarditis, atrial fibrillation 
and flutter, aortic aneurysm, peripheral arterial disease (PAD) 
and endocarditis. These data for SSA were also compared to data 
for developing and developed countries.

Methods
Age and gender year-specific mortality rates for CVD were 
estimated using the methods as published in the GBD 2013 

study.1 In brief, the GBD 2013 study collected all available data 
on mortality, including vital registration and verbal autopsy. 
Raw data were corrected to account for outliers and non-specific 
causes of death (i.e. ‘garbage’ codes). 

Modelling was performed using a custom ensemble-model 
approach (CODem) to estimate deaths for each country, 
including countries without data.15 CODem employs Gaussian 
process regression and spatio-temporal modelling, as well as 
cardiovascular-specific covariates, such as systolic blood pressure, 
to produce consistent estimates.1 Estimates were adjusted to 
fit an envelope of all-cause mortality and all-cardiovascular 
mortality to ensure that no strata contained more deaths that 
occurred for any of its parent categories. 

For SSA, mortality data for the years 1980–2011 were 
used from Madagascar, Ethiopia, Mauritius, Seychelles, South 
Africa, Zambia, Mozambique, Kenya, Tanzania, Burkino Faso, 
Zimbabwe, Mali and Ghana. For all quantities reported, 95% 
uncertainty intervals (UIs) were also computed using 1 000 
draws from the posterior distribution of each age–gender–
country–year-specific set of estimates. Death numbers from each 
country and each cause were summed to produce estimates for 
the entire region of SSA.

results 
As shown in Table 1, CVDs caused nearly one million deaths 
in SSA in 2013. The number of deaths in women (512 269) 
exceeded those in men (445 445) for total CVDs and also for all 
cardiovascular causes of death except ischaemic heart disease, 
aortic aneurysms and peripheral vascular disease. There were 
more deaths from stroke (409 840) than ischaemic heart disease 
(258 939). Compared to 1990, CVD deaths increased 81% in 
2013. Similarly, deaths for all component CVDs also increased, 
ranging from a 7% increase in rheumatic heart disease to a 196% 
increase in atrial fibrillation. The age-standardised mortality rate 
(per 100 000) for total CVD in 1990 was 327.6 (CI: 306.2–351.7) 
and 330.2 (CI: 312.9–360.0) in 2013, representing a 1% increase. 

As previously demonstrated, SSA experiences the world’s 
lowest IHD death rates, and IHD ranks below stroke as a leading 
cause of CVD death in the region.12 On average, SSA experienced 
no significant change in age-standardised IHD mortality rate 

table 1. total number of deaths and age-standardised mortality rates for component cardiovascular causes of death  
in 1990 and 2013 and the respective percentage changes

Cause

Number 
of 

deaths, 
1990 95% UI

Number 
of 

deaths, 
2013 95% Ul

% 
Change

Age-standard-
ized death rate 
(per 100 000), 

1990 95% UI

Age-standard-
ized death rate 
(per 100 000), 

1990 95%UI
% 

Change

Ischaemic heart disease 138 308 (116 618 – 153 645) 258 939 (232 158 – 305 680) 87 91.4 (76.9 – 101.7) 92.9 (82.8 – 110.2) 2

Ischaemic stroke 101 040 (77 903 – 117 660) 206 439 (139 860 – 242 225) 104 75.0 (57.2 – 87.5) 81.5 (55.0 – 95.7) 9

Hemorrhagic stroke 125 603 (103 055 – 147 517) 203 401 (173 620 – 262 418) 62 72.2 (57.1 – 87.6) 64.7 (54.0 – 87.5) –10

Hypertensive heart disease 37 525 (29 485 – 49 443) 86 035 (62 970 – 111 978) 129 26.8 (21.0 – 36.5) 32.8 (24.2 – 44.0) 22

Cardiomyopathy 28 917 (23 557 – 36 082) 53 742 (44 926 – 65 634) 86 12.7 (10.6 – 17.0) 14.5 (11.9 – 18.2) 14

Rheumatic heart disease 23 625 (17 644 – 31 608) 25 239 (20 478 – 40 444) 7 10.3 (7.5 – 13.7) 6.5 (5.3 – 10.1) –37

Atrial fibrillation 414 (331 – 509) 1 227 (959 – 1 558) 196 0.4 (0.3 – 0.5) 0.6 (0.5 – 0.8) 50

Aortic aneurysm 5 150 (3 370 – 6 714) 9 854 (7 809 – 12 840) 91 3.3 (2.2 – 4.3) 3.4 (2.7 – 4.5) 3

Peripheral vascular disease 469 (371 – 580) 1 338 (1 122 – 1 618) 185 0.4 (0.3 – 0.5) 0.6 (0.5 – 0.7) 50

Endocarditis 9 622 (6 339 – 15 825) 13 868 (10 967 – 18 524) 44 4.7 (3.0 – 8.6) 3.7 (2.9 – 5.3) –21

Other cardiovascular diseases 59 206 (48 291 – 74 859) 98 632 (77 904 – 138 971) 67 30.3 (24.8 – 41.1) 29.1 (22.7 – 42.8) –4

Total cardiovascular diseases 529 880 (492 351 – 568 410) 958 713 (909 427 – 1 049 606) 81 327.6 (306.2 – 351.7) 330.2 (312.9 – 360.0) 1
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between 1990 and 2013, however, likely due to aging and growth 
of the SSA population, the number of IHD deaths increased by 
87% over the same interval (Table 1). 

As shown in Fig. 1 for both men and women, the number 
of CVD deaths in SSA was substantially lower than that seen 
for either the developed or developing countries.   Contrary to 
the pattern seen for developed and developing countries (as a 
whole), the age-standardised mortality rate for CVD in both men 
and women in SSA did not decline during the period from 1990 
to 2013 (Fig. 1).  In fact, the age-standardised mortality rate for 
women in SSA, which was lower than the corresponding rate in 
women in developing countries in 1990, is now higher than the 
rate seen for women in developing countries, and substantially 
higher than the corresponding rates for both men and women in 
the developed world (Fig. 1).

The number of deaths from stroke in SSA nearly doubled 
from 1990 to 2013, but overall age-adjusted stroke mortality 
rates decreased by 1% (increased by 9% for ischaemic stroke 
and decreased by 10% for haemorrhagic stroke). The increase 
in number of stroke deaths in SSA was particularly noticeable 
for ischaemic stroke (104% increases in 2013 compared to 1990), 
although age-adjusted stroke mortality rates in SSA regions were 
one of the lowest in LMIC and only slightly higher than that in 
developed countries, compared with GBD 2010 stroke mortality 
estimates. Although the majority of deaths from stroke in SSA 
in 1990 were due to haemorrhagic strokes (55%), in 2013 the 
proportional frequency of deaths from haemorrhagic stroke 
was slightly lower (49.6%) than that from ischaemic stroke. 
Compared to GBD 2010 stroke mortality estimates, the mean 
age at death from stroke in SSA was the lowest among all LMIC. 

In 1990 the total number of deaths from PAD was 469 
(CI: 371–580) compared with 1 338 (CI: 1 122–1 618) in 2013, 

representing a 185% increase. There were 277 (CI: 204–366) 
deaths due to PAD among men, which was higher than the 192 
(CI: 145–271) deaths observed among women. Similarly, in 2013, 
the number of PAD deaths among men was 728 (CI: 578–902), 
which was also higher than the 610 (CI: 480–817) deaths 
observed among women. The combined age-standardised death 
rates per 100 000 were 0.4 (CI: 0.3–0.5) and 0.6 (CI: 0.5–0.7) in 
1990 and 2013, respectively, representing a 50% increase during 
the 23-year period. The age-standardised death rates for men 
were 0.5 (CI: 0.3–0.6) in 1990 and 0.6 (CI: 0.5–0.8) in 2013, which 
represents a 20% increase. However, women had a 66% increase 
in age-standardised death rates, as evidenced by the change from 
0.3 (CI: 0.2–0.5) in 1990 to 0.5 (CI: 0.4–0.7) in 2013.

The total number of deaths from atrial fibrillation was 414 
(331–509) in 1990, compared with 1 227 (CI: 959–1 558) in 2013, 
representing an increase of 196%. However, the age-standardised 
death rates (per 100 000) increased by 50% during the study 
period from 0.4 (CI: 0.3–0.5) in 1990 to 0.6 (CI: 0.5–0.8) in 
2013. In 1990 there were 148 (CI: 106–193) deaths due to 
atrial fibrillation among men, which was less than the 266 
(CI: 201–347) deaths observed among women. In 2013 there 
was a similar pattern of fewer AFIB deaths in men compared 
with women: 378 (CI: 295–490) vs 848 (CI: 605–1 170). The 
age-standardised death rates for men were 0.3 (CI: 0.2–0.4) in 
1990 and 0.4 (CI: 03–0.5) in 2013. The corresponding rates for 
women were 0.5 (CI: 0.3–0.7) and 0.7 (CI: 0.5–1.0), respectively.

The mortality rate from PAD in SSA has increased over the 
last 23 years. Furthermore, the relative increase in PAD mortality 
rate among women has been more dramatic than among men. 
Similar findings are noted for AFIB, wherein we actually 
observed a higher number of deaths and age-standardised death 
rates among women compared with men. 
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discussion
The most prominent finding in this study was that the 
age-standardised mortality rate for CVD has not declined in 
SSA, in sharp contrast to the dramatic declines that have been 
documented in other world regions, especially in the high-income, 
developed world. It is of concern that the age-standardised 
mortality rate for CVD in SSA women, which was lower than the 
corresponding rate in women in developing countries in 1990, 
is now higher than in developing countries, and substantially 
higher than corresponding rates in the developed world. In fact, 
a previous analysis of the GBD 2013 data on demographic and 
epidemiological drivers of global CVD mortality suggested that 
age-specific death rates for western sub-Saharan Africa may 
have increased.16 These findings have significant implications for 
effective prevention and treatment of CVD in SSA.

A second important observation from this study was that 
although most CVD deaths occur in developing countries, the 
overall number of CVD deaths in SSA is substantially lower 
than seen in the rest of the developed and developing world, 
and amounts to 5.5% of global CVD deaths. In addition, these 
CVD deaths in SSA constitute 38.3% of non-communicable 
disease deaths and 11.3% of deaths from all causes in that 
region.1 Therefore the assertion that CVD deaths represent an 
emerging epidemic may be unwarranted. Importantly, however, 
the approximately one million deaths in 2013 in SSA represent 
a near doubling of the deaths a decade earlier. Roth et al.16 have 
showed that population growth and ageing accounted for the 
increase in the number of global deaths due to CVD between 
1990 and 2013, despite an overall decrease in age-specific death 
rates for most regions.16 

A careful analysis of the data from SSA to determine the 
role that population growth, ageing and health transitions 
play in these deaths is needed. Uniformly however, component 
CVD deaths increased by a range from 7% for RHD to nearly 
a three-fold increase in atrial fibrillation and peripheral arterial 
disease. The good news from the data is the relative decline in the 
age-standardised mortality rates for RHD, haemorrhagic stroke 
and endocarditis.

This study has several limitations. Some cardiovascular causes 
of death are less commonly reported as an underlying cause 
of death. These diseases include rheumatic heart disease, atrial 
fibrillation, peripheral vascular disease, endocarditis and aortic 
aneurysms. Changes over time in the detection and reporting 
of these conditions most likely reflect not just epidemiological 
changes but changes in diagnostics and the ways that these 
diagnoses are attributed to deaths by physicians. Rheumatic 
heart disease-related mortality may be particularly difficult to 
attribute as a cause of death, which increases uncertainty for 
estimates of this condition.

Importantly, data sources on disease burden in SSA are among 
the most limited in the world, despite several comprehensive 
networks for data collection related to maternal and child 
mortality. Unfortunately a functioning vital records system can 
only be built in a society with a functioning primary health 
system that provides broad access – a concept that remains 
a serious challenge for most of SSA within the foreseeable 
future. Verbal autopsy and sample vital registration will likely 
expand as countries expand their investment in health system 
infrastructure.

Efforts should focus on improving comparability across 

countries and regions within SSA. Increased attention to 
non-communicable diseases will help highlight the important 
role of routine surveillance, rather than one-off research studies, 
as an important source of descriptive statistics related to CVD 
in SSA.

Conclusions
SSA has seen no significant decline in age-standardised CVD 
mortality rates, whereas these rates continue to fall dramatically 
in most of the high- and middle-income world. Without further 
investment in the prevention and treatment of CVD and other 
NCDs and their risk factors in SSA, the continent risks being left 
behind at a time when improved detection, prevention, treatment 
and control of these diseases and risk factors are leading to 
longevity and improved quality of life in other world regions. 
These decisions should be informed ideally by reliably accurate, 
directly enumerated data, rather than estimates such as those 
presented in this study.

The relative lack of directly enumerated epidemiological data, 
coupled with the absence of vital registration systems in 42 of 
the 46 SSA countries, presents major challenges in mortality 
and burden of disease data for this region. The estimates of 
mortality presented here must therefore be interpreted with 
caution. Nevertheless, we found no evidence to support a rapidly 
rising epidemic or an impending pandemic of CVD in SSA. 
However, the consistency of the directional changes in CVD 
deaths, disability and risk-factor trends observed in GBD 2010, 
and the mortality trends seen in GBD 2013, together with the 
young average age at time of death from CVDs in SSA, compel 
attention to aggressive efforts at CVD risk-factor prevention, 
treatment and control in both women and men. Coordinated 
partnerships between ministries of health, other government 
agencies, non-governmental organisations, and the private sector 
will be essential in order to mount a targeted response to the 
observed challenges.

Interventions at the individual and population levels as 
well as improved systems of healthcare will be required. In 
addition, investments to improve local-level directly enumerated 
epidemiological data and refinement of the quantitation of risk 
exposure, death certification and burden of disease assessment 
will be crucial. Further research is needed to identify ideal 
dissemination and implementation strategies for CVD risk 
reduction in the SSA setting. 

Until then, finding ways to implement interventions that 
are feasible, affordable and acceptable to the local population 
and are appropriate to implement in low-resource settings 
for the prevention and control of CVD in Africa should be a 
priority.17 This strategy is particularly relevant for the clinical and 
public health approaches for addressing hypertension, diabetes, 
unhealthy diet, physical inactivity and tobacco use. Improving 
access to directly enumerated epidemiological data for the 
region would also go a long way towards appropriately informed 
healthcare policy and practice.

The views expressed in this article are those of the authors and do not neces-

sarily represent the views of the National Heart, Lung, and Blood Institute, 

National Institutes of Health, or the US Department of Health and Human 

Services.
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Familial clustering of risk factors for cardiovascular disease 
among first-degree relatives of patients with chronic kidney 
disease in a sub-Saharan african population
Yemi Raji, Omolara Mabayoje, Taslim Bello

abstract
Objective: To determine the prevalence of risk factors for 
cardiovascular disease (CVD) in first-degree relatives (FDRs) 
of patients with chronic kidney disease (CKD) in a sub-
Saharan African population.
Methods: This was a cross-sectional survey of 460 subjects 
(230 FDRs of patients with CKD and 230 healthy controls). 
Anthropometrics and blood pressures were measured. Spot 
urine and fasting venous blood samples were obtained for 
biochemical analysis.
Results: The prevalence of hypertension, diabetes melli-
tus, obesity and dyslipidaemia were significantly higher in 
FDRs of patients with CKD compared with the controls: 
56 (24.3%) vs 29 (12.6%), p = 0.01; 20 (8.7%) vs 6 (2.6%), p = 
0.01; 40 (17.4%) vs 24 (10.4%), p = 0.03 and 171 (74.3%) vs 
138 (60.0%), p = 0.01, respectively. Hypertension (OR, 1.65), 
dyslipidaemia (OR, 1.72) and albuminuria (OR, 1.61) were 
independently associated with being a FDR of patients with 
CKD. 
Conclusion: In this sub-Saharan African population, risk 
factors for CVD were more prevalent in the FDRs of patients 
with CKD than in healthy controls.

Keywords: cardiovascular disease, chronic kidney disease, first-
degree relatives, risk factors, sub-Saharan Africa
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Cardiovascular disease (CVD) is receiving global attention 
because of its rising prevalence and its resultant high morbidity 
and mortality rate and the huge economic burden. It was 
responsible for one-third of global deaths in 2005 and it is 
projected that it will account for three-quarters of the deaths 
worldwide by 2030.1-3 In sub-Saharan Africa, a region undergoing 
an epidemiological transition,2,4 recent reports have suggested 
that CVD may be the leading cause of death.3,5 

CVD is particularly prevalent among patients with chronic 
kidney disease (CKD). In fact, patients with CKD are more 

likely to die from cardiovascular diseases than from progression 
of renal disease.6 The risk of cardiovascular death in patients 
with end-stage renal disease (ESRD) is 10 to 100 times that in 
the healthy population,6,7 and many researchers consider CKD 
an independent risk factor for CVD in view of the changes in the 
cardiovascular system associated with CKD, such as endothelial 
dysfunction, arterial stiffening, left ventricular hypertrophy 
(LVH), and vascular calcification.8 

It has been suggested that the higher prevalence of 
cardiovascular disease seen in patients with CKD may in part 
be as a result of risk factors for CVD being more prevalent in 
those individuals. Evidence suggests that both traditional and 
non-traditional cardiovascular risk factors are more common 
among patients with CKD than in the general population.9,10 

Relatives of patients with CKD are themselves at increased risk 
of developing CKD.11 This increased risk has been hypothesised 
to be due to shared genetic and environmental factors.12 Most 
of these shared factors are cardiovascular risk factors, such as 
hypertension, diabetes, obesity and dyslipidaemia.11,13 Inserra 
et al. reported a high prevalence of common CVD risk factors 
among 810 first-degree relatives (FDRs) of patients with CKD; 
with hypertension being present in 41.8%, overweight or obesity 
in 62.1%, hypercholesterolaemia in 42.9%, hyperglycaemia in 
5.2%, and cigarette smoking in 34.8%.13 Tsai et al. and Wei 
et al. both reported the prevalence of CVD risk factors to be 
significantly higher in FDRs of patients with CKD compared to 
healthy and spousal controls.14,15

FDRs of patients with CKD are not only at increased risk of 
developing CKD but are also at increased risk of experiencing 
an adverse cardiovascular event. Because many of the CVD 
risk factors are modifiable, identifying individuals with a higher 
prevalence of these risk factors would be a cost effective way 
of reducing the burden of cardiovascular disease, especially in 
resource-poor settings.16-18 FDRs of patients with CKD appear 
to be one such group. 

There is a paucity of data, however, on the prevalence of CVD 
risk factors in FDRs of patients with CKD from sub-Saharan 
Africa. The aim of this study was to determine the prevalence 
of CVD risk factors in a sub-Saharan African population of 
FDRs of patients with CKD and compare it with a cohort of 
individuals with no family history of CKD.

Methods
This was a cross-sectional study of a cohort of 460 subjects 
(230 FDRs of patients with CKD  and 230 age- and gender-
matched controls with no personal or family history of CKD) 
carried out between January and June 2011. The FDRs were 
parents, siblings or offspring of 106 consecutively presenting 
and consenting patients with CKD who were receiving care 
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at the Lagos University Teaching Hospital, Lagos, south-west 
Nigeria. The study protocol was approved by the health research 
and ethics committee of the hospital and each participating 
individual gave written informed consent.

Recruitment into the FDR arm of the study was carried out 
in two phases. In the first phase of recruitment, we enrolled 106 
probands who were consecutively presenting and consenting 
patients with CKD attending the nephrology out-patient clinic 
of our teaching hospital. To be eligible for recruitment in this 
phase, a patient had to be 18 years of age or older and give 
informed consent. Patients with CKD from autosomal dominant 
polycystic kidney disease (ADPKD) were excluded. In the second 
phase, we recruited FDRs of the 106 probands with CKD. 

A minimum of one and a maximum of four FDRs were 
selected from the family of each proband. Where there were four 
or less eligible FDRs in the family of a proband, all of them 
were recruited into the study. However, where there were more 
than four eligible FDRs in the family of a proband, four were 
selected by balloting. 

Individuals were eligible for recruitment into the FDR arm 
of the study if  they were: a parent, sibling or offspring of 
one of the probands, were 18 years of age or older, and gave 
informed consent. Exclusion criteria included: age less than 18 
years, presence of symptomatic urinary tract infection, on-going 
febrile illness, presence of heart failure, severe current illness or 
malignancy, and a family history of ADPKD.

For the control arm of the study, individuals who were age 
and gender matched with subjects in the FDR arm, and had 
no family or personal history of CKD were enrolled. Inclusion 
criteria for subjects in the control arm were: age 18 years or 
older, absence of personal or family history of CKD and giving 
informed consent. The exclusion criteria were: age less than 18 
years, presence of symptomatic urinary tract infection, on-going 
febrile illness, heart failure, or other severe current illness or 
malignancy. 

Information was retrieved from the study participants using an 
interviewer-administered structured questionnaire. Information 
obtained included: socio-demographic data, personal and family 
history of kidney disease, a history of diabetes and hypertension, 
current or past use of medications including herbal preparations 
and over-the-counter drugs. Information regarding social habits 
such as cigarette smoking and alcohol consumption were also 
retrieved. 

The weight, height, waist and hip circumferences, and blood 
pressure were measured in each study participant. Ten millilitres 
each of early morning spot urine and venous blood were 
obtained from all participants following an overnight fast 
for the determination of levels of serum creatinine, fasting 
plasma glucose, fasting lipids and serum uric acid, and urine 
albumin:creatinine ratio. Glomerular filtration rate was estimated 
from serum creatinine using a four-variable version of the 
modification of diet in renal disease (MDRD) study equation.19

Diabetes mellitus was defined as a fasting plasma glucose 
level > 126 mg/dl (7 mmol/l), or diabetes mellitus diagnosed 
previously by a physician, or use of insulin or oral hypoglycaemic 
medications.20 Hypertension was defined as systolic BP ≥ 140 
mmHg or diastolic BP ≥ 90 mmHg, hypertension previously 
diagnosed by a physician, or use of antihypertensive medications.21 
Overweight was defined as body mass index (BMI) 25–29.5 kg/
m2 and obesity was defined as BMI ≥ 30kg/m2.22 Truncal obesity 

was defined as waist circumference ≥ 102 cm in males and ≥ 88 
cm in females.23 Hyperuricaemia was defined as a serum uric 
acid level of ≥ 7 mg/dl.24 Dyslipidaemia was defined as a ratio of 
plasma total cholesterol and high-density lipoprotein cholesterol 
(TC/HDL-C) > 5.25 

Moderate alcohol drinking was defined as consumption of 
one drink (14 g) per day.26 Moderate-to-heavy cigarette smoking 
was defined as smoking at least six cigarettes per day.27

Statistical analysis
Statistical analyses were carried out using the statistical 
package for social sciences (SPSS), version 17.0 (SPSS Inc, 
Chicago, IL). Continuous data are presented as mean ± SD and 
categorical variables are expressed as proportions or percentages. 
Independent samples t-tests were used for comparison of 
group means, while the chi-square test (χ2 tests) was applied 
for comparison of categorical variables in FDRs and controls. 
Multiple logistic regression analysis was used to determine CVD 
risk factors that were independently associated with being a 
FDR of a patient with CKD. Significance was set at a p-value 
less than 0.05.

results
The 230 FDRs comprised 25 parents (10.8%), 78 siblings (34%) 
and 127 offspring (55.2%). The parents were seven fathers (3.0%) 
and 18 mothers (7.8%), the siblings were 39 brothers (17%) and 
39 sisters (17%), while the offspring were 69 sons (30.0%) and 
58 daughters (25.2%). Age- and gender-matched 230 healthy 
adults were recruited into the control arm of the study. Table 1 
shows the clinical and biochemical characteristics of the FDRs 
and controls. FDRs of the patients with CKD had significantly 
higher mean systolic blood pressure, mean diastolic blood 
pressure, mean body mass index, mean waist circumference and 
urine albumin:creatinine ratio than the controls.

Table 2 shows a comparison of the prevalence of risk 
factors for CVD between the FDRs of patients with CKD and 
the control group. The prevalence of hypertension, diabetes, 
obesity, dyslipidaemia, hyperuricaemia, albuminuria and 
reduced estimated glomerular filtration rate (eGFR) were all 
significantly higher among the FDRs than in the control 
subjects. Hypertension (OR, 1.65), dyslipidaemia (OR, 1.72) 
and albuminuria (OR, 1.61) are CVD risk factors that were 
independently associated with being a FDR of a patient with 
CKD (Table 3).

discussion
Our study showed that among our sub-Saharan African cohort, 
as was previously reported in other populations, risk factors 
for cardiovascular disease were more prevalent in the FDRs of 
patients with CKD compared to healthy control subjects. This 
finding supports the phenomenon of a clustering of CVD risk 
factors in families of patients with CKD. 

Hypertension and diabetes are two of the most important 
CVD risk factors worldwide. In this study, the prevalence of both 
conditions was significantly higher among FDRs of patients 
with CKD than in the control group. However, the picture was 
slightly different when the prevalence was compared with the 
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national average. While the prevalence of diabetes in the FDRs 
in this study was significantly higher than the national average, 
8.7 vs 2.3%,28 the prevalence of hypertension in FDRs in the 
study was similar to the national average values.29 

The high prevalence of obesity among the FDRs of patients 
with CKD is another important CVD risk factor that deserves 
attention. Some communities in sub-Saharan Africa regard 
being overweight or obese as a sign of affluence,30 and so a lot of 
people are motivated to gain weight. The contribution of obesity 
to cardiovascular morbidity and mortality is significant22 and 
with the epidemiological transition taking place in sub-Saharan 

Africa, strategies to reduce the burden of obesity are urgently 
needed.

Of particular concern is the high prevalence of dyslipidaemia 
found in this study. Although the prevalence of dyslipidaemia 
was significantly higher in the FDRs of patients with CKD, 
the prevalence of more than 60% found in the control arm of 
the study suggests that this risk factor for CVD, which is not 
frequently assessed in resource-poor settings because of cost, 
may be a more serious problem than previously anticipated. 

The higher prevalence of albuminuria and reduced eGFR 
observed in the FDRs in this study was in keeping with findings 
from similar studies.11-15 The higher prevalence of CVD risk 
factors among the FDRs of patients with CKD in this population 
has highlighted the need to consider this population as having an 
increased risk of experiencing adverse cardiovascular events, and 
there is a need for targeted interventions. 

Our study had some limitations, including the fact that it was 
a cross-sectional survey, which has its own inherent weakness, 
such as difficulty in interpreting associations between outcome 
and exposure, and lack of long-term monitoring. Also, a history 
of hypertension and diabetes were self-reported, which may be 
subject to recall bias. 

Conclusion
In this sub-Saharan African population, risk factors for CVD 
were more prevalent in the FDRs of patients with CKD than in 
healthy controls.

The authors thank Mr Anthony Amaechi who carried out the laboratory 

analyses of the blood and urine samples.
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Strategic investments in non-communicable diseases 
(NCd) research in africa: the GSK africa NCd open Lab
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abstract 
In March 2014, GSK announced a number of new strategic 
investments in Africa. One of these included investment of 
up to 25 million Pounds Sterling (£25 million) to create the 
world’s first R&D Open Lab to increase understanding of 
non-communicable diseases (NCDs) in Africa. The vision 
is to create a new global R&D effort with GSK working in 
partnership with major funders, academic centres and govern-
ments to share expertise and resources to conduct high-quality 
research. The Africa NCD Open Lab will see GSK scientists 
collaborate with scientific research centres across Africa. An 
independent advisory board of leading scientists and clini-
cians will provide input to develop the strategy and selection 
of NCD research projects within a dynamic and networked 
open-innovation environment. It is hoped that these research 
projects will inform prevention and treatment strategies in 
the future and will enable researchers across academia and 
industry to discover and develop new medicines to address the 
specific needs of African patients.

Keywords: non-communicable diseases, Africa, open innovation, 
collaboration, training, capacity building
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In 2012, the World Health Assembly endorsed an important 
new health goal (the ‘25 by 25’ goal) to reduce avoidable 
mortality from non-communicable diseases (NCDs) by 25% by 
2025.1 Furthermore, the 66th World Health Assembly, United 
Nations (UN) member states adopted a resolution on NCDs 
that reinforces commitments made in 2011’s UN Declaration on 
NCDs and signals consensus on the three pillars of the global 
NCD architecture – action, accountability and coordination.2 
This alignment of the UN’s World Health Assembly, the World 
Health Organisation, and other entities are recognised as positive 
steps for combating NCDs. 

NCDs account for 63% of all deaths globally, with 80% 
of the global burden occurring in low- and middle-income 

countries.3 While NCDs are currently the leading cause of 
death in all regions except Africa, current projections indicate 
that by 2020, the largest increases in NCD deaths will occur 
in Africa. Furthermore, by 2030, the number of deaths from 
NCDs in Africa is projected to exceed the combined deaths from 
communicable, nutritional, maternal and perinatal deaths as the 
most common causes of death, if  current trends continue.3 

Currently, NCDs are increasing in Africa. Mbanya and 
colleagues found that approximately 12 million people were 
living with diabetes in Africa in 2010; this is projected to increase 
to approximately 24 million by 2030.4 Other contributors to the 
increase in diabetes may also include anti-retroviral treatment 
(ART) for HIV/AIDS. ART has been shown to increase the risk 
of cardiometabolic dysregulation; this dysregulation is associated 
with obesity and increased insulin resistance.5 Therefore increase 
in incidences of NCDs will result from the aforementioned 
factors, including the increased lifespan of people living with 
infectious diseases. 

GSK understands that there is much more to be done to 
appreciate and address the burden of NCDs, with a particular 
focus on Africa. As a science-led global healthcare company, 
GSK is committed to harnessing its scientific expertise, 
partnerships and global reach to develop and make products 
for people who need them, wherever they live. Research and 
development areas include HIV, vaccines, and diseases of the 
developing world. GSK has pioneered a number of innovative 
new models to help stimulate innovation: working in partnership 
with others, and opening up access to its expertise, facilities and 
intellectual property.6

For example, the Tres Cantos Open Lab Foundation was 
established by GSK in 2010 and offers a unique approach to 
discovering novel, safe, appropriate and affordable medicines 
for diseases of the developing world with industry, academia, 
non-governmental organisations and governments working 
together. The Tres Cantos Open Lab is the world’s first open 
laboratory for diseases of the developing world and provides an 
opportunity for scientists from around the world to partner with 
GSK scientists, using GSK’s facilities and expertise, to test their 
own ideas and design appropriate projects at the very early stages 
of drug discovery.7

Building on this and other initiatives, GSK’s chief executive 
officer, Sir Andrew Witty, announced new strategic investments 
in sub-Saharan Africa at the 5th European Union–Africa 
Business Forum in Brussels in March 2014. These investments 
also included the Africa NCD Open Lab, which was designed 
to address pressing health needs and contribute to long-term 
business growth. Over the next five years, GSK will make 
targeted investments of up to £130 million in Africa, which 
will contribute to the development of home-grown capabilities 
and skills in Africa.8 The long-term goal is to equip Africa to 
discover, develop and produce the medicines required for African 
patients.
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The projected increase in NCDs across developing countries 
offers an opportunity for GSK to participate alongside global 
players to help improve the collective understanding of the 
specific variations of disease in low-resource settings. Building 
on the success of GSK’s Tres Cantos Open Lab, the company’s 
vision is to create a new global R&D effort, the Africa NCD 
Open Lab, with GSK working in partnership with African 
researchers to conduct NCD-related research in Africa. The 
results of this research will be published in order to disseminate 
relevant insights to the wider community. To do this, GSK will 
fully engage with the scientific and clinical research communities 
in Africa to bring on-the-ground expertise and experience to 
address the problem.

GSK working in global collaboration
GSK recognises that by working in partnership with 
non-governmental organisations, governments, academic 
institutions and other companies, it can achieve more for patients 
than it can alone. It currently has research collaborations with 
more than 3 000 external organisations, including other companies, 
academic institutions and research charities.9 For example, a five-
year strategic partnership with Save the Children aims to help 
save one million children’s lives.10 The partnership will combine 
expertise, resources, and capabilities and bring much-needed 
medicines and vaccines to some of the world’s poorest children, 
train thousands of healthcare workers, and develop medicines to 
address diseases in these paediatric populations. As part of the 
Save the Children partnership, GSK’s Maternal and Neonatal 
R&D Unit is developing a gel form of a GSK antiseptic product 
used in mouthwash to help prevent sepsis in newborn babies. 

vision for africa NCd open Lab
Improving healthcare infrastructure and access to care is a key 
element of addressing NCDs in Africa. Before discovering and 
developing new medicines specifically for African patients, more 
needs to be done to understand the burden of these diseases. In 
addition, there are significant gaps in our knowledge about the 
diversity of the causes of NCDs in Africa, their presentation, 
and the responses to medicines (possibly driven by genetic 
variation, environmental influence or behavioural factors). 

To address the knowledge gaps, the research will focus 
on better understanding the unique aspects (e.g. genotypic, 
phenotypic, cultural and environmental context) of NCDs in the 
African setting through translational research that will integrate 
basic laboratory-based, clinical and population-based research. 
New research is required to better understand how these diseases 
develop, how they present, and how patients can best be treated 
in the African context.

The Africa NCD Open Lab will be centred at GSK’s 
R&D hub in Stevenage, UK, which together with the multiple 
partnerships, including with local African research institutes, 
will provide a world-class, dynamic and highly networked R&D 
environment that will deliver high-quality and impactful research 
outputs. This environment will provide a unique opportunity 
to strengthen African research capability and train a new 
generation of African scientific leaders in NCDs. 

While the GSK component will be managed as an 
independent laboratory, it will have full access to wider GSK 

R&D expertise and infrastructure. The majority of the research 
will be conducted in Africa by African researchers, with GSK 
contributing resources and expertise. Examples of the kinds of 
support GSK could provide for African principal investigators 
in this collaborative framework include clinical study design, 
biostatistics, genetic analysis expertise, bio-informatics, 
epidemiology and therapeutic expertise in cardiovascular, 
metabolic and respiratory medicine, and oncology.

A key aim of the Open Lab will be to support a robust R&D 
training programme in collaboration with leading academic 
groups, linked with research centres in Africa to build local 
scientific capability. The training programme will be integrated 
with the activities of the laboratory; GSK will aim to ensure the 
active involvement of local scientists in the research projects so 
that sustainable and local expertise will be built. The Open Lab 
will also support the education and training of African scientific 
researchers through partnering African researchers with GSK/
academic researchers. Furthermore, the Africa NCD Open Lab 
will build on existing GSK partnerships and establish capability, 
combining the strengths of a large research-based healthcare 
company with academic and field experts. 

An independent scientific advisory board will be established 
and charged to provide input on the strategy of the collaborative 
R&D effort, support the identification of high-quality and 
impactful research projects for inclusion in the portfolio, and 
monitor delivery progress. The scientific advisory board will be 
chaired by a leading African scientist, will include recognised 
external experts in the field, and will have majority African 
representation. Specific research opportunities will be reviewed 
and approved by the board and teams assembled by GSK. 

In November 2014, the first call for research proposals was 
launched. Up to £4 million will be made available to fund 
research proposals. It is anticipated that funded projects will 
generate new knowledge on the unique disease mechanisms, 
pathophysiology and aetiology of NCDs in African patients. 

ambition by 2025
By 2025, the aim is to initiate and deliver 25 high-impact research 
projects whose outputs will lead to better understanding of 
NCDs in Africa, and the improved use of medicines, contributing 
towards reaching the World Health Assembly goal to reduce 
avoidable mortality from NCDs by 25% by 2025. Moreover, the 
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Fig. 1.  Overview of the GSK Africa NCD Open Lab partner-
ship model.
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Open Lab will partner with and contribute towards developing 
NCD research capability at up to 10 African research centres. 
A detailed search and evaluation of the relevant academic 
and clinical laboratories will be conducted to identify optimal 
partners. These centres will be recognised as emerging world-
class centres of excellence for R&D on NCDs in Africa, and will 
attract and retain the next generation of scientific talent in Africa.

For more information please visit www.gsk.com/africa-ncd-openlab.
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NHLBi perspectives on the growth of heart, lung, blood 
and sleep conditions in africa: global and domestic 
insights, challenges and opportunities 
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‘Of all forms of inequity, injustice in healthcare is the most 
shocking and inhumane’

Dr Martin Luther King, Jr, March 25, 1966,  
2nd National Convention of the Medical Committee for Human Rights
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The mission of the National Heart, Lung, and Blood Institute 
(NHLBI) centres on global leadership in research, training and 
education aimed at promoting the prevention and treatment 
of heart, lung, blood and sleep (HLBS) disorders, and thereby 
enhance the pursuit of a healthy, long and fulfilling existence 
by all individuals.1 The global horizon of this mission reflects 
an appreciation of the collective destiny shared by all humanity. 

Martin Luther King envisioned a world that is increasingly 
inter-dependent, a world in which we are all part of a ‘beloved 
community’, where every life matters. In this vision of a ‘beloved 
community’ he also said that ‘…injustice anywhere is a threat to 
justice everywhere…’. If indeed health inequity is an injustice; 
then it is incumbent upon the global public health community 
to recognise the threat that health inequities pose to the entire 
human family all around the world. 

The advent of globalisation and the attendant shrinkage of 
the degrees of human separation compel us to work collectively 
to address the critical challenges that stand in the way of ideal 
health everywhere. The NHLBI is committed to working with 
health researchers from sub-Saharan Africa (SSA) and across 
the globe to build this future together.2

In this research endeavour, the NHLBI’s strategy for 
successful stewardship at national and global levels rests 
on several enduring principles, which include: valuing and 
supporting investigator-initiated fundamental discovery science; 

maintaining a balanced, cross-disciplinary research portfolio; 
supporting implementation science that empowers patients and 
enables partners to apply knowledge that improves the health of 
the nation; training and nurturing a diverse new generation of 
leaders in science; engaging key thought-leaders to collectively 
identify and pursue high-yield opportunities that will advance 
the field; valuing the health of all communities; and innovating 
an evidence-based elimination of health inequities in the United 
States and around the globe. The continued prioritisation of 
these enduring principles is supported by the observed trends in 
HLBS conditions and other chronic non-communicable diseases 
at the global and domestic fronts. 

relevant trends
Several recent trends in the burden of heart, lung and blood 
diseases provide illustrative examples of why our collective effort 
in this endeavour is necessary. For example, in 2010 the global 
age-standardised disability-adjusted life years (DALYs) per 
100 000 population associated with sickle cell disorders in SSA 
was 281.16 (CI: 196.70–368.44), substantially in excess of the 
estimated 77.86 (CI: 58.01–98.96) for other developing regions, 
and compared to 80.09 (CI: 60.00–102.40) globally.3 Piel and 
colleagues project that the numbers of newborns with sickle cell 
anaemia (SCA) globally will increase from 305 800 (238 400–398 
800) in 2010 to 404 200 (242 500–657 600) by the year 2050, and 
that Nigeria and the Democratic Republic of Congo will remain 
the countries most in need of policies for the management of 
SCA.4

Additionally, the report indicates that the implementation 
of large-scale universal screening can save the lives of up to 
9 806 000 (6 745 800–14 232 700) newborns with SCA globally, 
85% (81–88%) of whom will be born in SSA. Similarly, we can 
achieve significant reduction in mortality and prolong the lives 
of 5.3 million newborns with SCA if we implement basic health 
interventions such as prenatal diagnosis, penicillin prophylaxis 
and vaccination for children under five years of age.4 

Obesity is a major public health problem with significant 
impact on global morbidity, mortality and economic 
development. In developed regions, the age-standardised 
deaths per 100 000 population associated with high body 
mass index (BMI) decreased from 77.42 (CI: 65.37–89.31) in 
1990 to 68.23 (CI: 59.09–77.06) in 2010, however in SSA the 
rates increased from 21.01 (CI: 14.73–28.28) to 37.85 (CI: 
29.80–46.70) during the same period.5 Likewise, in developed 
regions, the age-standardised DALYs associated with high BMI 
decreased from 1978.99 (CI: 1660.99–2299.62) in 1990 to 1914.45 
(CI: 1649.36–2190.76) in 2010. On the contrary, the rates in SSA 
increased from 623.03 (431.17–842.82) in 1990 to 1 141.23 (CI: 
889.99–1 412.23) in 2010.5
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Global trends reflecting challenges and opportunities in 
achieving HLBS health include those existing on the domestic 
front. The 2013 US National Healthcare Disparities report 
demonstrates that there is ample room for improvement. The 
risk-adjusted in-patient mortality rate for heart attack hospital 
admissions fell significantly between 2001 and 2010 for each 
racial/ethnic and area income group; however residents of the 
lowest area income quartile had higher in-patient mortality rates 
than residents of the highest area income group in five of the 10 
years evaluated.6

In 2008, Hispanic men and women were less likely to 
receive blood pressure measurements compared with their 
white counterparts. Furthermore, although vaccination for 
pneumococcal pneumonia is a cost-effective strategy for reducing 
illness, death and disparities associated with pneumonia and 
influenza, blacks and Asians were less likely than whites, 
and Hispanics were less likely than non-Hispanics to receive 
immunization, among the elderly who reported ever receiving 
pneumococcal vaccination.

Similarly, among hospital patients, age 50 years and above 
with pneumonia who received influenza immunisation status 
assessment or provision, black, Hispanic, American Indians/
Alaskan natives (AI/AN) and Asian patients were less likely 
than white patients to receive influenza immunisation status 
assessment or provision. Also, among long-term nursing home 
residents, black, AI/AN, multiple-race and Hispanic residents 
were less likely than white residents to receive both influenza and 
pneumococcal immunisation. 

From 2003 to 2010, the percentage of people with current 
asthma who reported taking preventative asthma medicine daily 
or almost daily fell from 29.6 to 26.5%. In five of eight years, 
blacks compared with whites, and poor and low-income people 
compared with high-income people, were less likely to take daily 
preventative asthma medicine. 

New and evolving insights
The above noted trends occur in an era where new insights are 
reshaping our understanding of the complexities of disease 
mechanisms, while prompting us to contemplate transformative 
ways to prevent and pre-empt the burden of HLBS conditions. 
In the wake of recent reports, the intimate and intricate interplay 
between social and biological systems in the pathobiology of 
HLBS conditions is increasingly appreciated. 

In the context of obesity, a central risk factor in the domain of 
HLBS disorders, the report by Christakis and Fowler evokes the 
notion of the social contagion of disease.7 They demonstrated 
that obesity appears to spread though social ties, and therefore 
network phenomena may be relevant to the biological and 
behavioural trait of obesity. Simply stated, a socio-ecological 
construct underpins trends in disease evolution, which implies 
that it matters where we live, learn, work and play, and that 
culture, religion, war, food desserts and unhealthy diets all play 
into the determinants of HLBS conditions. The philosophy of 
social contagion of disease has profound implications for disease 
intervention, because if  we are to successfully tackle inequities in 
HLBS conditions, we have to embrace the understanding that we 
are dealing with a complex multi-level problem that warrants a 
systems science intervention approach.8,9 

The mechanisms by which socio-behavioural and biological 

factors interact in the pathobiology of disease are now increasingly 
palpable and not just a figment inspired by epidemiological 
studies. Recent evidence suggests a relationship between long-
term dietary patterns and gut microbial enterotypes,10 that 
a link exists between intestinal microbial metabolism and 
cardiovascular risk,11 and that the microbiota of the gut is 
a potentially novel target for atherosclerosis prevention and 
treatment.12 In addition to the emerging evidence for the impact 
of diet on human health via modulation of the composition 
of gut microbiome, we are reminded that complex genetic 
interplay attend disease mechanisms, and therefore can inform 
our approaches for risk prediction, pharmacogenomics and new 
therapies, particularly in the context of genomic-based medicine 
strategies to reduce health inequities.13,14 

Challenges and opportunities
The above insights should inspire the deployment of systems 
science in search of major proximal targets in the socio-
ecological model that could lead to a transformative impact 
on HLBS conditions. Despite the challenge of austere budgets 
for biomedical research, we remain committed to making a 
transformative impact by maintaining a balanced portfolio 
to reflect the strategic goals of the NHLBI, which include 
promoting the understanding of human health and disease, 
translating basic research into preventative and therapeutic 
interventions, and developing a biomedical workforce with the 
requisite set of skills for advancing HLBS research. There also 
exists the challenge of maintaining a balance between achieving 
these goals and encouraging creativity. These challenges converge 
to significantly impact on our decisions and approaches for 
tackling health inequities at home or abroad to advance the 
unfinished business of maximising the public health impact. 

In the focus on addressing health inequities, we often fail to 
recognise the extraordinary resilience and resourcefulness of 
people working to improve health in high-risk communities. 
As we work collectively to overcome the challenge of reducing 
global health inequities, we should recall the admonition of 
Theodore Roosevelt: ‘Do what you can, with what you have, 
where you are’. This is an opportune moment in history to 
tap in to the resilience and resourcefulness of this ‘beloved’ 
global community in order to create a collective future in which 
population health systems serve to promote the health of the 
entire human family, and we bend the curves of health inequities 
at the domestic and global level.

The optimum approach for addressing this question is to 
catalyse systems science, which will entail the employment 
of community health knowledge networks; a diverse pool of 
cross-disciplinary investigators; and leveraging NHLBI study 
platforms such as health systems clinical or population-based 
cohorts to optimise the prediction, pre-emption and treatment 
of HBLS conditions using new tools and platforms. Herein, 
outstanding possibilities attend the confluence of advances 
in genomics research and technology, imaging, informatics, 
computational modelling, stem cell research, nanotechnology 
and bioengineering, and collaborative knowledge-intervention 
networks. These new tools and platforms provide impetus for us 
to consider transformative questions. 

What if  we could develop new paradigms for citizen-enabled 
community health and next-generation cardiovascular disease 
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prevention, i.e. networks and systems of learning communities 
that continually seek wellness and innovate to improve health? 
What if  we were able to realise precision and personalised 
medicine to prevent and pre-empt the burden of cardiovascular, 
lung and blood diseases? What if  we could eliminate stroke and 
cognitive impairment in persons living with SCD by providing 
access to the benefits of chronic blood transfusions,15 or better 
still, what if  we could find ways to up-regulate modifier genes 
or identify new vasculopathy targets that could completely 
transform the landscape of cerebrovascular outcomes in SCD 
patients?

While we seek novel approaches, including systems science, 
new tools and platforms and genomics, we would be remiss if  
we forgot implementation research, which is paramount for 
advancing adherence to best practices for health promotion: diets 
rich in fruits and vegetables, physical activity, tobacco avoidance 
or smoking cessation; and the prevention and treatment of 
cardinal risk factors such as high blood pressure, dyslipidaemia 
and diabetes, which are central to HLBS conditions. In this 
regard, can we imagine the hypothetical scenario wherein 
we optimally disseminate and implement evidence-based ‘best 
buy’ approaches, with the resultant improvement in the social 
wellbeing and productivity of many around the world?

Conclusion
The importance of disease prevention and treatment, as well 
as the social significance of science, call for collaborative 
partnerships in response to adverse trends in HLBS conditions 
and related disorders, both at the domestic and global fronts. 
It is gratifying to observe the evolution of such a collaborative 
network under the umbrella of the H3Africa initiative. The SSA 
region as well as the USA will benefit immensely from such 
partnership models in an effort to rise to the emerging challenges 
posed by the growth of HLBS diseases and risk factors. 

More importantly, vertical integration of  efforts across 
continents may prove to be very helpful and synergistic as we 
seek to discover new targets or transformative approaches for 
maximising population-level impact and consequently reduce 
health inequities. For instance, lessons learned from novel 
approaches for improving outcomes among SCD patients in 
SSA may be very helpful for SCD patients in the domestic USA. 
Therefore there are benefits that can come full circle when we 
address life’s most persistent and urgent question, as eloquently 
posed by Dr Martin Luther King Jr: ‘What are we doing for 
others?’ This is the era to create a collective future, because the 
concept of collective destinies could not be more palpable than 
it is now.

The views expressed in this article are those of the authors and do not neces-

sarily represent the views of the National Heart, Lung, and Blood Institute, 

National Institutes of Health, or the US Department of Health and Human 

Services. 
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rheumatic heart disease in africa: is there a role for 
genetic studies?
Ana Olga Mocumbi

abstract
Rheumatic heart disease (RHD) constitutes a leading cause 
of premature death and incapacity in Africa, where it is 
encountered in younger people, and shows a much faster 
and more malignant course than that seen in Europe or 
North America. While it is well established that RHD is a 
consequence of recurrent, untreated group A β-haemolytic 
streptococcal infections (GAS), the pathogenesis is incom-
pletely understood, and the variation in natural history and 
phenotypes are not fully explained. In Africa patients are 
rarely diagnosed with acute rheumatic fever (ARF). They 
usually present in the late stages of RHD, with the severe and 
virulent forms occurring at early ages, therefore leading to 
high morbidity and mortality in young patients.

Evidence suggests that genetic factors may be involved 
in determining susceptibility to ARF as well as the severity 
and outcomes of RHD. However, the results of genetic stud-
ies have been inconsistent, and conflicting results have been 
found in series from Africa when compared to other parts of 
the globe. Genetic studies in the African context are therefore 
justified to understand the genomic and epigenetic driv-
ers of  heterogeneity in individual responses to GAS infec-
tions and progression to RHD. Platforms such as the global 
registry of  RHD represent an opportunity for adequately 
powered genome-wide association studies. The discovery of 
all genetic susceptibility loci through whole-genome scanning 
may provide a clinically useful genetic risk-prediction tool 
that will potentially allow echocardiographic screening and 
secondary prophylaxis for moderate lesions to be directed 
to those at higher risk, therefore reducing the burden of the 
disease to the health system, the work health force and the 
communities of this resource-strained continent.

Keywords: rheumatic fever, rheumatic heart disease, genetic 
susceptibility
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Epidemiology of arF and rHd
The global burden of disease caused by rheumatic fever (RF) and 
rheumatic heart disease (RHD) currently falls disproportionately 
on children living in the developing world and in marginalised 
communities where poverty is widespread. Acute rheumatic fever 
(ARF) follows in 0.4 to 3.0% of cases of group A β-haemolytic 
streptococcal pharyngitis (GAS) in children. It is thought that 
as many as 39% of patients with acute rheumatic fever may 
develop varying degrees of pancarditis with associated valve 
regurgitation and heart failure and in some cases death. RHD is 
the only long-term consequence of ARF, and the most serious.1 
Progression to chronic RHD is determined by several factors, 
among which, repeated episodes of rheumatic fever seem to be 
the most important. 

The World Health Organisation (WHO) reported trends 
in the incidence and prevalence of ARF and RHD for each 
continent,2 based on literature from 100 countries around the 
world between 1970 and 2009. These studies on ARF incidence 
and RHD prevalence used population-based screening, national 
health registries, prospective disease surveillance, surgical series, 
autopsy series, and retrospective reviews of hospital admissions 
or discharges for ARF or RHD. However, data from Africa are 
scarce and do not capture the entire timeframe. According to this 
study, the reported incidence of ARF is decreasing in all WHO 
regions, except for the Americas and the western Pacific, where it 
appears to be increasing. The prevalence of RHD is increasing in 
all regions except for Europe, where it appears to be decreasing.2 

A systematic review and meta-analysis of population-based 
studies published between January 1993 and June 2014 recently 
reported on the prevalence of RHD among children and 
adolescents assessed in 37 populations, six of which were from 
Africa.3 It revealed a prevalence of RHD detected by cardiac 
auscultation at 2.9 per 1 000 individuals and by echocardiography 
at 12.9 per 1 000 people, with substantial heterogeneity between 
individual reports for both screening modalities. Prevalence of 
clinically silent RHD in this study (21.1 per 1 000) was about 
seven to eight times higher than that of manifest disease (2.7 per 
1 000). Prevalence progressively increased with advancing age, 
from 4.7 per 1 000 at age five years to 21.0 per 1 000 people at 16 
years. There was no gender-related differences in prevalence; an 
association was found between social inequality expressed by the 
Gini coefficient and prevalence of RHD (p = 0.0002).3 

The exact incidence and prevalence of RHD in Africa are 
unclear because of the recognised differences in epidemiology 
between countries, availability of  diagnostic approaches, 
differences between rural and urban environment, age groups 
included in the study, and more importantly, lack of knowledge 
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about the outcome of the mild lesions found in community-based 
studies on asymptomatic children. In Western countries, marked 
reduction in RHD prevalence occurred with improvement in 
health systems (education of health professionals for quicker 
diagnosis and correct management with antibiotics) and socio-
economic status (less overcrowding, education of the population). 

RHD was the leading cause of death 100 years ago in 
people aged five to 20 years in the United States but, as in other 
developed countries, its incidence has declined.4 This reduction 
is related to the adequate treatment of streptococcal pharyngitis 
with penicillin, as well as less overcrowding, better sanitation 
and improvement in general living conditions. The incidence of 
ARF has dropped dramatically since the 1960s; a few localised 
outbreaks of GAS occurred in civilian and military populations 
in the 1980s.4 The reported increase in RHD prevalence2 is likely 
to be related to increased survival due to advances in diagnosis, 
and medical and surgical treatments for RHD.

RHD remains the most common cardiovascular disease 
in people under 25 years and is the leading cause of valve 
disease in developing countries.5,6 The African continent has the 
highest prevalence in the world,2 and RHD represents the most 
common form of acquired cardiovascular disease in children and 
adolescents.7 RHD affects between 15.6 and 19.6 million people 
worldwide and causes 233 000 to 492 000 deaths annually,8 
imposing a substantial burden on the families, health systems 
and communities in many low-income settings. 

Screening with portable echocardiography has uncovered a 
large burden of latent RHD among asymptomatic children in 
endemic regions of Africa,9,10 the significance of which remains 
unclear.11 In marked contrast, there are almost no data on ARF, 
probably related to low access to healthcare, inadequate resources 
for diagnosis of throat and skin streptococcal infection, lack of 
awareness of the importance of correct treatment of bacterial 
pharyngitis, and overall, to the absence of national prevention 
and control programmes. These usually allow notification of the 
disease and the institution of long-term secondary prophylaxis 
to those at risk of developing RHD. 

The reduction in the burden of ARF and RHD among the 
less than 20% of the world’s population living in high-income 
countries has led to a decrease in research on rheumatic fever 
(RF) and RHD.12 Despite being a major cause of premature death 
and disability, the pathogenesis is still incompletely understood, 
the natural history is not fully explained, phenotypes have been 
only partially described, and some aspects of management 
remain debatable.

pathogenesis of arF and rHd
Throat infection by GAS is the common trigger for RF/RHD. In 
resource-limited tropical settings however, where both impetigo 
and rheumatic disease are endemic, there is a growing body of 
opinion implicating impetigo in the pathogenesis of rheumatic 
fever and rheumatic heart disease.13 Repeated GAS infection is 
necessary for the first episode of ARF to occur, and similarly, 
RHD usually develops due to cumulative damage to the heart 
valves secondary to recurrent episodes of ARF.14 

Molecular mimicry explains the triggering of  RF, but 
an intense and sustained inflammation is needed to cause 
sequelae.15,16 Antigens in the cell wall and cell membrane of GAS 
are immunologically similar to molecules in human myosin, 

tropomyosin, actin, laminin and other common proteins. 
GAS carbohydrate epitope (N-acetyl glucosamine) and the 
α-helical coiled-coil streptococcal M protein structurally mimic 
cardiac myosin.17 When GAS antigens reach the blood, they are 
recognised by B cells in the spleen; they may also enter the lymph 
and be recognised by B cells in local lymph nodes. 

B cells specific for GAS antigens become activated and begin 
to proliferate and secrete antibodies, activate complement and 
promote the opsonisation and phagocytosis of the bacteria.16,18 
An autoimmune response is triggered in susceptible children, 
in whom antibodies against streptococcal antigens (mainly the 
M protein) cross-react with heart tissue proteins such as cardiac 
myosin (in the myocardium) and laminin (on valve endothelium 
and basement membrane).17 At the same time, antigens taken 
up at the site of infection by antigen-presenting cells become 
activated and migrate to local lymph nodes where they present 
the antigens to T cells. Activated T cells begin to proliferate and 
additionally stimulate B cells to produce antibodies against the 
GAS antigens. It is believed that both T cell and antibody cross-
reactions occur between GAS and host proteins.19

In rheumatic carditis, attachment of anti-GAS antibodies to 
the myocardium and valve endothelium leads to the release of 
inflammatory cytokines that up-regulate vascular cell adhesion 
molecule-1 (VCAM-1) on the valve surface endothelium; this 
up-regulation of VCAM-1 promotes lymphocyte adhesion to 
the endothelium and subsequent infiltration of lymphocytes 
into the valve. Both inflammatory (transforming necrosis factor-
alpha: TNF-α, and interferon-gama: IFN-γ) and regulatory 
(interleukin: IL-4) cytokines are produced, increasing local 
inflammatory reactions in both the myocardium and the 
valves. Granulomatous lesions containing lymphocytes and 
macrophages are formed, the so-called Aschoff nodules, which 
are identifiable and regarded as pathognomonic for rheumatic 
carditis.20

The initial attack with ARF increases vulnerability 
to reactivation of the disease, with subsequent pharyngeal 
infection.21 Exposure of the valve surface to inflammation 
ensures further binding of cross-reactive antibodies to the valve, 
leading to endocarditis, which is on the basis of rheumatic heart 
valve disease (RHVD),16 and the lack of production of regulatory 
cytokines may contribute to permanent valve damage.18. Chronic 
RHVD can result from a single episode of ARF, but usually 
follows repeated episodes of ARF, with cumulative valve damage 
occurring due to fibrotic healing of acute inflammatory lesions 
and turbulent flow induced by ongoing valve damage.22 The 
major morphological changes of the valves include commissural 
fusion, shortening and fusion of the chordae tendinae, and 
leaflet thickening.23

Gaps in knowledge and management 
Although the diagnosis of GAS pharyngitis may be suspected 
on clinical examination, several procedures are involved in 
its confirmation, because clinical presentation performance 
as a diagnostic test is low. Laboratory test availability is 
important, especially culture, virulence test, antibiotic sensitivity, 
C-reactive protein and erythrosedimentation rate.24 Because these 
examinations are expensive and time consuming, rapid antigen 
testing is a more attractive solution for Africa.25 Therefore the 
diagnosis of ARF relies on a high index of suspicion from 
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health workers, a high level of awareness of the community, and 
laboratory criteria of recent infection or previous ARF. 

Some symptoms and signs included on the Jones criteria 
are unspecific and may be present in various febrile conditions 
affecting children in Africa. Moreover, the time gap between 
GAS infection and the occurrence of ARF is variable, and 
therefore many patients do not recall having had pharyngitis. 
Therefore ARF is usually underdiagnosed in developing 
countries.26 Additionally, many patients are not correctly treated, 
secondary prophylaxis is not instituted and progression to RHD 
occurs, explaining the high incidence of newly diagnosed RHD 
in adults.27

Subclinical disease is commonly found in Africa when 
echocardiographic screening is used.9-11 The advent of portable 
battery-powered ultrasound machines has allowed access to the 
communities and recognition of the need for an update of the 
WHO criteria for echocardiographic diagnosis of subclinical 
RHD. It has been suggested that in endemic areas the diagnosis 
can be based on the presence of pathological valve regurgitation 
without considering the morphological features of the valves.28 

African scientists were also part of  the World Heart 
Federation panel of experts that created a set of screening 
criteria using morphological and Doppler features, aimed at 
standardising the diagnosis across different areas of the world.29 
Therefore, although echocardiographic diagnosis of RHD is not 
yet readily available in some parts of Africa, its use has allowed 
better characterisation of cardiac abnormalities, definition of 
the natural history of the disease and assessment of the current 
practice in managing these patients on the continent. The Global 
Registry of RHD30 confirmed the extremely virulent forms of 
chronic RHVD in Africa. 

RHD in Africa is encountered in young people, showing a 
much faster and malignant progression of cardiac involvement 
than that seen in Europe or North America.31 Severe disease 
and rapid progression to complications such as mitral stenosis, 
heart failure and atrial fibrillation occur at younger ages.30-32 It 
is believed that this pattern results from environmental factors 
such as higher occurrence of skin and pharyngeal streptococcal 
infections in these settings, recurrent GAS infections early in 
life, inadequate treatment of GAS infections, and inappropriate 
secondary prophylaxis after the first episode of RF, but the role 
of host specificity in determining the malignant course of the 
disease in Africa cannot be excluded.

Benzathine penicillin G (BPG), the gold standard for 
secondary prophylaxis of RF/RHD, is usually administered 
every three or four weeks. Occurrence of ARF in patients on 
adequate secondary prophylaxis with BPG has been attributed to 
the low quality of the product, inadequate storage, inappropriate 
technique for injection, and incorrect dosage for the patient’s 
weight.33

Knowing that HLA-DRA variants were found to predict 
penicillin allergy in genome-wide fine-mapping genotyping, 
one may speculate on the need to explore whether genetic 
polymorphisms determine differences in pharmacokinetics and/
or pharmacodynamics of penicillin in African individuals. This is 
of particular relevance considering that the correct management 
of GAS pharyngitis and secondary prophylaxis of RF with 
penicillin prevent the occurrence of RHD. Currently, there are 
no data to support a higher occurrence of penicillin allergy in 
Africa than is seen in other parts of the globe. However, of 

importance for the implementation of control programmes 
in Africa, it has been suggested that analysis of gene variants 
of HLA-DRA and the HLA-DRA|HLA-DRB5 inter-region, 
which may be significant predictors of allergy to penicillin, 
should occur in African populations.34

the role of genetic studies 
ARF and RHD are caused by a combination of immune, 
environmental and genetic factors. While the role of GAS 
and social conditions that determine progression to RHD is 
well understood,35,36 there is a major gap in knowledge of the 
mechanisms of host susceptibility to the disease.28 Familial 
aggregation, similarity of disease patterns between siblings, 
concordance of disease in identical twins, and HLA correlation 
studies are evidence for a genetic influence on RF susceptibility.37 
A systematic review and meta-analysis of 435 twin pairs from six 
independent studies concluded that ARF has high heritability, 
estimated at 60% across all the studies; the pooled proband-wise 
concordance risk for ARF was 44% in monozygotic twins and 
12% in dizygotic twins.38 

Only 0.4 to 3.0% of patients with untreated GAS pharyngitis 
develop ARF, but higher attack rates occur when a stronger host 
immune response occurs, approaching 50% in patients with a 
prior episode of ARF. In patients with the first episode of ARF, 
the rate of progression to RHD will differ, probably being related 
not only to environmental factors such as the high recurrence of 
GAS and different virulence of the circulating GAS, but also to 
a particular immune response geared by genetic susceptibility.37 
Similarly, the genetic background directing the immune response 
towards a predominantly Th1 or Th2 pattern may contribute 
to explain variations in RF clinical phenotype by modulating 
the intense and sustained inflammation that is needed to cause 
sequelae such as RHD.17,37 

Inherited susceptibility to ARF was initially studied around 
the major histocompatibility class II human leucocyte antigens 
(HLA). Several genes associated with RHD have been described, 
most of them involved with immune responses.39 Given the 
current state of the literature, it is hard to make generalisations 

table 1. rHd genetic susceptibility; HLa class ii alleles found  
in studies in patients from different regions of the globe  

(adapted from Guillerme et al.39 and updated).

Continent Country, reference HLA class II alleles

Africa South Africa DR1, DR6

Uganda DR1, DR11 

Egypt DRB1*0701, DQA1*0201, DRB1*13, 
QA1*0501/0301

Americas United States of 
America

DR2 (Africans); DR4, DR6, DR9  
(Caucasians)

Mexico DRB1*1602, DQB1*0301, DQA1*0501

Martinique DR1

South Brazil DR7, DR53

India DR3

Kashmir DR4

Japan DQB1*05031, DQA1*0104

South China DQA1*0101

Saudi Arabia DR4

Asia Turkey DR3, DR7, DR11

Europe Latvia DRB1*0701, DQB1*0302, DQB1*0401-2
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about a single ‘rheumatic’ HLA allele, and there are likely multiple 
HLA alleles that, in combination, increase an individual’s 
susceptibility to ARF and RHD.2 

HLA-D8/17 and HLA-DR7 types are the most represented in 
the literature, but many other HLA alleles have been identified 
in single studies of patients with ARF and RHD (Table 1), 
a variability that could be caused by genetic differences in 
the populations studied or differences in local streptococcal 
strains. A study in Uganda comparing the frequency of HLA 
class II DR alleles between RHD cases and healthy controls 
found HLA-DR1 to be more common in normal controls while 
HLA-DR11 was more common among RHD cases.1 Candidate 
HLA gene studies that have been performed to date had small 
sample sizes and found inconsistent and conflicting results.36,40 
High-resolution HLA analysis and genome-wide association 
studies have therefore been recommended. 

Single-nucleotide polymorphisms in a number of genes were 
found in patients with RHD compared to controls, namely 
protein tyrosine phosphatase non-receptor 22 (PTPN22),41 signal 
transducers and activators of transcription (STAT),42 angiotensin 
converting enzyme (ACE I/D),43 TNF-α,44,45 transforming growth 
factor (TGF-β1),46,47 and TLR548 (Table 2). Studies in North 
Indians with RHD suggest that the (PTPN22) haplotype, 
which encodes an important negative regulator of  T-cell 
activation, modulates the risk of developing RHD.41 In a Turkish 
population, however, it was demonstrated that the PTPN22 
R620W polymorphism was not associated with RHD,49 showing 
that genetic differences exist among populations from different 
regions of the world, therefore making it relevant to implement 
similar studies in Africa. 

Overall, the current knowledge of genetic susceptibility for 
RHD comes from small studies (Table 2). Moreover, because 
subclinical disease is frequent in Africa and RHD is diagnosed 
in the late stages, it is related to high morbidity rates, premature 
mortality and excessive social and economic costs. The finding 
of genetic biomarkers could direct the scarce resources available 
on the continent to those persons at higher risk, thus reducing 
the workload of health professionals, avoiding the high burden 
related to this condition, and improving outcomes. 

The Global Registry of RHD30 represents a platform for 
such genetic studies on RHD in Africa. These studies will 
improve our understanding of genomic and epigenetic drivers 
of heterogeneity in the response of different individuals to GAS 
infections, and explore the determinants and drivers of the 
variability in natural history, clinical phenotype, prognosis, and 
the role of genetic differences in determining allergy and drug 
resistance to penicillin in sub-Saharan Africa. The discovery of 

genetic susceptibility loci through whole-genome scanning may 
be clinically useful by introducing genetic risk-prediction tools 
for ARF and RHD.

Conclusion
Research to determine the role of genetic factors in determining 
susceptibility to ARF and RHD in African populations is 
needed. These genetic studies in the African context may 
contribute to a greater understanding of the genomic and 
epigenetic drivers of heterogeneity in individual responses to 
GAS infections and progression to RHD. Discovery of genetic 
susceptibility loci through whole-genome scanning may provide 
a clinically useful genetic risk-prediction tool that will potentially 
allow echocardiographic screening and secondary prophylaxis to 
be directed to those at higher risk, thus reducing the burden of 
the disease on the health system, the work health force and the 
communities of this resource-strained continent. 
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the burden of stroke in africa: a glance at the present 
and a glimpse into the future
Mayowa O Owolabi, Sally Akarolo-Anthony, Rufus Akinyemi, Donna Arnett, Mulugeta Gebregziabher, 
Carolyn Jenkins, Hemant Tiwari, Oyedunni Arulogun, Albert Akpalu, Fred Stephen Sarfo, Reginald 
Obiako, Lukman Owolabi, Kwamena Sagoe, Sylvia Melikam, Abiodun M Adeoye, Daniel Lackland, 
Bruce Ovbiagele, as members of the H3Africa Consortium

abstract 
Objective: Information on the current burden of stroke in 
Africa is limited. The aim of this review was to comprehensively 
examine the current and projected burden of stroke in Africa.
Methods: We systematically reviewed the available literature 
(PubMed and AJOL) from January 1960 and June 2014 
on stroke in Africa. Percentage change in age-adjusted 
stroke incidence, mortality and disability-adjusted life years 
(DALYs) for African countries between 1990 and 2010 
were calculated from the Global Burden of Diseases (GBD) 
model-derived figures.
Results: Community-based studies revealed an age-standard-
ised annual stroke incidence rate of up to 316 per 100  000 
population, and age-standardised prevalence rates of up to 
981 per 100 000. Model-based estimates showed significant 
mean increases in age-standardised stroke incidence. The 
peculiar factors responsible for the substantial disparities in

incidence velocity, ischaemic stroke proportion, mean age 
and case fatality compared to high-income countries remain 
unknown.
Conclusions: While the available study data and evidence are 
limited, the burden of stroke in Africa appears to be increasing. 

Keywords: stroke, Africa, epidemiology, incidence, mortality, 
prevalence
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African countries are undergoing an epidemiological transition 
driven by socio-demographic and lifestyle changes.1 The burden 
of non-communicable diseases (NCD), including cardiovascular 
risk factors is increasing.1-3 Consequently, the incidence of stroke, 
a cardinal complication of cardiovascular risk factors, appears 
to be rising in Africa and other low- and middle-income country 
(LMIC) settings.3 Therefore, 86% of all stroke deaths around the 
world is contributed by LMIC in Africa and other continents.4 
By contrast, the incidence of stroke appears to be declining in 
high-income countries.4,5

Ironically, there is insufficient information on the current 
epidemiology of stroke in African countries and other LMICs, 
where this knowledge is needed most. This is due to and 
contributes to deficient manpower and other resources to 
combat the epidemic.6 Accurate, up-to-date information on 
stroke burden is necessary for the development and evaluation of 
effective and efficient preventative acute care and rehabilitation 
programmes for stroke patients. 

In an attempt to fill this gap, in 2013 and 2014, the Global 
Burden of Diseases (GBD) collaborators published data on the 
burden of stroke and stroke subtype based on multi-state models 
implemented in the software program DisMod III. These models 
were used to estimate the incidence, prevalence and disability-
adjusted life years (DALYs) of ischaemic and haemorrhagic 
stroke in various countries across the globe but without specific 
focus on Africa.2,7 

However, one meta-analysis8 focused solely on the prevalence 
and incidence of stroke in Africa, albeit with pooled data 
of uneven quality. In addition, there are some publications 
derived from primarily hospital-based data on the burden 
of stroke in Africa. Nevertheless, no recent publication has 
examined the burden of stroke in Africa, longitudinally and 
in its entirety,9 while identifying gaps in data and proposing 
appropriate interventions. This complete longitudinal picture is 
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urgently needed for the design of appropriate interventions and 
the formulation of policy objectives within the framework of T4 
(system and policy level) and T5 (global) translational science.10

The objectives of this systematic review were to examine the 
current burden and recent epidemiological trends of stroke in 
Africa using available resources (existing epidemiological data 
and models) while identifying knowledge gaps; and estimating 
the future burden and proposing a responsive and holistic action 
plan to control the epidemic. This comprehensive analysis will 
include data on incidence, mortality, case fatality, prevalence, 
DALYs, quality of life, vascular cognitive impairment, and cost 
of care.

Methods 
A systematic review of the literature was conducted according to 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.11 PubMed database was searched 
for ‘Africa’ combined with each of the following keywords: 
‘stroke’, ‘cerebrovascular accident’, ‘intracerebral hemorrhage’ 
and ‘subarachnoid hemorrhage’. Further search was conducted 
using combinations of the keywords and sub-Saharan African 
countries such as ‘stroke Nigeria’. Other words were also 
used in association with the keywords, country names and 
Africa. These were ‘epidemiology’, ‘prevalence’, ‘incidence’ and 
‘mortality’. Background references and citations were identified 

and screened to obtain more articles. Articles were included in 
the quantitative synthesis if  they had an abstract in English, 
were published between January 1960 and October 2014, and 
described the epidemiological burden or determinants of stroke 
in Africa whether it was original or not.

The search yielded a total of 1 274 articles (Fig. 1). All the 
articles were initially screened by one reviewer. We excluded 
404 articles that were indexed in both PubMed and AJOL, did 
not have abstracts or full text in English, or were not based on 
human studies. Two reviewers read the remaining 870 articles in 
full to assess their eligibility for the quantitative synthesis. Fig. 
1 shows the details of the review selection process. In addition, 
data were extracted from Global Burden of Diseases (GBD) 
model-derived figures. 

Statistical analysis was performed to calculate percentage 
change in age-adjusted stroke incidence, mortality and DALYs 
for African countries between 1990 and 2010.

results and discussion

Incidence 

Studies of stroke in Africa are mostly hospital-based case series. 
Hospital-based data cannot provide prevalence or incidence 
estimates (Tables 1, 2) because the population at risk (i.e. the 
denominator) is not known. Moreover, they are also affected 
by referral bias. Patients who die quickly from stroke or those 
with mild stroke may not be captured.12 Nevertheless, case series 
provide information about the relative frequency of stroke in 
comparison to other diseases requiring hospitalisation. 

Stroke is the leading cause of medical coma in Nigeria.13 
It is also the leading cause of admissions from hypertension-
related complications, accounting for 40% of hypertensive 
complications in the University of Port Harcourt Teaching 

PubMed search

1112 publications

Articles were excluded 
from the full text review if 

they were duplicates  
(n = 68), abstracts were 
not available (n = 109), 

only abstracts were 
available (n = 78), they 

were not based on human 
studies (n = 62), or the full 

text was not available in 
English (n = 87)

Articles were excluded 
from the quantitative 

synthesis if they were not 
relevant to populations 

living in Africa (n = 342) or 
did not have any measure 
of effect estimate (n = 374)

Initial screening
(n = 1274)

AJOL search

162 publications

Full-text articles 
assessed for 

eligibility (n = 870)

Studies included 
in qualitative 

synthesis (n = 154)

Fig. 1.  Review selection process. AJOL: African Journals 
online.

table 1. Studies reporting crude incidence of stroke in africa

Year Country/location/setting Author

Crude incidence per 
100 000 per year

AgeOverall Male Female

Hospital-based

1984 Libya, Benghazi, urban Ashok28 63 69 58 15+

1985 South Africa: Atteridgeville 
and Mamelodi, suburban 
areas of Pretoria, urban

Rosman29 101 108 93 20+

1991 Zimbabwe, Harare, urban Matenga18 31 30 32 All

1993 Libya, Benghazi, urban El Zunni30 48 52 42 15+

2006 Mozambique, Maputo, 
urban

Damasceno19 149 174 128 15+

Population/community-based

1975 Nigeria, Ibadan, urban Osuntokun20 26 25 13 All

1993 Egypt, Sohag, mixed* Kandil31 180 100 85 All

1993 Egypt, Sohag, urban Kandil31 150 90 53 All

1993 Egypt, Sohag, rural Kandil31 210 97 119 All

2006 Tanzania, Hai, rural Walker32 95 107 77 All

2006 Tanzania, Dares Salaam, 
urban

Walker32 108 115 100 All

2007 Nigeria, Lagos, urban Danesi24 25 28 21 All

2007 Egypt, Al-Kharga, mixed* Farghaly22 250 270 230 All

2007 Egypt, Al-Kharga, rural Farghaly22 230 250 220 All

2007 Egypt, Al-Kharga, urban Farghaly22 260 280 240 All

2012 Egypt,Al Quseir, urban El Tallawy21 181 212 150 20+

*Combined rates including both rural and urban communities.
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Hospital, Nigeria.14 In several studies from the West African 
sub-region, it emerged as the leading cause of adult neurological 
admissions, constituting up to 65% of such admissions.15

Furthermore, a steady increase in stroke admissions has been 
observed in some institutions that have monitored their stroke 
admissions over time. In Tanzania, stroke admissions increased 
from 23 per 100 000 in 1935 to 86 per 100 000 in 1962.16 In Ghana, 
the number of stroke patients admitted per year increased from 
about 50 in 1960 to 622 in 1993, and the percentage of total adult 
medical admissions due to stroke increased from less than 2% in 
1960 to about 12% in 1993.16 

Stroke admissions to hospital are clearly rising in Africa. 
Although this could be due to increased patronage of orthodox 
medicine, increasing stroke incidence in an ageing population 
in the throes of epidemiological transition is a more plausible 
explanation.12

Using hospital data, five studies estimated stroke crude 
incidence rates ranging from 31/100 000 per year in Harare, 
Zimbabwe in 19918,17,18 to 149/100 000 per year in Maputo, 
Mozambique in 20068,17,19 (Table 1). In a meta-analysis by 
Adeloye, the pooled estimate of 77.39/100 000 per year (95% 
CI = 51.31–103.48) from hospital-based studies8 was lower 
than from community-based studies. This may suggest that the 
available hospital-based African studies underestimated stroke 
incidence as a result of exclusion of fatal or mild cases who do 
not present in these hospitals. 

Stroke incidence, estimated on the basis of representative 
community samples with rigorous case ascertainment and 
accurate diagnosis over a minimum period of three years, 
provides far more information about stroke burden than hospital-
based studies. Nevertheless, such studies require considerable 
resources and rigorous methods.16

There are several community-based incidence studies from 
sub-Saharan Africa (Table 1). From the (1973–75) stroke registry 

in Ibadan, Nigeria, the crude annual incidence of first-ever stroke 
was 26 per 100 000. However, this is likely an underestimate, 
because of difficulties with case ascertainment resulting from the 
very large population, small study staff, and non-inclusion of 
those who patronised traditional healers.20

In Tanzania, stroke incidence was recorded in two demographic 
surveillance sites: Hai (rural) and Dar-es-Salaam (urban) from 
2003–2006. Patients with stroke were identified by the use of a 
system of community-based investigators and liaison with local 
hospital and medical centre staff. Patients who died from stroke 
before recruitment were identified via verbal autopsy, which 
might have included non-incident strokes.16 Overall crude annual 
stroke incidence rates were 94.5 per 100 000 in Hai and 107.9 
per 100 000 in Dar-es-Salaam (Table 1). When age-standardised 
to the WHO world population, annual stroke incidence rates 
were 108.6 per 100 000 in Hai and 315.9 per 100 000 in Dar-es-
Salaam.16

Age-standardised stroke incidence rates in Hai were 
similar to those reported in developed countries. However, 
age-standardised incidence rates in Dar-es-Salaam were higher 
than those published from developed countries. This could be 
because of differences in the prevalence of risk factors, which 
emphasises the importance of health screening at a community 
level.16

A recent door-to-door survey of every household in Al Quseir 
(urban), Egypt8,17,21 from 2009 to 2012 reported a crude annual 
incidence of 181 per 100 000 population but the age-standardised 
incidence was not calculated (Table 1). Furthermore, Farghaly et 
al. performed a door-to-door screening in Al Kharga district, 
Egypt,8,17,22 from 2005 to 2009 and reported a crude annual 
incidence of 250 per 100 000 population (Table 1). Although the 
age-standardised incidence was likely to be higher than that in 
Tanzania (Dar-es-Salaam), which is the global highest,23 it was 
not reported. 

Generally, population-based crude incidence rates were higher 
than hospital-based rates, ranging from 26.0/100 000 person years 
in Ibadan, Nigeria in 1979,8,17,20,24 to 250/100 000 person years in 
Al-Kharga, Egypt in 20078,17,22 (Table 1). The random-effects 
meta-analysis of crude population-based incidence rates was 
112.94/100 000 person years (95% CI = 90.7–135.0).8 However, 
this meta-analysis included incidence studies with incomplete 
case ascertainment,24 conducted over one year rather than the 
recommended three-year period.8,12,16,17 The studies reporting low 
rates, therefore, could have been marked by underestimation of 
the stroke burden in Africa, and the pooled estimate8 reported 
might therefore be much lower than the true rates. 

Crude rates provide valuable information that reflects the 
public health burden of stroke, given the age distribution for the 
country (i.e. if  a specific country has a large number of strokes 
because it has a relatively large elderly population, they must 
nevertheless care for this larger number of people), whereas 
adjusted rates allow a more comparable basis between the risk 
of stroke across the life course of residents of the country and 
for comparison between countries.23 Crude rates underestimate 
the impact of stroke on a country, particularly when strokes are 
occurring at younger ages, as occurs in Africa. 

Nevertheless, the annual crude incidence rate in Egypt was 
higher than reports by Béjot et al. in France (113.5 per 100 000), 
Corso et al. in Italy (223 per 100 000), Vega et al. in Spain (113.5 
per 100 000),22 and Pandian et al. in India (119 to 145/100 000).25,26 

table 2. population/community-based studies reporting  
prevalence of stroke survivors in africa

Year Country/location/setting Author 

Crude prevalence  
per 100 000

AgeOverall Male Female

1982 Nigeria, Igbo-Ora, rural Osuntokun37 58 – – All

1985 Tunisia Kelibia, mixed* Atia- 
Romdhane41

42 – – All

1988 Ethiopia, central Ethiopia, 
rural

Tekle 
Haimanot34

15 – – 20–85

1993 Egypt, Sohag, mixed* Kandil31 508 520 490 All

1993 Egypt, Sohag, urban Kandil31 410 460 470 All

1993 Egypt, Sohag, rural Kandil31 540 510 570 All

1994 Tanzania, Hai, rural Walker42 127 155 103 15+

2002 South Africa: Agincourt 
Health and Population Unit, 
Limpopo province, rural

Connor43 243 188 296 15+

2006 Nigeria, Lagos, urban Danesi38 114 151 69 All

2009 Benin, Cotonou, urban Cossi44 460 610 360 15+

2009 Egypt, Al-Kharga, mixed* Farghaly22 560 610 510 All

2009 Egypt, Al-Kharga, urban Farghaly22 580 620 530 All

2009 Egypt, Al-Kharga, rural Farghaly22 520 580 458 All

2010 Tanzania, Hai district, rural Dewhurst39 2300 2971 1752 70+

2010 Egypt, Assuit, urban Khedr35 963 1174 736 All

2013 Egypt, Qena, mixed* Khedr40 922 1103 726 All

*Combined rates including both rural and urban communities.
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The age-standardised incidence of stroke in Tanzania was similar 
to the rates in China where the age-standardised incidence of 
first-ever stroke per 100 000 person years increased rapidly 
from 124.5 in 1992–1998 to 190.0 in 1999–2005, and to 318.2 in 
2006–2012.27

Unfortunately, no rigorously conducted stroke-incidence 
study has been performed twice in the same location to provide 
secular trend data on the incidence ‘velocity’ (trend) of stroke in 
Africa. Using the GBD data (Fig. 2), increase in age-standardised 
ischaemic stroke incidence from 1990 to 2010 ranged between 
5.2% (South Africa) and 27.8% (DRC, Table 3). 

Overall, in Africa, there was significant (p < 0.001) mean 
increase in age-standardised ischaemic stroke incidence of 
14.8% (± 4.1%) between 1990 and 2010. Similarly (Fig. 2), 
increase in age-standardised haemorrhagic stroke incidence from 
1990 to 2010 ranged between 13.0% (the Gambia) and 45.7% 
(Burundi, Table 3). Overall, in Africa, there was significant (p < 
0.001) mean increase in age-standardised haemorrhagic stroke 
incidence of 28.7% (± 11.1%) between 1990 and 2010. Therefore, 
the incidence of stroke in Africa is not only among the highest in 
the world, the incidence velocity is also very high. 

Urbanisation and other socio-demographic and lifestyle 
changes in Africa, as in other parts of the developing world, are 
increasing rapidly, and the results from this study suggest that, in 
the absence of effective preventive measures, this is likely to lead 
to further substantial increases in stroke incidence.

Prevalence 
A retrospective chart review of clinically and CT-diagnosed 
stroke patients evaluated between January 2000 and March 2005 
in Tikur Anbessa tertiary referral and teaching hospital (Addis 
Ababa, Ethiopia) showed that stroke accounted for 5% of all 
head CT indications done in Ethiopia.33 A prevalence rate could 
not be calculated in the absence of the number in the referral base.

Community-based studies constitute the best way to 
determine the true prevalence of stroke, although they are very 
rare in Africa due to lack of manpower and research funds. 
Estimating the prevalence of stroke survivors in the community 
is complicated by the difficulty in making a retrospective and 
yet accurate diagnosis of stroke and stroke type months or 
years after the event.16 Estimations are also biased by under-
representation of fatal cases.16 Therefore, prevalence, which 
depends on incidence and case fatality, is better estimated from 
incidence studies of first-ever stroke and survival. However in 

sub-Saharan Africa, incidence studies are very rare and difficult 
to conduct.16
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Fig. 2.  Model-derived percentage changes in ischaemic and 
haemorrhagic stroke incidence in African countries 
between 1990 and 2020.

table 3. Estimates of average percentage change over 1990 to 2010 in age-adjusted incidence, mortality and daLys of stroke in africa

Rates per 100 000 person years
1990

(mean, SD) 
2010

(mean, SD) 

Min. 
change*

(%)
Country with min. 

change

Max. 
change*

(%)
Country with max. 

change

Mean/
median 

change**
(%) SD p-value

Age-standardised incidence ischaemic 129.4, 15.1 148.4, 16.3 5.18 South Africa 27.8 Democratic 
Republic of Congo

+14.8 4.05 < 0.001

Age-standardised incidence haemor-
rhagic 

58.9, 11.0 75.2,12.9 13.0 The Gambia 45.7 Burundi +28.7 11.1 < 0.001

Age-standardised mortality ischaemic 53.3, 15.2 48.1, 12.5 –45.5 Mauritius 95.0 Burkina Faso –7.5** 0.001

Age-standardised mortality haemor-
rhagic 

69.2, 20.1 58.8, 16.9 –52.2 Equatorial Guinea 67.9 Burkina Faso –12.7** < 0.001

DALYs lost ischaemic 853.8, 231.7 756.1, 192.7 –53.1 Mauritius 79.0 Burkina Faso –10.3** < 0.001

DALYs lost haemorrhagic 1574.7, 451.1 1287.1, 383.9 –57.4 Equatorial Guinea 51.6 Zimbabwe –18.9** < 0.01

*Countries with the minimum and maximum changes in rates are depicted. **Median percentage change.
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There were many population-/community-based studies 
reporting crude prevalence of stroke survivors with prevalence 
rates ranging from 15/100 000 population in Ethiopia in 1988,8,17,34 
to 963/100 000 population in Egypt in 2010 (Table 2).8,17,34,35 The 
low prevalence rate recorded in Ethiopia in 1988, included in 
the meta-analysis, may have been due to the high fatality rates 
from stroke, which have generally been reported in many parts 
of Africa.8,17,34,36 It may also reflect low stroke incidence in rural 
Ethiopia at that period, or simply that patients with mild strokes 
who had recovered were not detected. Moreover, the Ethiopian 
study was a broad door-to-door survey of neurological disorders 
in the community, which could imply that active case recognition 
of specific stroke cases may be less rigorous.8

In 1982, in Igbo Ora, Nigeria, stroke had an estimated 
crude prevalence of 58 per 100 000 (Table 2). However, the 
denominator population was far too small to establish stroke 
prevalence accurately.37 In 2005 to 2006, another study conducted 
in Lagos, Nigeria yielded a crude prevalence rate of stroke of 
114/100 000 persons.38 This may suggest at least a doubling of 
the stroke prevalence in Nigeria. As reported by several other 
studies, males were more affected (males:female =	1.51) and age 
was a strong risk factor with prevalence of nearly 5% for those 
in the ninth decade of life.38

Stroke-prevalence studies in demographic surveillance sites 
that provide an accurate denominator have arguably provided 
the most accurate measures of stroke burden in recent years, 
despite their limitations.16 The largest study of the prevalence of 
disabling hemiplegic stroke in sub-Saharan Africa was done in 
1994 in the rural Hai district of Tanzania (Table 2).16 It provided 
an age-standardised (Segi world population) prevalence of 
disabling stroke of 154 per 100 000 in men and 114 per 100 000 
in women over 15 years of age.

In 2001, a stroke-prevalence study in Agincourt, rural South 
Africa, with diagnosis of stroke based on the WHO definition 
of stroke, provided an age-standardised (Segi world population) 
stroke prevalence of 290 per 100 000 people over the age of 15 
years (male: 281 per 100 000, females 315 per 100 000).16

The rural Tanzanian (1994) and Agincourt studies (2001) 
both have the advantage of accurate denominators and careful 
assessment of people who screened positive for stroke. However, 
the higher prevalence of stroke in Agincourt may be because 
Agincourt is further along the epidemiological transition, or 
due to the fact that the Tanzanian study included only disabling 
hemiplegic stroke.16 A repeat rural Tanzanian study8,17,39 showed 
an increase in prevalence per 100 000 population from 127 
among people aged 15 years and above in 1994 to 2 300 in 2010 
among people aged 70 years and above (Table 2).8,16,17,39 Similarly, 
as shown in Table 2, comparison between studies performed in 
Egypt in 1993 and 2009 showed an increase in prevalence per 
100 000 population from 508 to 560 (mixed) and 410 to 580 
(urban).

Supporting this increase, two recent studies in Egypt 
produced crude prevalence rates of 92240 and 963 per 100 000 
population (Table 2), with an age-adjusted local prevalence rate 
of 699.2/100 000 and an age-adjusted prevalence relative to 
the standard world population of 980.9/100 000.35 There was a 
significantly higher prevalence of ischaemic (895/100 000) than 
haemorrhagic (68/100 000) stroke. Stroke prevalence was the 
same in rural and urban areas but significantly higher in illiterate 
(2 413/100 000) than literate participants (3 57/100 000).35 

Overall in Africa, the observed population-based prevalence 
rates of stroke survivors were generally high and rising, with a 
pooled crude prevalence rate of 387.9/100 000 population (which 
may be an under-estimate due to the inclusion of the Ethiopian 
study among the 11 studies used for the estimate8) and a range 
of up to 963 per 100 000 all population.8,17,22 This prevalence lies 
within the range of that recorded in other LMICs (500–1 000 per 
100 000) and is in agreement with that found in India (550 per 
100 000), but higher than that recorded in Saudi Arabia (180 per 
100 000) and Italy (140 per 100 000).22 The high prevalence of 
stroke in the study population may reflect the increased exposure 
to risk factors for stroke due to ongoing epidemiological and 
demographic transitions.

Mortality 
Cause-of-death data from Africa are usually not from standard 
vital registration, but are predominantly gathered from verbal 
autopsy studies, police reports, sibling histories, and burial and 
mortuary reports. With the exception of a few higher-quality 
studies, most data on CVD in Africa are from small community 
surveys and hospital-based registries.3,23

Hospital-based data show that NCDs are the leading cause 
of death in Africa. In a rural hospital in Nigeria, NCDs 
constituted 63% of deaths, with stroke being the leading NCD 
cause.45,46 Similarly, hypertension-related NCD deaths led by 
stroke constituted the leading cause of death in a Tanzanian 
hospital from 2009 to 2011.47

Based on verbal autopsies from burial surveillance of 58 010 
deaths in Addis Ababa from 2006 to 2009, about 11% of the 
deaths were attributed to stroke. The mortality rate increased 
with age (15–34 years: 1%; 35–54 years: 7%; 55–74 years: 16%;  
> 74 years: 18%) but there were no differences by gender.48

The Agincourt community-based study in South Africa found 
that stroke caused 6% of all deaths between 1992 and 1995.16 
Stroke was the most common cause of death in the age group 
55–74 years, and the second most common cause of death in 
the age group 35–54 years and the > 75 years group.16 The crude 
stroke mortality rate was 127 per 100 000 over age 35 years.16 In 
a verbal autopsy study in Tanzania, stroke caused 5.5% of adult 
deaths in three regions [Dar-es-Salaam (urban), Hai (prosperous 
rural) and Morogoro (impoverished rural)].16

Age-specific stroke mortality rates in Agincourt and the 
three regions of Tanzania mentioned above may be as high as in 
England and Wales, and perhaps higher in younger age groups, 
but larger studies based on accurate vital registration data are 
clearly needed.16 Such data will produce evidence of any change 
in stroke mortality rate particularly as lifestyle, cardiovascular 
risk burden, population age structure, relative stroke incidence 
and case fatality rates change in Africa. 

The GBD dealt with the problem of absent or low-quality 
epidemiological data from sub-Saharan Africa by incorporating 
covariates (CVD risk factors, national income, differences in 
measurement method) and ‘borrowing strength’ from nearby 
regions and years of observation in CODEm and DisMod-MR 
models; and using standard assumptions about the relationship 
between disease-specific incidence, prevalence, case fatality, and 
mortality in DisMod-MR models.3 The ensemble approach 
combined different model results developed with different 
combinations of covariates and statistical approaches.2,7,49 
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Using these models, the leading CVD cause of death and 
disability in 2010 in sub-Saharan Africa was stroke.3 Furthermore, 
Krishnamurthi50 reported higher age-adjusted stroke mortality 
rates for haemorrhagic stroke in sub-Saharan Africa than in 
North America and Europe.

Overall, the GBD generated an age-standardised stroke 
mortality rate of between 52.0 and 136.7 per 100 000 people 
for 2010.2,49 Indeed there was as much as a 10-fold difference 
between the lowest stroke mortality rates, seen primarily in 
developed nations, and the highest mortality rates, seen primarily 
in numerous countries across central and western Africa and 
other LMIC.5

In addition to comparing the mortality rates at a given time 
point, it is also important to examine the trend to forecast future 
disease burden. In the Seychelles, mortality rates (per 100 000, 
age-standardised to WHO standard population) decreased from 
250/140 (male/female) to 141/86 for stroke, corresponding to 
44/39% over 22 years. However, overall stroke mortality rates 

remained high, emphasising the need to strengthen neurological 
disease prevention and control.2,49

Using the GBD data (Table 3, Fig. 3), percentage change in 
age-standardised ischaemic stroke mortality rates from 1990 to 
2010 ranged between –45.5% (Mauritius) and 95.0% (Burkina 
Faso). Overall, in Africa, there was a statistically significant (p 
= 0.001) median change in age-standardised ischaemic stroke 
mortality rates of –7.5% between 1990 and 2010. Similarly, 
(Table 3, Fig. 5), change in age-standardised haemorrhagic 
stroke mortality rates for the same period ranged between 
–52.2% (Equatorial Guinea) and 67.9% (Burkina Faso). Overall, 
in Africa, there was significant (p < 0.001) median change in 
age-standardised haemorrhagic stroke mortality rates of –12.7% 
between 1990 and 2010.

In the GBD, although age-standardised mortality rates 
decreased between 1990 and 2010 in Africa, crude mortality rates 
increased in sub-Saharan Africa, south Asia, and central and 
Latin America, but decreased in high-income North America, 
western and central Europe, North Africa and the Middle East, 
Australasia, and high-income Asia Pacific.2,49 These changes are 
in keeping with the expected increase in crude mortality rate due 
to the increasing crude incidence.23

Africa is at an earlier stage of health transition with a higher 
ratio of stroke death to coronary death.51,52 As a population 
undergoes health transition, the pattern of vascular disease 
is thought to change from one dominated by stroke, with a 
high proportion caused by cerebral haemorrhage, to a pattern 
dominated by atherosclerotic stroke, coronary heart disease and 
peripheral vascular disease.16,53 This scenario is expected to occur 
in Africa, as suggested by a study exploring the relationship of 
vascular risk factors to stroke type among Africans, in which 
we found age above 61 years and previous transient ischaemic 
attack to be associated with ischaemic stroke, while uncontrolled 
hypertension predicted haemorrhagic stroke.54 

With increasing proportion of the population over 61 years 
and improving control of blood pressure, the proportion of 
ischaemic stroke is expected to rise in African countries.54 
Therefore, relevant components of  the stroke-intervention 
quadrangle (described below) should be tailored toward this 
need to mitigate the burden.54

Case fatality 
Hospital-based studies have demonstrated a one-month case 
fatality rate of between 27 and 46% in Africans.16,32,55 In the 
hospital-based INTERSTROKE study, the one-month case 
fatality rate for stroke was 22% in the African region compared 
to 4% in high-income countries.56 Reports of post-stroke deaths 
in sub-Saharan Africa are, however, unreliable due to factors 
such as limited death certification and lack of coverage of 
primary healthcare services.55 Post-stroke case fatality rates 
should ideally be calculated using community-based studies 
because of the heterogeneity of stroke type and severity, and 
the likelihood that many patients are not admitted to hospital.16

In the Ibadan community-based stroke registry (1975), case 
fatality rate at three weeks was 35% for all strokes and highest 
for cerebral haemorrhage (61%) and subarachnoid hemorrhage 
(62%). However, this case fatality rate may not be very reliable 
because stroke types had most probably been diagnosed 
unreliably without CT scanning.20,57
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In the Tanzanian community-based incident stroke study 
(2003), case fatality rate was 28.7% at 28 days and 84.3% at three 
years. The 28-day case fatality rate was at the lower end of rates 
reported for other LMIC, even when including those identified 
by verbal autopsy, while the three-year case fatality rates were 
notably higher than seen in most developed-world studies. 
Recent studies from the developed world suggest three-year case 
fatality rates of 43 to 54% and five-year case fatality rates of 53 
to 60%.32

In a South African study (published in 2012), 25.5% of 
patients died within three months of discharge and 38% within 
the 12-month follow-up period.58 This high fatality rate may be 
due to the severe scarcity and prohibitive costs of facilities and 
human resources for investigations, acute care and rehabilitation 
of  stroke patients in Africa.6 The region has the lowest 
neurologist-to-population and doctor-to-population ratio in the 
world,6 with an average of one neurologist to one million people 

in comparison to one to 100 000 in high-income countries.6 
With high proportion of the population living below the 

poverty line, the few available facilities for investigation and care 
of stroke patients are not accessible to most of the population 
who have to pay out of their pockets.6,59 For instance, there is 
probably only one multidisciplinary holistic neuro-rehabilitation 
centre in East, West and Central Africa.60, 61

Disability-adjusted life years 
Direct studies of DALYs due to stroke are very rare in Africa. 
The burden of disease due to stroke in South Africa (2008) was 
564 000 DALYs.62 Of this, 17% was contributed by years lost to 
disability (YLD) (14–20% in sensitivity analysis).62 The estimated 
DALYs lost due to stroke was 1 230 per 100 000 in Angola, 
Africa, compared to 200 per 100 000 in Switzerland, Europe in 
2002.53,63

Using the GBD data (Table 3, Fig. 4), percentage change in 
age-standardised ischaemic stroke DALYs from 1990 to 2010 
ranged between –53.1 (Mauritius) and 79.0 (Burkina Faso). 
Overall, in Africa, there was significant (p < 0.001) median 
change in age-standardised ischaemic stroke DALYs of –10.31 
between 1990 and 2010. Similarly (Table 3, Fig. 7), change 
in age-standardised haemorrhagic stroke DALY for the same 
period ranged between –53.8 (Equatorial Guinea) and 51.6 
(Zimbabwe). 

Overall, in Africa, there was a statistically significant (p 
< 0.001) median change in age-standardised haemorrhagic 
stroke DALYs of –18.9 between 1990 and 2010. However, 
stroke remained the leading cause of cardiovascular DALYs in 
sub-Saharan Africa, increasing from 5 930 040 (39.5%) in 1990 
to 7 824 920 (52.0%) of CVD DALYs in 2010.3

Stroke type and risk factors 
The proportion of haemorrhagic stroke in Africa ranges from 29 
to 57%, in comparison with 16 to 20% in North America.53 In the 
INTERSTROKE study, haemorrhagic stroke was 34% in Africa 
and 9% in high-income countries.56 This suggests a higher burden 
of uncontrolled hypertension in Africa, because the proportion 
of haemorrhagic stroke in a population seems to correlate with 
the prevalence and severity of uncontrolled hypertension.16,32,53-55 

Up to 98% of stroke patients in Africa have hypertension.32,53,55 
Ischaemic stroke is more associated with diabetes mellitus, 
cardiac disease, age above 61 years and previous transient 
ischaemic attacks.54 The population-attributable ratio of stroke 
due to hypertension in South Africa in 2000 was 50%,64 and 60% 
in North Africa.65

Hypertension 
Hypertension, once rare in West Africa, is emerging as a serious 
endemic threat. It has been referred to as a silent killer, as it often 
has no early detectable symptoms despite being a major cause 
of serious health conditions, including heart disease, stroke and 
renal disease.66 Of the 10 predominant modifiable risk factors 
accounting for 90% of the risk of stroke, hypertension is the 
strongest.56 

Prevalence rates for hypertension vary across and within 
regions in Africa. An analysis of all national data in Zimbabwe 
in the 1990s found that between 1990 and 1997, the national 
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crude prevalence of hypertension increased from one to 4%. 
According to Adedoyin et al., up to 36.6% of adult Nigerians 
were hypertensive in 2008.67 

The impact of migration from rural to urban areas was 
demonstrated in a longitudinal study in Kenya, in which moving 
from a rural to an urban setting produced significant increases 
in blood pressure within a short time. Growing migration from 
rural to urban areas also portends a worsening prevalence of 
hypertension as migrants adopt lifestyle changes in physical 
activity, dietary habits and stress levels. Regardless of gender 
or type of community, advancing age is associated with an 
increased prevalence of hypertension, and this implies a greater 
burden of hypertension (and indeed stroke)68 as population aging 
occurs in Africa.67-69

Several surveys have demonstrated a very low prevalence 
of hypertension awareness and control (BP < 140/90 mmHg) 
in Africa. In Tanzania, slightly less than 20% of hypertensive 
subjects were aware of their diagnosis, approximately 10% of 
them were treated, and < 1% were controlled.70 A survey in 
Ghana showed that 34% were aware of their condition, of whom 
18% were treated and only 4% were controlled. However, in the 
United States, 69% of hypertensive subjects were aware of their 
diagnosis, 58% of them were treated, and 31% were controlled.70 
The low prevalence of awareness, treatment, and control of 
hypertension poses a serious challenge for stroke prevention in 
Africa.70 This scenario also applies to several other NCDs such 
as diabetes mellitus and dyslipidaemia, which are on the increase 
in Africa.66

Type 2 diabetes mellitus
According to International Diabetes Federation (IDF), the 
current estimated prevalence rate of type 2 diabetes in Africa 
is about 2.8%. Countries such as Malawi and Ethiopia have 
rates under 2%, whereas Ghana, Sudan and South Africa have 
prevalence rates over 3%.66 Currently, there are 10.4 million 
individuals with diabetes in sub-Saharan Africa, representing 
4.2% of the global population with diabetes. By 2025, it is 
estimated that this figure will have increased by 80% to reach 
18.7 million in this region, with a higher prevalence in the urban 
areas.66 Studies indicate that an aging population, coupled 
with rapid urbanisation, is expected to lead to the increasing 
prevalence of diabetes in Africa.66

Dyslipidaemia
Dyslipidaemia has emerged as an important risk factor in 
Africa. For example, Norman and colleagues found that high 
cholesterol levels (≥ 3.8 mmol/l) accounted for 59% of ischaemic 
heart disease and 29% of ischaemic stroke burden in adults aged 
30 years and over.66 The prevalence of dyslipidaemia, especially 
cholesterol has been shown to vary across regions in Africa. 

In a study of healthy workers in Nigeria, 5% of the study 
population had hypercholesterolaemia, 23% elevated total serum 
cholesterol levels, 51% elevated low-density lipoprotein (LDL) 
cholesterol levels and 60% low high-density lipoprotein (HDL) 
cholesterol levels, with females recording better overall lipid 
profiles.66 Population-based studies in Tanzania and Gambia also 
showed elevated total serum cholesterol levels of > 5.2 mmol/l 
in up to 25% of people aged > 35 years. Elevated cholesterol 
levels appear to be more prevalent in urban areas and among the 
higher socio-economic classes. 66

Other factors 
The epidemic of stroke, hypertension, diabetes and dyslipidaemia 
in Africa is driven by multiple factors working collectively. 
Obesity and lifestyle factors such as poor diet, sedentary lifestyle 
and smoking contribute to the increasing rates of stroke in 
Africa. 

In a meta-analysis among West African populations, the 
prevalence of obesity was 10.0%. A study in Benin found that 
abdominal obesity was positively associated with increased 
probability of the metabolic syndrome. Obesity was a predominant 
risk factor for women compared to men, but smoking was 
mostly a risk factor for men.66 Additionally, structural and 
system-level issues such as lack of infrastructure for healthcare, 
urbanisation, poverty and lack of government programmes also 
drive this epidemic and hamper proper prevention, surveillance 
and treatment efforts.66

Carotid atherosclerosis measured by increased carotid 
intima–media thickness (CIMT) and carotid diameter have 
been associated with stroke among Africans.54,71-73 Furthermore 
white matter hyperintensities may be a risk factor for stroke in 
Africans.74

Elevated homocysteine levels (associated with cardiovascular 
endothelial injury)75,76 and the metabolic syndrome (implying 
concomitant hypertension, obesity, dyslipidaemia, and/or 
hyperglycaemia)77 have also been documented as risk factors for 
stroke in Africans.

Unique aspects of stroke survivors in Africa 
In Nigerian Africans, stroke impairs all facets of health-related 
quality of life (HRQOL), particularly domains in the physical 
sphere (physical, cognitive, psycho-emotional and eco-social 
domains). The severity of impairment correlates with stroke 
severity.78-80 Many of these disabling strokes occur in young 
people. Stroke occurs at a younger mean age of 57 years in 
Africa compared to 66.0 years in high-income countries (HICs); 
in those ≤ 45 years: 24% in Africa, 8% in HICs).53,56 

Overall, stroke tended to occur in a younger population in 
Africans compared to high-income countries.53,56 This may be 
due to genetic factors, a high proportion of undiagnosed and 
uncontrolled hypertension, the shorter life expectancy in African 
countries and a higher proportion of younger people.53,81 

Stroke is a leading cause of late-onset seizure disorder among 
Africans.82 It accounts for 22.5% of seizures after the age of 25 
years.82 In a Nigerian study, the most common seizure type was 
simple partial, while the most common electro-encephalographic 
finding was the presence of focal epileptiform discharges, 
followed by focal slowing.82 At the three-month follow up, 52% 
of the patients had good seizure control.82 In other studies, 48.3% 
of Nigerian stroke patients had vascular cognitive impairment,83 
while major depression was found among 30% of African stroke 
patients.84 Despite these deleterious consequences of stroke, there 
is poor community awareness of its risk factors and warning 
signs in Ghana,84,85 and poor awareness of its risk factors and 
features among hospital workers in Nigeria.83

Cost of care
The economic burden of stroke is considerable. The cost of 
stroke for the year 2002 was estimated to be as high as $49.4 
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billion in the United States, while costs after hospital discharge 
were estimated to amount to 2.9 billion Euros in France.16,70,86,87 
Clearly, even a fraction of such amounts can cause enormous 
economic damage to low-income countries.70

There are very few studies on the cost of stroke care in Africa. 
A study in Togo estimated direct cost per person of 936 Euros 
in only 17 days, about 170 times more than the average annual 
heath spend of a Togolese.88 Subsidising and improving post-
stroke care may help to reduce stroke case fatality rates and 
morbidity in Africa.89

The gaps
Although age-standardised rates of  stroke mortality have 
decreased worldwide in the past two decades, the absolute 
number of people who have a stroke every year, stroke survivors, 
related deaths, and the overall global burden of stroke (DALYs 
lost) are great and increasing. Further studies are needed to 
improve understanding of stroke determinants and burden 
worldwide, and to establish causes of disparities, and changes in 
trends in stroke burden between countries of different income 
levels.2 

In Africa, despite the enormous and growing burden, 
numerous gaps have been identified in the required data and 
interventions to tame the scourge. For most of the direct 
observational studies and models, a time lag of about three 
to six years was observed between data collection, analyses 
and publication. There is incomplete understanding of the 
pattern and determinants of stroke occurrence, type, subtype, 
outcome, complications and burden. Furthermore, the incidence, 
prevalence, relative risk, and population-attributable risks (PAR) 
of genomic and environmental risk factors for stroke among 
Africans are not known. Assessment of hypertension and 
its risk factors is needed.90 Accurate population demographic 
information essential for determining rates is also needed.

Moreover, causes of disparities and changes in trends of 
stroke burden in LMIC/HIC, whites/Africans, as well as the 
genomic architecture of stroke among Africans are unknown. 
The peculiar genomic, gene–environment and environmental 
risk, and protective factors for stroke occurrence, pattern, type, 
subtype, outcome and current incidence velocity among people 
of African ancestry is unclear. There is also a need for indicators 
and determinants of blood pressure levels and dietary intake.

Shaping the future
Projections based on the current trends, incidence velocity, risk-
factor prevalence, population-attributable risks, and relative 
risk for risk factors concluded that by 2030, stroke will be the 
second leading cause of death globally, the first leading cause of 
death in middle-income countries and the third in low-income 
countries. 91

The stroke quadrangle is hereby proposed as a holistic 
synergy of four pillars aimed at reversing the rising burden. 
This approach is consistent with the successful high-impact 
interventions implemented in the United States over the past 
five decades,68 as well as the global stroke burden-reduction 
objectives from the World Stroke Association (http://www.world-
stroke.org/) and the World Hypertension League (http://www.
worldhypertensionleague.org/), which has resulted in a decline 

in stroke burden in high-income countries.2 It is expected that if  
resources are applied efficiently in a similar manner in LMICs, 
the burden of stroke will be reduced. These resources include:
•	 synergistic epidemiological surveillance and research networks 

exploring and monitoring trends in the burden, pattern and 
determinants (gene, environment, gene–gene, gene–environ-
ment, transcriptomics, etc) such as the Stroke Investigative 
Research and Educational Network (SIREN) project

•	 primordial, primary and secondary prevention programmes 
at individual, family, systems and community levels, e.g. the 
Tailored Hospital-based Risk reduction to Impede Vascular 
Events after Stroke (THRIVES) project,10,92,93 improvement of 
stroke literacy and early recognition

•	 acute stroke care facilities with rapid evacuation services
•	 stroke rehabilitation and recovery services.

Conclusions
In contrast to the declining stroke rates in several developed 
countries, the incidence of  stroke in Africa, especially 
haemorrhagic stroke, has risen substantially over the last 20 
years. This rise can only be expected to continue unabated unless 
widespread coordinated efforts based on plausible paradigms 
that incorporate established and accumulating scientific evidence 
are promptly instituted. 

The results of this assessment suggest intervention models 
such as ‘the stroke quadrangle’ implemented through the SIREN 
project may be an effective effort to catalyse risk reduction in 
this global high-risk population. SIREN is poised to identify 
the unique risk factors (genetic and environmental) associated 
with stroke occurrence, type, subtype, pattern and outcome in 
black Africans (in Africa and the USA). SIREN is designed to 
substantially enhance our understanding of factors that could 
be addressed to improve stroke outcomes, and possibly other 
vascular disease entities such as coronary artery disease and 
chronic kidney disease in people of African ancestry. 

Over 3 000 case–control African pairs will be compared 
to 1 000 African-Americans and 12 000 white Americans 
in the Reasons for Geographic and Racial Differences in 
Stroke (REGARDS) study. The study aims to discover/explore 
potentially modifiable genetic pathways to stroke risk that may 
be common to people of African ancestry. 

Key messages
•	 Accurate epidemiological data on stroke in Africa is 

scanty.
•	 However, age-adjusted standardised annual stroke inci-

dence rates may be up to 316 per 100 000, and age-
adjusted standardised prevalence rates may be up to 981 
per 100 000.

•	 From the Global Burden of Disease model-based esti-
mates, stroke incidence appears to be increasing in Africa.

•	 Rigorous comprehensive and prospective epidemiologi-
cal surveillance is urgently needed to assess and monitor 
the actual burden and determinants as well as the epide-
miological trend of stroke in Africa.

•	 Appropriate intervention paradigms such as the stroke 
quadrangle are urgently required. 

http://www.world-stroke.org/
http://www.world-stroke.org/
http://www.worldhypertensionleague.org/
http://www.worldhypertensionleague.org/
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Stroke genomics in people of african ancestry:  
charting new paths
RO Akinyemi, B Ovbiagele, A Akpalu, C Jenkins, K Sagoe, L Owolabi, F Sarfo, R Obiako, M Gebreziabher, 
E Melikam, S Warth, O Arulogun, D Lackland, A Ogunniyi, H Tiwari, RN Kalaria, D Arnett, MO Owolabi,  
for the SIREN investigators as members of the H3Africa Consortium

abstract
One in six people worldwide will experience a stroke in his/
her lifetime. While people in Africa carry a disproportionately 
higher burden of poor stroke outcomes, compared to the rest 
of the world, the exact contribution of genomic factors to 
this disparity is unknown. Despite noteworthy research into 
stroke genomics, studies exploring the genetic contribution to 
stroke among populations of African ancestry in the United 
States are few. Furthermore, genomics data in populations 
living in Africa are lacking. The wide genomic variation of 
African populations offers a unique opportunity to identify 
genomic variants with causal relationships to stroke across 
different ethnic groups. The Stroke Investigative Research and 
Educational Network (SIREN), a component of the Human 
Health and Heredity in Africa (H3Africa) Consortium, aims 
to explore genomic and environmental risk factors for stroke 
in populations of African ancestry in West Africa and the 
United States. In this article, we review the literature on the 
genomics of stroke with particular emphasis on populations 
of African origin.

Keywords: stroke, cerebrovascular risk factors, genomics, genet-
ics, Nigeria, Ghana, Africa, African ancestry

Cardiovasc J Afr 2015; 26: S39–S49 www.cvja.co.za

DOI: 10.5830/CVJA-2015-039 

Stroke is the clinical culmination of several complex processes 
and interacting pathways that involve various genetic and 
environmental factors.1 However, the exact nature and level of 
the contribution of genetic factors to stroke and its different 
subtypes have not been clearly established. Presumably, genetic 
contributions to stroke may result from common variants 
with small effect sizes, rare variants with large effect sizes, 
or a combination of both.2-4 Nevertheless, studies exploring 
the genetic underpinnings of the peculiarities of stroke in 
populations of African ancestry in the United States are few,3,5-7 
while there are hardly any data on populations living in Africa. 

The diverse genomic variation of African populations8-10 offers 
a unique opportunity to identify novel genes and molecular 
pathways of stroke that may lead to new and better prevention 
and treatment options for stroke in people of African ancestry 
and other global populations. Understanding the interplay of 
genetic and environmental risk factors for stroke is critical to 
the prediction of its occurrence, severity and outcome as well as 
the formulation of successful tailored treatment and prevention 
programmes. In addition, the biology of stroke subtypes will be 
better deciphered.

In this review article, we provide an overview of the changing 
global and in particular, African epidemiology of stroke, the 
known peculiarities of stroke in Africa, extant literature on 
the genomics of stroke and cerebrovascular risk factors, with 
particular attention to people of African ancestry, as well as 
opportunities for charting new paths through the Human, 
Health and Heredity in Africa (H3Africa) initiative.11,12
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Changing global and african epidemiology of 
stroke
Stroke has attracted global attention, as one in six people will 
develop stroke in their lifetime.13,14 Stroke is a significant medical 
and public health problem, with loss of productivity and burden 
on families, caregivers and society.13-15 The lifetime risk of stroke is 
one in five women and one in six men.13 Stroke is the most common 
cause of acquired disability and the second most common cause 
of death worldwide.. The World Health Organisation (WHO) 
estimates for 2001 indicated that death from stroke and disability-
adjusted life years (DALYs) due to stroke was at least seven times 
higher in low- and middle-income countries (LMIC) than in high-
income countries (HIC).16 Recent incidence estimates17,18 indicate 
that whereas stroke incidence declined 12% in HIC, it increased 
by 12% in LMIC over the last decade. 

Africa, in epidemiological transition,19,20 is currently faced 
with an exploding but neglected burden of non-communicable 
diseases (NCDs), including hypertension, diabetes mellitus and 
dyslipidaemia, which often culminate in stroke. The recent 
United Nations high-level meeting on the global burden of NCDs 
highlighted their disproportionately high burden and stressed the 
urgent need to tackle them, particularly in developing countries. 

The burgeoning incidence of stroke in Africa is attributable 
to rising cardiovascular risk profile, which is in turn driven 
by epidemiological transition, an aging population, rapid 
urbanisation and accompanying lifestyle changes. Africa, with 
a current population of over one billion, has a stroke prevalence 
rate of up to 963/100 000 population,21 an incidence rate of up to 
315/100 000 population and a three-year mortality rate as high 
as 84%. About 3.2 million Africans develop incident stroke every 
year.15 Recent data from Nigeria, Tanzania and Sudan showed 
that stroke was the leading cause of elderly medical admissions,22 
while up to 78% of neurological hospital admissions were due 
to stroke.23 The impact of this on mental capacity, quality of 
life and economic productivity portends great danger for the 
emerging economies of Africa.24-26 

peculiarities of stroke in people of african 
ancestry
Enhanced predisposition, different pattern of subtypes, worse 
severity and often poorer outcome of stroke in people of African 
descent is quite well established. According to data from the 
INTERSTROKE study, ischaemic stroke accounts for 66% 
while haemorrhagic stroke accounts for 34% in Africa, compared 
to 91 and 9%, respectively for ischaemic and haemorrhagic 
stroke in HIC. Ischaemic stroke subtypes diagnosed in African 
populations were small vessel (27%), cardio-embolism (25%), 
large vessel (14%), others (20%) and undetermined (14%).27 

Among sub-Saharan Africans, stroke affects a relatively 
younger age group and productive workforce than in developed 
economies.27,28 Data from the USA suggest that African Americans 
have a higher predisposition, worse severity and often poorer 
outcomes compared to Caucasian Americans.29,30 In a recent report 
from the multi-ethnic South London Stroke Registry study, black 
stroke survivors had worse cognitive outcome compared to other 
racial groups.31 Although, this may be due to socio-economic 
differences, disparities in healthcare-seeking practices and 
differential access to healthcare services, the influence of underlying 
differences in genetic factors cannot be underestimated.32,33

Genomics and health disparities
Genetics and genomics research offer insight into disparities 
in the risk profile, phenotypes and outcome of diseases among 
different populations as a result of accumulated small differences 
in common alleles or rare variants, interactions among multiple 
genetic loci and interactions between genes and environmental 
factors, which may include cultural practices and health-seeking 
behaviour.34,35 The potential of treatment approaches tailored 
to individual, unique genomic profiles represents a distinct 
potential impact of genomics on improving health disparities. 
Also, the globalisation of complex chronic diseases further 
suggests that all populations are susceptible, and that variation in 
rates may also be explained as a result of differential exposure to 
environmental causes, including lifestyles, cultural practices and 
health-seeking behaviours.36

african human genomic variation
African populations present the highest genomic diversity, 
the lowest levels and most divergent patterns of  linkage 
disequilibrium, as well as smaller haplotype block sizes across 
human populations.8,37 Although the human species is believed 
to have originated from Africa about 200 000 years ago, 
studies of genomic variation in Africa suggest that the present 
pattern of variation within and between populations is a 
product of several factors. These include demographic history, 
population structure, diversities of  geographical location, 
language classification and different patterns of subsistence, 
dietary differences, multiple migrations with accompanying high 
levels of genetic admixture and survival related to exposure to 
infectious diseases.38,39

For example, Tishkoff and colleagues8 identified 14 ancestral 
population clusters in Africa with four predominant clusters that 
broadly represent populations from major African geographical 
regions and the four dominant African language families. These 
are Niger-Kordofanian (spoken primarily by agriculturalist 
populations located in large contiguous regions of sub-Saharan 
Africa from West Africa to eastern and southern Africa), Nilo-
Saharan (spoken predominantly by pastoralist populations in 
central and eastern Africa), Afro-Asiatic (spoken predominantly 
by agro-pastoralists and pastoralist populations in northern and 
eastern Africa), and Khoisan (a language family that contains 
click consonants, spoken by hunter–gatherer San populations 
in southern Africa as well as the Hadza and Sandawe hunter–
gatherers in Tanzania). The remaining 10 are mainly restricted 
to specific geographic regions, languages, or in some cases, 
individual populations. 

More recently, Shriner and colleagues9 analysed ancestry data 
from 12 global and regional diversity projects with genome-wide 
genotype data for 3 528 unrelated individuals from 163 samples 
from around the world. They identified 19 ancestral components 
with 94.4% of individuals showing mixed ancestry. Furthermore, 
they validated the earlier findings of Tishkoff and colleagues 
and identified an additional ancestral component in Africa, the 
Omotic-speaking peoples of Ethiopia.

Our knowledge of African human genomic variation is 
growing. This was previously limited by the small number of 
African populations involved in landmark projects such as 
the International HapMap project40 and the more recent 1 000 
Genomes project.41 In these projects, participation was limited 
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to largely Niger-Kordofanian-speaking Yoruba and Esan from 
Nigeria, Mende from Sierra Leone, Bantu-speaking Luhya from 
Kenya, and Nilo-Saharan-speaking Maasai from Kenya. A 
large proportion of African human genomic variation therefore 
remained unexplored. 

However, recent data from the African Genome Variation 
project (AGVP) have provided evidence and more detailed 
characterisation of African genomic diversity.10 The AGVP 
utilised dense genotypes from 1 481 individuals and whole-
genome sequences from 320 individuals across sub-Saharan 
Africa. Novel evidence of  complex, regionally distinct 
widespread hunter–gatherer and Eurasian admixture across 
sub-Saharan Africa was apparent and substantial hunter–
gatherer and Eurasian ancestry admixture of up to 23 and 
50%, respectively, were found in many African populations with 
detailed chronology of the timing of the admixture. For instance, 
whereas the Eurasian admixture among the Yoruba occurred 
7 500–10 500 years ago, it was more recent among the Fula tribe 
of Gambia, occurring only about 320–780 years ago. 

These admixtures provide evidence for back-to-Africa 
migration, the existence of hunter–gatherer populations in 
West Africa and a pattern of gene flow consistent with the 
Bantu expansion. The AGVP also found new loci related to 
susceptibility, pathogenesis, severity and outcome of several 
diseases, including malaria, Lassa fever, trypanosomiasis, 
trachoma and hypertension. For instance, they identified highly 
differentiated variants within genes involved in osmoregulation 
(ATP1A1 and AQP2), deregulation of AQP2 expression, and 
loss-of-function mutations in ATP1A1 have been associated with 
essential and secondary hypertension, respectively.42,43 The study 
also established an efficient genotype array design capturing 
common genetic variation in Africa, which would be useful for 
future African genomic studies.11,12

african american genomic variation
African Americans have mixed ancestry originating from Africa 
and other continents, especially Europe. Studies have shown the 
average amount of African ancestry in African Americans to 
be about 80% (predominantly of western and central African 
origin),8,44,45 although there is substantial variation in the level 
of African ancestry in individual African Americans, as the 
proportion of African ancestry in a given individual can range 
from one to 99%.39 

Genomic variation and related phenotype data on variable 
traits contribute novel information useful for identifying 
population-specific variants that play a role in gene function, 
phenotypic adaptation and susceptibility to complex diseases, 
such as stroke in Africans and populations of African descent. 
The APOE ε4 allele, a well-studied example that contributes to 
a small extent to individual and population risks of traits such 
as stroke, heart disease and dementia, is found in virtually all 
populations, albeit at varying rates. The frequency of homo- or 
heterogeneous APO ε4 alleles varies across populations but 
confers different attributable risks of Alzheimer’s disease; the 
risk being higher among the Japanese but much lower among 
people of African ancestry with higher allele frequencies. This 
suggests possible intervening roles for epigenetic interactions 
from certain modifier genes or some other environmental 
factors.34

Genomics of stroke and cerebrovascular risk 
factors
Stroke is a complex polygenic, heterogeneous and multifactorial 
disorder involving many complex mechanisms, intermediate 
phenotypes and the interplay of genetic and non-genetic factors. 
Evidence from twin studies, family history studies, animal models 
and heritability studies of vascular risk factors and intermediate 
phenotypes suggests a likely significant contribution of genetic 
factors to the neurobiology and phenomenology of stroke.1,4,46

Family history and heritability
Among individuals with a positive family history of stroke, there 
is an increased risk of stroke, which may be due to expression 
of genetic susceptibility, a shared environment or both.47 In the 
Family Heart study, personal and familial histories of stroke 
were assessed in 3 168 individuals (probands) who were at 
least 45 years old and 29 325 of their first-degree relatives. The 
odds of stroke were 2.00 (1.13–3.54) for a positive paternal and 
1.41 (0.80–2.50) for a positive maternal history of stroke after 
adjusting for age, gender, ethnicity and presence of vascular risk 
factors, and the pattern was similar between African Americans 
and European Americans.48 

In a systematic review of the heritability of stroke in 53 
independent studies (three twin studies, 33 case–control studies 
and 17 cohort studies), it was found that monozygotic twins 
were more likely to be concordant than dizygotic twins (OR, 
1.65; 95% CI, 1.2–2.3; p = 0.003) while a positive family history 
was a risk factor for stroke in both case–control (OR, 1.76; 95% 
CI, 1.7–1.9; p < 0.00001) and cohort (OR, 1.30; 95% CI, 1.2–1.5; 
p < 0.00001) studies. Besides, positive family history was more 
associated with small-vessel and large-vessel strokes.49 

Cerebrovascular risk factors
Genomic factors may contribute to the neurobiology of stroke 
through their influence on established risk factors, such as 
hypertension, diabetes, dyslipidaemia, obesity and cigarette 
smoking or through their influence on intermediate phenotypes, 
such as white matter hyperintensities (WMH) and carotid intima–
media thickness (CIMT). For instance, research evidence has shown 
racial and ethnic disparities in cardiovascular and cerebrovascular 
diseases, with Americans of African ancestry showing a higher 
prevalence of hypertension and earlier onset, and faster and 
more severe end-organ damage, including stroke.50 Apart from 
non-inherited factors such as lifestyles, health-related practices, 
socio-economic profile and differential access to healthcare, 
genetic factors contributed significantly to this disparity.32

A recent genome-wide association study (GWAS) of 
hypertension and blood pressure in African Americans using 
the pathway-focused approach established the genome-wide 
significant association of the genetic variants PMS1, SLC24A4, 
YWHA7, IPO7 and CACANA1H with systolic blood pressure 
levels, with significant replication of some single-nucleotide 
polymorphisms (SNPs) in a sample of West Africans.51 Using 
a similar approach, a more recent study has found association 
between multiple variants in several genes in the adrenergic 
alpha-1 receptor (ADRA1) pathway and hypertension in Yoruba 
Nigerians.52 A meta-analysis of genome-wide linkage scans for 
blood pressure variation in Nigerians and African Americans 
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reported association in two loci: 2p14 –p13.1 and 7p21.3 –p15.3, 
the second locus being attributed to the Nigerian sample and 
suggesting a unique locus for blood pressure variation in people 
of African ancestry.53 

In the GenHAT study evaluating the pharmacogenetic effects 
of candidate gene complexes on stroke, significant genetic 
difference was found between hypertension drug treatment 
groups in patients who had experienced stroke, especially among 
African Americans and non-Hispanic whites.54 Given the fact 
that hypertension is the most dominant risk factor for stroke 
among people of African ancestry in Africa,15,24,27,28 and the 
diaspora,30,50 it would be worthwhile exploring the possible 
contribution of these hypertension-related genotypes in people 
of African ancestry.

A Nigerian study assessed glucose and insulin responses to an 
oral glucose load among offspring of parents with type 2 diabetes 
mellitus (T2DM) and found higher levels of fasting plasma 
glucose, fasting plasma insulin, and two-hour post-glucose load 
plasma insulin, indicating a higher risk for developing diabetes.55 
A Cameroonian case–control pedigree study showed increased 
prevalence of diabetes and impaired glucose tolerance in the 
offspring of parents with T2DM.56 

The Africa America Diabetes Mellitus (AADM) study has 
utilised genome-wide linkage and association studies to provide 
insight into the genomics of T2DM in Niger-Kordofanian 
African populations of Nigeria and Ghana. Multiple linkage 
analysis provided evidence of regions of chromosome 12, 
19 and 20 (the strongest being 20q13.3).57 The loci found to 
influence C-peptide plasma levels (10q23, 4p15) were found 
to harbour multiple T2DM candidate genes [phosphatase and 
tensin homolog (PTEN), protein phosphatase 1, regulatory 
subunit 3C (PPP1R3C), insulin degrading enzyme (IDE), and 
peroxisome proliferator activated receptor gamma, coactivator 
1 alpha (PPARGC1)].58 Collaborative GWAS and other studies 
have identified further susceptibility (CDKAL1, CAPN10, 
TCF7L2 variants and PPARG variants) and protective loci 
(TCF2, AGRP -38C/T).57 

Chronic kidney disease (CKD) is an identified risk factor for 
cerebral vascular disease.59 Multiple common SNPs in the gene 
that encodes non-muscle myosin heavy-chain type II isoform A 
(MYH9) have been associated with an increase in the risk of 
focal segmental glomerulosclerosis and end-stage renal disease,60 
while more recently the apolipoprotein L1 (APOL1) gene has 
been identified as a risk locus for CKD in African Americans, 
and replications confirmed in Nigerian Yoruba CKD patients.61,62 

In Africa, APOL1 confers resistance to infection from 
Trypanosoma brucei brucei, one of the trypanosomes that cause 
African sleeping sickness and it is believed that its evolutionary 
history lies in its positive selection due to its protection against 
sleeping sickness.63 Interestingly, an inverse relationship between 
high-density lipoprotein cholesterol (HDL-C) and kidney 
function in African ancestry populations has also been described 
in individuals with the nephropathy risk APOL1 gene.64 Higher 
HDL-C was associated with worse kidney function in those with 
the risk genotype, while no association was observed among 
those without the genotype. Therefore, the increasing incidence of 
cardiovascular disorders (CVDs) in Africa along with the evidence 
of genetic variants that increase susceptibility to CVDs signals 
the need for large-scale genomic epidemiology studies in Africa in 
search of other putative protective and susceptibility loci.12

Population-attributable risks of  genetic variants differ 
depending on whether they are monogenic, common variants 
or rare variants of multiple genes of polygenic disorders.2,3 More 
important, however, is the functional significance of the variants 
in the biological pathways where their gene products contribute 
to the biology of the disease and may possibly be of therapeutic 
or preventative importance.65 This is the major thrust of our 
proposed study of genetic variants relevant to stroke in people of 
African ancestry. African representation in the 1 000 Genomes 
study is limited,41 while the H3Africa projects11 offer robust 
opportunities for detailed exploration of genomic data relevant 
to African and global populations.

intermediate phenotypes: wMH and CiMt
Both twin and family studies have shown that magnetic resonance 
imaging of white matter hyperintensities has shown a heritability 
(proportion of variation explained by genetic factors) of up to 
70%.66 CIMT measured by ultrasound and believed to represent 
the early stages of atherosclerosis and related to large-artery 
stroke has been estimated to have a heritability of between 30 
and 70%.67 

Monogenic stroke disorders
Monogenic disorders may cause stroke as part of multi-systemic 
manifestations or solely as a clinical phenotype limited to the 
central nervous system. They are important for individual 
patients but may not account for much population-attributable 
risk.46

Sickle cell disease (SCD) is of particular importance in 
people of African ancestry. It is caused by a point mutation 
at codon 6 of the beta-globin gene, leading to a glutamic acid 
to valine (Glu→Val) substitution in the beta-globin chain of 
human adult haemoglobin, and producing sickle haemoglobin 
(HbS). Inherited autosomal recessively, either two copies of 
HbS or one copy of HbS plus another beta-globin variant (such 
as HbC) are required for disease expression. HbS carriers are 
protected from malaria infection, and this selective pressure is 
believed to have led to the high frequency of HbS (up to 40%) 
in individuals of African ancestry, especially in areas of high 
malaria endemicity.68,69 

The spread of SCD to the Americas is inextricably linked to 
slavery and the large-scale forced translocation of populations 
from West Africa.70 Large- or small-vessel cerebral ‘vasculopathy’ 
characterised by proximal intracranial arterial stenoses, often 
leading to a moyamoya pattern, commonly complicates SCD 
and may manifest as abnormal transcranial Doppler velocity (> 
200 cm/s) or frank stroke, particularly in younger patients with 
sickle cell anaemia, while complicated (hemiplegic) migraine 
was previously reported in Nigerian adults with sickle cell trait 
(HbAS).71 By middle age, up to 25% of SCD patients develop 
overt stroke.72

Certain genetic polymorphisms may be associated with stroke 
in SCD as modifier genes. For instance whereas α-thalassaemia 
genes may be protective, mutations in the glucose-6-phosphate 
dehydrogenase (G6PD) genes and certain SNPs, including 
ANXA2, rs11853426, TEK rs489347, and TGFBR3 rs284875 
variants, have been associated with increased stroke risk.73 A 
recent whole-exome sequencing (WES) study identified two 
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modifier mutations GOLGB1 (Y1212C) and ENPP1 (K173Q) 
associated with protection from stroke in a cohort of children 
with sickle cell anaemia.74 

However, the interactions between SCD, its associated modifier 
genes, and environmental factors to produce an intermediate 
phenotype (TCD velocity > 200 cm/s) and stroke have not 
been examined in people of indigenous sub-Saharan Africa. 
Knowledge of these interactions and the metabolic pathways 
involved may unmask targets for preventative and therapeutic 
interventions in the sub-population of people living with SCD.

Cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy (CADASIL) is associated 
with mutations in the NOTCH3 gene and presents with migraine 
headache, followed by depression and ischaemic stroke in the 
deep gray structures and subcortical white matter, cognitive 
decline, and dementia.75,76 A model of small-vessel disease, the 
first case of CADASIL in populations of African ancestry, 
was recently reported in a 73-year-old African American with 
a 15-base-pair heterozygous duplication of the exon 7 of 
the NOTCH 3 gene.77 Other related monogenic small-vessel 
cerebrovascular disorders include cerebral autosomal recessive 
arteriopathy with subcortical infarcts and leukoencephalopathy 
(CARASIL), retinal vasculopathy with cerebral leukodystrophy 
(RVCL), and Fabry disease.78

Genetic linkage studies 
Genetic linkage studies have contributed to our understanding 
of the heritability of stroke and especially chromosomal regions 
and sub-regions involved, even though most studies have focused 
more on the ischaemic phenotype. Table 1 shows findings 
from a few linkage studies in stroke,79-82 including genome-wide 
linkage studies. Much of these findings are further confirmed 
by more specific candidate gene analysis and the more rigorous 
approaches of association studies. A relative strength of linkage 
studies is the feasibility of working with a few hundred subjects 
using the case–control approach. 

Stroke candidate genes
Identification of  the phosphodiesterase 4D (PDE4D) and 
5-lipoxygenase activating protein (ALOX5AP) genes through 
linkage analysis by the Icelandic Decode group was a significant 
landmark in the history of stroke genomics.1,2,4 The rs918592 
SNP variant of PDE4D was found to be significantly associated 

with stroke in current smokers in an African American cohort,7 
while mutations in the NOS3 have also been significantly 
associated with large-artery stroke in African Americans.6 Other 
variants significantly associated with ischaemic stroke in African 
Americans include the IL6R polymorphisms and the kappa-
casein gene CSN3 found on chromosome 4, the latter through 
exome sequencing.3,5 

The genetics of  intracerebral haemorrhage (ICH) has 
also been explored through a range of candidate gene and 
GWAS approaches. Genes involved in the renin–angiotensin–
aldosterone system, coagulation pathway, lipid metabolism, 
homocysteine metabolism and inflammation are among the 
most explored.83 The APOE ε2 and APOE ε4 genes have been 
associated with lobal ICH in Caucasian, Asian and African 
American populations with a high prevalence of  cerebral 
amyloid angiopathy (CAA).84,85 

The association of APOE ε4 genes with deep ICH is rather 
inconsistent.85 It is widely accepted that CAA is a frequent cause 
of ICH and the presence of an APOE ε4 allele substantially 
increases the risk of CAA.86 Whether the risk of CAA or ICH 
is different in Africans is uncertain but it has long been known 
that the frequency of the APOE ε4 alleles, irrespective of tribal 
origin, is highly represented in the general African population.87

Deep ICH is also more aetiologically related to hypertensive 
chronic small-vessel disease and is likely to be more relevant 
in African populations where hypertension is the dominant 
stroke risk factor. Other genes with significant polymorphisms 
related to ICH include the methylenetetrahydrofolatereductase 
(MTHFR), interleukin-6, tumour necrosis factor-α, angiotensin 
converting enzyme (ACE), factor VII, factor XIII, platelet 
activating factor and β-tubulin, although most are described in 
populations of non-African ancestry.83

Stroke GwaS and wES studies
The candidate genes approach has proved disappointing in 
identifying genes contributing to the risk of multifactorial or 
polygenic stroke. This is a situation shared with other complex 
diseases.88 Recently, the GWAS approach has revolutionised the 
field of stroke genetics. GWAS enables markers spanning the 
whole genome to be genotyped in a single experiment. Using 
a case–control methodology and rigorous statistical methods 
to account for the multiple comparisons made, associations 
between completely unexpected chromosomal loci and disease 
can be identified.88,89

table 1. Genetic linkage studies in stroke

First author (year) Study type Phenotype Sample Salient findings

Craig et al. (1998)74 Linkage analysis Cerebral 
cavernous 
malformation

20 non-Hispanic 
Caucasian families

CCM – 1(7q) (found in Hispanic Americans), CCM2 (7p13-15) and 
CCM3 at 3q25.2-27 all found in non-Hispanic Caucasian families.

Nilsson-Ardnor et 
al. (2007)76

Genome-wide 
linkage analysis

All strokes;
ischaemic 
stroke

56 Swedish families 
with familial stroke

LOD scores > 1.2 at 9 1ocations: 1p34, 5q13, 7q35, 9q22, 9q34, 13q32, 
14q32, 18p11, and moderate linkage on chromosomes 5q, 9q, 13q, and 
18p.

Additional 53 families 
with familial strokes

Analysis of 53 additional families, further confirmed linkage on chromo-
somes 5q, 13q, and 18p.

Janunger et al. 
(2009)75

Genome-wide 
linkage analysis

All strokes 7 nuclear Swedish 
families with a common 
ancestor and connected 
over 8 generations

A maximum allele-sharing LOD score of 4.81 on chromosome 9q31-q33 
was detected.
Haplotype analysis identified a region for intracerebral haemorrhage.

Wang et al. (2014)77 Linkage and asso-
ciation analysis

Ischaemic 
stroke

227 Chinese families 
with ischaemic stroke

SNP rs1800798 in the IL-8 gene is signficantly linked to ischaemic stroke 
(p = 0.002) and small arterial occlusion (small-vessel disease) (p = 0.022).
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GWAS has been employed to identify genetic loci for many 
other cardiovascular diseases such as coronary heart disease, 
diabetes and hypertension, and is just being applied to stroke. 
The pitfalls of  previous studies of  genomic contributions 
to stroke include poor phenotyping, underpowered studies, 
confounders, winner’s curse, and non-validation in independent 
populations.88,90 For example, the Siblings With Ischemic Stroke 
study (SWISS) did not demonstrate any significant genome-wide 
association.91 However, certain novel genetic variants have been 
identified as risk factors in stroke populations, with some being 
replicated in other populations. 

The International Stroke Genetics Consortium and the 
Wellcome Trust Case–Control Consortium published the 
largest GWAS for ischaemic stroke carried out to date. This 
study successfully demonstrated the importance of very large 
multicentre study samples, identified a new associated genetic 
variant and replicated findings of previous stroke GWAS. The 
findings also demonstrated the value of clear phenotyping and 
the fact that different stroke phenotypes may differ in their 
genetic architectures. Table 2 summarises the findings of salient 
recent GWAS studies in stroke, including a single study by Cole 
et al. in 2012, which utilised exome sequencing.3,92-103

Genetic studies of stroke in africa
To date, only a few stroke genetic studies (Table 3) have been 
reported from North Africa and remarkably, none from sub-
Saharan Africa where the burden of stroke is disproportionately 
heavy and the phenomics of stroke appears relatively different. 
Saidi and colleagues working consistently with a growing 
Tunisian stroke cohort have reported significant association 
between ischaemic stroke and polymorphisms in several genes, 
including plasminogen activator inhibitor, APOE ε4, human 
plasminogen activator, human platelet antigen, angiotensin 
converting enzyme Del/Del genotype, angiotensinogen, endothe-
lial nitric oxide synthase and aldosterone synthase.104-111 

A single study from Egypt noted that the presence of the ACE 
D allele significantly predisposed to stroke in children with sickle 
cell anaemia.112 It is, however, significant to note that the people 

of North Africa have a different ancestral origin (predominantly 
Arabian and Berber) from sub-Saharan African populations.9 
Therefore, significant differences may be anticipated in the 
genomic profile of stroke and subtypes in sub-Saharan Africans.

problems and perspectives 
Apart from the lack of  community-based ideal stroke 
epidemiological data sets and the challenge of  accurate 
phenotypic characterisation of cases in sub-Saharan Africa, 
there are other inherent problems of genomic research ranging 
from the negative impact of cultural and religious beliefs, issues 
of autonomy of decision making and voluntary participation, 
as well as poor understanding of  the health impact of 
genomics.113-115 In a qualitative study assessing knowledge and 
attitude towards personal genomics testing for complex diseases 
among Nigerians, even though respondents felt the outcome 
of genomic testing might aid healthful lifestyle modifications, 
attitude was influenced by religion and culture, especially aspects 
that might directly contradict beliefs and practices or lead to 
actions contradicting religious beliefs.115 

All these aspects introduce critical ethical issues into the 
framework of genomics research in Africa, which need to 
be addressed in order to achieve success and popularise the 
prospects of personalised genomic medicine. In addition, there 
are also the challenges of adequate infrastructure for genomic 
studies and analysis of genomic data, a paucity of appropriately 
trained scientists and physicians who have the capacity to design, 
implement and interpret such studies and lead translational 
applications, and insufficient bio-informaticians with analysis 
expertise and research managers. Unstable power supply and 
political instability are other bottlenecks.

opportunities through H3 africa: SirEN chart-
ing new paths
Although African populations harbour the greatest human 
genomic diversity, the potential of this for understanding human 
evolutionary biology and disparities in health and disease are 

table 2. recent GwaS and wES studies in stroke

First author
Study 
type Phenotype Sample size Sample ancestry Associated regions

Hata et al. (2011)85 GWAS Ischaemic stroke 1 112 cases, 1 112 controls Japanese 14q22 (PRKCH), 11q12 (AGTRL1)

Matarin et al. (2009)89 GWAS Ischaemic stroke 249 cases, 268 controls White None

Gretasrdottri and Gudjarts-
son et al. (2008, 2009)87,88

GWAS Ischaemic stroke 1 661 cases, 10 815 controls Icelandic 4q25 (PITX2), 16q22.3 (ZFHX3)

Bilguvar et al. (2008)89 GWAS lntracranial aneurysms 2 100 cases, 8 000 controls Finish, Dutch, 
Japanese

2q33 (PLCL1), 8q12 (SOX17), 9p21.3 
(CDKN2A, CDK N2B, ANRIL)

lkram et al. (2009)90 GWAS Ischaemic stroke Cohort of 19 602, 1 164 events Caucasian 12p13.33 (NINJ2)

Yamada et al. (2009)91 GWAS Ischaemic stroke 992 cases, 5 349 controls Japanese 22q13 (CELSR1)

Zhang et al. (2012)92 GWAS Ischaemic and haemor-
rhagic stroke

1 657 cases, 1 664 controls Chinese 9p21.3 (ANRIL)

Matsushita et al. (2010)93 GWAS Atherothrombotic stroke 2 775 cases, 2 839 controls Japanese ARHGEF 10

ISGC and WTCCC 
(2012)94

GWAS Large-vessel stroke 3 548 cases, 5 972 controls European 7p21.1 (HDAC9); replicated previ-
ous finding for cardio-embolic stroke 
near PITX2 and ZFHX3

Holliday et al. (2012)95 GWAS Large-vessel stroke 1 162 cases, 1 244 controls Australian 6p21.1

Cole et al. (2012)3 WES Lacunar stroke 889 cases, 927 controls  
(10 for exome sequencing)

African American
European American

4q21.1 (CSN3) **identified by exome 
sequencing following previous GWAS

Zhou et al. (2014)96 GWAS Lacunar strokes  
systemic vasculopathy

9 subjects (exome sequencing) European American, 
European

ADA2 gene
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not yet fully explored. The H3Africa Consortium, with funding 
support from the National Institutes of Health (NIH) and the 
Wellcome Trust, is currently executing 24 different disease-based 
projects involving 50 000 to 75 000 participants across the African 
continent.11 This initiative will deeply enhance our understanding 
of human genomic variation while unravelling the genomic 
bases of several communicable and non-communicable diseases 
on the continent, while facilitating genomic infrastructural 
development and capacity building.

The H3Africa Consortium is revolutionising genomic research 
in Africa and closing the huge genomics gap between Africa and 
the developed world. The initiative will reduce health disparities 
and enhance understanding of health issues for the benefit of 
Africans and the human race through the discovery of new 
genes and disease pathways with therapeutic and preventative 
potentials.

The Stroke Investigative Research and Education Network 
(SIREN) project is one of the H3Africa-funded projects. The 
SIREN investigators propose to explore genomic factors in 
stroke in 6 000 native West Africans (3 000 case–control pairs) 
in comparison with 1 000 African Americans (80% of whom 
are of West African ancestral origin) and 12 000 Americans 
of European ancestry in the REGARDS study (comparison 
among three tracks).116,117 The wide genomic variation of African 
populations offers a unique opportunity to identify novel 
genomic variants with causal relationships to stroke across 
different ethnic groups.

The SIREN project has three main streams: phenomics 
(including community engagement), genomics, and 

bio-informatics (Fig. 1). An ethnically diverse sample increases 
the scope and generalisability of findings, because pan-ethnic 

SIBS – 
phenomics

SIBS – 
genomics

SIBS – 
Bio-informatics

Genomic 
banking for 

future analysis

Replication  
phase

Discovery  
phase

SirEN

Further analysis 
with emerging 
techniques

Accurate 
phenotyping 
of cases

Validate new 
SNPs and CNVs 
in REGARDS 
black sub-cohort

WES 
GWAS 
Candidate gene 
Pathway/Network 
analysis

3 000 case-control pairs

Fig 1. SIREN component projects.

table 3. Genetic studies of stroke in africa

First author (year) Study type Stroke phenotype Sample Salient findings

Saidi et al. (2007)97 Genotyping lschaemic stroke 135 cases,  
118 controls 
(Tunisian)

Altered plasminogen activator inhibitor 1 (PAI-1) and tissue-type plasminogen 
activator (tPA) levels:
Significant ↑ in PAI-1 and marked ↓ in tPA levels correlated with 4G/5G, but not 
with -844G/A, PAI-1 variants
4G/4G carriers had reduced risk of stroke compared with other genotypes

Saidi et al. (2007)98 Genotyping lschaemic stroke 216 cases,  
282 controls 
(Tunisian)

ApoE ε3 lower (0.546 vs 0.736; p < 0.001) in stroke vs control
ApoE ε4 higher (0.370 vs 0.181; p < 0.001) in stroke vs control
Prevalence of Apo ε4-containing phenotypes higher in:
•	 ischaemic versus haemorrhagic (p < 0.001)
•	 small-vessel versus large-vessel stroke cases (p < 0.001)
•	 increased need for statin drugs (p = 0.040).

Mourad et al. 
(2008)105

Genotyping Sickle cell  
anaemia 

20 SCA cases, 10 
controls (Egyptian) 

Presence or ACE D allele significantly predisposed to stroke in children with 
sickle cell anaemia (SCA).

Saidi et al. (2008)99 Genotyping lschaemic stroke 216 stroke patients, 
318 controls 
(Tunisian)

Human platelet alloantigen (HPA) – 1 a/b (p < 0.001) and HPA-5 a/b (p < 0.001) 
alleles were associated with stroke-susceptible genotypes: 1a/b-2a/a-3a/b-4a/a-5a/b
protective genotypes: 1a/a-2a/a-3a/a-4a/a-5a/a; 1a/a-2a/a-3a/b-4a/a-5a/a; 1a/b 
-2a/a-3a/a-4a/a-5a/a; 1a/b-2a/a-3a/b-4a/a-5a/a)

Saidi et al. (2008)100 Genotyping lschaemic stroke 329 cases,  
444 controls

Lower human platelet alloantigen, HPA-1a (p < 0.001) and higher HPA-1b (p < 
0.001) allele frequencies were seen in cases than control subjects. 
Homozygosity for HPA-1b (p < 0.001) alleles was more prevalent in stroke cases 
than in controls.

Saidi et al. (2009)101 Genotyping lschaemic stroke 228 cases,  
323 controls

Frequency of APOE ε3 allele and Apo E3/E3 genotype lower (p < 0.001) in stroke 
vs controls
Frequency of Apo ε4 allele and genotypes (E3/E4 and E4/E4) elevated (p < 0.001) 
in stroke vs controls
Higher proportion of Apo ε4-carrying + ACE Del/Del positive cases seen in 
young (< 50 years) patients (p = 0.012) and associated with large-vessel stroke (p 
= 0.035).

Saidi et al. (2009)102 Genotyping lschaemic stroke 329 cases,  
444 controls

Angiotensinogen AGT 174T/235M/-6A, AGT 174T/235T/-6G. AGT 174T/235T/-
6A and AGT 174M/235T/-6A haplotypes were significantly associated with an 
increased risk of stroke.

Saidi et al. (2010)103 329 IS patients, 
444 controls

Endothelial nitric oxide synthase (eNOS) gene polymorphisms (298Asp allele and 
298Asp/4b/-786T and 298Asp/4b/-786C haplotypes, and in addition identified 
298Asp/4a/-786T haplotypes) were significantly associated with ischaemic stroke.
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replicability of association between a candidate SNP and trait 
outcome provides support for a causal relationship. However, the 
high levels of genomic diversity among Africans pose a potential 
challenge of  false-positive associations due to population 
stratification, while heterogeneity of haplotype structure may 
reduce statistical power to detect true-positive signals by GWAS.

To combat these challenges, the SIREN project has been 
designed in compliance with the recommendations of Dichgans 
et al.88 with due attention to adequate sample size, rigorous 
and accurate phenomic characterisation of  cases, control 
for confounders, and planned validation of findings in an 
independent African American stroke population participating 
in the REGARDS study29,116,117 (Table 4). In addition, the 
SIREN project will utilise GWAS approaches using customised 
chips including unique African variants,10 whole-genome and 
whole-exome sequencing (WGS/WES) and other emergent 
high-throughput approaches for future analyses. Furthermore, 
‘pathway-based analysis’ of genomic data52 will chart new paths 
in our understanding of the molecular trajectories of stroke and 
unravel new options of stroke diagnostics and therapeutics in the 
emerging milieu of personalised medicine

Conclusion
Understanding the interaction between genetic and environmental 
conditions that predispose to stroke and impede favourable 
post-stroke outcomes is crucial for the formulation of targeted 
treatment strategies aimed at the successful prevention of and 
recovery from stroke. Unravelling the genomic underpinnings of 
stroke in populations of African ancestry will greatly improve 
our broad understanding of the molecular pathways of stroke 
and likely add substantially to ongoing efforts to mitigate the 
devastating global consequences of stroke. 

The negative impact of cultural and religious beliefs, issues 
of autonomy of decision making and voluntary participation, as 
well as poor understanding of the health impact of genomics are 
potential challenges to translating genomic advances into real-
world clinical applications in Africa. These suggest that caution 
should be exercised with regard to the expectations from stroke 
genomics research in Africa, while rigorous detection, evaluation, 
treatment and control of high blood pressure cannot be over-
emphasised as a pragmatic strategy to curtail stroke in Africa.

The Stroke Investigative Research and Education Network (SIREN) project is 

a part of the Human Health and Heredity in Africa (H3Africa) Consortium 

and is supported by NIH Grant NIH U54HG007479-01. We thank Dr 

Adebowale Adeyemo for reading through the manuscript and making useful 

suggestions.
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Sickle cell disease and H3africa: enhancing genomic 
research on cardiovascular diseases in african patients
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abstract 
Background: Sickle cell disease (SCD) has a high prevalence in 
sub-Saharan Africa. There are several cardiovascular pheno-
types in SCD that contribute to its morbidity and mortality. 
Discussion: SCD is characterised by marked clinical vari-
ability, with genetic factors playing key modulating roles. 
Studies in Tanzania and Cameroon have reported that single-
nucleotide polymorphisms in BCL11A and HBS1L-MYB loci 
and co-inheritance of alpha-thalassaemia impact on foetal 
haemoglobin levels and clinical severity. The prevalence of 
overt stroke among SCD patients in Cameroon (6.7%) and 
Nigeria (8.7%) suggests a higher burden than in high-income 
countries. There is also some evidence of high burden of 
kidney disease and pulmonary hypertension in SCD; however, 
the burden and genetics of these cardiovascular conditions 
have seldom been investigated in Africa.
Conclusions: Several H3Africa projects are focused on cardio-
vascular diseases and present major opportunities to build 
genome-based research on existing SCD platforms in Africa 
to transform the health outcomes of patients.

Keywords: sickle cell disease, stroke, kidney diseases, pulmonary 
hypertension, genetics, Africa
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Sickle cell disease (SCD) is a genetic disorder of public health 
significance with high prevalence, high mortality rate and limited 
interventions. An estimated 305 800 births are affected annually 
worldwide by homozygous SCD (SCD-SS), nearly two-thirds of 
this incidence occurs in Africa.1 This estimate does not include 
SCD-SC, which is more prevalent than SCD-SS in some West 
African countries.

Although the first clinical description of SCD occurred over 
100 years ago and this condition was described in 1949 as the 
first molecular disease, to date only one drug, hydroxyurea, is 
available for its specific treatment.2 Furthermore, despite the 
evidence from high-income countries that new-born screening 
(NBS) and comprehensive care are associated with a 70% 
reduction in early childhood deaths,3 and can have a significant 
impact on reducing morbidity,4,5 few African countries have 
programmes dedicated to NBS, follow-up care, family and 
patient education and counselling, and prevention and treatment 
of disease complications. As a consequence, in sub-Saharan 
Africa, mortality rates are high before the age of five years 
and estimates suggest that without intervention, up to 90% of 
affected infants may die in childhood.6,7

the role of genomic research to improve 
health of SCd patients: preliminary data from 
Cameroon and tanzania
Genomics of foetal haemoglobin-promoting loci
Advancement in genomic research offers an unprecedented 
opportunity to address the health challenges of SCD in an 
integrated manner. As a Mendelian disorder caused by a single 
gene mutation on the β-globin gene (βGlu6Val) on chromosome 11, 
there is considerable phenotypic diversity in SCD, due largely to 
the influence of genetic and environmental factors.8-10 

Although there are several key phenotypes (anaemia, stroke, 
infections), foetal haemoglobin (HbF) has emerged as a central 
disease modifier; importantly, the expression of this modifier 
is amenable to therapeutic manipulation.11,12 Genetic variants 
at three principal loci, BCL11A, HBS1L-MYB and the HBB 
cluster account for 10–20% of HbF variation among SCD 
patients in the USA, Brazil and the UK.8,9 

Initial studies in Tanzania13 and recently in Cameroon14,15 
have shown that single-nucleotide polymorphisms (SNPs) in the 
BCL11A loci are prevalent in both Tanzanian and Cameroonian 
patients [minor allele frequency (MAF) of rs4671393 = 0.30], 
with significant association of these SNPs with HbF (Table 
1). These studies have also shown that rs9399137, which acts 
as a tagging SNP for the HMIP-2 sub-locus in European 
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populations,10 occurred at a low frequency in both Cameroonian14 
and Tanzanian patients.13 Nevertheless, in the HMIP-2 sub-locus, 
there was a much higher MAF of rs9389269 in Cameroonian 
(0.18)14 compared to the Tanzanian SCD patients (0.03).13 This 
observation could indicate a high degree of variation in the 
MAF of this SNP among SCD patients in African population 
groups.16

Furthermore, studies in Cameroon and Tanzania lacked 
power to replicate the association of a sub-locus (rs7482144) in 
HBG2 (Table 1), which explained 2.2% of the variation in HbF 
levels in African American patients.8 This is likely to be due 
to the absence of Senegal and Indian–Arab beta-globin locus 
haplotypes that contain the rs7482144 in most Cameroonian 
patients.17 

Similarly, a strong signal adjacent to the HBB cluster 
recently detected in African-American patients at rs5006884 
in OR51B5/618 was not found to have significant association 
in either Tanzanian14 or Cameroonian SCD patients.13 These 
findings suggest that studies of multiple SCD populations in 
Africa are warranted to improve our understanding of the 
impact of human diversity on HbF expression in SCD.19 

The co-inheritance of alpha-thalassaemia and SCD
The co-inheritance of α-thalassaemia is associated with a milder 
phenotype in patients with HbSS and Sβ0 thalassaemia, e.g. 
higher haemoglobin level and lower stroke rate.20 However, the 
effect of α-thalassaemia is not all positive; pain and aseptic 
necrosis may be higher.21 

In Cameroon, the co-inheritance of α-thalassaemia and 
SCD was associated with late onset of clinical manifestations 
and potentially increased survival in Cameroonian patients; 
this could explain the much higher allele frequency of 3.7kb 
α-globin gene deletion among SCD patients than in controls.22,23 
In Tanzania, the co-inheritance of α-thalassaemia and SCD was 
associated with a lower stroke risk.24 

These preliminary data indicate an urgent need to replicate 
and expand genetic studies in many other African SCD 
populations, including studies focused on loci that are linked to 

stroke25 and other cardiovascular conditions, to fully measure 
the opportunities of their implementation to improve the care of 
patients with SCD.

Addressing the burden of cardiovascular diseases in 
SCD in Africa

Cardiovascular phenotypes in SCD include complications 
involving the heart (e.g. heart failure), brain (e.g. stroke), lung 
(e.g. pulmonary hypertension) and kidney (e.g. proteinuria). 
Cerebrovascular disease is perhaps the most devastating 
complication for children with SCD, including overt stroke, 
transient ischaemic attacks, silent infarcts and neurocognitive 
dysfunction. Longitudinal cohort data from the USA have 
shown that between five and 10% of patients with SCD will 
experience a clinically overt stroke during childhood.26 The 
prevalence of overt stroke in SCD in Africa may be higher than 
that reported in high-income countries. 

Overt stroke is a clinical diagnosis and should be easily 
detected in any cohort of closely monitored SCD patients. 
Brain computerised tomography (CT) and magnetic resonance 
imaging (MRI) are used to rule out haemorrhage or localise the 
tissue/vascular pathological basis for the stroke event. Clinical 
examination and CT scans identified a stroke prevalence of 6.7% 
in Cameroon.27,28 A study of children with SCD in Nigeria found 
a stroke prevalence of 8.7%.29

The prevalence of silent cerebral infarcts (SCI) and cerebral 
vasculopathies has been shown to be even greater than overt 
stroke risk: SCI occurs in 27% of this population before their 
sixth, and 37% by their 14th birthdays.30 SCI is diagnosed by 
MRI, but has not been studied in Africa because of the limited 
availability of MRI equipment. In fact SCI is not really silent, 
as falling school performance and other signs of neurocognitive 
dysfunction and change in personality/behaviour may all raise 
suspicion for increased risk of overt stroke, and suspicion of 
stroke with absence of motor or speech defect. SCI could be 
better called covert cerebral infarction. 

The lack of longitudinally monitored SCD cohorts in Africa 
weakens incidence and prevalence estimates. Indeed, the cognitive 

table 1. Foetal haemoglobin association results for SNps at the BCL11A, HBS1L-MYB and beta-globin loci in the  
Cameroonian and tanzanian sickle cell anaemia cohort

Locus Genomic variations HbSS Cameroon (n =	596)14 HbSS Tanzania (n =	1 124)13

SNP
Position on the 
chromosome*

Allele 
change MAF Effect size p-value MAF Effect size p-value

Chromosome 2
BCL11A rs11886868 60720246 T>C 0.31 0.167 0.0129 0.26 –0.406 3.00E-30

BCL11A rs4671393 60720951 G>A 0.3 0.201 0.0062 0.3 –0.412 3.90E-28
Chromosome 6
HBS1L-MYB rs28384513 135376209 A>C 0.2 –0.3002 0.0002 0.21 –0.146 1.90E-04

HBS1L-MYB rs9376090 135411228 T>C 0 NA NA 0.01 0.471 1.60E-02

HBS1L-MYB rs9399137 135419018 T>C 0.04 0.412 0.0086 0.01 0.668 8.30E-06

HBS1L-MYB rs9389269 135427159 T>C 0.18 0.09561 0.2468 0.03 0.4 1.40E-05

HBS1L-MYB rs9402686 135427817 G>A 0.03 0.1447 0.4437 0.06 0.342 1.60E-04

HBS1L-MYB rs9494142 135431640 T>C 0.11 0.3391 0.0023 0.13 0.085 6.00E-02
Chromosome 11
HBG2 rs7482144 5276169 G>A 0 –0.05843 0.9076 0.01 0.562 1.60E-04

OR51B5/6 rs5006884 5373251 C>T 0.08 0.04163 0.7385 0.05 0.164 2.40E-02
NA, not applicable; monomorphic T for the entire sample; MAF, minor allele frequency; SNP, single-nucleotide polymorphisms. 
*Chromosome, position on NCBI Build 36.1.
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performance of Cameroonian SCD children was evaluated using 
a neuropsychological test battery assessing four domains of 
cognitive functioning (executive function, attention, memory 
and sensory-motor skills). A high prevalence of cognitive deficits 
was found, increasing with age, and with a specific impairment 
of executive functions and attention.31 Up to 37.5% of the 96 
SCD patients aged six to 24 years (M = 13.5, SD = 4.9) had mild-
to-severe cognitive deficits, which tended to increase with age. 

Structural equation models showed a significant association 
between (1) severe anaemia and lower executive functioning, (2) 
low foetal haemoglobin levels and lower executive functioning 
and attention, (3) history of cerebrovascular accidents and lower 
performances on executive functioning, sensory-motor and 
memory tasks, (4) pathological electroencephalogram and lower 
attention span, and (5) abnormal transcranial Doppler and 
lower memory function.31 

The feasibility of  using transcranial Doppler (TCD) 
ultrasonography in Africa to determine risk of stroke in children 
with SCD has been demonstrated in studies in Tanzania,24 
Cameroon,31 Nigeria32 and Kenya.33 However, because of limited 
resources and inefficient transfusion services, TCD is seldom 
established as part of routine healthcare followed by transfusion 
therapy to prevent overt stroke in those found to have abnormal 
blood flow velocity.33

Pulmonary arterial hypertension (PAH) is common, with a 
prevalence of 30% in SCD patients, and all-cause mortality rates 
of 40% at 40 months after diagnosis in the USA.34 Studies in 
Nigeria indicate PAH could represent a significant complication 
of SCD on the African continent.35 

N-terminal (NT) pro-brain natriuretic peptide (proBNP) 
≥ 160 ng/l has a 78% positive predictive value for pulmonary 
hypertension. NT-proBNP elevation is common and is associated 
with markers of anaemia, inflammation and iron status and with 
severe functional impairment among sickle cell anaemia patients 
in Nigeria.36 

The prevalence of elevated tricuspid regurgitant velocity 
(TRV) measured by echocardiogram, which predicts risk for 
pulmonary hypertension and death in adult sickle cell anaemia, 
was similar among SCD patients in Tanzania and those from 
the USA.37 In addition, there is accumulating clinical evidence to 
suspect a high prevalence of kidney disease among African SCD 
patients in France,38 Nigeria,39,40 Ghana41 and the Congo.42 The 
data revealed and emphasised the need to draft a specific research 
agenda to include Africa in future comprehensive studies on the 
epidemiology and genetics of end-organ complications of SCD. 

Addressing the genomics of cardiovascular diseases 
in SCD in Africa
Despite the evidence of a high burden of cardiovascular events 
in SCD patients, the magnitude of this problem in Africa has not 
been defined. The clinical variability and environmental factors 
influencing these events have not been clearly and systematically 
studied, despite the availability of some encouraging data on 
the genetics of these cardiovascular phenotypes of SCD among 
African populations from the diaspora (Table 2). Previous 
studies of sibling pairs have demonstrated a genetic component 
to the development of cerebrovascular disease in SCD stroke.43 
In addition, a child with SCD had an increased risk for stroke if  
they had siblings who had experienced an overt stroke.44 

A few genetic modifiers have confirmed the association with 
stroke, such as α-thalassaemia trait being protective against 
stroke20 (Table 1), but these do not explain the entire genetic 
contribution to stroke risk. In addition, several retrospective 
studies, mostly among African Americans, have identified 
specific SNPs associated with stroke in patients with SCD, using 
candidate gene approaches, but failed to be replicated using 
independent validation cohorts.45 

Recent data that used genetic mapping and exome sequencing 
revealed that one mutation in GOLGB1 (Y1212C) and another 
mutation in ENPP1 (K173Q) were confirmed as having 
significant associations with a decreased risk for stroke among 
African Americans with SCD25 (Table 1). These studies need to 
be validated and extended in SCD patients in Africa. 

Like stroke, renal failure occurs in 5–18% of SCD patients 
and is associated with early mortality.46 At-risk SCD patients 
cannot be identified prior to the appearance of proteinuria. The 
myosin, heavy-chain 9, non-muscle (MYH9) and apolipoprotein 
L1 (APOL1) genes have been associated with risk for focal 
segmental glomerulosclerosis and end-stage renal disease in 
African Americans.47 

Seven SNPs in MYH9 and one in APOL1 were significantly 
associated with proteinuria among African American SCD 
patients. In addition, glomerular filtration rate was negatively 
correlated with proteinuria (p < 0.0001), and was significantly 
predicted by an interaction between MYH9 and APOL148 (Table 
2). Further studies with independent data sets from sub-Saharan 
Africa are now needed to confirm this association, to identify 
more of the genes involved, and the interaction with various 
African environments, in order to address preventative measures 
of SCD nephropathy. 

Moreover, an increased tricuspid regurgitation jet velocity 
(TRV > 2.5 m/s) and pulmonary hypertension defined by right 
heart catheterisation both independently conferred increased 
mortality in SCD.34 A preliminary genetic association study 
comparing patients with an elevated (n = 49) versus normal (n = 
63) TRV revealed significant association with five SNPs within 
GALNT13 (p < 0.005), and a quantitative trait locus upstream of 
the adenosine-A2B receptor gene (ADORA2B)49 (Table 2).

Limited genetic studies associated with these critical 
cardiovascular phenotypes in SCD (stroke, pulmonary 
hypertension, kidney disease) have not been reported in SCD 
patients who reside in Africa. This indicates an urgent need 
to perform these studies, which could inform the global SCD 
communities in a unique way, on the value of gene and 
environmental interactions in the pathogenesis and hopefully the 
care of SCD. 

table 2. Selected genes associated with cardiovascular 
phenotypes among african american SCd patients

Cardiovascular 
phenotypes in SCD Associated genes References

Stroke HBA (3.7 alpha-
globin gene deletion)

Hsu et al. J Pediatr Hematol 
Oncol 2003; 25(8): 622–628

GOLGB1 (Y1212C) Flanagan et al. Blood 2013; 
121(16): 3237–3245ENPP1 (K173Q)

Kidney disease  
(proteinuria)

MYH9 
APOL1

Ashley-Koch et al. Br J Haema-
tol 2011; 155(3): 386–394

Pulmonary  
hypertension

GALNT13 Desai et al. Am J Respir Crit 
Care Med 2012; 186(4): 359–368ADORA2B

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu+LL%2C+Miller+ST%2C+Wright+E%2C+Kutlar+A%2C+McKie+V%2C+et+al.+(2003)
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu+LL%2C+Miller+ST%2C+Wright+E%2C+Kutlar+A%2C+McKie+V%2C+et+al.+(2003)
http://www.ncbi.nlm.nih.gov/pubmed/23422753
http://www.ncbi.nlm.nih.gov/pubmed/21910715
http://www.ncbi.nlm.nih.gov/pubmed/21910715
http://www.ncbi.nlm.nih.gov/pubmed/22679008
http://www.ncbi.nlm.nih.gov/pubmed/22679008
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integrating outcomes of genetics research 
into new-born screening and interventions to 
reduce childhood mortality and survival in SCd
Major benefits in the health and survival of children with SCD 
have been attained through the implementation of a few simple, 
evidence-based interventions. The most striking achievements 
have resulted from early diagnosis of SCD through new-born 
screening and the subsequent enrolment of these patients into 
comprehensive care programmes. These programmes provide 
interventions that include prophylaxis against pneumococcal 
infection using penicillin, and early detection and treatment of 
acute clinical events such as anaemia, septicaemia, stroke and 
acute chest syndrome. These interventions have been introduced 
in a limited manner in Africa, despite the fact that they have been 
shown to be highly effective in developed countries. 

Hydroxyurea, an important therapeutic intervention for SCD 
in high-income settings, is beginning to be used more frequently in 
several African countries.50-53 There is no doubt that hydroxyurea 
will have a large public health impact in Africa.54 However 
there are questions regarding the effectiveness of hydroxyurea 
in some individuals possessing characteristics associated with 
poor response to treatment. This includes SCD populations with 
low levels of haemolysis,55 low HbF level and Central African 
Republic (CAR) haplotype,56 as well as children under five years 
of age with SCD, even though some data indicate that efficacy 
is just as good or better in younger children.57 These questions 
should not delay the use of hydroxyurea in Africa, but it is 
strongly recommended that research trials should be conducted 
to monitor and evaluate effectiveness in this setting. 

The second challenge regarding use of hydroxyurea in SCD in 
Africa is access due to limited supply and high cost. It has also 
been suggested that patients and families may resist adherence 
with this treatment. In Cameroon, only 3.4% of SCD patients 
had access to hydroxyurea.58 Sociological data on the barriers 
associated with prescription of and adherence with hydroxyurea 
is needed in order to plan effective strategies to address these 
issues in Africa. 

Despite the limited access to hydroxyurea and other care 
and therapies, about 3% of the 700 studied Cameroonian 
patients with SCD lived longer than 40 years.14 Specific survivor 
SCD populations in sub-Saharan Africa can offer new research 
opportunities to uncover possible variation that could improve the 
life of SCD patients. With more and more genomic data available, 
it is anticipated that new-born screening could also allow early 
identification of genetic factors (e.g. HbF-promoting SNPs or 
stroke-associated SNPs) to potentially assess each individual 
patient’s risks and plan appropriate anticipatory guidance.

perspectives: H3africa and opportunity for 
genomic research of cardiovascular diseases 
in SCd
Currently, H3Africa extends across African countries, comprising 
23 grants. It is anticipated that, together, H3Africa projects will 
analyse samples from 50 000 to 75 000 participants. Specifically, 
three projects have the objective to study stroke, kidney disease 
and other cardiovascular diseases (rheumatic heart disease) in 
various African countries where SCD is also prevalent59 (e.g. 
Cameroon, Tanzania, Nigeria, Ghana, Mali, Uganda). These 
projects offer the opportunity to extend the existing network 

of researchers in Cameroon, Ghana, Nigeria, South Africa and 
Tanzania, which have been assembled to conduct multicentre, 
Africa-based studies on the genetics and genomics of SCD. 

To strengthen the case for genomic studies in Africa, several 
genetic variations have been discovered through molecular studies 
on the African continent.60 There is enough evidence, including 
whole-genome data from African populations, that emphasises 
the high levels of genomic variation and the heterogeneity of 
African populations.61,62 

Some of the tremendous genetic variation in Africa is 
responsible for problems in clinical management of SCD, such 
as red blood cell transfusion, red blood cell Rh D polymorphism 
and allo-immunisation,63 and response to medications 
(cytochrome P450 polymorphisms and codeine/other opioids for 
pain therapy).64 Polymorphisms in ribonucleotide reductase, the 
target enzyme for hydroxyurea, may have variable effects on SCD 
patient response and deserves further investigation in Africa. 

One SCD project currently funded under the H3Africa 
umbrella is focused on research in Cameroon, Ghana and 
Tanzania (FOA: RM12-005, 1 U01 HG007459-01). The project 
aims to: (1) explore perspectives and attitudes regarding genomic 
research and its implementation and implications in Africa, 
and (2) assess perceptions about public health interventions to 
increase awareness, early detection and prevention of SCD-related 
complications. Beyond this project, the investigators are building 
on biological materials, preliminary clinical and genomics data 
from Cameroon, Tanzania, Nigeria and Ghana, and extending 
the experience to other African countries, with the goal to 
improve infrastructure for research and training. The ultimate 
goal is to conduct research to understand the relationship 
between genes, the environment and disease, in order to translate 
genome-based knowledge into health benefits for SCD patients 
and their families in Africa.

Role of the funding source: This report was funded by the National Institute 

of Health (NIH, NHLBI), USA, grant number 1U01HG007459–01.

Key messages
•	 SCD is characterised by marked clinical variability, with 

genetic factors playing key modulating roles. Studies in 
Tanzania and Cameroon have reported that SNPs in the 
BCL11A loci and HBS1L-MYB region (HMIP), and 
co-inheritance of alpha-thalassaemia impact on HbF 
level and clinical severity. 

•	 There are several cardiovascular phenotypes in SCD, 
such as stroke, heart failure, pulmonary hypertension 
and renal disease that contribute to its morbidity and 
mortality. 

•	 The prevalence of overt stroke among SCD patients in 
Cameroon (6.7%) and Nigeria (8.7%) suggests a higher 
burden than in high-income countries. 

•	 The genetics of stroke, kidney disease and pulmonary 
hypertension have seldom been investigated in SCD in 
Africa. 

•	 Several H3Africa projects are focused on cardiovascu-
lar phenotypes, which creates a major opportunity to 
build on existing SCD work in Africa, a genome-based 
research on key cardiovascular phenotypes to transform 
the health benefits of SCD patients.
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Endothelial dysfunction: a unifying hypothesis for the 
burden of cardiovascular diseases in sub-Saharan africa
Uchechukwu KA Sampson, Michael M Engelgau, Emmanuel K Peprah, George A Mensah

abstract
It is well established that the leading causes of death and 
disability worldwide are cardiovascular diseases (CVD), chief  
among which is ischaemic heart disease. However, it is also 
recognised that ischaemic heart disease frequently coexists 
with other vascular conditions, such as cerebrovascular, 
renovascular and peripheral vascular disease, thus raising the 
notion of a common underlying pathobiology, albeit with 
differing manifestations, dictated by the implicated vascular 
bed.

The understanding that common metabolic and behav-
ioural risk factors as well as social determinants and drivers 
are convergent in the development of CVD evokes the idea 
that the dysfunction of a common bio-molecular platform 
is central to the occurrence of  these diseases. The state 
of  endothelial activation, otherwise known as endothelial 
dysfunction, occurs when reactive oxygen signalling predomi-
nates due to an uncoupled state of endothelial nitric oxide 
synthase (eNOS). This can be a physiological response to 
stimulation of the innate immune system or a pathophysi-
ological response triggered by cardiovascular disease risk 
factors.

The conventional wisdom is that the endothelium plays an 
important role in the initiation, progression and development 
of CVD and other non-communicable diseases. Consequent-
ly, the endothelium has remarkable relevance in clinical and 
public health practice as well as in health education, health 
promotion, and disease- and risk-factor prevention strategies. 
It also presents a plausible unifying hypothesis for the burden 
of  CVD seen globally and in sub-Saharan Africa. Impor-
tantly, the heterogeneity in individual responses to metabolic, 
behavioural, and social drivers of  CVD may stem from a 
complex interplay of these drivers with genomic, epigenetic 
and environmental factors that underpin eNOS uncoupling. 
Therefore, further biomedical research into the underlying 
genetic and other mechanisms of  eNOS uncoupling may 
enlighten and shape strategies for addressing the burden of 
CVD in sub-Saharan Africa and other regions of the world.

Keywords: endothelium, risk factors, cardiovascular disease, 
public health, outcomes
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The understanding that hypertension, dyslipidaemia and tobacco 
use are powerful risk factors for the genesis of cardiovascular 
disease (CVD) has led to heavy investments in basic, clinical 
and population science research targeted at the prevention, 
treatment and control of CVD risk factors. Cumulative evidence 
from these research investments have informed clinical practice 
guidelines for the management of CVD, and largely account 
for the observed 60 to 80% decline in mortality from stroke and 
coronary artery disease in most developed nations in the past 50 
years.1 In the United States, we have witnessed a 68% decrease 
in age-adjusted death rates from heart disease (from 56 to 18 
per 10 000 population) and a 79% decrease in stroke death rates 
(from 18 to four per 10 000 population) between 1958 and 2010.2 

A more recent notion based on convergent lines of 
experimental and pathological evidence is that inflammation may 
be the unifying factor in the pathobiology of atherothrombosis 
and its complications, as well as most vascular diseases.3 Herein, 
the aggregate of clinical trial evidence led to the coronation 
of  statins as the undisputed heavy-weight champions of 
pharmacological strategies for modulating inflammation, over 
and beyond cholesterol levels, for primary and secondary 
prevention of CVD events.4 The risk factor and inflammation 
hypotheses were pivotal in helping us understand the decline in 
CVD mortality rates in industrialised nations. However, despite 
the remarkable progress in reducing CVD mortality rates, recent 
evidence indicates that ischaemic heart disease and stroke remain 
leading causes of mortality in the United States and worldwide.5

Further significant reduction in CVD mortality rates may 
require new transformative paradigms that can have broad 
impact. In this context, there are clues that point to the 
endothelium as the expansive entity that links various vascular-
related diseases. Most CVD is caused by atherosclerosis initiated 
by the loss of functional integrity of the endothelium, which 
can affect various vascular beds, resulting in disease conditions 
such as coronary heart disease, peripheral arterial disease and 
cerebrovascular disease. 

Furthermore, the fact that common social determinants, and 
behavioral and metabolic risk factors attend these diseases and 
other major non-communicable diseases (NCDs) suggests the 
presence of a common broad unifying entity that has wide spatial 
distribution. In this light, we consider the endothelium as the 
unifying feature/element for the burden of CVD in sub-Saharan 
Africa (SSA), because its functional integrity, which comprises 
the genotypic, phenotypic and environmental context of its 
existence, can predispose individuals or populations to CVD. 
In this regard, we discuss the public health relevance of the 
endothelium and the challenges and opportunities regarding the 
quest for transformative paradigms for reducing CVD burden.6,7
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the endothelium
Robert F Furchgott, Louis J Ignarro and Ferid Murad catalysed the 
wave of research that improved our understanding of endothelial 
function, which led to the joint award of the 1998 Nobel Prize 
in Physiology or Medicine ‘for their discoveries concerning nitric 
oxide as a signaling molecule in the cardiovascular system’. We 
now recognise that the healthy endothelium is in a quiescent state 
where nitric oxide (NO) produced by the endothelial isoform of 
nitric oxide synthase (eNOS) in its membrane-bound configuration 
is released, to silence cellular processes, by targeting cysteine groups 
in regulator molecules such as NFκB and the mitochondria.8 

On the other hand, endothelial dysfunction is an activated state 
where the regulatory proteins such as NFκB and phosphatases 
are targeted by reactive oxygen species (ROS) produced from 
oxidases and eNOS uncoupling. Endothelial activation can occur 
physiologically in response to immune system perturbation, as 
well as pathophysiologically secondary to cardiovascular risk 
factors. Persistent ROS signalling precipitates a loss of vascular 
integrity characterised by detachment of endothelial cells and 
dependence on circulating progenitor cells for repair due to 
limited capacity of contiguous endothelial cells.8

The relationship between risk-factor profile, endothelial 
dysfunction and circulating endothelial progenitor cells has 
been evaluated using flow-mediated dilatation (FMD) of the 
brachial artery. In their report, Hill and colleagues demonstrated 
that the presence of high levels of endothelial progenitor cells 
preserves endothelial function despite significant risk-factor 
burden.9 Similarly, the relationships between FMD and coronary 
disease risk factors in asymptomatic adults,10 diet and exercise 
in overweight teenagers,11 and glucose and other metabolic 
syndrome components have been reported.12 

Beyond the association with cardiovascular risk factors, other 
measures of endothelial function have been associated with 
cardiovascular disease outcomes. Greater event-free survival 
has been associated with intracoronary acetylcholine-induced 
vasodilatation in coronary angiography patients,13 increased 
brachial artery reactivity indexed by FMD in vascular surgery 
patients,14 and increased baseline levels of endothelial progenitor 
cells in CAD patients.15 Furthermore, there is evidence to 
indicate early risk-factor exposure and endothelial dysfunction 
impact on the development of atherosclerosis and subsequent 
cardiovascular outcomes.16,17

The promotion of endothelial health and reversal of endothelial 
dysfunction have been associated with increased physical activity, 
consumption of diets rich in fruit and vegetables, and avoidance 
of tobacco use or exposure to tobacco smoke.18-24 Consequently, 
the endothelium has remarkable relevance in clinical and public 
health practise as well as in health education, health promotion 
and prevention strategies, and therefore has implications for 
the epidemiological transition unfolding in developing world 
regions such as sub-Saharan Africa. In addition, it suggests that 
additional research into endothelial function, activation and 
dysfunction could provide novel proximal targets for clinical, 
public health and public policy interventions, in an effort to 
achieve maximum impact on population health. 

public health relevance
The structure of the endothelium constitutes a remarkable 
feature, given its complexity, vast spatial distribution, and 

heterogeneity in different vascular beds. Combined with its role 
in the control of vasomotor tone, inflammation, homeostasis, 
endocrine and paracrine regulation, and cell growth, trafficking 
and survival,25 the endothelium has remarkable implications 
for CVD and other NCDs such as cancer, diabetes and chronic 
lung disease. Therefore, it is not surprising that endothelial 
biomedicine is recognised as a transdisciplinary field. 

Population research evidence indicates that social determinants 
and drivers such as globalisation, urbanisation, ageing, income, 
education and housing are all linked with stress levels associated 
with CVD and other diseases, and connected with behavioral 
risk factors – unhealthy diet, tobacco use, physical inactivity and 
harmful use of alcohol, which are associated with metabolic risk 
factors such as high blood pressure, obesity, diabetes and raised 
blood lipid levels that ultimately lead to the manifestations of 
various diseases.

In a recent study of cardiovascular risk and events in 17 low-, 
middle- and high-income countries, it was noted that compared 
to high-income country populations, the risk factors for CVD 
were lower in low-income country populations, but disease 
outcomes were substantially worse, which potentially suggests 
both poor delivery of effective clinical care and higher stress 
levels in low-income country populations.26 

The endothelium provides a construct for understanding 
how these networks of social, behavioural and metabolic factors 
converge to cause a network of diseases. The socio-behavioral 
and biological drivers lead to pathophysiological activation of 
the endothelium, resulting in a favourable bio-molecular milieu, 
for example inflammation and atherosclerosis, for disease in 
various vascular beds and organ systems due to the expansive 
spatial distribution of the endothelium (Fig. 1).

Therefore the endothelium provides a target for cross-cutting 
disease strategies given the broad implications of its dysfunction. 
Since moderate levels of physical activity on most days of the 
week, diets rich in fruit and vegetables and low in saturated and 
trans fats, and tobacco avoidance have been shown to improve 
endothelial health and reverse endothelial dysfunction, the 
adherence to public health strategies for improving physical 
activity and nutrition are essential for health promotion and 
the prevention of CVD, which aligns with clinical guideline-
recommended interventions for the treatment and control of the 
common risk factors associated with CVD. 

However, we need to move beyond current approaches by 
deliberately seeking transformative ways to achieve further 
substantial decline in CVD morbidity and mortality rates. 
Here, it is important to build on the wealth of scientific 
information on the endothelium, which has not been tapped 
by public health practitioners and researchers for translation 
into policies, programmes and research initiatives for advancing 
cardiovascular health promotion and the prevention of CVD. 

Challenges and opportunities
Although the endothelium establishes dialogue with every tissue 
cell in the body, is affected by many disease processes and 
risk factors, and contributes to the initiation and progression 
of chronic diseases, it remains underappreciated until it is 
dysfunctional. Furthermore, although measures to improve or 
preserve endothelial health are relatively inexpensive, they are often 
less supported than more expensive disease-intervention strategies. 
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This overall lack of prioritisation highlights the need for 
improved awareness, understanding and focus, particularly if  we 
are to unlock the potential that exists for discovering endothelial 
targets that could significantly impact on CVD mortality rates. 
On this point, it is interesting that there is heterogeneity in 
response to metabolic, behavioural and social drivers for CVD. 
What if  we could understand why some individuals succumb 
to CVD risk factors while others don’t? Why do we observe 
precocious CVD development in some subgroups exposed to 
the same drivers as the rest of a population? Why are there 
pockets of positive or negative deviance27,28 in CVD prevalence 
and outcomes within populations exposed to the same socio-
ecological and bio-behavioural risk factors and drivers?

Unlocking the mysteries behind these puzzling differential 
responses may rest on targeted efforts to understand the 
complicated interplay between known disease drivers and the 
genomic and epigenetic mechanisms that underpin pathways of 
eNOS uncoupling. Such enlightenment could shape strategies for 
addressing the burden of CVD in sub-Saharan Africa and other 
regions of the world.

The above notion is paramount, given the prospect of 
finding a robust proximal target(s) that can transform our 
approach to CVD prevention and treatment, and therefore 
should prompt us to reconsider the current status quo regarding 
our scientific investments. Insight from the Emerging Risk 
factor Collaboration study indicates that we have to screen 400 
to 500 people to prevent one CVD event over a period of 10 
years.29 Such modest clinical benefits despite significant financial 
investments foster the increasing drum beat from camps that 
question the likelihood of meaningful clinical benefit from 
identifying and measuring biomarkers.

As a matter of fact, due to the vagaries of causality, some 
schools of thought now argue for fewer risk factors instead 
of more. Furthermore, although the search for independent 
risk factors in medical research has become necessary for the 
formulation of risk-stratification schemes, causality cannot be 
definitively ascertained, even in controlled clinical trials.30 

In this context, we are beginning to learn that Mendelian 
randomisation studies can assess whether risk-factor associations 
are truly causal, or due to confounding or reverse causation. An 
illustrative NHLBI (National Heart, Lung, and Blood Institute) 
example of this is the large-scale Mendelian randomisation study 
of high-density lipoprotein (HDL) and the risk of myocardial 
infarction (MI), where the investigators found that low-density 
lipoprotein (LDL) is likely to be causally related to MI, whereas 
HDL is probably only a correlate.31 This may explain why 
LDL-lowering drugs (e.g. statins) reduce risk, whereas every 
large trial of HDL-increasing drugs has failed, including the 
NHLBI-funded AIM-HIGH trial.32 

Tools such as Mendelian randomisation could help us 
make better strategic decisions about drug development, risk 
stratification and prediction when deployed via large-scale cohort 
studies to identify candidate undiscovered biological pathways 
(e.g. endothelial dysfunction) and insights into distinguishing 
causality versus correlation. However, the application of such 
tools to decipher robust genetic lynchpins of  endothelial 
dysfunction will require interdisciplinary collaboration and 
demand for paradigms that can transform CVD prevention and 
treatment efforts.33 In this context, the H3Africa programme 
constitutes a platform to engender collaboration and employ 
synergy in intellectual enterprise to address novel research 
questions that will inform strategies for CVD diagnosis, treatment 
and prevention in sub-Saharan Africa.

Conclusions
Over the past half  century, CVD mortality has declined 
appreciably in developed countries, largely secondary to the 
risk-factor paradigm that implicated hypertension, cholesterol 
and smoking in the genesis of CVD. This risk-factor model led 
to targeted research, prevention and treatment efforts to combat 
these culprits. More recently, the modulation of inflammation 
has presented a unifying framework for achieving further 
substantive decline in CVD mortality rates. 
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Fig. 1.  The endothelium at the Center of Vascular Disease.
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In SSA, the age-adjusted mortality from CVD has not 
declined, and the regional burden of CVD is rising, albeit 
modestly, largely due to population growth, aging and the 
epidemiological transition. To address this challenge in SSA and 
the persistent impact of CVD and other NCDs in developed 
nations, we need revolutionary ideas or targets. It is in this regard 
that we recognise the endothelium, which plays a remarkable role 
in health and disease. Its relevance to CVD warrants increased 
awareness and appreciation in public health and practice. It 
is now understood that socio-ecological and bio-behavioural 
drivers converge to affect various types of CVD and NCD 
via endothelial dysfunction. Furthermore, the varied response 
to these risk-factor exposures suggests a more complicated 
relationship with the underlying mechanisms for endothelial 
dysfunction. 

Targeted efforts to understand the genomic and epigenetic 
mechanisms underpinning eNOS uncoupling may help explain 
the differential response to disease drivers and perhaps provide 
robust targets for CVD prevention and treatment. This concept 
requires the type of resources and framework for collaboration 
offered by the H3Africa platform. In the interim however, 
widespread dissemination, adoption and implementation of 
proven interventions for the prevention and control of CVD risk 
factors that are also affordable and acceptable in the SSA context 
are strongly encouraged.

The views expressed in this article are those of the authors and do not neces-

sarily represent the views of the National Heart, Lung, and Blood Institute, 

National Institutes of Health, or the US Department of Health and Human 

Services. 
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SHIP is a new innovative product development programme  within 
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vaccines, prevention strategies and treatments to address South Africa’s major 
health problems. 
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