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Abstract

The epidemiology of cardiovascular diseases in sub-Saharan Africa is unique among world
regions, with about half of cardiovascular diseases (CVDs) due to causes other than
atherosclerosis. CVD epidemiology data are sparse and of uneven quality in sub-Saharan Africa.
Using the available data, the Global Burden of Diseases, Risk Factors, and Injuries (GBD) 2010
Study estimated CVD mortality and burden of disease in sub-Saharan Africa in 1990 and 2010.
The leading CVD cause of death and disability in 2010 in sub-Saharan Africa was stroke; the
largest relative increases in CVD burden between 1990 and 2010 were in atrial fibrillation and
peripheral arterial disease. CVD deaths constituted only 8.8% of all deaths and 3.5% of all
disability-adjusted life years (DALYS) in sub-Sahara Africa, less than a quarter of the proportion
of deaths and burden attributed to CVD in high income regions. However, CVD deaths in sub-
Saharan Africa occur at younger ages on average than in the rest of the world. It remains uncertain
if increased urbanization and life expectancy in some parts of sub-Saharan African nations will
transition the region to higher CVD burden in future years.
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The major CVDs vary in terms of underlying pathology (atherosclerosis, hypertensive target
organ damage, infection, inflammation, anatomic deformities), interaction with other organ
systems (pulmonary, immune, endocrine, neurologic, hematologic), and segment of the
population affected. The prevalence pattern of the CVDs is distinctly different in sub-
Saharan Africa compared with the rest of the world: infectious and inflammatory causes are
relatively more common and atherosclerosis relatively less common. The past pattern of
sub-Saharan African CVD epidemiology is not necessarily permanent, however. As parts of
Sub-Saharan Africa urbanize and life expectancy increases, a larger share of the population
may develop higher CVD rates, along with persistence of the lower CVD rates in poorer
rural areas.> CVD epidemiology studies have been scarce in the region, and complete vital
registration of deaths by cause and burden of disease assessments have been completed by
only a handful of sub-Saharan African nations.2 We therefore have an incomplete picture of
CVD epidemiology in sub-Saharan Africa. In this review, we present the data on sub-
Saharan Africa based on the Global Burden of Diseases, Injuries, and Risk Factor (GBD
2010) Study and discuss the strengths and limitations of study findings for sub-Saharan
Africa.

The objective of the GBD 2010 Study was to estimate the epidemiology of 291 major
diseases and injuries in 21 epidemiologic regions, including four sub-Saharan Africa regions
(sub-Saharan Africa East, West, Central and South; Table 1).3 The GBD 2010 included
substantially more source data on fatal and nonfatal CVD outcomes and more advanced
estimation methods than prior versions of the GBD.# Despite these advances, the problem of
scarcity and uneven quality of data on CVD in Sub-Saharan Africa persists and is discussed
in the section on study limitations.

The core summary measurement of population health in the GBD 2010 Study was disability-
adjusted life years (DALYS) in the years 1990 and 2010. DALY represent the “health gap”
between a population's actual health and an ideal standard. DALY are composed of years of
life lost (YLL) to premature deaths and years lived with non-fatal disease disability (YLD).3
Ten major CVD cause categories were defined based on International Classification of
Disease (ICD) classifications: stroke, ischemic heart disease, cardiomyopathy, rheumatic
heart disease, hypertensive heart disease, endocarditis, atrial fibrillation, aortic aneurysm,
peripheral arterial disease and “other cardiovascular and circulatory”. The last “other”
category included cardiopulmonary disease (ICD-10 127, 128), non-rheumatic valvular
disease (134, 135, 136, 137), disorders of the arteries, capillaries or veins (172, 177, 178, 183,
184, 187, 188, 189), venous embolism and thrombosis (182), hypotension (195), post-
procedural disorders (197), and cardiovascular disorders in syphilis and other diseases (198).
For mortality and YLL estimates, the GBD 2010 Study assembled a global cause-of-death
data base. Mortality data were mapped to GBD cause categories and distribution of deaths to
CVD and other causes and regional mortality and temporal trends were estimated using the
cause of death ensemble modeling (CODEm) approach.® The cause of death correct
(CoDCorrect) algorithm estimated total CVDs as a proportion of all deaths, after which the
component CVD causes were fit into the total CVVD mortality envelope. Non-fatal CVD
prevalence was estimated from data gathered in systematic reviews of epidemiologic data
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using a Bayesian meta-regression method (DisMod-MR).® Disability from each case of
nonfatal CVDs and other diseases or injuries was estimated in a household survey of lay
people in Bangladesh, Indonesia, Peru, Tanzania, and the U.S.A., and an international web-
based survey of health professionals.” Because heart failure is not defined as an underlying
cause of death in the International Classification of Diseases (ICD), separate methods were
developed in order to distribute heart failure deaths to upstream CVDs and other causes of
heart failure.8

Cause-of-death data from sub-Saharan Africa were usually not from standard vital
registration, but were predominantly gathered from verbal autopsy studies, police reports,
sibling histories, and burial and mortuary reports.> With the exception of a few higher
quality studies,®11 most data on CVD in sub-Saharan Africa are from small community
surveys and hospital-based registries.12 The GBD dealt with the problem of absent or low
quality epidemiologic data from sub-Saharan Africa by 1) 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 2)
using standard assumptions about the relationship between disease-specific incidence,
prevalence, case fatality, and mortality in DisMod-MR models.3:6:8

Compared with all other world regions, the sub-Saharan Africa region had the smallest
proportion of disease burden attributed to CVD in 2010: 8.8% of total deaths, 3.9 % of years
of life lost, and 3.5% of DALYSs (“tree plot” visualization of cause proportions, by region,
available at http://viz.healthmetricsandevaluation.org/ghd-compare/). The corresponding
CVD proportions for combined high-income regions were 35.7%, 27.2%, and 16.4%.
Within sub-Saharan Africa, the Southern region had the highest proportional CVD burden
and the Western region the lowest. The overall all-ages age-standardized sub-Saharan Africa
2010 CVD mortality rate was 892 deaths per 100,000 persons, and combined fatal and non-
fatal burden of disease was 18,825 DALY per 100,000 persons (Table 2; also by sub-
Saharan Africa region, with uncertainty intervals, Table 1). Cerebrovascular disease had the
highest death and disability rate of the top 10 CVDs in sub-Saharan Africa. Stroke mortality
rates in 2010 ranged from 85 per 100,000 persons (95% CI 72-101) in Western sub-Saharan
Africa to 126 per 100,000 person-years (95% CIl 105-166) in Central sub-Saharan Africa.
Age-adjusted DALY s ranged from 1665 per 100,000 persons (95% CI 1377-1968) in
Western sub-Saharan Africa to 2434 per 100,000 persons (95% CI 2040-3041) in Central
sub-Saharan Africa. Hemorrhagic and other non-ischemic stroke burden dominated over
ischemic stroke burden across all regions of sub-Saharan Africa. Hemorrhagic and other
non-ischemic stroke was the cause of 55% of stroke deaths and 64% of stroke DALYS.

In sub-Saharan Africa there were more women living with peripheral arterial disease in 2010
than there were men (9.85 versus 4.39 million). Compared to Europe and North America
where the bulk of people with peripheral arterial disease is above 55 years, most PAD cases
in sub-Saharan Africa were noted amongst younger people (<55 years). For atrial
fibrillation, 2010 DALY's were higher for men compared to women (Table 2). However,
mortality associated with atrial fibrillation was higher in women compared to men (Table 2).
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All non-atherosclerotic CVDs (all CVDs excepting ischemic heart disease, thrombotic
ischemic stroke, and peripheral arterial disease) were responsible for about half of all CVD
mortality and DALYS in sub-Saharan Africa.

Rank of CVDs by proportion of CVD DALYSs changed little in sub-Saharan Africa between
1990 and 2010, though absolute DALY increased for all CVDs (Fig 1). Of the 20-year,
34% increase in DALYSs in sub-Saharan Africa between 1990 and 2010, 65% of the DALY
increase was due to population growth, 4% due to aging of the population, and the increase
was attenuated by a 35% decrease in age-standardized CVD DALY per capita population
(decrease in disease rates). While absolute DALY changed little between 1990 and 2010
for causes like endocarditis, DALY's about doubled for CVDs more common in older adults,
like peripheral arterial disease and atrial fibrillation. While age-standardized DALY rates
decreased for most CVDs in sub-Saharan Africa, age-standardized rates actually increased
16% for atrial fibrillation and 27% for peripheral arterial disease.

Because adults in sub-Saharan Africa are more likely to die from a non-CVD cause
compared with the rest of the world, sub-Saharan Africa has the lowest years of life lost due
to CVD (Table 3). At the same time, for persons dying of CVD, mean age of death in sub-
Saharan Africa is the lowest in the world [64.9 years (95% uncertainty interval, 64.4—65.4)].

Discussion

The epidemiology of CVDs in sub-Saharan Africa is distinct because atherosclerosis causes
only about half of CVDs. The GBD 2010 Study estimated that absolute CVD burden has
increased in sub-Saharan Africa since 1990, with the largest relative increases in burden
being atrial fibrillation and peripheral arterial disease—CVDs occurring most often in the
elderly. Cerebrovascular disease, particularly hemorrhagic and other non-ischemic stroke,
was the dominant source of CVVD burden in the region. Because of the high burden of human
immune deficiency virus (HIV), malaria, neonatal, and other non-CVD causes in sub-
Saharan Africa, relatively few lives are lost due to CVD. On the other hand, the average age
at CVD death in sub-Saharan Africa is the youngest in the world (Table 3).

Consistent with conclusions of systematic review studies, cerebrovascular disease, and
particularly hemorrhagic and other non-ischemic stroke, emerged as the leading cause of
CVD burden in sub-Saharan Africa.1213 Our data on the relatively high rates of stroke
mortality in sub-Saharan Africa compared with developed countries can be attributed to the
higher stroke severity (for example, hemorrhagic strokes are clinically more severe than
non-hemorrhagic strokes and have significantly greater case-fatality)4 and less than optimal
acute stroke management in the region. The proportionally greater burden of hemorrhagic
and other non-ischemic stroke compared with ischemic stroke burden is likely to be
attributed to the relatively low prevalence of atherosclerosis (major cause of ischemic
stroke) and high prevalence of hypertension (major cause of hemorrhagic stroke) in sub-
Saharan Africa, as it was suggested for countries at the initial stages of epidemiological
transition from communicable to non-communicable disorders.t® While there was no
substantial variation in stroke burden across Eastern, Southern and Western regions of sub-
Saharan Africa, stroke burden in Central sub-Saharan Africa was higher than in other
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regions of sub-Saharan Africa. This observation may be related to the more advanced stage
of epidemiological transition currently observed in Central sub-Saharan Africa compared
with other regions of sub-Saharan Africa. However, further good quality stroke
epidemiological studies are required in sub-Saharan Africa to reliably address causes of the
very high stroke burden in the region and develop culturally appropriate strategies for stroke
prevention.

Among the CVDs, the largest relative increase in burden of disease for sub-Saharan Africa
between 1990 and 2010 was observed for atrial fibrillation. Since atrial fibrillation is far
more common in men, the 2010 DALY were predictably higher in men compared to
women. However, the higher mortality associated with atrial fibrillation in women is an
unexpected finding and clearly needs further detailed investigation. Given the established
association between atrial fibrillation and stroke, it is possible that the former is contributing
to continued high burden of the latter. Atrial fibrillation burden was not assessed in the first
GBD project. However an overall increase in both atrial fibrillation incidence and
prevalence at a global level has recently been reported (1990-2010).18 While our findings in
sub-Saharan Africa do not provide a direct explanation for increase in atrial fibrillation
burden, these results do allow for some speculation in this regard. Even though rheumatic
heart disease has been associated with occurrence of atrial fibrillation, the significant
decrease in the burden of this condition would suggest that factors other than rheumatic
heart disease are responsible for higher atrial fibrillation burden. Ischemic heart disease,
hypertension, and cardiomyopathies saw an increased burden in sub-Saharan Africa and
these are all conditions associated with higher occurrence of atrial fibrillation. However,
there are likely to be multiple factors affecting the rising burden of atrial fibrillation and
these could be region-specific. Especially given the etiologic role of atrial fibrillation for
stroke, significant additional surveillance is needed and more detailed analysis of the
mechanisms of atrial fibrillation is warranted.

Peripheral arterial disease also stood out as one of the CVDs with the largest relative
increase in sub-Saharan Africa since 1990. The observation that the prevalence of peripheral
arterial disease was higher among adults younger than 55 years old is concerning. It suggests
exposure to peripheral arterial disease risk factors — e.g., tobacco smoke exposure, diabetes,
hypertension, or hypercholesterolemia — at relatively young ages.1” As peripheral arterial
disease may be caused by atrial fibrillation — a condition that also increased in prevalence —
atrial fibrillation should be considered as a factor leading to peripheral arterial disease in
sub-Saharan Africa.

Though the GBD 2010 estimated for sub-Saharan Africa the world's lowest ischemic heart
disease death rates and burden per capita, ischemic heart disease ranked second on the sub-
Saharan Africa CVD rank list. The rarity of ischemic heart disease in the region has been
documented only in a handful of community surveys and hospital registries.1118 Lack of
data has led to very different conjectures about the impact of urbanization and lifestyle
changes on ischemic heart disease in sub-Saharan African populations.1'1% The example of
Japan during the 1960's to 1990's should caution us that lifestyle changes and adverse risk
factor trends, such as increases in population mean total cholesterol, do not necessarily spur
increased ischemic heart disease mortality.20
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Heart failure is an important cause of death and disability in sub-Saharan Africa, and unlike
in the high-income countries of North America and Europe, it is most often caused by
hypertensive heart disease, rheumatic heart disease, or cardiomyopathy and rarely by
ischemic heart disease.?21-24 Heart failure is conspicuously absent among the major CVDs
reported on here. Because the GBD cause list is based on ICD classifications, and in the ICD
heart failure is not classified as an underlying cause of death and disability, in this analysis
most of heart failure burden was assigned to its preventable root CVD causes (e.g., ischemic
heart disease, rheumatic heart disease and other valvular heart disease, hypertensive heart
disease, and cardiomyopathies). The shortcoming of this emphasis on primary heart failure
prevention is that the potential benefits of treating heart failure cases and alleviating
prevalent heart failure disability burden are not explicitly estimated, to some degree taking
heart failure off the public health agenda for sub-Saharan Africa. It is likely that if heart
failure underlying causes were reclassified into heart failure burden, heart failure would rise
to be among the major CVDs in sub-Saharan Africa. GBD heart failure burden estimates are
needed both for sub-Saharan Africa and globally and will be forthcoming.

Disease burden estimates are important for health system planners in the sub-Saharan Africa
region. CVD epidemiology may be changing rapidly in the region, especially in areas where
life expectancy is increasing (partly through improved neonatal and communicable disease
prevention and treatment) and economic development and urbanization are progressing
rapidly. The GBD made estimates for sub-Saharan Africa by “borrowing strength” from
cause of death and epidemiology study data within the region and, in a geographically
nested fashion, from other world regions. However, the problem of scarce and low-quality
CVD epidemiologic data remains an endemic problem for sub-Saharan Africa. Even use of
standard measurement instruments developed in other regions may risk erroneous estimates.
For example, in the GBD ischemic heart disease analysis, World Health Survey self-
reported angina prevalence was unexpectedly high in sub-Saharan Africa nations, perhaps
because the Rose angina questionnaire is not equally valid in all populations.8 In 1998,
responding to the original GBD (1990) Study, Cooper et al. argued that given lack of good
quality vital registration and other surveillance studies, disease burden estimates for sub-
Saharan Africa were overly uncertain and that the “complete” appearance of GBD estimates
might lead to the misconception that more and better research is not needed.2> We argue
with equal force that the best possible epidemiology and burden estimates are needed for
decision-making in sub-Saharan Africa now, and that more and better epidemiologic
surveillance is desperately needed.

In conclusion, the GBD 2010 Study used hierarchical models and meta-regression in an
effort to overcome the limitation of sparse data and estimate mortality and burden of disease
for sub-Saharan Africa. Our estimates suggest that non-atherosclerotic CVDs are responsible
for about half of the CVVD burden in the region. Though CVD is responsible for a smaller
share of deaths and DALY's compared with other diseases in sub-Saharan Africa, the
average age at CVD death is the youngest in the world. Two important policy lessons
emerge from the GBD 2010 Study's analysis of CVD in sub-Saharan Africa. First, given the
predominance of cerebrovascular disease and hypertensive heart disease burden,
hypertension control needs to be a high priority. Second, sparse data led to a high degree of
uncertainty about the CVD estimates, leading us to point to the dire need for more support
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for good quality, population-based epidemiologic research. The recent establishment of a

nu

mber of high quality local and regional CVD epidemiology studies is an encouraging sign

for sub-Saharan Africa CVD epidemiology and burden of disease estimates in the future.
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1980 2010
: 1 Siroke {1 Stroke |7.840,477 (38.8%) |
[4.163,062 (27.6%) |2 Ischemic heart disease ———f2Ischemic heart disease 5,780,399 (28.6%) |
1,387,868 (9.2%) |3 Other cardio & circulatory ———13 Other cardio & circulatory [1,829,864 (9.1%)
1,147,212 (7.6%) |4 Cardiomyopathy ———1{4 Cardiomyopathy [1,580,805 (7.8%)
[1.130,529 (7.5%) |5 Rheumatic heart disease %mw sease [1.414,406 (7.0%)
[B93598(59%) |6 Hypertensiveheartdisease |~ —~~[6Rheumaticheartdisease 1,187,594 (5.5%]
[195117(1.3%) |7 Endocardiis ———{7 Endocarditis [210,552(1.0%) |
trial fibrillation ———1{8 Atrial fibrillation [193,005(1.0%) |
76,629 (0.5%) |9 Aortic aneurysm ———19 Aortic aneurysm [120453(0.6%) |
[27.031 (0.2%) ____ |10 Peripheral vascular disease [55.219 (0.3%) |

Fig 1. Leading causes of cardiovascular disease burden, sub-Saharan Africa, 1990 and 2010
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Table 1

Sub-Saharan countries and GBD regions.

Central: Angola, Central African Republic, Congo, Democratic Republic of Congo, Equatorial Guinea, Gabon

East: Burundi, Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi, Mauritius, Mozambique, Rwanda, Seychelles, Somalia,
Sudan, Tanzania, Uganda, Zambia

South Botswana, Lesotho, Namibia, South Africa, Swaziland, Zimbabwe

West: Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Cote d'lvoire, Gambia, Ghana, Guinea, Guinea-Bisub, Liberia, Mali, Mauritania,
Niger, Nigeria, Sao Tome and Principe, Senegal, Sierra Leone, Togo
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Table 3
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Average age at CVD death and years of life lost (YLL) due to CVD death per capita, 2010, the GBD 2010

Study.

Super Region

Age at Death

YLL Per Capita

Sub-Saharan Africa
East Asia/Pacific

64.9 (64.4-65.4
72.6 (72.2-72.9

Eastern Europe/Central Asia  75.5 (75.3-75.7,

High Income

Latin America/Caribbean 73.6 (73.3-73.9
North Africa/Middle East 68.6 (68.3-68.9

South Asia

)
)
)
81.2 (81.0-81.6)
)
)
)

67.6 (66.9-68.2

0.0216 (0.0191-0.0245)
0.0401 (0.0366-0.0421)
0.1084 (0.1050-0.1112)
0.0368 (0.0354-0.0396)
0.0294 (0.0279-0.0315)
0.0442 (0.0406-0.0461)
0.0352 (0.0299-0.0385)
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