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Abstract

With increased numbers of older people a higher burden of neurological disorders worldwide is 

predicted. Stroke and other cerebrovascular diseases do not necessarily present with different 

phenotypes in Africa but their incidence is rising in tandem with the demographic change in the 

population. Age remains the strongest irreversible risk factor for stroke and cognitive impairment. 

Modifiable factors relating to vascular disease risk, diet, lifestyle, physical activity and 

psychosocial status play a key role in shaping the current spate of stroke related diseases in Africa. 

Hypertension is the strongest modifiable risk factor for stroke but is also likely associated with co-

inheritance of genetic traits among Africans. Somewhat different from high-income countries, 

strokes attributed to cerebral small vessel disease (SVD) are higher >30% among sub-Saharan 

Africans. Raised blood pressure may explain most of the incidence of SVD-related strokes but 

there are likely other contributing factors including dyslipidaemia and diabetes in some sectors of 

Africa. However, atherosclerotic and cardioembolic diseases combined also appear to be common 
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subtypes as causes of strokes. Significant proportions of cerebrovascular diseases are ascribed to 

various forms of infectious disease including complications of human immunodeficiency virus. 

Cerebral SVD leads to several clinical manifestations including gait disturbance, autonomic 

dysfunction and depression. Pathological processes are characterized by arteriolosclerosis, lacunar 

infarcts, perivascular spaces, microinfarcts and diffuse white matter changes, which can now all be 

detected on neuroimaging. Except for isolated cases of cerebral autosomal dominant arteriopathy 

with subcortical infarcts and leukoencephalopathy or CADASIL, hereditary arteriopathies have so 

far not been reported in Africa. Prevalence estimates of vascular dementia (2–3%), delayed 

dementia after stroke (10–20%) and vascular cognitive impairment (30–40%) do not appear to be 

vastly different from those in other parts of the world. However, given the current demographic 

transition in both urban and rural settings these figures will likely rise. Wider application of 

neuroimaging modalities and implementation of stroke care in Africa will enable better estimates 

of SVD and other subtypes of stroke. Stroke survivors with SVD type pathology are likely to have 

low mortality and therefore portend increased incidence of dementia.
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Introduction

Worldwide neurological disorders are an important cause of disability and mortality. The 

global burden of neurological disorders has increased substantially over the past 25 years 

because of increases in the general population as well as in proportions of older people [36, 

40]. Life expectancy at age 65 years has increased in almost all countries from 1970 to 2016. 

The increases occurred across successive decades suggesting implications for lower 

mortality and improved health care. Despite these positives, however, among all the common 

neurological disorders worldwide, cerebrovascular disease (CVD) and in particular stroke 

account for the largest proportions (47–67%) of total disability-adjusted life-years and 

deaths [54]. Low-and-middle income countries (LMICs) bear a high global burden of not 

only neurological but also cardiovascular disorders [89, 137], which until recently used to 

include stroke. With the recently revised ICD-11 classification [134], stroke is now finally 

considered a brain disease or a neurological disorder. While there are considerable 

geographical variations, the prevalence of stroke in a large number of sub-Saharan African 

countries is reported to be the highest with an estimated overall Africa rate of 981 per 

100,000 [54, 106]. These accord with previously measured yearly stroke incidence rates age-

standardised to the WHO world population of 109/100 000 in rural (Hai District) and 

316/100,000 in urban (Dar-es-Salaam) Tanzania [149] and estimated rates of 258/100,000 in 

rural South Africa [83]. Current prevalence and incidence figures may actually be 

underestimates given there has been an incremental increase of stroke cases of about 10% 

every 4 years in the last decade [3]. Africa has also experienced a steady increase in stroke 

admissions to hospital and mortality over the past three decades. In a recent Ghanaian study, 

comprising over 12,000 stroke admissions with equal gender distribution, the rate of stroke 

admissions had increased from 5/1000 in 1983 to 14/1000 in 2010 corresponding to a 260% 
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rise over the period. Stroke mortality rates increased from 3/1000 to 7/1000 deaths over the 

same period [132]. In rural Tanzania, both mild cognitive impairment (MCI) and dementia 

particularly vascular dementia (VaD) were associated with excess mortality relative to those 

without cognitive impairment [110].

Vascular risk factors (VRFs) impact on brain health to produce clinically silent disease or 

overt stroke, all of which lead to cognitive dysfunction,[9, 53] depression [141, 142] and 

frailty [63, 124]. It is estimated by 2025, three in four persons will be living with 

hypertension with increasing clustering of other risks including diabetes, obesity and 

metabolic syndrome [102]. These constitute a heightened but less recognized threat to brain 

health, mental capital and socioeconomic progress in Africa. Hypertensive small-vessel 

disease (SVD) is thought to be the main risk factor for these infarcts, which may be 

associated with subtle deficits in physical and cognitive function that often go unnoticed, 

particularly in older age. In recent years, SVD has taken precedence as a radiological 

concept [151] and refers to an intracranial disorder which involves pathological changes 

within and at the surfaces of brain microvessels including perforating arteries and arterioles, 

capillaries and venules. SVD comprises tissue injury in both the cortical and subcortical grey 

and white matter. However, SVD may often coexist with atherosclerosis involving large 

extracranial vessels and cardioembolic (CE) disease [78].

Apart from depressive illness, an important consequence of CVD in the survivors is 

cognitive impairment. In recent years, vascular cognitive impairment (VCI) has been 

implemented as an umbrella term to encompass all conditions and causes of CVD including 

hereditary forms that lead to early and severe forms of dementia syndromes [56]. Degrees of 

impairment with the VCI concept remains challenging to define in the clinic. Thus, 

developments within the guises of DSM V defined neurocognitive disorder, mild and severe 

forms of VCI have been proposed as minor and major neurocognitive disorders. The latter 

being consistent with VaD, which is widely regarded as the second most common cause of 

dementia. VaD may culminate from global or focal effects of vascular disease. It 

incorporates behavioural symptoms and locomotor abnormalities e.g. Parkinsonian-like gait 

disorder, dysarthria and autonomic dysfunction. Within the spectrum of CVD and VaD, the 

most common vascular contributor to dementia appears to be cerebral SVD [151]. As people 

worldwide survive longer [39, 127] including in Africa and stroke management improves, 

the incidence of SVD type of VaD is likely to rise.

In this review, we focus on stroke and cerebrovascular diseases in Africa. We also review 

current trends in vascular risk factors associated with stroke subtypes. The recognition of 

subtypes of strokes was an important step forward towards current pathological 

classification based on vascular aetiology. We further appraise the vascular causes of 

cognitive impairment and their contribution to neurodegenerative processes. The incidence 

of hypertension is increasing in Africa suggesting that the incidence of cognitive impairment 

associated with subcortical ischemic lesions or Binswanger’s disease involving subcortical 

structures and the WM resulting from changes in intracranial small vessels will rise.
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Search Methods

We searched PubMed, Science Direct and Web of Science databases between 1970 and 2017 

to identify reports of CVD and stroke published from Africa over the last 45 years. For this 

systematic review, we searched for studies on stroke prevalence, incidence, morbidity, 

mortality, TOAST, risk factors, cerebrovascular accident in all Africa. Both hospital and 

non-hospital cases as well as population-based studies were included. We searched for 

cognitive impairment, mild cognitive impairment, VCI, dementia and VaD. All of the 

countries in Africa were systematically used as search items in segments. Thus, each 

segment included countries in North, West, Central, East and Southern African countries. 

We also specifically looked at all abstracts from sub-Saharan countries. In total, we initially 

found 2,350 titles or abstracts. These were pruned to 523 and finally we selected 120 

abstracts to pursue further. Only abstracts in English were included. Case or study details 

were not available for all and in the final analysis, 65 key papers were included. The 

INTERSTROKE, SIREN and Tanzanian Stroke Incidence Study (TSIP) or Hai District 

projects outputs were identified to be the mainstay of this systematic review.

Age, Gender and Ethnicity

In high-income countries (HICs), old age remains as one of the strongest risk factors for 

ischaemic strokes and other types of CVD. It involves arteriosclerotic changes in the 

cerebral vasculature and cardiovascular system and often both, that may begin in middle age 

considerably prior to the manifestation of an overt or clinically evident event. Early or subtle 

changes may not necessarily be recognised clinically but are evident radiologically as white 

matter (WM) changes or silent lesions, most often in the form of subcortical ischaemic 

changes. For example, in developed countries typically 20–22% of healthy elderly people 

will exhibit magnetic resonance imaging (MRI)-defined silent brain infarcts and up to 50% 

of these are detected in selected patient cohorts [148]. We do not have similar statistics for 

Africa.

As in HICs, increasing age is the strongest non-modifiable risk factor for stroke in Africa as 

demonstrated in different cohort and population studies including the TSIP [149], 

INTERSTROKE [96] and SIREN [109]. Background and ethnicity also contribute to 

differences in the age at which strokes occur [38]. For first ever strokes, black patients were 

younger by a decade (mean age 51) than white patients. While stroke severity was similar; 

more black compared to white patients exhibited cerebral haemorrhage (27% vs 15%). This 

was also evident in the SIREN case-control study, which recorded baseline odds ratios for 

age > 50 years was 5.5 vs 3.9 for haemorrhagic and ischemic strokes respectively, [109]. 

Population-attributable risk for ischemic stroke was 61% second to hypertension at 87%.

As above, lacunar strokes (28% vs 22%) and total anterior circulation infarcts (28% vs 22%) 

tend to be more common in black Africans. Interestingly, large vessel atherosclerosis and 

ischemic heart disease were very uncommon (1%) as a cause in black patients with stroke. 

This is consistent with the lack of carotid artery stenosis as a significant cause of stroke in an 

incident cohort in Tanzania [68] but may not be universal in Africa (see below). 

Hypertension (70% vs 68%) and diabetes (14 vs 15%) were as common in black as in white 
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stroke patients, but mean cholesterol levels were lower (4.6 vs 5.3 mmol/L) and cigarette 

smoking less frequent in black patients (23 vs 54%) [109].

Stroke Subtypes in Africa

Compared to the HICs, the overall proportions of haemorrhagic strokes in sub-Saharan 

Africa (SSA) are phenomenally high [75]. Whereas this figure is ~12% in HICs, in SSA it 

ranged from 15% in Kenya [67], 41% in Ethiopia [47] and an incredible 50% recorded to 

have intracerebral haemorrhages with 16% sub-arachnoid haemorrhages [132] in hospital-

based samples. Patients with ischemic stroke were significantly older compared to those 

with intracerebral haemorrhages. Among these 16% had sub-arachnoid haemorrhage [132]. 

In an earlier study from Ethiopia [156], haemorrhagic strokes were reported to be even 

higher at 57% of all patients and 59% among those who had a CT scan during the reported 

period from 2000 to 2001. Hypertension (>140/90 mmHg) and lack of adherence to 

medication were cited as the main risk factors for the haemorrhagic strokes, which also 

included subarachnoid haemorrhage. However, the proportions of haemorrhagic strokes in 

the community may actually be closer to that in developed countries at 17% indicated by a 

Tanzania study involving urban and rural populations [150].

In recent years, the classification systems for stroke have enabled better understanding of the 

pathophysiology of CVD, particularly with a view to identifying precise substrates of motor 

and cognitive function outcomes and designing trials to reduce recurrent stroke injury. These 

systems have provided knowledge on the frequencies of ischaemic strokes in hospital and 

community based settings. While none of the subtype classification systems is flawless [15, 

86], the Trial of Org 10172 in Acute Stroke Treatment (TOAST) has been recently widely 

utilised for evaluating the pathophysiology of clinical stroke. With regard to the developed 

countries, the TOAST classification [1] suggests atherosclerotic or large artery disease 

(LAD) and cerebral embolism (CE) are the main causes of infarctions associated with major 

arterial territories, which may be admixed in cortical and subcortical regions (Figure 1). 

Thromboembolic events are responsible for up to 50% of all ischaemic strokes whereas 

intracranial SVD causes 20–25% of the infarcts (Figure 1). Strokes of undetermined causes 

are identified most frequently but this category may contain several cases admixed with 

small artery occlusion [27, 84]. This analysis also suggested that SVD rather than LAD is 

more common in non-white populations [55, 144].

The meagre available data on TOAST classification in Africa over the last 20 years from 

2000–2017 indicates that in the hospital based populations frequency of LAD is more or less 

similar to that in HICs at 15% [60, 79, 97, 109]. Whereas CE strokes were a less common 

cause of strokes in Africa, small vessel disease (SVD) at nearly 30% was much higher than 

in white populations of HICs (Figure 1). Strokes from other causes also tend to be higher in 

Africa. The higher SVD frequencies among Africans was also noted in the South London 

Ethnicity and Stroke Study which reported SVD at 29% per TOAST classification in black 

people of African origin [55]. It is plausible that certain genetic factors predispose to more 

SVD among Africans [2]. In this respect, we have recently reported an association between a 

risk locus on the apolipoprotein L1 (APOL1) gene, SNP rs73885319, and SVD ischaemic 

stroke in a cohort of indigenous West African stroke patients [5].
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The lacunar subtype of ischaemic strokes was common followed by large-artery 

atherosclerosis and CE strokes. Eighty seven percent of haemorrhagic strokes were 

attributed to hypertension on the basis of the SMASH-U classification [109] providing 

further impetus to address this risk factor at the population level to mitigate the occurrence 

of this fatal stroke type among Africans. Indeed, although hypertension and current alcohol 

use were significantly associated with haemorrhagic stroke compared with ischaemic stroke, 

dyslipidaemia, diabetes, and cardiac disease were conversely more associated with 

ischaemic than haemorrhagic strokes. Small vessel alterations are very common and mostly 

involve arteriolosclerosis. They are associated with lacunar infarcts predominantly occurring 

in the WM, basal ganglia and thalamus. WM disease or subcortical leukoencephalopathy 

with incomplete infarction is a common pathological change associated with dementia [41]. 

Others features include borderzone (watershed) infarctions, laminar necrosis and cerebral 

amyloid angiopathy (CAA).

While it is possible that CAA is contributory as a cause of haemorrhagic strokes mainly 

cortical in many Africans [109], there appear no established reports of familial CAA. There 

are now more than 10 different hereditary CAAs caused by mutations in different genes 

[123, 155] but none have been yet described in Africa. CAA most often occurs in 

Alzheimer’s disease [99] but it can be found in CVD in the absence of Alzheimer pathology 

[35]. This association may be attributable to the apolipoprotein E (APOE) ε4 allele, as 

Africans tend to have a high frequency of the allele.

The undetermined and other causes of stroke reported in Africa may include whole spectrum 

of vasculopathies and angiopathies, which either lead to stenosis or alter the haemodynamics 

of flow (Table 1). Many of them related to prevalent infectious diseases and several reported 

in younger and paediatric patients [60, 100]. However, these include cerebral amyloid 

angiopathy, aneurysms, fibromuscular dysplasia, arterial dissections and collagen vascular 

disease [59]. Furthermore, CVD involving haematological and metabolic disorders have also 

been reported that include sickle cell anaemia, systemic lupus erythematosus, prothrombotic 

states, antiphospholipid syndrome, hyper-homocysteinemia and mitochondrial myopathy, 

encephalopathy, lactic acidosis and stroke-like episodes have also been reported. A recently 

described large vessel vasculopathy involving the aorta and femoral and carotid arteries, 

resulting in either multiple aneurysm formation or occlusive disease was reported in younger 

subjects. An infective agent was not identified but aetiologically these lesions might be the 

result of a leucocytoclastic vasculitis of the vasa vasorum or periadventitial vessels [34]. 

Hospital-based retrospective studies have reported strokes due to direct cardiac or systemic 

large vessel abnormalities include mitral stenosis, cardiac-arrhythmias cardio-myopathy, left 

ventricular hypertrophy, and infective endocarditis, and atrial septal aneurysm, carotid 

plaques with or without stenosis.

Among the secondary causes of stroke or cerebral ischaemia, many sectors of Africa are 

afflicted with various vasculitides associated with infections. Both primary CNS vasculitis 

and systemic vasculitis with CNS manifestations occur but their frequencies are not known. 

Primary angiitis of the CNS or cerebral vasculitis per se appear to be rare. However, the 

most important rapidly emerging cause of ischaemic strokes is related to HIV infection [23, 

24]. Several mechanisms may be involved including opportunistic infections, vasculopathy, 
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CE and coagulopathy. While the occurrence of stroke and HIV infection might often be co-

incidental, HIV-associated vasculopathy describes various cerebrovascular changes. These 

include stenosis or aneurysms, vasculitis, and accelerated atherosclerosis caused directly or 

indirectly by HIV infection. A range of vasculitides with CNS involvement particularly in 

relation to HIV has been reported [25, 34, 61]. These non-specific vasculitides do not fit into 

any of the characteristic patterns of systemic vasculitis. As part of the immunocompromise 

caused by HIV, a granulomatous inflammation may involve the leptomeninges, small 

arteries and veins as a primary angiitis of the CNS associated with high mortality. Cerebral 

vasculitis could also occur in later stages of the Schistosomiasis mansoni infection in 

endemic areas that causes severe vascular damage in cerebral vessels to produce stroke-like 

episodes [32].

Systemic vasculitides with CNS manifestations occur with almost the same frequency as in 

developed countries [49]. Systemic large vessel vasculitides include Takayasu arteritis (age 

<50 years) and giant cell arteritis (GCA) or cranial arteritis (age >50 years). In GCA, the 

involvement of CNS arteries is very rare (<2%). In one retrospective study, 20% of the 

patients identified with Takayasu disease had a primarily cerebrovascular presentation [61]. 

Neuroimaging revealed increased velocities in the anterior circulation with turbulence and 

multiple areas of hypoperfusion in the 7 cases investigated. Other vasculitides included 

Bechet’s disease with 13% of the patients having CNS involvement [4]. Medium-sized 

vessels are affected in classical polyarteritis nodosa. In classical polyarteritis nodosa, CNS 

involvement with headaches and encephalopathy is known in up to 20%. Small vessel 

vasculitides are separated into immune complex-mediated e.g. cryoglobulinaemic, 

immunoglobulin (Ig)A-associated, hypocomplementaemic anti-C1q and ANCA-associated 

variants including microscopic polyangiitis, granulomatosis with polyangiitis Wegener and 

eosinophilic granulomatosis with polyangiitis Churg–Strauss. In these small vessel 

vasculitides, CNS involvement is rare recorded to be ~10% in granulomatosis with 

polyangiitis Wegener and ~15% in eosinophilic granulomatosis with polyangiitis Churg–

Strauss. Hypersensitivity vasculitis resulting in several patterns of vasculitis and angiocentric 

immunoproliferative vasculitis are also recognised in Africa [34].

Cerebral small vessel diseases in Africa

Several familial stroke disorders also appear to cause cognitive impairment or dementia. 

Cerebral autosomal dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy (CADASIL) is the most common form of hereditary SVDs [33]. 

CADASIL is caused by over 250 distinct mutations in the NOTCH3 gene. Recent extensive 

exome analysis suggested that the frequency of distinctive epidermal growth factor region 

cysteine altering NOTCH3 mutations appear to be 100-fold greater than simply based on 

CADASIL prevalence [126]. The frequencies of NOTCH3 mutations are not known among 

North or sub-Saharan Africans but these frequencies among African Americans are 

estimated to be 0.7/1000 compared to 1.6/1000 in the European population and a 

phenomenal 11.4/1000 in the South Asians. However, genotyping confirmed mutations in 

NOTH3 or appropriate morphological evidence inn skin biopsies have been reported in 

peoples of Tunisia, Sudan, Tanzania and South Africa [28, 122]. In most of these cases, the 

relevant clinical and laboratory features of CADASIL are indicated by the characteristic 
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radiological WM disease and family history, ischaemic events, migraine or cognitive 

impairment. All of the skin biopsies were positive, and the onset of migraine in our patients 

was considerably earlier. In two of the South African cases, a new finding was the normality 

of visual, somatosensory and auditory evoked potentials. Other familial forms of cerebral 

arteriopathies such as cerebral autosomal recessive arteriopathy with subcortical infarcts and 

leukoencephalopathy or CARASIL [58] or the cerebroretinal vasculopathies [155] have not 

been reported. In the latter, retinal microvessels undergo severe distortions and become 

tortuous predictive of the SVD type of pathology with multilaminated vascular basement 

membranes in the brain [65]. There is also not doubt that some rarer and less characterised 

hereditary SVDs including the recently characterised collagen IV (COL4) disorders [136, 

147] also exist in Africa.

Vascular and Other Risk Factors for Stroke

Key vascular disease risk factors for stroke include hypertension, diabetes, dyslipidaemia 

and cardiac disease (Table 2). There is a high burden of these cardiometabolic disorders in 

SSA that may also be modified by different genetic traits [2]. Lifestyle factors including lack 

of a healthy diet e.g. regular meat but low consumption of leafy vegetables, physical 

inactivity as well as psychosocial factors e.g. exposure to stressful situations are listed has 

high risk in both men and women as well as for both stroke types. Both urban and rural 

Africa are also not spared from emerging risk factors of air pollution (indoor household air 

pollution from solid fuels and outdoor ambient particulate matter pollution) and stress, 

which likely contribute to the current trends in stroke incidence [48].

Hypertension

Africans have a higher burden of hypertension with resultant cardiovascular mortality and 

end-organ damage than Caucasians [83, 88]. As a matter of fact, individuals of African 

ancestry have been shown to be more susceptible to elevations in blood pressure compared 

to Caucasians, with the increase in stroke risk being 3-times greater in individuals of African 

ancestry compared to Caucasians [62]. Individuals of African ancestry have greater burden 

of vascular risk factors (e.g., early age of onset, greater severity, worse control of BP) and 

may also have more brain injury from high BP and other vascular risk factors [30, 82]. In the 

INTERSTROKE study the adjusted OR for hypertension among Africans was reported to be 

of 4.0 (99% CI 2.6–6.2). This was the highest within different regions included in the survey. 

However, in the recent SIREN study, an even higher estimate of 19 (95% CI 12–31) for 

stroke overall was reported with a higher effect size for haemorrhagic strokes compared to 

ischaemic types [109]. Hypertension [91] in LMICs is exacerbated by a lack of or ineffective 

population campaigns (i.e. salt reduction), obesity [37, 94, 120] or weak health care systems 

[42, 72].

The high prevalence of hypertension among Africans may be attributed to decreased 

production and increased degradation of nitric oxide (NO) resulting in endothelial 

dysfunction [88] Effective interventions are needed to minimize the projected cardiovascular 

disease trends. Inorganic nitrate supplementation was shown to reduce systolic blood 

pressure, improve endothelial function and cerebral blood flow in young and older healthy 
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participants [17, 29, 76, 87, 118, 152]. Inorganic nitrate supplementation may be associated 

with improved executive function and motor skills [51, 69, 152]. The mechanisms linking 

dietary nitrate to improved cardiovascular health appear to be mediated by an increased NO 

generation via the non-enzymatic (nitrate) NO pathway [81].

Diabetes

It is projected that by 2030, SSA will have 18.7 million people with type 2 diabetes 

representing 1.6 times greater numbers since the year 2000 [153]. As elsewhere, diabetes in 

Africa is attributable to both genetic and lifestyle factors. Self-reported diabetes or measured 

values of more than 6.5% HbA1c was considered a relatively strong factor for stroke [96] 

and among the top 11 modifiable factors associated with stroke [109]. Diabetes was more 

associated with ischaemic strokes than haemorrhagic strokes. In the SIREN study, there was 

nearly three times greater frequency of diabetes among stroke patients than controls and 

stronger risk for stroke in those under 50 years compared to those older than 50 years (OR 

5.8 vs 2.4). While it is not clear whether this affects cerebral SVD, it is plausible that high 

numbers of diabetics will eventually contribute to the burden of cognitive impairment.

Dyslipidaemia

Dyslipidaemia is mainly characterized by increases in triglycerides, apolioprotein B and 

low-density lipoprotein and decreased high-density lipoprotein. In general, the proportions 

of these lipids are similarly between HICs and Africa. In the INTERSTROKE study, the 

prevalence of apoliopoprotein B/A1 in stroke controls was nearly 2 fold higher in Africans 

compared to Western Europeans, North Americans and Australians with ORs for stroke as 

2.5 vs 1.8, and PARs 45 vs 24, respectively [96]. As with diabetes, dyslipidaemia was 

among the top 11 modifiable risk factors associated with stroke [109]. Moreover, younger 

patients (<50 years) are at greater at risk for stroke than those above 50 years of age (ORs 

2.8 vs 1.7). In addition to lifestyle habits, genetic factors likely play a significant role in 

determining the variability in blood lipid concentrations among Africans [2].

Carotid Artery Disease

The TOAST classification suggests there the frequency of LAD strokes is similar between 

SSA and HICs (Figure 1). While LAD may incorporate other systemic vessels including the 

aorta and coronary arteries, carotid artery stenosis or disease (CAD) is a key substrate of 

strokes. The true prevalence of carotid artery stenosis or disease (CAD) in Africa is 

unknown. The prevalence and severity of CAD was significantly higher in a post-mortem 

sample of Nigerians compared to similar examination undertaken four decades ago.[46, 

154]. Our previous Tanzanian Stroke Incidence study indicated there was no significant 

CAD in the Hai District [68]. However, recent studies suggest carotid artery stenosis or 

disease (CAD) by assessing carotid intima-medial thickness (CIMT) in a hospital-based 

cohort of hypertensive Nigerian Africans appears a sensitive indicator for the stratification of 

cardiovascular phenotype and risk [105]. It also better predicts stroke than other 

cardiovascular risk calculators of Western origin [108]. Similarly, in a multiracial North 

American study, racial disparities showed that blacks had more severe arteriolar sclerosis 

and atherosclerosis [20] whereas significant racial disparities were reported in stroke among 

Akinyemi et al. Page 9

Brain Res Bull. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



blacks showing more severe disease, [125] worse cognitive outcomes,[43] and higher 

mortality.[106]

Smoking

Consistent data from the INTERSTROKE and SIREN studies suggest former or current 

smokers are at high risk of any stroke. In a South African study of young patients (mean 44, 

range 15–49 years) hypertension (31%) and smoking (19%) were the most commonly 

encountered risk factors (Hoffmann M, 1998). Similarly, in the SIREN cohort tobacco 

smoking was the second strongest factor after hypertension as a risk for all strokes. ORs 

were 76> 7.5 >5.5 in order of hypertension > smoking > age for haemorrhagic strokes with 

similar order for ischaemic strokes. However, the population attributable risk was much less 

at 1.5% below the order hypertension (87%) > age (61%) > dyslipidaemia (38%) > raised 

waist hip ratio (30%) > > regular meat consumption (28%) > diabetes (26%) [109]..

Neuroimaging of stroke in Africa

Neuroimaging is an important tool to document in vivo the impact of vascular damage to the 

brain. Neuroimaging also complements histopathology to decipher the pathophysiology of 

VCI, and is a crucial technique for the identification of such damage in patients with 

cognitive decline. While large city hospitals and private practice-based institutions may have 

computed tomography (CT) and magnetic resonance imaging (MRI), the overall availability 

of neuroimaging services in Africa is insufficient. In a recent Ghanaian survey of hospital 

services for acute stroke care, 64% of 11 surveyed hospitals had a functional CT scan but 

only 18 % offered 24 hours services. Functional MRI and carotid Doppler ultrasonography 

services were available in 27% and 21% respectively of the surveyed hospitals [19]. In 

places where imaging services are available their affordability and accessibility when 

maintained and functioning are also of concern. Thus, to provide evidence-based stroke 

services and improve stroke care in resource poor settings, public health policy campaigns 

are necessary to not only reduce stroke-related morbidity and mortality [19] but also 

enhance stroke diagnosis. In one study, clinical accuracy for stroke diagnosis was ~66% 

while diagnostic errors were apparent in 35%, particularly in those patients at older age 

[103]. This underscores significant misdiagnosis despite use of current diagnostic criteria 

and scoring systems and the potential for providing inadequate care of patients. However, 

research studies have reported that WMHs were consistently more severe in patients with 

stroke than in patients without [98]. This finding was independent of age and gender [7]. 

Similarly, global and medial temporal lobe atrophy determined by MRI were associated with 

cognitive decline after stroke [8]. Prospective studies in large cohorts are necessary to 

determine the patterns of WM changes and brain atrophy in predicting stroke and its 

recurrence as well as other CVDs independent of other known risk factors. Wider use of 

neuroimaging would also allow detection of subclinical vascular brain disease and SVD 

associated with hypertension, other vascular disease risk factors or frailty.
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Vascular Cognitive Impairment, Vascular Cognitive Disorders and VaD in 

Africa

Increasing evidence shows that higher cumulative vascular risk factor load worsens 

cognition [13]. The mechanisms by which individuals of African ancestry within studies 

including African-Americans [31] are more prone to VCI and vascular cognitive disorders 

(VCD) [43, 115] are not fully understood but hypertension is likely to be a significant one. 

Cognitive impairment resulting from brain vascular changes or injury is likely to be the most 

prevalent worldwide. There are sparse data on VCI and VCD in Africa. In sub-Saharan 

Africa, cognitive impairment from all causes was estimated to range from 6.3% to 25% in 

adults over 50 years of age [85]. Given these estimates, the true prevalence of VCI is likely 

high in Africa.

The concept of VCI [53, 56, 95] has been very useful but it continually challenges the 

correlation between the pathophysiology and degree of impaired cognition in the continuum 

of VCI. Recently, the VCI diagnostic concept was refined in a Delphi type of analysis [139, 

140]. The consensus adopted use of ‘Mild’ and ‘Major’ forms of VCI. The use of ‘Mild’ and 

‘Major’ subdivisions for the severity of impairment accords with the revised terminology in 

Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) and with the introduction 

of categories of mild and major VCD [18]. The major neurocognitive disorder classification, 

meant to describe frank dementia as a substitute for VaD appears to fit better with patients, 

and more adapted to neurodegenerative cognitive disorders for which memory impairment is 

not predominant but comprises prominent frontal lobe change [128]. However, the Major 

form of VCI is proposed to have four main subtypes including subcortical ischaemic 

vascular dementia or SIVaD, multi-infarct dementia, post-stroke dementia (PSD) and mixed 

dementias, which could be determined by significant co-existing neurodegenerative 

pathology.

Cognitive impairment or dementia following stroke is relatively common [77, 93, 115]. 

Incident dementia after stroke or PSD may develop within three months or after a 

stabilisation period of one year or more after the stroke [13, 21, 117]. However, PSD may 

have a complex aetiology with varying combinations of LAD as well as VaD and 

neurodegenerative pathology. Stroke injury could unmask other pre-existing disease 

processes such as Alzheimer’s disease. Majority of PSD in the absence of significant 

neurodegenerative pathology appears to be VaD [13, 92] fulfilling relevant clinical 

guidelines for VCI [56]. Furthermore, the presence of any age-related hippocampal 

Alzheimer type of lesions did not differentiate demented from non-demented post-stroke 

subjects [6].

There are few prospective studies on VCI or VaD in Africa (Table 3). Consistent with the 

previous studies on VCI and PSD, our Nigerian study in older stroke survivors [7] found that 

~40% had VCI while 8% developed dementia three months after the event. Multiple 

regression analysis revealed that older age, low education, pre-stroke cognitive decline and 

medial temporal lobe atrophy were independently associated with cognitive dysfunction 

whereas pre-stroke daily intake of fish was protective. In a recent Ghanaian study [131], 

34% of stroke survivors developed VCI whereas 14% had VaD. Increasing age, lack of 
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formal education and worse functional disability on the modified Rankin scale were again 

identified as strong risk factors. Survivors diagnosed with VaD had the poorest health-related 

quality of life. These reports suggest that nearly 50% of older West African stroke survivors 

develop cognitive impairment or dementia. More than 30% of stroke survivors may develop 

delirium within days after the stroke majority 66% of which is hypoactive [101]. Those with 

severe stroke injury and developing were more prone to succumb to dementia or early death. 

These observations are further consistent with a study on mild cognitive impairment [121], 

where the presence of vascular risk factors ranging from hypertension (64%) to stroke (14%) 

were contributed to MCI (27%) and dementia (8%) in South Africans. In accord with 

previous conclusions on modifiable risk factors, all these studies collectively emphasize the 

vital role of education and healthy nutrition in building reserves to improve or sustain 

cognitive function after stroke or CVD.

Previous systematic analyses suggested the prevalence of dementia in LMICs is relatively 

lower than that in HICs [71, 119]. A more recent analysis involving 10 studies estimated an 

overall prevalence of ~2.4% in adults over 50 years. This converts to nearly a million people 

with dementia in Africa [50]. Dementia prevalence was higher in women with little variation 

between regions. Only few African studies have determined rates of dementia subtypes. In 

general, the prevalence of Alzheimer’s disease is greater than VaD. VaD varies between 17 

and 41% for all causes of dementia depending on the type of study sample (Table 3). This is 

in accord with the previous systematic analysis, which reported Alzheimer disease was 57% 

whereas VaD was 27%. The main risk factors for dementia even in Africa were older age, 

female gender and presence of cardiovascular disease. In the Egyptian study [44], the 

prevalence of VaD in over 60 year olds was estimated as 1.4%. In our Tanzanian study [111], 

while there was a greater proportion of VaD, the overall prevalence was estimated to be 

2.6%. A previous diagnosis of diabetes mellitus was independently associated with greater 

odds of having VaD than Alzheimer’s disease in the Hai District.

As with all other dementias, confirmation of VaD diagnosis in all these studies is only 

definitive after post-mortem examination. Autopsies are rarely performed in Africa but much 

needed to reflect true prevalence and incidence rates of VaD that may also be influenced by 

inconsistencies in diagnostic criteria, sampling methods and variations in subject or country 

demographics, morbidity and mortality trends.

Treatment and Interventions

While it is important to uncover new knowledge, particularly from genetically different 

African populations with wide allelic diversity and low linkage disequilibrium [10, 12, 104, 

143], it is imperative to design effective lifestyle, dietary and pharmacological interventional 

and translational strategies for the best health impact [26]. Model stroke services in Africa 

are varied and currently sparse in respect of focused systems of care delivery including pre-

hospital, hyperacute, acute, subacute and rehabilitative phases of care [114]. There is paucity 

of data on the organization of prehospital stroke services while only three African countries 

(South Africa, Egypt and Morocco) have reported experiences on thrombolysis. The uptake 

of dedicated stroke units also appears limited but slowly growing across the continent.
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Thrombolytic therapy (thrombolysis) using recombinant tissue plasminogen activator (rtPA) 

for acute ischemic stroke care was not available in any of recently surveyed hospitals. 

Aspirin therapy is often administered in study hospitals. Although only a fraction of stroke 

patients receive rtPA even in the developed countries (e.g. <10% in the US) despite efforts to 

increase use of such reperfusion therapies [66], 25–30% of those who undergo the 

reperfusion treatment experience successful arterial recanalization. In Africa, the most 

frequent subtype of ischaemic stroke was cerebral SVD, which may further benefit from 

rtPA because of the low risk of haemorrhagic transformation [135] in this TOAST subtype.

In addition, endovascular thrombectomy has become available in the developed countries, 

which can achieve considerably higher recanalization rates approaching 90% in acute 

ischemic stroke patients [52]. Availability of several new devices such as a stent retriever has 

opened a new era in management of large vessel occlusion caused by large artery disease 

and CE stroke. In Africa, the sparse number of stroke units as well as the high cost of such 

reperfusion treatments, limited resources, pre-hospital delay, and insufficient post-hospital 

infrastructures may deter against their widespread use. However, implementation of rtPA 

and endovascular thrombectomy hold promise in acute stroke management. There are 

several economic and regulatory hurdles to overcome this issue but health care professionals 

and policy makers should cooperate to improve stroke care delivery with the aid of scientific 

organizations. The World Stroke Organization (WSO) has produced the global stroke 

services guidelines and action plan as a template [80], which may be adapted to guide 

development of protocols for developing stroke care services in all regions of the world, but 

particularly LMICs such as those of Africa where stroke care services are currently poorly 

organised. Task shifting and task sharing approaches to effective stroke care are therefore 

very important in Africa given the low availability of competent stroke clinicians [11, 90].

Prevention

Risk factor control is important to prevent stroke worldwide [48]. For instance, Japan had 

the highest stroke mortality in the world in 1965 [145]. However, it rapidly declined by 

~80% during the period from 1965 to 1990. In parallel, the prevalence of hypertension 

declined substantially from 1965 to 1990 [145]. Salt consumption in the northern part of 

Japan was more than 25 g/day in the 1950s but now it is decreased to ~13 g/day partially due 

to population and community campaigns, although this figure is still higher than that of the 

WHO recommended intake of 5g/day to prevent cardiovascular disease [146]. (http://

apps.who.int/iris/bitstream/handle/

10665/43685/9789241547178_eng.pdf;jsessionid=E128B9F03597B7D6B189EA6AE2C532

B1?sequence=1). In Africa, primitive, primary and secondary prevention models exist 

mostly within the context of clinical research with promising results [107, 138]. However, 

salt reduction by population or regional campaigns need to be vigorously undertaken in 

Africa to reduce the burden and cognitive sequelae of stroke incidence. The prevalence of 

obesity is also increasing, which will inevitably increase the prevalence of diabetes mellitus 

and metabolic disorders. The time for management of these modifiable risk factors is ripe 

for prevention of stroke in African countries.
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Summary

Stroke and other CVDs are increasing in Africa. Hypertension is the strongest modifiable 

risk factor for stroke in Africa. Other modifiable factors include diabetes, dyslipidaemia, 

physical inactivity and unhealthy diet. In contrast to HICs, strokes attributed to cerebral 

SVD appear high among sub-Saharan Africans. Raised blood pressure may explain most of 

the incidence of SVD-related strokes but there are likely other contributing vascular risk 

factors including dietary constituents which influence vascular disease. High burdens of 

disease will contribute higher incidence of cognitive impairment and dementia. Despite 

incomplete data, it is apparent that controlling risk factors and prevention strategies will be 

beneficial for reducing the morbidity and mortality as well as lessen the burden of dementia.
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Highlights

• Hypertension is the strongest modifiable risk factor for stroke in Africa.

• Cerebral SVD appears high among sub-Saharan Africans.

• Prevalence estimates of VaD is 2–3% and delayed dementia after stroke is 10–

20%.

• Demographic transition in both urban and rural settings will likely increase 

strokes.

• It timely control vascular risk to reduce stroke and cognitive impairment in 

Africa.
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Figure 1. Stroke subtypes by the TOAST criteria in Africa
1A and 1B, Pathophysiology of stroke subtypes according to TOAST [1]. Figures show 

proportions (mean percent) of strokes resulting from large artery disease (LAD), CE, 

cardioembolic (CE), lacunar infarction or small vessel disease (SVD), other (Other) and 

undermined (Und) causes. 1A, In HICs, CE is the most common cause of strokes with SVD 

a little less frequent. Patients with CE having small infarcts commonly develop VaD. The 

frequency of ICH in these cohorts was a mean of 15% (range 9.6–14%). Chart was 

constructed from 13 different studies involving 12,931 patients from both hospital and non-

hospital or community based cohorts in Western Europe and USA [14, 22, 27, 55, 57, 64, 
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74, 84, 113, 116, 130, 133, 144]. 1B, In SSA, SVD is the most frequent cause of stroke. All 

types of primary insults causing stroke or cerebrovascular disease can lead to cognitive 

impairment. Chart shows proportions of stroke pathophysiology collated from 5 different 

studies involving 2,843 patients from both hospital and community based cohorts in Ghana, 

Kenya, Nigeria, Mozambique, South Africa, Sudan, Uganda [59, 67, 79, 96, 109] The risk 

factors associated with particularly SVD include hypertension, diabetes mellitus, 

hyperlipidaemia, hyperhomocysteinaemia, chronic kidney disease, infection and obstructive 

sleep aponea. Lifestyle factors such as smoking, obesity, alcohol abuse and regular meat 

consumption are other factors. Abbreviations: CE, cardioembolic; HIC, high-income 

countries; LVD, large vessel disease; SSA, sub-Saharan Africa; SVD, small vessel disease; 

TOAST, Trial of Org 10172 in Acute Stroke Treatment; Und, undetermined. Chart 1A was 

adapted from [70].
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Table 1

Common and rare causes of stroke pathophysiology in Africa

Primary or
Secondary
Vascular
Disorder(s)*

Common conditions Predominant Tissue
changes

Frequencies
in Africa
(rare/low+,
medium ++,
high+++)

Atherosclerotic disease Cardiac and carotid 
atherosclerosis

Cortical and territorial infarcts; 
WML

++

Infarcts, laminar necrosis, 
rarefaction

++

Embolic disease Cardioembolism Large and small infarcts +++

Arteriolosclerosis Cerebral small vessel disease Cortical infarcts, lacunar infarcts/
lacunes, microinfarcts, WML

+++

Hypertensive vasculopathy +++

Non-atherosclerotic non-inflammatory vasculopathies Arterial dissections (carotid, 
vertebral and intracranial), 
fibromuscular dysplasia, 
dolichoectatic basilar artery, 
large artery kinking and 
coiling, radiation induced 
angiopathy, moyamoya 
disease

No pattern of brain infarctions: 
haemodynamic, thromboembolic, 
or due to occlusion of a perforating 
artery. Subarachnoid haemorrhage; 
lacunar infarcts, PVS

+

Aneurysms- sacular, berry, 
fusifom, cerebral

Haemorrhagic infarcts, herniation ++

Vascular malformations: 
cavernous hemiangioma, 
arteriovenous, capillary

Rarefaction, WML

Cerebral venous thrombosis Subcortical infarcts(thalamus), 
lobar haemorrhages

Amyloid angiopathies Hereditary CAAs (Amyloid β, 
prion protein, cystatin C, 
transthyretin, gelsolin)

Cortical microinfarcts, lacunar 
infarcts, WML

+

Monogenic stroke disorders CADASIL, CARASIL, retinal 
vasculopathy with cerebral 
leukodystrophies (RVCLs), 
Moyamoya disease, 
Hereditary angiopathy, 
nephropathy, aneurysm and 
muscle cramps(HANAC), 
COL4 disorders

Lacunar infarcts/lacunes, 
microinfarcts, WML

+

Monogenic disorders involving stroke Fabry disease, familial 
hemiplegic migraine, 
hereditary haemorrhagic 
telangiectasia, Vascular 
Ehlers-Danlos syndrome, 
Marfan syndrome, 
Psuedoxanthoma elasticum, 
Arterial tortuosity syndrome, 
Loeys-Dietz syndrome, 
polycystic kidney disease; 
Neurofibromatosis type 1 (von 
Ricklinghausen disease), 
Carney syndrome 
(Faciallentiginosis and 
myxoma)

Cortical and subcortical infarcts, 
haemorraghic infarcts

+

Metabolic disorders Mitochondrial disorders 
(MELAS, MERRF, Leigh’s 
disease, MIRAS), 
Fibromuscular dysplasia, 
Menkes disease, 

Cortical and subcortical stroke-like 
lesions, microcystic cavitation, 
cortical petechial haemorrahges, 
gliosis, WML

++
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Primary or
Secondary
Vascular
Disorder(s)*

Common conditions Predominant Tissue
changes

Frequencies
in Africa
(rare/low+,
medium ++,
high+++)

Homocystinuria, Tangier’s 
disease

Haematological disorders Paraproteinaemia, 
coagulopathies 
(antiphospholipid antibodies, 
SLE, nephrotic syndrome, 
Sneddon syndrome, 
deficiencies in clotting 
cascade factors e.g. protein S, 
C, Z, antithrombin III, 
plasminogen)

Cortical and subcortical infarcts, 
ICH and subarachnoid 
haemorrhages

++

Vasospastic disorders Subarachnoid haemorrahge, 
Migraine related strokes, 
paroxysmal hypertension, 
drug induced vasconstriction

Cortical and subcortical small 
infarcts

+

Data summarised and updated from several source references. Africa also has proportionally large numbers of young strokes and cerebrovascular 
disorders [60, 100]. Countries reporting were: included: Benin, Botswana, Democratic Republic of Congo, Egypt, Ethiopia, Ghana, Kenya, Malawi, 
Mozambique, Nigeria, Senegal, Sudan, Tanzania, Tunisia, Uganda, South Africa, Zambia, Zimbabwe. Several disorders may also occur with other 
co-morbidities such as coronary artery disease, congestive heart failure, hypertension, diabetes, hyperlipidaemia, hypercoagulability, renal disease, 
atrial fibrillation and valvular heart disease.

*
Other miscellaneous causes of stroke including mechanical, invention induced or rare genetic syndromes such as trauma, iatrogenic, 

decompression sickness, air or fat embolism, transplantation and Werner’s syndrome can lead to cognitive impairment.

Abbreviations: CAA, cerebral amyloid angiopathy; CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy; CARASIL; cerebral autosomal recessive arteriopathy with subcortical infarcts and leukoencephalopathy; ICH, intracerebral 
haemorrhage; MCA, middle cerebral artery; MELAS, Mitochondrial Myopathy, Encephalopathy, Lactic Acidosis and Stroke-like Episodes; 
MERRF, Myoclonic epilepsy with ragged red fibres; MIRAS; PCA, posterior cerebral artery; PVS, perivascular spaces; SLE, systemic lupus 
erythematosus; WML, white matter lesion.
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Table 2

Unmodifiable and Modifiable Risk Factors for All Strokes in Africa

Factor Parameter
definition

INTERSTROKE†
OR and PAR

SIREN†
OR and PAR

Age >50 years - 4.5

Education Some vs none - 1.4

Family history of CVD Self- reported CVD or stroke - 1.3

Hypertension >140/90 mm Hg 4.0 19.4

Diabetes Glucose >7 mmol/L; HbA1c 6.5% 1.5 2.6

Dyslipidemia Total cholesterol >5.2 mmol/L 2.5 1.9

Smoking (tobacco) Current or former smoker 1.6 4.4

Cardiac disease†† Any cardiac problem‡ 3.6 1.7

Waist-to-Hip ratio Measured in cm 1.6 1.5

Low Physical Activity Moderate activity, >4hr per week 0.95 2.1¶

Psychosocial Factors Stress, life events, depression N/A 1.9

Alcohol intake >14–21 drinks per week 5.9 -

Diet Healthy diet 0.78‖ -

Meat intake Daily or weekly - 1.6

Salt intake Added salt - 2.1

Sugar intake Daily or weekly - 1.2

Low Vegetable intake Not daily or weekly - 2.4

Data summarised from two major studies assessing risk factors in Africa [96, 109]. The countries represented in Africa were Ghana, Mozambique, 
Nigeria, Tanzania, South Africa, Sudan and Uganda.

†
Sample sizes for the stroke cases were 973 and 2118, respectively.

††
For atrial fibrillation or flutter associated with ischaemic strokes in INTERSTROKE study OR value was 4.4.

‡
cardiomyopathy, heart failure, ishaemic heart disease and valvular heart diseases.

¶
OR for regular physical inactivity.

‖
OR for healthy cardiovascular diet intake.

Abbreviations: INTERSTROKE, International case-control study in stroke ; N/A, not available; OR, odds ratio; PAR, population attributable risk; 
SIREN, Stroke Investigative Research and Educational Network.
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