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Summary

Background—Sub-Saharan Africa has the highest incidence, prevalence, and fatality from 

stroke globally. Yet, only little information about context-specific risk factors for prioritising 

interventions to reduce the stroke burden in sub-Saharan Africa is available. We aimed to identify 

and characterise the effect of the top modifiable risk factors for stroke in sub-Saharan Africa.
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Methods—The Stroke Investigative Research and Educational Network (SIREN) study is a 

multicentre, case-control study done at 15 sites in Nigeria and Ghana. Cases were adults (aged ≥18 

years) with stroke confirmed by CT or MRI. Controls were age-matched and gender-matched 

stroke-free adults (aged ≥18 years) recruited from the communities in catchment areas of cases. 

Comprehensive assessment for vascular, lifestyle, and psychosocial factors was done using 

standard instruments. We used conditional logistic regression to estimate odds ratios (ORs) and 

population-attributable risks (PARs) with 95% CIs.

Findings—Between Aug 28, 2014, and June 15, 2017, we enrolled 2118 case-control pairs (1192 

[56%] men) with mean ages of 59.0 years (SD 13.8) for cases and 57.8 years (13.7) for controls. 

1430 (68%) had ischaemic stoke, 682 (32%) had haemorrhagic stroke, and six (<1%) had discrete 

ischaemic and haemorrhagic lesions. 98.2% (95% CI 97.2–99.0) of adjusted PAR of stroke was 

associated with 11 potentially modifiable risk factors with ORs and PARs in descending order of 

PAR of 19.36 (95% CI 12.11–30.93) and 90.8% (95% CI 87.9–93.7) for hypertension, 1.85 (1.44–

2.38) and 35.8% (25.3–46.2) for dyslipidaemia, 1.59 (1.19–2.13) and 31.1% (13.3–48.9) for 

regular meat consumption, 1.48 (1.13–1.94) and 26.5% (12.9–40.2) for elevated waist-to-hip ratio, 

2.58 (1.98–3.37) and 22.1% (17.8–26.4) for diabetes, 2.43 (1.81–3.26) and 18.2% (14.1–22.3) for 

low green leafy vegetable consumption, 1.89 (1.40–2.54) and 11.6% (6.6–16.7) for stress, 2.14 

(1.34–3.43) and 5.3% (3.3–7.3) for added salt at the table, 1.65 (1.09–2.49) and 4.3% (0.6–7.9) for 

cardiac disease, 2.13 (1.12–4.05) and 2.4% (0.7–4.1) for physical inactivity, and 4.42 (1.75–11.16) 

and 2.3% (1.5–3.1) for current cigarette smoking. Ten of these factors were associated with 

ischaemic stroke and six with haemorrhagic stroke occurrence.

Interpretation—Implementation of interventions targeting these leading risk factors at the 

population level should substantially curtail the burden of stroke among Africans.

Funding—National Institutes of Health.

Introduction

Stroke remains a leading cause of long-term disability and the second most common cause 

of death worldwide.1–3 Global estimates of stroke burden suggest that sub-Saharan Africa 

has the highest incidence (age-standardised incidence 316 per 100000 people per year),4 

prevalence (age-adjusted prevalence of up to 14.6 per 1000 people),5 and case fatality (up to 

43% at 1 month and 84% at 3 years).6,7

The Global Burden of Disease (GBD) Study8 showed regional variation in risk factors for 

stroke worldwide, and explored risk factors for stroke among Africans using a meta-analysis 

of the small amount of data available. INTERSTROKE,9 the largest case-control study on 

stroke so far, also reported regional differences in stroke types and leading risk factors 

globally. However, no significant association was found between stroke and important risk 

factors such as diabetes, cigarette smoking, physical inactivity, and dietary and psychosocial 

factors among Africans in INTERSTROKE,9 probably because of the small representation 

of Africans. A Tanzanian community-based study10 investigated risk factors for stroke 

among Africans, but had 200 participants, of whom only 40% had neuroimaging to confirm 

stroke. Thus, the dominant risk factors for stroke and its subtypes in Africans are not yet 

clearly established.
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Low-income and middle-income countries in Africa, have scant resources for acute care and 

rehabilitation.1–7 Hence, the most plausible strategy to reduce the burden of stroke in 

Africans is comprehensive and pragmatic preventive efforts targeted at its dominant risk 

factors.11 We aimed to examine and quantify the contributions of the top modifiable risk 

factors for stroke among Africans within the context of the Stroke Investigative Research 

and Educational Network (SIREN) study,12 the largest study of stroke in Africa so far.

Methods

Study design

The SIREN study is a multicentre, case-control study done at 15 sites in Ghana and Nigeria 

(appendix). The study protocol has been published previously.12 Briefly, stroke cases were 

consecutive consenting (in unconscious or aphasic patients, consent was obtained from next 

of kin) adults (aged ≥18 years) with a first clinical stroke within 8 days of current symptom 

onset or last seen without deficit, with neuroimaging confirmation on CT or MRI scan 

within 10 days of symptom onset. Exclusion criteria are listed in the appendix.

Although patients with stroke were recruited from hospitals to ensure rapid and accurate 

phenotyping, a robust community engagement core incorporated community sensitisation 

programmes to enhance early presentation at SIREN study hospitals and minimise referral 

bias.12 To minimise investigation bias, costs of neuroimaging, electrocardiography (ECG), 

echocardiography, carotid doppler, glycated haemoglobin A1c (HbA1c) testing, and lipid 

profiling were covered for all eligible patients who could not afford these procedures. Ghana 

has universal health coverage.

Controls were consenting stroke-free adults (aged ≥18 years), mostly from the communities 

in the catchment areas of the SIREN study hospitals where cases were recruited, while some 

were recruited from the study hospitals. Stroke-free status was confirmed with the eight-item 

Questionnaire for Verifying Stroke-Free Status (QVSFS), which had 98% negative 

predictive value in a validation study involving three major languages spoken in west Africa 

(Ashanti, Yoruba, and Hausa).13 Controls were matched by age (within 5 years), sex, and 

ethnicity to minimise the potential confounding effect of these variables on the relationship 

between stroke and its risk factors. Ethical approval was obtained from all study sites and 

informed consent was obtained from all participants before enrolment.12

Stroke phenotyping

Stroke phenotyping was based on clinical assessment and brain neuroimaging (CT or MRI), 

ECG, transthoracic echocardiography, and carotid doppler ultrasound done in accordance 

with standard operating procedures. Ischaemic stroke was typed clinically with the 

Oxfordshire Community Stroke Project (OCSP) criteria14 and presumed causative subtypes 

were defined using the Trial of Org 10172 in Acute Stroke Treatment (TOAST)15 and the 

Atherosclerosis, Small vessel disease, Cardiac source, and Other (ASCO)16 criteria. 

Intracerebral haemorrhage was classified causatively into structural, medication-related, 

amyloid angiopathy, systemic/other disease, hypertension, and undetermined causes 

(SMASH-U; appendix).17
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Data collection

We collected basic demographic and lifestyle data including ethnic origin of the participants 

and their parents, socioeconomic status, cardiovascular risk profile, and dietary patterns. We 

used validated instruments to assess physical inactivity, stress, depression, cigarette 

smoking, and alcohol use while minimising potential biases (appendix).18 Using uniform 

standard operating procedures across all study sites, we collected blood samples for HbA1c 

and early morning samples after an overnight fast in cases (after the acute phase when 

fasting is feasible) and controls for fasting blood glucose and fasting lipid profile (total 

cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride).

Definitions of risk factors

Blood pressure (mean of three measurements) was recorded at baseline and daily for 7 days 

or until death. A cutoff of at least 140/90 mm Hg for up to 72 h after stroke, a history of 

hypertension, or use of antihypertensive drugs before stroke or more than 72 h after stroke 

were regarded as indicators of hypertension. Adjustments to systolic blood pressure based 

on reported associations between premorbid blood pressure and acute post-stroke blood 

pressure in the Oxford Vascular Study (OXVASC)19 were also applied in sensitivity 

analyses. Hypertension in controls was defined as self-reported history of hypertension or 

use of antihypertensive drugs, or mean blood pressure at first clinical encounter of at least 

140/90 mm Hg.18

Diabetes was defined in controls as a history of diabetes, use of drugs for diabetes, or a 

fasting blood glucose concentration greater than 7.0 mmol/L at first encounter. In cases, 

diabetes was defined as a history of diabetes, use of drugs for diabetes, an HbA1c more than 

6.5%, or a fasting blood glucose concentration greater than 7.0 mmol/L measured after the 

post-acute phase because of the known acute transient elevation of glucose as a stress 

response after stroke.20

Dyslipidaemia was defined as a fasting total cholesterol concentration of at least 5.2 

mmol/L, HDL cholesterol 1.03 mmol/L or lower, triglyceride at least 1.7 mmol/L, or LDL 

cholesterol at least 3.4 mmol/L according to National Cholesterol Education Program 

guidelines,21 or use of statin before stroke onset. Based on distribution of the LDL:HDL 

ratio in the present study, the LDL:HDL ratio was dichotomised using the lowest two tertiles 

(≤2.00 and 2.01–2.96) as normal versus the highest tertile (≥2.97) as high.

Cardiac disease was defined after assessment by study cardiologists as a history or current 

diagnosis of atrial fibrillation, cardiomyopathy, heart failure, ischaemic heart disease, 

rheumatic heart disease, or valvular heart diseases.

For obesity, we assessed both waist-to-hip ratio and body-mass index (BMI). Participants 

were classified individually either using the WHO guidelines with cutoffs of 0.90 (men) and 

0.85 (women) for waist-to-hip ratio or 30 kg/m2 for BMI (obesity).22 We categorised waist-

to-hip ratio into thirds corresponding to low risk (≤0.90), moderate risk (0.91–0.96), and 

high risk (≥0.97) using the tertiles obtained from controls. Individuals were classified as 

physically active if they were regularly involved in moderate exercise (walking, cycling, or 
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gardening) or strenuous exercise (jogging, football, and vigorous swimming) for 4 h or more 

per week.8

Dietary history included regularity of intake of food items such as meat, fish, green leafy 

vegetables, nuts, sugar, and other local staple food items, and addition of salt at the table. 

Regular intake was defined as intake daily, weekly, or at least once per month versus none in 

a month.

Alcohol users were categorised into current users (users of any form of alcoholic drinks) or 

never or former drinkers. Alcohol intake was categorised into low drinkers (1–2 drinks per 

day for women and 1–3 drinks per day for men) and high drinkers (>2 drinks per day for 

women and >3 drinks per day for men; 1 drink or 1 unit of alcohol=8 g of alcohol).18 

Smoking status was defined as current smoker (individuals who smoked any tobacco in the 

past 12 months) or never or former smoker.9

For psychosocial risk factors, we adapted measures of psychosocial stress and depression 

from INTERSTROKE.18 Psychosocial stress combined measures of stress at home or work 

(eg, irritability, anxiety, or sleeping difficulties) and life events, experienced in the 2 weeks 

preceding the stroke. The definition of depression combined depressed mood and a checklist 

of other depression symptoms experienced in the 4 weeks preceding the stroke. Additional 

details on these assessments are presented in the appendix.

Family history of cardiovascular risk or diseases was defined as self-reported history of any 

of hypertension, diabetes, dyslipidaemia, stroke, cardiac disease, or obesity in a participant’s 

father, mother, sibling, or second-degree relative.

Statistical analysis

Prevalence of stroke in Africa is up to 315 per 100 000 population.23 Given the current 

prevalence and incidence of stroke in Africa, a sample size of 2000 cases and 2000 controls 

will be sufficient to give a power of 80% to detect an effect size of odds ratio at least 1.4, 

allowing for several types of exposures (categorical, count, or continuous).

We investigated 30 potential risk factors for stroke in Nigeria and Ghana that were carefully 

selected on the basis of a literature search, our clinical understanding of stroke risk, and 

empirical evidence from our data (significant associations observed in bivariate analyses). 

We assessed the bivariate association between risk factors and stroke status (case vs control) 

using the McNemar test for paired categorical outcomes. We did a similar analysis with 

stratification by stroke type (ischaemic vs haemorrhagic). We did further analyses to 

establish the adjusted associations between the risk factors and stroke occurrence for the 

total sample and stratified by stroke types and by age (<50 years vs ≥50 years) using 

conditional logistic regression with adjustment for potential confounders that were not used 

in the matching, apart from baseline age, which was included to adjust for residual 

confounding because of the non-exact age matching (appendix). The adjusted models 

included selected covariates depending on whether or not they were confirmed confounders 

in the bivariate analysis and whether or not they did not improve the model fit, or increased 

the SE of the parameter estimate of the primary exposure. Additionally, we assessed the final 
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adjusted models for collinearity using variance inflation factor and goodness of fit in a 

residual analysis.

We estimated the odds ratios (ORs) and 95% CIs in the final models using conditional 

likelihood. We calculated the adjusted population-attributable risks (PARs) with their 

respective 95% CIs for each exposure variable included in the best-fitted adjusted models. 

The PARs were estimated as the proportion of the risk of stroke in the population that is 

attributable to the individual risk factors (ie, the proportion of cases that would not occur in 

the population if the factor were eliminated).24 The 95% CIs for the PAR were obtained 

using the AF R package,24 in which the variance is estimated via the delta method. The 

advantage of the AF package is that it allows for an empirical variance estimator to be used 

in building the 95% CI. Composite PARs for the dominant risk factors for stroke, stroke 

subtypes and age (<50 years vs ≥50 years) were calculated, adjusted for covariates 

(intermediate or non-modifiable covariates: age, family history of cardiovascular disease, 

education, and income), using the ATTRIBRISK R package with 95% CIs computed via the 

bootstrap method. We also did several sensitivity analyses using different definitions for 

hypertension, sources of control cohort (community-based controls vs hospital-based 

controls), and sources of case respondents to questionnaires (cases vs proxy respondents), as 

well as by country. All statistical tests of hypotheses are two sided. Statistical analyses and 

graphics were produced with SAS (version 9.4) and R statistical program (version 3.4.2).

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. MOO had full access to all the data in the study and 

final responsibility for the decision to submit for publication.

Results

Between Aug 28, 2014, and June 15, 2017, we approached 3000 cases and 2200 controls, of 

whom we enrolled 2118 patients with stroke (cases) and 2118 controls. 1192 (56%) 

participants in each group were men, and the mean age was 59.0 years (SD 13.8) for cases 

versus 57.8 years (13.7) for controls (table 1). 1758 (83%) controls were recruited from 

communities where stroke cases were recruited, 328 (15%) were hospital-based controls 

from the same hospitals, and 32 were invited during community outreaches and recruited in 

the hospitals. MRI or CT scan was available for 2118 (100%) cases, 2113 (>99%) had a 

lipid profile, 1717 (81%) had HBA1c measurements, and 1530 (72%) had fasting blood 

glucose results, whereas 1597 (75%) had ECG, 916 (43%) had transthoracic 

echocardiography, and 974 (46%) had carotid doppler studies. Among cases with discrete 

ischaemic or haemorrhagic strokes (n=2112), study questionnaires for cases were completed 

by 1621 (76%) proxy respondents, 414 (20%) by patients, and 77 (4%) by both patients and 

proxy respondents. Six cases and seven controls self-reported sickle-cell anaemia and eight 

cases and eight controls reported previously diagnosed HIV/AIDS.

Among stroke cases, 1396 (66%) resided in urban, 574 (27%) in semi-urban, and 142 (7%) 

in rural settings. Comparing cases with controls, 1998 (95%) of 2101 versus 1210 (58%) had 

hypertension; 1661 (78%) of 2118 versus 1296 (61%) had dyslipidaemia; 800 (38%) of 
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2112 versus 281 (13%) had diabetes; 249 (12%) of 2091 versus 111 (5%) had cardiac 

diseases; and 70 (3%) versus 29 (1%) were current cigarette smokers (p<0.0001 for all 

comparisons). Waist-to-hip ratio (p<0.0001), but not BMI (p=0.62), was significantly higher 

among patients with stroke than controls (table 1). Furthermore, patients with stroke were 

more likely to add salt at the table (p<0.0001), consume meat (p=0.001) and whole grains 

(p=0.01) on a regular basis, but less likely to consume green leafy vegetables regularly 

(p<0.0001) compared with controls.

1430 (68%) patients had ischaemic stroke, 682 (32%) had haemorrhagic stroke, and six 

(<1%) had both discrete ischaemic and haemorrhagic lesions (appendix). Cases with both 

ischaemic and haemorrhagic lesions were excluded from stroke type analyses. Using the 

TOAST classification (n=1216), 455 (37%) had small-vessel occlusions, 411 (34%) had 

large artery atherosclerotic strokes, 102 (8%) had cardioembolic strokes, and 248 (20%) had 

stroke of undetermined cause or other causes. Haemorrhagic strokes (n=598 with available 

causative information) were caused by hypertension in 520 (87%)) people, structural lesions 

in 40 (7%), cerebral amyloid angiopathy in 12 (2%), systemic diseases in ten (2%), 

medication use in six (1%), and undetermined cause in ten (2%), with some causative 

overlaps. Regarding the functional status and severity of patients with stroke at presentation 

(n=1928), the modified Rankin scores were as follows: 24 (1%) had a score of 0, 80 (4%) a 

score of 1, 115 (6%) a score of 2, 130 (7%) a score of 3, 902 (47%) a score of 4, and 677 

(35%) a score of 5 (appendix).

The top 11 potentially modifiable risk factors associated with stroke occurrence in 

decreasing order of magnitude by PAR were hypertension, dyslipidaemia, regular meat 

consumption, elevated waist-to-hip ratio, diabetes, low green leafy vegetable consumption, 

stress, added salt at the table, cardiac disease, physical inactivity, and current use of 

cigarettes (table 2). These 11 factors compositely accounted for 98.2% (95% CI 97.2–99.0) 

of PAR associated with stroke (table 2, appendix). Five factors—hypertension, diabetes, 

dyslipidaemia, stress, and green leafy vegetable consumption—were associated with both 

stroke types; obesity, physical inactivity, regular meat intake, salt intake, and cardiac 

diseases were associated with ischaemic strokes, whereas tobacco was associated with 

haemorrhagic strokes (table 3; appendix).

Hypertension, dyslipidaemia, diabetes, stress, and low consumption of green leafy 

vegetables were associated with stroke regardless of age cutoff. Cardiac diseases were 

significantly more associated with stroke in people younger than 50 years, whereas current 

cigarette smoking, added table salt, and regular meat consumption were significantly 

associated with stroke in those 50 years and older (table 4). Hypertension, diabetes, 

dyslipidaemia, and low consumption of green leafy vegetables were independently 

associated with stroke in both Ghana and Nigeria (appendix). However, obesity, stress, 

regular meat consumption, and regular sugar consumption were significantly associated with 

stroke occurrence among Nigerians, whereas cardiac diseases, physical inactivity, current 

cigarette smoking, and salt consumption were associated with stroke among Ghanaians 

(appendix). Intake of vegetables showed a dose-response relationship with stroke, occasional 

or regular salt intake was associated with a higher risk of stroke than no or rare salt intake, 
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and weekly meat consumption was associated with a higher risk of stroke than no or less 

than monthly meat consumption (figure).

Several sensitivity analyses were done to assess the effect of using different definitions for 

risk factors and sources of controls. For example, the effect size of the association and the 

corresponding PAR between hypertension and stroke occurrence varied depending upon the 

definition of hypertension used and whether adjustments were made for the acute rise in 

systolic blood pressure after stroke onset. We calculated an adjusted OR of 5.79 (95% CI 

4.32–7.76) if blood pressure was adjusted for the acute rise and hypertension was defined 

based on blood pressure measured on the morning after admission, and an OR of 17.87 

(11.49–27.78) if blood pressure at the time of interview was elevated or new 

antihypertensive drugs were introduced after stroke occurrence (appendix).

The effect sizes of factors associated with stroke occurrence were also affected by the source 

of controls used to match cases and source of respondents for cases. Eight of the 11 

modifiable factors associated with stroke from the overall analyses maintained significant 

associations in sensitivity analyses limited to the 1758 community-recruited controls versus 

case pairs (83% of entire sample size), whereas three of 11 factors maintained significant 

associations in the 328 hospital-recruited controls versus stroke case pairs (17% of entire 

sample size; appendix). Furthermore, because of the high frequency of severe stroke, 

responses to questions were obtained from 1621 proxy respondents (77%) and 414 (20%) 

from patients themselves (appendix). Similarly in the sensitivity analyses, nine of 11 

modifiable risk factors—namely, hypertension, diabetes, physical inactivity, stress, added 

salt at table, regular meat consumption, low consumption of green leafy vegetables, current 

cigarette smoking, and cardiac disease—maintained significant associations with stroke in 

the proxy respondents, whereas three factors—hypertension, stress, and low consumption of 

green leafy vegetables—maintained association in self respondents. Higher monthly income 

and lower educational status were associated with stroke occurrence but were considered 

socioeconomic indicators, hence were not included as modifiable risk factors (appendix).

Discussion

We have identified the top 11 modifiable risk factors that account for 98.2% of PAR 

associated with stroke among people from Ghana and Nigeria in the largest study done on 

stroke in Africa. Our findings build on those of INTERSTROKE,9 but there are important 

differences in effect sizes of risk factors, and novel factors among Africans are worth noting. 

First, the adjusted OR for hypertension reported among Africans of 4.01 (99% CI 2.59–6.21) 

in INTERSTROKE was the highest for any region.9 However, in the SIREN study, we found 

an even higher estimate of 19.36 (95% CI 12.11–30.93) for stroke overall, with a higher 

effect size for haemorrhagic compared with ischaemic strokes. This high effect size persisted 

even after adjustment for rise in systolic blood pressure after stroke19 and with various 

definitions of hypertension in a sensitivity analysis. Initiation of antihypertensive therapy 

after haemorrhagic stroke contributed to the observed high effect size of hypertension. The 

high OR for haemorrhagic stroke is consistent with a high OR of up to 28.8 for hypertension 

reported elsewhere.26 Second, although diabetes was not associated with stroke among 

Africans in INTERSTROKE, it was associated with both stroke types, with a higher effect 
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size for ischaemic stroke, in this study. Third, economic and psychosocial factors were 

associated with stroke in the present study, but not among the African subset of 

INTERSTROKE. With a sample size of 2118, more than twice the sample size of 973 dyads 

of Africans in INTERSTROKE, the SIREN study has greater power to detect differences 

with fewer false negatives.

Furthermore, to increase the applicability of our findings in routine clinical settings, we 

analysed intake of various dietary components individually, not as a composite dietary score,
9 and also measured routinely used lipid fractions in the estimation of cardiovascular disease 

risk. Some of the modifiable factors in our study (including hypertension, smoking, physical 

inactivity, and a diet low in green leafy vegetables) are consistent with those identified in the 

GBD Study,8 with differences in ranking. The GBD Study, however, did not examine stress, 

meat consumption, and income level, whereas we did not identify an independent 

association of certain factors suggested by the GBD Study, such as BMI, alcohol 

consumption, and fruit consumption. However, like the SIREN study, INTERSTROKE 

showed a stronger relationship between stroke and waist-to-hip ratio than BMI.9

Dietary and socioeconomic factors seem to play more important roles in predisposition to 

stroke among Africans than previously appreciated. Regular intake of meat, added table salt, 

and low consumption of green leafy vegetables were associated with stroke in both countries 

in the present study. Higher income was independently associated with stroke (significantly 

in the US$101–250 band) and was also associated with increased salt and meat intake, but 

decreased vegetable intake in cases, suggesting that poor dietary choices might be 

underpinned by higher income level (appendix). Although the effect of high salt intake 

might be mediated via hypertension occurrence or control, red meat is a source of saturated 

fatty acids and cholesterol, and has been associated with increased risk of stroke in a dose-

dependent manner elsewhere.27 Conversely, regular consumption of green leafy vegetables 

was associated with reduced risk of stroke among 75000 stroke-free Swedes after a decade 

of follow-up.28 Although the precise biological pathways remain to be clarified, green leafy 

vegetables contain high concentrations of folic acid, which is inversely associated with 

homocysteine,29 a risk factor for cerebral small vessel disease.

We found consistent associations between stress and occurrence of ischaemic and 

haemorrhagic strokes. An almost doubled risk of fatal stroke has been reported among 

participants with self-reported high stress intensity compared with those without stress.30 

Cigarette smoking was associated with stroke, but contributed little to the attributable risk 

because of the low prevalence of smoking among west Africans.8,9 Altogether, our study 

highlights the contributions of context-specific risk factors such as household income levels, 

poor dietary habits, and stress as risk factors to stroke occurrence among Africans, probably 

reflecting the effect of adoption of western lifestyles.

Pathophysiologically, ischaemic strokes were commonly of lacunar subtype followed by 

large-artery atherosclerosis and cardioembolic strokes. 87% of haemorrhagic strokes were 

attributed to hypertension on the basis of the SMASH-U classification,17 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 
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were significantly associated with haemorrhagic stroke compared with ischaemic stroke, 

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

ischaemic than haemorrhagic strokes (appendix).

The mean age of the study population was 59 years, which shows the heavy economic toll 

stroke exerts in sub-Saharan Africa by affecting a relatively young and productive 

population. Although there were differences in effect sizes, the spectrum of risk factors 

associated with stroke occurrence among young Africans (age <50 years) were similar to 

those among the older population. The emergence of traditional vascular risk factors as 

dominant predispositions for stroke occurrence in those younger than 50 years is an 

indication of a rapid emergence of cardiovascular risk factors at early ages in sub-Saharan 

Africa. An implication is that public health interventions aimed at remediation of the 

traditional risk factors and the novel dietary and psychosocial factors identified are likely to 

lead to a reduction in stroke burden across the different age strata among the adult 

population.

Case-control studies such as ours cannot establish causality, but rather seek to show 

associations and quantify effect sizes of risk factors. Furthermore, we adopted measures 

similar to INTERSTROKE9 to minimise bias due to the study design. Although there are 

likely to be subregion-specific variations in stroke risk factor burden within Africa itself, our 

findings provide the context-specific information needed to combat the burden of stroke on 

the continent. Our estimates of diabetes should be interpreted cautiously given that only 

fasting blood glucose was used to diagnose diabetes in controls, whereas HbA1c, or fasting 

blood glucose, or both, were used in stroke cases. Similarly, the burden of cardiac diseases 

might have been underestimated because ECG and echocardiographic assessments were 

only available for some participants.

A substantial number of patients with stroke in our study had severe strokes at the time of 

recruitment, necessitating a proxy investigation of lifestyle and behavioural history 

(appendix). Valid proxies were spouses or first-degree relatives who had lived with the 

patient within the year before the stroke. The associations observed among proxies were in 

the same direction as for patients with direct assessment. Because of the high proportion of 

critically ill patients with stroke, not all patients could undergo exhaustive investigations to 

establish the cause of ischaemic and haemorrhagic strokes before their death. Nevertheless, 

we have provided comprehensive data on the burden of causative subtypes of stroke among 

Africans, to our knowledge, for the first time.

An important strength of our study was an active community engagement arm throughout 

the study duration to minimise presentation bias for cases and controls thereby enhancing 

representativeness to promote generalisability (appendix). 83% of our controls were 

community based and recruited from the catchment population of the cases, thereby 

fulfilling the ideal recommendation of community-based controls.18 Some investigators have 

suggested that the validity of case-control studies, which is contingent on selecting controls 

independently of risk factor status, could be compromised by matching.31 Hence, we 

individually matched cases to controls in a 1:1 fashion and used conditional logistic 

regression analysis to attain unbiased ORs. Finally, a strength of this study is the 
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quantification and ranking of the unique contributions of behavioural, psychosocial, and 

traditional vascular risk factors for stroke, which jointly account for a huge proportion of 

stroke in the region. Our findings might help to explain the higher rates of strokes among 

individuals of African ancestry, with a greater vascular risk factor load in diasporan people 

(ie, people dispersed beyond their traditional homeland), as recently shown in a comparison 

of risk factor profiles of patients with stroke in the SIREN study with African Americans 

and European Americans in the REasons for Geographic And Racial Differences in Stroke 

(REGARDS) study.32 The SIREN study has thus established a crucial platform to lead the 

efforts in stroke research and control on the continent.

Indeed, the risk factors identified in the SIREN study provide context-specific potential 

targets for public health control of stroke on the African continent and potentially in other 

low-income and middle-income countries. First, given the effect of hypertension on stroke 

occurrence globally and among Africans in particular, the need for enhanced awareness, 

detection, and control of this risk factor for stroke is urgent. Second, clusters of other 

metabolic risk factors such as dyslipidaemia, diabetes, and obesity have become important 

targets for multipronged interventions for stroke prevention. Third, health promotion 

campaigns geared towards healthy dietary choices and exercise are likely to help curb the 

rising burden of stroke among Africans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Sub-Saharan Africa has the highest incidence, prevalence, and case fatality from stroke 

worldwide, yet detailed characterisation of risk factors for stroke on the continent 

remains elusive. Among large-scale studies on risk factors for stroke that included 

African people, we identified the Global Burden of Disease (GBD) Study, which used a 

meta-analytic approach to analyse the scant data available, and INTERSTROKE, which 

used a case-control design. No significant association was found between stroke and 

important factors such as diabetes, cigarette smoking, physical inactivity, and dietary and 

psychosocial factors among Africans in INTERSTROKE, probably because of the small 

representation of Africans.

Added value of this study

About 98% of population-attributable risk of stroke in 2118 case-control pairs of people 

from Ghana and Nigeria was associated with 11 potentially modifiable factors. In 

descending order of population-attributable risk (PAR), hypertension, dyslipidaemia, 

regular meat intake, central obesity, diabetes, low consumption of green leafy vegetables, 

stress, added salt at the table, cardiac diseases, physical inactivity, and current cigarette 

smoking were independently associated with stroke occurrence. Our findings from the 

largest study on stroke among people in Nigeria and Ghana highlight novel associations 

in this population between stroke and dietary, lifestyle, and psychosocial factors, while 

underscoring the potent effect of hypertension on stroke occurrence among individuals of 

African descent.

Implication of all the evidence available

Although hypertension is the cardinal target for control of stroke in Africa, lifestyle and 

psychosocial factors also need to be addressed through strategic public health 

interventions.
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Figure. 
Dose-response relationships with stroke
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Table 2

Adjusted odds ratios and PARs for stroke

Odds ratio
(95% CI)

Population-attributable risk
(%, 95% CI)

Baseline age ≥50 years   4.54 (1.87 to 11.01) 58 8% (48.8 to 68.7)

Education (some vs none)   1.38 (0.97 to 1.96) 23.5% (3.1 to 44.0)

Monthly income >US$100   1.35 (1.07 to 1.71) 14.9% (3.8 to 26.0)

Hypertension 19.36 (12.11 to 30.93) 90.8% (87.9 to 93.7)

Dyslipidaemia   1.85 (1.44 to 2.38) 35.8% (25.3 to 46.2)

Diabetes   2.58 (1.98 to 3 37) 22.1% (17.8 to 26.4)

Cardiac disease   1.65 (1.09 to 2.49)   4.3% (0.6 to 7.9)

Elevated waist-to-hip ratio   1.48 (1.13 to 1.94) 26.5% (12.9 to 40.2)

Physical inactivity 213 (1.12 to 4.05)   2.4% (0.7to 4.1)

Current cigarette smoker   4.42 (1.75 to 11.16)   2.3% (1.5 to 3.1)

Stress   1.89 (1.40 to 2.54) 11.6% (6.6 to 16.7)

Family history of CVD   1.29 (1.00 to 1.66)   9.2% (−0.5 to 18.9)

Added salt at the table   2.14 (1.34 to 3.43)   5.3% (3.3 to 7.3)

Low green leafy vegetable consumption   2.43 (1.81 to 3.26) 18.2% (14.1 to 22.3)

Regular sugar consumption   1.16 (0.90 to 1.48)   4.4% (−2.4 to 11.2)

Regular meat consumption   1.59 (1.19 to 213) 31.1% (13.3 to 48.9)

Composite PAR ·· 98.2% (97.2 to 99.0)

PAR=population-attributable risk. CVD=cardiovascular disease.
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Table 3

Adjusted odds ratios and PARs by stroke type

Haemorrhagic stroke Ischaemic stroke

Adjusted odds ratio 
(95% CI)

PAR (%, 95% CI) Adjusted odds ratio 
(95% CI)

PAR (%, 95% CI)

Baseline age ≥50 years   5.45 (0.89 to 33.28) 49.7% (31.3 to 68.1)   3.93 (1.39 to 11.06) 61.2% (48.6 to 73.9)

Education (some vs none)   1.64 (0.82 to 3.28) 30.9% (−14.2 to 76.1)   1.40 (0.92 to 2.13) 23 8% (0.0 to 47.5)

Monthly income >US$100   0.98 (0.62 to 1.54) 19.0% (7.1 to 30.9)   1.50 (113 to 1.99) 19.0% (7.1 to 30.9)

Hypertension 75.91 (22.81 to 252.63) 96.6% (94.4 to 98.9) 11.93 (7.09 to 20.10) 86.6% (81.6 to 91.6)

Dyslipidaemia   1.80 (1.11 to 2.92) 32.7% (11.2 to 54.1)   1.90 (1.40 to 2.58) 37.6% (24.3 to 50.8)

Diabetes   2.30 (1.35 to 3.93) 14.6% (5.9 to 23.3)   2.70 (1.96 to 3.71) 26.2% (20.8 to 31.6)

Cardiac disease   0.50 (0.19 to 1.28) −6.0% (−18.1 to 6.2)   2.21 (1.38 to 3.54)   7.4% (3.1 to 11.8)

Raised waist-to-hip ratio   1.23 (0.75 to 2.03) 16.4% (−7.2 to 40.1)   1.58 (1.14 to 2.21) 30.4% (13.1 to 47.8)

Physical inactivity   1.92 (0.56 to 6.60) 21.3% (−1.6 to 5.8)   2.21 (1.01 to 4.82)   2.5% (0.5 to 4.6)

Current cigarette smoker   7.45 (1.15 to 48.20)   3.8% (2.3 to 5.2)   2.93 (0.97 to 8.87)   1.5% (0.4 to 2.5)

Stress   2.35 (1.34 to 4.10) 14.0% (6.6 to 21.4)   1.86 (1.28 to 2.69) 11.4% (4.4 to 18.3)

Family history of CVD   1.23 (0.77 to 1.97)   7.5% (−13.5 to 28.5)   1.33 (0.97 to 1.83) 10.1% (−0.9 to 21.0)

Added salt at the table   2.42 (0.99 to 5.90)   6.6% (2.3 to 11.0)   2.10 (1.18 to 3.76)   4.7% (2.6 to 6.8)

Low green leafy vegetable 
consumption

  2.81 (1.57 to 5.06) 20.7% (13.1 to 28.2)   2.36 (1.66 to 3.34) 17.5% (12.2 to 22.9)

Regular sugar consumption   0.83 (0.52 to 1.33) −6.3% (−27.3 to 14.7)   1.30 (0.96 to 1.76)   7.3% (−0.4 to 15.1)

Regular meat consumption   1.79 (0.99 to 3.25) 38 8% (3.8 to 73.9)   1.50 (1.06 to 2.12) 27.7% (3.5 to 52.0)

Composite PAR ··    99.3 (98.5 to 99.9) ·· 97.7% (96.2 to 98.8)

PAR=population-attributable risk. CVD=cardiovascular disease.
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Table 4

Adjusted odds ratios and PARs by age group

Age <50 years Age >50 years

Adjusted odds ratio 
(95% CI)

PAR (%, 95% CI) Adjusted odds ratio 
(95% CI)

PAR (%, 95% CI)

Education (some vs none)   3.68 (1.01 to 13.41) 68.9% (36.0 to 101.7)   1.16 (0.80 to 1.68) 11.5% (−11.2 to 34.2)

Monthly income >US$100   1.37 (0.69 to 2.75) 17.0% (−44.1 to 78.0)   1.37 (1.06 to 1.77) 15.0% (3.5 to 26.5)

Hypertension 30.84 (11.37 to 83.61) 88.7% (82.5 to 94.8) 17.82 (9.99 to 31.18) 91.6% (87.6 to 95.7)

Dyslipidaemia   2.75 (1.34 to 5.61) 48.2% (30.6 to 65.9)   1.74 (1.32 to 2.31) 33.6% (21.3 to 45.9)

Diabetes   5.80 (2.05 to 16.36) 22.6% (18.7 to 26.5)   2.40 (1.81 to 319) 22.9% (17.6 to 28.3)

Cardiac disease   8.03 (1.91 to 33 82)   8.4% (5.8 to 11.1)   1.34 (0.86 to 2.08)   2.9% (−2.0 to 7.8)

Raised waist-to-hip ratio   1.99 (0.95 to 4.18) 38 5% (7.8 to 69.2)   1.33 (0.99 to 1.81) 20.8% (4.0 to 37.6)

Physical inactivity   7.42 (0.59 to 93 98)   2.8% (0.8 to 4.7)   1.92 (1.00 to 3.71)   2.3% (0.3 to 4.3)

Current cigarette smoker   5.52 (0.36 to 84.59)   3.7% (−3.4 to 10.7)   3.88 (1.42 to 10.61)   1.9% (1.0 to 2.7)

Stress   2.26 (1.04 to 4.93) 14.5% (4.9 to 24.1)   1.78 (1.28 to 2.48) 10.4% (4.7 to 16.1)

Family history of CVD   1.27 (0.60 to 2.70)   9.4% (−30.6 to 49.3)   1.32 (1.00 to 1.75) 10.0% (0.0 to 20.0)

Added salt at the table   1.23 (0.36 to 4.13)   1.8% (−7.4 to 11.1)   2.47 (1.45 to 4.19)   5.8% (3.8 to 7.8)

Low green leafy vegetable 
consumption

  2.31 (1.02 to 5.22) 18.2% (−6.8 to 43.2)   2.33 (1.69 to 3.23) 17.4% (13.2 to 21.7)

Regular sugar consumption   1.36 (0.65 to 2.85) 11.7% (−13.5 to 37.0)   1.18 (0.89 to 1.55)   4.3% (−2.5 to 11.1)

Regular meat consumption   1.50 (0.52 to 4.35) 30.4% (−38 8 to 99 5)   1.56 (1.15 to 213) 29.3% (10.5 to 48.2)

Composite PAR ·· 98.1% (96.0 to 99.8) ·· 98.3% (97.1 to 99.2)

PAR=population-attributable risk. CVD=cardiovascular disease.
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