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Stroke is a growing public health concern in low- and middle- income countries, however no systematic 
study has been conducted to elucidate possible causes of stroke among most low- and middle- income 
countries. The aim of the study was to determine the prevalence of stroke, associated risk factors, 
electrolyte disturbances and lipid profiles in Sudanese stroke patients. A retrospective hospital-based 
study was conducted for 188 stroke patients. A 59.6% of patients are males and 40.4% are females, 
42.55% of their age ranged between 41 to 60 years, with mortality rate 17.02%. A 78.2% of patients had 
ischemic infarction and 21.8% had hemorrhage. Predisposing factors for the development of stroke was 
hypertension 43.6%, diabetes mellitus16.5%, heart disease 4.3%, smoking 3.7% and alcohol 
consumption 3.7%. Stroke patients had strong family history of hypertension 12.23%, diabetes mellitus 
10.11%, stroke 3.72% and heart diseases 1.10%. The electrolyte disturbances and lipid profiles showed 
a significant different (P<0.05) between males and females in hemoglobin (HB), hematocrit (HCT), 
cholesterol and low density lipoprotein (LDL) levels, and a significant different (P<0.05) between 
ischemic and hemorrhage stroke in platelets (PLTs), potassium and HDL levels. Our results confirm a 
high prevalence of risk factors for stroke, and a better understanding of stroke risk factors and 
outcome may help guide efforts at reducing the community burden of stroke in Sudan. 
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INTRODUCTION 
 
Stroke is the second killer in the world, with 6.2 million 
deaths representing 11.4% of the 54.6 deaths that 
occurred in 2011 (Boutayeb et al., 2014). Worldwide, 
stroke incidence showed a divergent trend rates during 
the last four decades (Boutayeb et al., 2014). While 

stroke incidence decreased by 42% in high-income 
countries, it increased by more than 100% in low to 
middle income countries (Feigin et al., 2009). Differences 
in burden due to stroke were existing within countries 
where the incidence and mortality rates vary across
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socioeconomic groups. Studies in Western countries 
have demonstrated a significant positive association 
between socioeconomic disadvantage and the incidence 
and mortality due to stroke (Kaplan and Keil, 1993; Cox 
et al., 2006). Few studies available in developing 
countries show various patterns, as the social gradient for 
risk factors leading to stroke may change over time 
(Engels et al., 2014). In UK, the costs of stroke are 
estimated to be nearly twice those of coronary heart 
disease (Rothwell, 2001), accounting 6% of total National 
Health Service (NHS) and Social Services expenditure 
(Rothwell, 2001). Among the Asians, the number who 
died from stroke was more than three times that for 
coronary heart disease (CHD) (WHO, 1994). In India, 
stroke represented 1.2% of the total deaths, when all 
ages were included (Anand et al., 2001).  

The epidemiology of stroke in the Middle East and 
North Africa reported an extensive variation of incidence 
between different countries (Boutayeb et al., 2014). In 
African region, more than 1.1 million deaths were caused 
by cardiovascular diseases and more than half of these 
were due to ischaemic heart disease and stroke 
(Laurence et al., 2011). During the period, 1980 to 2007, 
the age standardized incidence rate of stroke (per 
100000) in Saudi Arabia, Iran, Palestine, Kuwait, Bahrain, 
Libya and Qatar was 38.5, 61.5, 62.7, 92.2, 96.2, 114.2 
and 123.7, respectively (Tran et al., 2010). Some 
developed countries such as the United States, Canada, 
France, Switzerland, and Australia have experienced 
declines in mortality, which may be associated with the 
increased use of preventative treatment, better control of 
vascular risk factors, and the advances in acute stroke 
care (Sun et al., 2013). 

There are racial and social differences in susceptibility 
to stroke and in the incidence of the various stroke 
subtypes. Some of these racial differences are partly 
caused by differences in risk factor prevalence (Forouhi 
and Sattar, 2006). In some developed countries, up to 
67.3 to 80.5% of stroke cases are attributed to ischemic 
stroke, whereas only 6.5 to 19.6% are attributed to 
intracerebral hemorrhage; approximately 0.8 to 7.0% to 
subarachnoid hemorrhage; and 2.0 to 4.5%, to 
undetermined types (Feigin et al., 2003). The 
international prospective epidemiological studies 
identified the major atherogenic risk factors for stroke as 
hypertension, diabetes mellitus, hyperlipidemia, and 
smoking (Wolf, 2004). Fuster and Kelly (2010) indicated 
that the risk of coronary heart disease and ischaemic 
stroke increases steadily with overweight/obesity and 
there is a continuous relationship between blood 
pressure and the risk of developing heart attacks and 
stroke. In China, the risk from major stroke factors, 
including obesity and hypercholesterolemia, has 
substantially increased (Sun et al., 2013). The rural 
Japanese  prospective   studies   showed   that  low  total  
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serum cholesterol was related to increased incidence of 
cerebral hemorrhage (Yano et al., 1989). In Morocco, 
there was a significant association between household 
socioeconomic status and the prevalence of stroke 
(Engels et al., 2014). Electrolyte disturbances are also 
commonly found in stroke cases and may contribute to 
mortality of these patients. Kusuda et al. (1989) noted 
that disorders of sodium and potassium concentration are 
the commonest electrolyte abnormalities found in stroke 
patients. Thus, early diagnosis of electrolyte disturbances 
is essential to prevent morbidity and mortality of Cerebral 
Vascular Accident (CVA) patients to a large extent (Roy 
et al., 2014). Studies describing these electrolyte 
disturbances in stroke patients are rare in Sudan. 
Therefore, the aim of the present study was to determine 
the frequency of stroke sub types, associated risk factors, 
electrolyte disturbances and lipid profiles in Sudanese 
stroke patients. 
 
 
MATERIALS AND METHODS 
 
Study design and data collection  
 
A retrospective study of 188 stroke patients admitted to the Soba 
University Hospital, Sudan was conducted using medical history 
records during the period of January, 2012 through December, 
2013. The diagnosis of stroke was established if patients were 
already treated with stroke drugs or were diagnosed during their 
hospital stay. We selected only treated stroke patients who had a 
record of continued medication in their medical records since being 
diagnosed with stroke, any other diseases subsequent to stroke 
onset was included. The data taken from each patient records 
included demographic data, clinical characteristics of stroke 
(ischemic or hemorrhagic), occurrence of in-hospital death and 
stroke risk factors that is, hypertension, diabetes mellitus, 
dyslipidemia, cardiac disease, smoking status, and previous history 
of stroke. Biochemical variables presented with stroke including 
electrolyte disturbances, plasma glucose, serum urea and 
creatinine, total cholesterol (TC), triglycerides (TG), and high 
density lipoprotein-cholesterol (HDL-C). Low density lipoprotein 
cholesterol (LDL-C) was calculated by Friedewald’s equation. 
Ethical approval was received from the local ethics committee prior 
to the start of the study.  
 
 
Statistical analysis  
 
Results are given as means ± standard error for continuous 
variables and number, and percentage for categorical variables. 
The chi-square test or Fisher’s exact test was used for categorical 
variables and the Students t-test for continuous variables. Statistical 
analyses were performed using SPSS v.18 (SPSS, Chicago, 
Illinois, USA) and a p value less than 0.05 was considered 
significant. 
 
 
RESULTS  
 
Risk factors of stroke  
 
A total of 188  patients  admitted  to  the  Soba  University  
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Table 1. Distribution of Stroke Subtypes and associated risk factors. 
  

Factors Frequency Percent (%) 
Sex   
Male 112 59.6 
Female 76 40.4 
Stroke type   
Ischemic 147 78.2 
Hemorrhage 41 21.8 
Side weakness   
Right  109 58 
Left 79 42 
Risk factors   
Hypertension 82 43.6 
Heart disease 8 4.3 
Diabetes Mellitus  31 16.5 
Smoking 7 3.7 
Alcohol 7 3.7 
Family history    
Hypertension 23 12.23 
Diabetes mellitus 19 10.11 
Stroke 7 3.72 
Heart disease 2 1.10 

 
 
 
Hospital were studied, 59.6% are males and 40.4% are 
females. Approximately 78.2% of the patients had 
ischemic infarction and 21.8% of the patients had 
hemorrhage, representing 58% right side weakness and 
42% left side weakness, while 17.02% of patients were 
dead. Age, hypertension, diabetes mellitus, 
hyperlpidemia, obesity and heart disease are known 
predisposing factors for the development of stroke. In the 
present study, 43.6% of stroke patients had hypertension, 
16.5% had diabetes mellitus and 4.3% had heart disease. 
Smoking and alcohol consumption are very low among 
patients represented by 3.7 and 3.7%, respectively. The 
patients had strong family history of the factors for the 
development of stroke, 12.23% had hypertension, 
10.11% had diabetes mellitus, 3.72% had stroke and 
1.10% had heart diseases (Table 1). The common 
affected age group was between 41 and 60 years 
(42.55%), followed by age group 61 and 80 (40.96%) 
(Figure 1). 
 
 
Hematological, serum urea, ceartinine and electrolyte 
levels in stroke patients  
 
Serum electrolyte analysis should be a part of initial 
evaluation in all stroke patients, there were significant 
difference (P < 0.05) between males and females in HB 

and HCT levels, whereas there was a significant 
difference (P < 0.05) between ischemic and hemorrhage 
stroke in PLTs level (Table 2). Sex has no significant 
effect on serum urea, creatinine, sodium and potassium 
levels in patients with stroke. However, there was a 
significant difference (P < 0.05) on potassium levels in 
patients with ischemic and hemorrhage stroke (Table 3). 
 
 
Lipid profiles in stroke patients  
 
Cholesterol and LDL level were significantly (P < 0.05) 
different between males and females, while HDL level 
was significantly (P < 0.05) different between patient with 
ischemic and hemorrhage stroke (Table 4).  
 
 
DISCUSSION 
 
Cardiovascular diseases caused 17.3 million deaths in 
2008 and this number is expected to reach 23.3 million 
by 2030 (Boutayeb et al., 2014). The incidence of stroke 
has reached an epidemic level in low to middle income 
countries (Feigin et al., 2009). Engels et al. (2014) 
indicate the increase in mortality due to stroke is 
expected to be faster in low income and middle-income 
countries than in high-income countries, as a result of the
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Figure 1. Age distribution of the patients with stroke. 

 
 
 

Table 2. Hematological parameters in the patients with stroke. 
 

Items Over all 
Sex  Stroke type 

Male (n=64) Female (n=51) P value  Ischemic (n=87) Hemorrhage (n=28) P value 
TWBCs 8.51±0.39 7.88±0.49 9.15±0.62 0.110  8.96±0.38 8.07±0.69 0.258 
HB 12.51±0.29 13.10±0.36 11.92±0.45 0.043  12.36±0.28 12.66±0.51 0.604 
HCT 37.98±0.84 39.96±1.04 36.00±1.32 0.020  37.43±0.80 38.53±1.47 0.510 
MCV 84.66±1.01 83.36±1.26 85.95±1.59 0.205  83.78±0.97 85.53±1.78 0.390 
MCH 27.74±0.35 27.71±0.44 27.77±0.55 0.919  27.69±0.34 27.78±0.62 0.894 
MCHC 32.56±0.25 32.86±0.31 32.26±0.39 0.228  32.50±0.24 32.62±0.43 0.807 
PLTs 242.43±13.55 230.59±16.77 254.27±21.28 0.384  275.28±12.96 209.58±23.79 0.017 

 

Total white blood cells (TWBCs); Haemoglobin (HB); Mean Corpuscular Volume or Cell (MCV); Mean Corpuscular Haemoglobin (MCH); Mean 
Corpuscular Haemoglobin Concentration (MCHC); Platelets (PLTs) 

 
 
 

Table 3. Serum urea, creatinine and electrolyte levels in the patients with stroke. 
 

Items Over all 
Sex  Stroke type 

Male (n=68) Female (n=53) P value  Ischemic (n=91) Hemorrhage (n=30) P value 
Urea 50.15±5.91 49.93±7.14 50.37±9.42 0.970  53.14±5.63 47.16±10.39 0.613 
Creatinine  1.51±0.28 1.51±0.33 1.51±0.44 0.999  1.81±0.26 1.21±0.48 0.275 
Serum Na 138.04±0.87 136.72±1.05 139.37±1.38 0.130  138.37±0.83 137.72±1.53 0.711 
Serum K 3.56±0.09 3.62±0.12 3.50±0.14 0.517  3.74±0.08 3.38±0.15 0.040 

 

Urea mg/dl; creatinine mg/dl; Serum Na and K meq/l 
 
 
 
increasing prevalence of risk factors (due to both an 
ageing population and changes in lifestyle) and lesser 
availability of primary prevention and acute care 
programs (Paul et al., 2007; Strong et al., 2007; Addo et 
al., 2012). A systematic review of population-based 

studies carried out from 1970 to 2008 showed a 42% 
decrease in incidence of stroke in high-income countries, 
as compared to a more than 100% increase in incidence 
in low and middle-income countries (Johnston et al., 
2009). 
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Table 4. Lipid profiles in the patients with stroke. 
 

Items (mg/dl) Over all 
Sex Stroke type 

Male (n=17) Female (n=5) P value Ischemic (n=18) Hemorrhage (n=4) P value 
Cholesterol 171.867±9.61 151.82±12.22 191.92±14.82 0.051 161.73±10.27 182.00±16.24 0.305 
Triglyceride  86.275±12.93 76.22±16.46 96.33±19.96 0.447 97.80±13.83 74.75±21.86 0.385 
HDL 56.928±3.70 60.86±4.71 53.00±5.71 0.303 43.61±3.96 70.25±6.26 0.002 
LDL 77.550±7.51 52.27±9.56 102.83±11.59 0.003 82.10±8.03 73.00±12.69 0.552 

 

HDL, high density lipoprotein; LDL, low density lipoprotein. 
 
 
 

In the present study, 59.6% of stroke patients are 
males and 40.4% are females, and 78.2% of the patients 
had ischemic infarction and 21.8% had hemorrhage. 
Similarly, Boutayeb et al. (2014) indicated that stroke is 
more prevalent among men than women with ratios 
varying from 1.3:1 to 2:1. In the previous studies, stroke 
caused by infarction was found in 58.3% while stroke 
caused by hemorrhage was found in 41.6% in Sudanese 
population (Sokrab et al., 2002). In Congo, haemorrhagic 
and ischemic strokes were present in 52 and 48% of the 
study population, respectively (Longo-Mbenza et al., 
2008). Stroke subtype identification was often not 
possible in early studies because of a lack of brain and 
vascular imaging and it remains problematic today 
because of the frequent difficulty in ascribing a cause for 
a given stroke even when imaging is available. 

Although hypertension, obesity, diabetes mellitus, and 
atrial fibrillation were important stroke risk factors, in 
many patients, these were detected only after a stroke. In 
the present study 43.6% of stroke patients had 
hypertension, 16.5% had diabetes mellitus and 4.3% had 
heart disease. Smoking and alcohol consumption are 
very low among patients represented by 3.7 and 3.7%, 
respectively. Hypertension was the most common 
associated risk factor constituting 46.9%, cardiac disease 
was found in 16%, diabetes mellitus in 14.6%, syphilis in 
4.1%, and previous transient ischemic attack in 2.1% 
(Sokrab et al., 2002). In Congo, the rates of hypertension 
and diabetes mellitus among the stroke patients were 81 
and 14.6%, respectively (Longo-Mbenza et al., 2008). 
The population of the Eastern Mediterranean region is 
known to suffer from high rates of diabetes and 
hypertension and the problem is accentuated by the late 
diagnosis and the high proportions of people who are 
unaware of their disease (Boutayeb et al., 2014). The 
relationship between smoking and cerebral infarction has 
been confirmed in case control studies from the U.S., 
Australia, U.K., Scandinavia, and Russia (Donnan et al., 
1989).  

In a study among more than 400 patients in Australia, 
Donnan and colleagues found that the risk of cerebral 
infarction due to smoking was substantially higher than in 
the previous meta-analysis (Donnan et al., 1989). 

Another review on global variation in stroke burden and 
mortality indicated raised mean systolic blood pressure 
and greater prevalence of smoking as predictors of stroke 
mortality but the national per capita income was the 
strongest predictor of mortality (Johnston et al., 2009). 
Sudanese patients had strong family history of the factors 
for the development of stroke such as hypertension, 
diabetes mellitus, stroke and heart diseases.  

The most effected age group was between 41 and 60 
years 42.55% and the mortality rate was 17.02%. The 
proportion of stroke death was increased with age, and in 
the oldest group (> 70 years of age) stroke contributed to 
2.4% of all deaths (Anand et al., 2001; Gaziano, 2008). A 
44% of all stroke type patients, 29% of haemorrhagic 
stroke and 31% of ischaemic stroke patients were dead 
(Longo-Mbenza et al., 2008). Compared to the survivors, 
deceased patients were significantly (p < 0.001) older 
with higher leukocyte counts and haematocrit, 
haemoglobin and fibrinogen levels, but lower glycaemic 
levels (Longo-Mbenza et al., 2008). Cerebrovascular 
accident represents a major cause of death and disability 
among women. In Sudan, the common age group 
affected was between 70 and 79 years (27.2%) (Shadia 
et al., 2011). The age-standardized death rate attributed 
to stroke varies six-fold between developed countries 
while very little is known about the developing world 
(Connor et al., 2007). Approximately 25% of men and 
20% of women can expect to suffer a stroke if they live to 
be 85 years old (Bonita, 1992).  

The definition of the available independent correlates of 
serum biomarkers with cerebral lesions and sites could 
further help in the clinical practice for the acute ischemic 
stroke management reducing complications following 
acute treatment (Meng and Ji, 2011). Sex and stroke 
subtypes have a significant effect on hematological, 
serum urea, creatinine and electrolytes levels. Blood 
glucose and urea levels and leukocyte counts were 
higher in patients who died than in survivors, and altered 
awareness of risks for stroke was the major independent 
predictor of fatality rates (M’Buyamba-Kabangu et al., 
1995). Serum urea and bicarbonate can be helpful in 
estimation of fluid deficit independently from serum 
sodium (Gurubacharya et al., 2006). 

 



 
 
 
 
 

The relationship between plasma lipid abnormalities 
and ischemic stroke remains controversial, in the present 
study cholesterol and LDL level were significantly (P < 
0.05) different between males and females, while HDL 
level was significantly (P < 0.05) different between patient 
with ischemic and hemorrhage stroke. A meta-analysis of 
45 prospective cohorts, including 450,000 subjects and 
13,000 strokes, found no association between total 
cholesterol and stroke (Prospective Studies 
Collaboration, 1995). Hypertriglyceridemia is commonly 
found in patients with ischemic cerebrovascular disease 
whatever the etiologic subtype, whereas 
hypercholesterolemia is more related to large vessel 
disease and small vessel disease (Boutayeb et al., 2014; 
Laloux et al., 2004). However, they are not as well 
established as risk factors for first or recurrent stroke in 
contrast to what is seen in cardiac disease (The 
American Stroke Association, 2006). Therefore, 
epidemiological studies can help identify groups of 
individuals or regions at higher risk of stroke. They can 
also help better understand the natural history of certain 
associated conditions and therefore push the direction of 
prevention and therapeutic investigations (Sun et al., 
2013). Health decision makers should pay a particular 
attention to the high burden of stroke due to ageing and 
risk factors like hypertension, diabetes, smoking, 
dyslipidemia, overweight/obesity and physical inactivity 
(Boutayeb et al., 2014). 
 
 
CONCLUSION AND RECOMMENDATION  
 
The study concludes that there was a high prevalence of 
risk factors of stroke (hypertension, diabetes mellitus, 
heart disease). The family history of the factors for the 
development of stroke hypertension, diabetes mellitus, 
stroke and heart diseases, electrolyte disturbances and 
lipid profiles were strongly associated with the prevalence 
of stroke. Electrolyte abnormalities may adversely affect 
outcome of the stroke patients. Serum electrolytes level 
should be determined in every patient with stroke. Further 
studies with larger samples are needed. Therefore a 
better understanding of stroke risk factors and outcome 
may help guide efforts at reducing the community burden 
of stroke in Sudan. 
 
 
Conflicts of interest  
 
The authors declare that they have no conflict of interest 
 
 
ACKNOWLEDGEMENTS  
 
We would like to thank the staff of neurology and 
statistics at Soba University Hospital for their assistant. 

 Musa et al.          329 
 
 
 
REFERENCES 
 
Addo J, Ayerbe L, Mohan KM, Crichton S, Sheldenkar A, Chen R, Wolfe 

CD, McKevitt C (2012). Socioeconomic status and stroke: An 
updated review. Stroke 43(4):1186-91 

Anand K, Chowdhury D, Singh KB, Pandav CS, Kapoor SK (2001). 
Estimation of mortality and morbidity due to strokes in India. 
Neuroepidemiology 20(3):208-11. 

Bonita R (1992). Epidemiology of stroke. Lancet 339(8789):342-4. 
Boutayeb A, Derouich M, Boutayeb W, Lamlili MEN (2014). 

Cerebrovascular Diseases and Associated Risk Factors in WHO 
Eastern Mediterranean Countries, Cardiology and Angiology. An. 
Inter. J. 2(1):62-75. 

Connor M, Walker R, Modi G, Warlow C (2007). The burden of stroke in 
black populations in sub-Saharan Africa. The Lancet Neurol. 
6(3):269-78. 

Cox AM, McKevitt C, Rudd AG, Wolfe CDA (2006). Socioeconomic 
status and stroke. The Lancet Neurol. 5(2):181-8. 

Donnan GA, McNeil JJ, Adena MA, Doyle AE, O'Malley HM, Neill 
GC(1989). Smoking as a risk factor for cerebral ischaemia. Lancet 
2(8664):643-7. 

Engels T, Baglione Q, Audibert M, Viallefont A, Mourji F, El Alaoui Faris 
M (2014). Socioeconomic Status and Stroke Prevalence in Morocco: 
Results from the Rabat-Casablanca Study. PLoS ONE 9(2):e89271.  

Feigin VL, Lawes CM, Bennett DA, Anderson CS (2003). Stroke 
epidemiology: a review of population-based studies of incidence, 
prevalence, and case-fatality in the late 20th century. The Lancet 
Neurol. 2:43-53. 

Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V (2009). 
Worldwide stroke incidence and early case fatality reported in 56 
population-based studies: A systematic review. The Lancet Neurol. 
8(4):355-69. 

Forouhi NG, Sattar N (2006). CVD risk factors and ethnicity-a 
homogeneous relationship. Atheroscler. Suppl. 7(1):11-9.  

Fuster V, Kelly BB (2010). Promoting Cardiovascular Health in the 
Developing World. A critical Challenge to Achieve Global Health. The 
National Academies Press, Washington, D.C Available at: 
http://www.ncbi.nlm.nih.gov/ books/NBK45693/ pdf/ TOC.pdf. 

Gaziano TA (2008). Economic burden and the cost-effectiveness of 
treatment of cardiovascular diseases in Africa. Heart 94(2):140-4. 

Gurubacharya DL, Lohani R, Rauniyar A (2006). Serum Urea, 
Creatinine and Electrolyte Status in Patients Presenting with Acute 
Gastroenteritis. J. Nepal Med. Assoc. 45:291-4. 

Johnston SC, Mendis S, Mathers CD (2009). Global variation in stroke 
burden and mortality: Estimates from monitoring, surveillance, and 
modelling. The Lancet Neurol. 8:345-54. 

Kaplan GA, Keil JE (1993). Socioeconomic factors and cardiovascular 
disease: a review of the literature. Circulation 88:1973-98. 

Kusuda K, Saku Y, Sadoshima S, Kozo I, Fujishima M (1989). 
Disturbances of fluid and electrolyte balance in patients with acute 
stroke. Nihon Ronen Igakkai Zasshi 26(3):223-7. 

Laloux P, Galanti L, Jamart J (2004). Lipids in ischemic stroke 
subtypes. Acta neurol. Belg. 104:13-19 

Laurence EC, Lombard L, Volmink J (2011). Risk factors for myocardial 
infarction and stroke in Africa. SA Heart J. 8:12-23 

Longo-Mbenza B, Lelo TM, Mbuilu PJ (2008). Rates and predictors of 
stroke-associated case fatality in black Central African patients. 
Cardiovasc. J. Afr. 19:72-6 

M’Buyamba-Kabangu JR, Longo-Mbenza B, Tambwe MJ, Dikassa 
LN, Mbala-Mukendi M (1995). J-Shaped relationship between 
mortality and admission blood pressure in black patients with acute 
stroke. J. Hypertens. 13(12):1863-8. 

Meng R, Ji X (2011). Plasma biomarker and stroke. Cerebrovasc. Dis. 
32:406. 

Paul SL, Srikanth VK, Trift AG (2007). The large and growing burden of 
stroke. Curr. Drug Targets 8(7):7862793. 

Prospective Studies Collaboration (1995). Cholesterol, diastolic blood 
pressure, and stroke: 13,000 strokes in 450,000 people in 45  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Crichton%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22363052
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sheldenkar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22363052
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22363052
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfe%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=22363052
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfe%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=22363052
http://www.ncbi.nlm.nih.gov/pubmed/?term=McKevitt%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22363052
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pandav%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=11490168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kapoor%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=11490168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doyle%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=2570900
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Malley%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=2570900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neill%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=2570900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neill%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=2570900
http://www.ncbi.nlm.nih.gov/pubmed/?term=Viallefont%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24586649
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mourji%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24586649
http://www.ncbi.nlm.nih.gov/pubmed/?term=El%20Alaoui%20Faris%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24586649
http://www.ncbi.nlm.nih.gov/pubmed/?term=El%20Alaoui%20Faris%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24586649
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barker-Collo%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=19233729
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parag%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19233729
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kozo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=2795972
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujishima%20M%5BAuthor%5D&cauthor=true&cauthor_uid=2795972
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tambwe%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=8903668
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dikassa%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=8903668
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dikassa%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=8903668
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mbala-Mukendi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8903668


 
330          J. Public Health Epidemiol. 
 
 
 

prospective cohorts. Lancet 346:1647-53. 
Rothwell PM (2001). The high cost of not funding stroke research: a 

comparison with heart disease and cancer. Lancet 357(9268):1612-6. 
Roy KS, Bandyopadhyay R, Paul R, Chakraborty S, Ray D,  Mitra S,  

Mondal J,  Biswas S (2014). Study on serum and urinary electrolyte 
changes in cerebrovascular accident. JIACM 15(2):91-5. 

Shadia I, Abbashar H, Amira S, Faroug Y, Ahmad BM, Osman G, Omer 
A, Mohamed S, Ahmed H, Mohmad MA, Esam MA (2011). Stroke in 
women (Sudanese experience). Am. J. Sci. Ind. Res. 2(2):157-60. 

Sokrab TO, Sid-Ahmed FM, Idris MNA (2002). Acute Stroke Type, Risk 
Factors, and Early Outcome in a Developing Country: A View From 
Sudan Using a Hospital-Based Sample. J Stroke Cerebrovasc. Dis. 
11(2): 63-5 

Strong K, Mathers C, Bonita R (2007). Preventing stroke: saving lives 
around the world. The Lancet Neurol. 6:182-7. 

Sun H, Zou X, Liu L (2013). Epidemiological Factors of Stroke: A 
Survey of the Current Status in China. J. Stroke 15(2):109-14. 

 
 
 

 
 
 
 
The American Stroke Association (2006). Guidelines for Prevention of 

Stroke in Patients with stroke or Transient Ischemic Attack. Stroke 
37:577-617. 

Tran J, Mirzaei M, Anderson L, Leeder SR (2010). The epidemiology of 
stroke in the Middle East and North Africa. J. Neurol. Sci. 295:35-40. 

Wolf PA (2004). Epidemiology of stroke. In: Mohr JP, Choi DW, Grotta 
JC, Weir B, Wolf PA, eds: Stroke Pathophysiology, Diagnosis, and 
Management. Philadelphia: Churchill Livingstone pp 13-34. 

World Health Organization (1994). World Health Statistics Manual.1993. 
Geneva. Switzerland: World Health Organization. 

Yano K, Reed DM, MacLean CJ (1989). Serum cholesterol and 
hemorrhagic stroke in the Honolulu Heart Program. Stroke 20:1460-
5. 

 
 
 
 
 

 
 
 
 
 
 

 


