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ABSTRACT

Hyperlipidemia is a strong factor in the development of stroke, but this may differ from one region to another 
due to geographic, ethnic, and sociocultural practices. This is designed to determine plasma levels of total 
cholesterol, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, triglyceride, 
Apoprotein A-1, and Apoprotein B in Nigerian patients with stroke. 50 newly diagnosed stroke patients were 
consecutively recruited into the study. 50 apparently healthy, age- and sex-matched volunteers were recruited from 
Ogbomoso community as controls. The data obtained were analyzed using the Statistical Package for the Social 
Sciences (SPSS) version 20. Higher and lower significant levels (P < 0.001), respectively, were observed in the 
plasma total cholesterol (4.5 ± 1.41 vs. 3.90 ± 0.91 mmol/l), LDL-cholesterol (3.32 ± 1.41 vs. 2.19 ± 0.82 mmol/l), 
HDL-cholesterol (0.76 ± 0.32 vs. 1.27 ± 0.38 mmol/l), and Apo A1 (0.87 ± 0.73 vs. 4.56 ± 2.40) in stroke patients 
when compared with controls. There was a lower significant difference in plasma level of Apo A1 in patients with 
ischemic stroke (0.734 ± 0.64 vs. 1.31 ± 0.84) when compared with hemorrhagic stroke (P < 0.005). The mean 
plasma level of Apo B (1.70 ± 1.05 vs. 1.09 ± 0.40) in ischemic stroke was higher than patients with hemorrhagic 
stroke, though difference was not statistically significant (P ≥ 0.005). We concluded that apoproteins remain the 
significant biochemical markers that may be deranged in patients with stroke. There are associations between Apo 
A1 and Apo B. It is encouraged that plasma apoproteins estimation should be added to routine investigations done 
on stroke patients in this environment.

1. INTRODUCTION

Global estimates of disease burden indicate that over the next two 
decades, cerebrovascular disease will continue to rank among the top 
four leading causes of death, even in developing countries [1]. The 
World Health Organization estimates that by the year 2030, 80% of 
all strokes will occur in low- and middle-income countries [2]. Plasma 
lipid profile and apolipoproteins determination play a key role in 
the management of the cases of stroke [3,4]. Dyslipidemia has been 
associated with the pathogenesis of stroke [2,3].

Elevated total cholesterol, low-density lipoprotein (LDL)-cholesterol, 
triglyceride, apolipoprotein B, lipoprotein (a), and reduced high-
density lipoprotein (HDL)-cholesterol and apolipoprotein A are risk 
factors. Available global data have clearly established relationship 
between parameters of plasma lipid profile and stroke [4]. The use of 
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statin therapy aiming at lowering LDL-cholesterol has significantly 
reduced cardiovascular events and mortality, but substantial residual 
cardiac events still occur [4]. This may be as a result of its lack of 
therapeutic effect on all parameters of plasma lipids.

Apo A-I plays an important role in regulating HDL-cholesterol 
composition and functions such as anti-inflammation, antioxidation, 
antithrombosis, and vessel relaxation [5,6].

Several studies from different parts of the world have established 
relationship between an increased risk of cerebrovascular accident 
(CVA) and decreased plasma levels of Apo A as well as increased Apo 
B [7,8]. It has been observed that dyslipidemia in Africa does not follow 
similar pattern obtained in the rest of the world [9]. Hyperlipidemia is 
a strong factor in the development of CVA, but dyslipidemia differs 
from one region to another due to dietary, geographic, ethnic, and 
sociocultural practices [10]. Therefore, the pattern of lipid profile 
and other associated factors in Nigerian subject with stroke may be 
different. This study was, therefore, designed to determine the pattern 
of dyslipidemia and its association with apoprotein A-I and apoprotein 
B levels in patients with CVA in Ogbomoso Southwestern Nigeria.
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2. MATERIALS AND METHODS

The study population was newly diagnosed CVA patients presented 
at Ladoke Akintola University of Technology (LAUTECH) Teaching 
Hospital, Ogbomoso, and Bowen University Teaching Hospital, 
Ogbomoso, both in Oyo State, Nigeria. All recruited subjects are 
adults clinically diagnosed of CVA and confirmed with computed 
tomography scan. Subjects with additional complication such as 
renal or liver pathology were excluded from the study. Patients with 
suspected or established acute or chronic medical illnesses as well as 
those on lipid-regulating drugs were also excluded from the study. 
Carefully, history and physical examination were conducted from the 
subjects after which samples were taken for fasting plasma glucose 
(FPG).

The study was cross-sectional. 50 newly diagnosed CVA patients 
presenting at accident and emergency units of both institutions were 
consecutively recruited into the study after obtaining their informed 
consent. Another 50 apparently healthy normotensive, age- and sex-
matched volunteers were recruited from Ogbomoso Community as 
controls after obtaining their informed consent.

A semi-structured questionnaire was used as the survey instrument 
to seek information of subjects’ and controls’ sociodemographic 
characteristics, risk factors for stroke, duration, and number of stroke 
attack and drug history.

Ethical clearances for the study were obtained from the Ethical Review 
Committee of LAUTECH Teaching Hospital and Bowen Teaching 
Hospital, both in Ogbomoso.

2.1. Blood Sample Collection, Storage, and Laboratory Analysis
After an overnight fast, 10 mL of venous blood was collected into 0.1% 
Na EDTA bottle from each subject and control using standard technique 
of phlebotomy. Each sample was centrifuged at ×3000 g for 5 min. The 
plasma obtained was aliquoted into screw cap plain bottle and stored 
frozen at −20°C for maximum period of 3  months before analysis. 
Plasma from both subjects and controls was analyzed in batches using 
standards and controls for all the biochemical parameters. Enzymatic 
end point was used for lipid profile parameters except LDL-cholesterol 
using kits from Randox Laboratories Limited, (Batch Number; CH 200 
Lot 363904/97QX, TR 210 325799 87 D8, CH203 2344CH) Crumlin, 

Table 1: Sociodemographic profile of the respondents

Variables Categories (%) χ2 df P value

Cases (n=50) Controls (n=50) Total (n=100)

Age group (in years) 7.999 4 0.092

30–39 2 (4.0) 4 (8.0) 6 (6.0)

40–49 6 (33.3) 12 (67.3) 18 (18.0)

50–59 10 (20.0) 16 (32.0) 26 (26.0)

60–69 10 (20.0) 6 (12.0) 16 (16.0)

≥70 22 (44.0) 12 (24.0) 34 (34.0)

Gender 0.667 1 0.414

Male 22 (44.0) 18 (36.0) 40 (40)

Female 28 (56.0) 32 (64.0) 60 (60.0)

Education

No formal education 20( 40.0) 22 (44.0) 42 (42.0) 0.381 3 0.944

Primary 12 (24.0) 12 (24.0) 24 (24.0)

Secondary 10 (20.0) 10 (20.0) 20 (20.0)

Tertiary 8 (16.0) 6 (12.0) 14 (14.0)

Religion 0.233 1 0.629

Christianity 40 (80.0) 38 (76.0) 78 (78.0)

Islam 10 (20.0) 12 (24.0) 22 (22.0)

Employed 4.105 1 *0.043

Yes 24 (48.0) 34 (68.0) 58 (58.0)

No 26 (52.0) 16 (32.0) 42 (42.0)

Occupation status 1.904 2 0.386

Unskilled 10 (47.1) 18 (52.9) 28 (48.3)

Semiskilled 8 (33.3) 6 (17.6) 14 (24.1)

Skilled 6 (25.0) 10 (29.4) 16 (27.6)

Marital status 6.565 4 0.161

Never married 0 (0.0) 2 (4.0) 2 (2.0)

Currently married 30 (60.0) 32 (64.0) 62 (62.0)

Separated 2 (4.0) 0 (0.0) 2 (2.0)

Divorced 0 (0.0) 2 (4.0) 2 (2.0)

Widowed 18 (36.0) 14 (28.0) 32 (32.0)
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Table 2: Risk factors of the respondents

Variables Categories (%) χ2 df P value

Cases (n=50) Control (n=50) Total (n=100)

Alcohol intake 

Yes frequently 6 (12.0) 2 (4.0) 8 (8.0) 3.13 3 0.372

Yes occasionally 4 (8.0) 2 (4.0) 6 (6.0)

No but in the past 4 (8.0) 4 (8.0) 8 (8.0)

No never before 36 (72.0) 42 (84.0) 78 (78.0)

Years of intake

1–10 years 2 (20.0) 4 (100.0) 6 (42.9) 7.47 1 *0.015

>10 years 8 (80.0) 0 (0.0) 8 (57.1)

Tobacco 

Yes frequently 0 (0.0) 2 (4.0) 2 (2.0) 4.17 2 0.125

No but in the past 0 (0.0) 2 (4.0) 2 (2.0)

No never before 50 (100.0) 46 (92.0) 96 (96.0)

Hypertension

Yes 38 (76) 0 (0.0) 38 (38.0) 61.29 1 *<0.001

No 12 (24.0) 50 (100.0) 62 (62.0)

DM

Yes 6 (12.0) 0 (0.0) 6 (6.0) 6.38 1 *0.012

No 44 (88.0) 50 (100.0) 94 (94.0)

Other diseases

Yes 2 (4.0) 0 (0.0) 2 (2.0) 2.04 1 0.153

No 48 (96.0) 50 (100.0) 98 (98.0)

BP drug

Yes 38 (76.0) 0 (0.0) 38 (38.0) 61.29 1 *<0.001

No 12 (24.0) 50 (100.0) 62 (62.0)

DM drug

Yes 6 (12.0) 0 (0.0) 6 (6.0) 6.38 1 *0.012

No 44 (88.0) 50 (100.0) 94 (94.0)

Other drugs

Yes 2 (4.0) 0 (0.0) 2 (2.0) 2.04 1 0.153

No 48 (96.0) 50 (100.0) 98 (98.0)

Exercise

Yes 4 (8.0) 24 (48.0) 28 (28.0) 19.84 1 *<0.001

No 46 (92.0) 26 (52.0) 72 (72.0)

Family history HNT

Yes 20 (40.0) 8 (16.0) 28 (28.0) 10.74 2 *<0.001

No 22 (44.0) 38 (76.0) 60 (60.0)

Do not know 8 (16.0) 4 (8.0) 12 (12.0)

Family history DM

Yes 10 (20.0) 2 (4.0) 12 (12.0) 7.10 2 *0.029

No 26 (52.0) 36 (72.0) 62 (62.0)

Family history of stroke

Yes 4 (8.0) 4 (8.0) 8 (8.0) 1.02 2 0.600

No 38 (76.0) 34 (68.0) 72 (72.0)

Do not know 8 (16.0) 12 (24.0) 20 (20.0)

History of stroke

Yes 14 (28.0) 0 (0.0) 14 (14.0) 16.2 1 *<0.00

No 36 (72.0) 50 (100.0) 86 (86.0) 8 1
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Table 3: Comparison of anthropometric measurements and biochemical 
parameters

Variables Cases Controls t‑test P value

Weight (kg) 69.92±13.54 63.58±13.92 2.309 *0.023

Height (m) 1.6±0.9 1.61±0.08 0.646 0.520

Waist (cm) 84.24±14.94 78.2±22.16 1.582 0.117

Hip (cm) 91.32±20.77 85.34±23.41 1.351 0.80

SBP (mmHg) 154.96±32.64 117.52±16.83 7.208 **<0.001

DBP (mmHg) 90.6±19.15 71.32±11.66 6.080 **<0.001

Body fat (%) 33.48±6.45 29.57±7.91 2.710 *0.008

BMI 26.59±4.21 24.01±5.55 2.606 *0.011

Waist/hip 0.96±0.24 0.91±0.09 1.142 0.256

FPG (mmol/l) 5.20±1.79 4.99±1.23 0.91 0.365

T‑CHO (mmol/L) 4.58±1.41 3.90±0.91 2.86 *0.005

HDL (mmol/L) 0.76±0.32 1.27±0.38 −7.23 **<0.001

LDL (mmol/L) 3.32±1.41 2.19±0.82 4.88 **<0.001

TRIG (mmol/L) 1.11±0.68 0.97±0.45 1.212 0.228

APO A1 (mg/ml) 0.87±0.73 4.56±2.40 −10.41 **<0.001

APO B (mg/ml) 1.55±0.97 1.45±1.40 0.49 0.628

Apo B/Apo A1 3.12±2.37 0.40±0.27 8.066 **<0.001
HDL: High‑density lipoproteins, LDL: Low‑density lipoprotein, FPG: Fasting plasma 
glucose

Table 4: Correlation of plasma level of FPG, T‑Chol, HDL, LDL, TRIG, Apo A1, and Apo B in patients with ischemic stroke

FPG T‑Chol HDL LDL TRIG ApoA1 Apo B

FPG (mmol/L)

r 1 −0.072 0.469 −0.143 −0.241 −0.199 −0.003

p 0.667 *0.003 0.393 0.144 0.231 0.988

T‑chol (mmol/L)

r −0.72 1 −0.010 0.954 0.246 0.298 −0.012

p 0.667 0.950 **0.000 0.137 0.069 0.914

HDL (mmol/L)

r 0.469 −0.010 1 −0.228 −0.201 −0.029 0.156

p **0.003 0.950 0.168 0.226 0.862 0.350

LDL (mmol/L)

r −0.14 0.954 −0.228 1 0.083 0.238 0.047

p 0.393 **0.000 0.168 0.621 0.151 0.780

TRIG (mmol/L)

r −0.24 0.246 −0.201 0.083 1 0.319 −0.462

p 0.144 0.137 0.226 0.621 0.051 **0.003

Apo A1 (mg/ml)

r −0.19 0.298 −0.029 0.238 0.319 1 0.053

p 0.231 0.069 0.862 0.151 0.051 0.750

Apo B (mg/ml)

r −0.003 −0.012 0.156 0.047 −0.462 0.053 1

p 0.988 0.941 0.350 0.780 **0.003 0.750
HDL: High‑density lipoproteins, LDL: Low‑density lipoprotein, FPG: Fasting plasma glucose

UK. LDL cholesterol was calculated using Friedewald’s formula [11]. 
Apo A-1 and Apo B were analyzed by ELISA technique using kit 
manufactured by SPAN BIOTECH LIMITED (Batch Numbers; 
E201509198048, E201509198049), Hong Kong.

The data obtained were analyzed using SPSS version 20. Frequency 
distribution tables were generated from variables such as age, sex, 
religion, marital status, and ethnicity, while cross-tabulation and 
test statistics were done. The Chi-square test was used to compare 
proportion, while Student’s t-test was used to compare means of 
continuous variables. The analysis of variance test was used to 
compare means of more than two variables. Pearson’s correlation 
analysis was used to test the strength and direction of relationship 
between continuous variables. Level of statistical significance was set 
with P ≤ 0.05.

3. RESULTS

As shown in Table  1, the age range for controls and subjects was 
between 30 and 95 years. There was no significant difference in the 
mean age when compared subjects with controls. 76% of subjects had 
ischemic stroke while 24% had hemorrhagic stroke.

Table  2 subjects which statistically significant were hypertensive 
(P < 0.001), diabetic (P = 0.012), and alcoholic for more than 10 years 
(P = 0.015), have family history of hypertension (P < 0.001), diabetes 
(P = 0.029), and history of stroke (P < 0.001) than the controls. 
More subjects, also statistically significant, were found to take 
antihypertensives (P < 0.001) and hypoglycemic agents (P = 0.012) 
than controls, but more people among controls did engage in one form 
of exercise (P < 0.001) than the subjects.

There were significantly elevated mean values of SBP (154.96 ± 
32.64) and DBP (117.52 ± 16.83) in subjects than the controls; SBP 
(117.52 ± 16.83) and DBP (71.32 ± 11.66) (P < 0.001). Mean body 
weight (69.92 ± 13.54 kg), body fat (33.48 ± 6.45), and body mass 
index (BMI) (26.59 ± 4.21) in subjects were higher than that of the 



Akande, et al.: Journal of Applied Biology & Biotechnology 2019;7(03):29-35 33

controls (body weight = 63.58 ± 13.92, body fat = 29.57 ± 7.91, and 
BMI = 24.01 ± 5.55) (P < 0.005). The waist/hip ratio (0.96 ± 0.24) 
in subjects was not significantly different when compared with 
controls (0.91 ± 0.09). Higher and lower significant levels (P < 0.001), 
respectively, were observed in the plasma total cholesterol (4.5 ± 
1.41 vs. 3.90 ± 0.91 mmol/l), LDL-cholesterol (3.32 ± 1.41 vs. 2.19 ± 
0.82 mmol/l), HDL-cholesterol (0.76 ± 0.32 vs. 1.27 ± 0.38 mmol/l), 
and APO A1 (0.87 ± 0.73 vs. 4.56 ± 2.40) in stroke patients than in the 
controls. These are presented in Table 3.

There were no significant differences between the levels of FPG, 
triglyceride, and APO B in subjects and controls (P > 0.05). Apo B/
ApoA1 ratio was significantly higher in subjects than the controls 
(P < 0.001).

In Tables 4 and 5, very strong and highly significant positive association 
was found between total cholesterol and LDL-cholesterol in subjects 
with ischemic stroke (r = 0.954, P < 0.01) and hemorrhagic stroke 
(r = 0.957, P < 0.01). There was a significant negative association 
between triglyceride and Apo B (r = −0.462; P = 0.003) in patients with 
ischemic stroke. A  highly significant but weak negative correlation 
was observed between triglyceride and Apo B (r = −0.462, P = 0.003) 
in patients with ischemic stroke.

4. DISCUSSION

Hypertension was the major risk factor for stroke in about three-
quarters of the subjects, and the number of respondents diagnosed with 
hypertension was found to be significantly higher among subjects than 
controls (P < 0.001). This has been observed in many other studies 
also [12].

In the present study, all lipid parameters (except Apo B and 
triglyceride) measured in the plasma of patients with stroke were 
significantly higher compared to the controls. The mean value of 
Apo B was found to be higher in subjects than controls but was not 
statistically significant. This is contrary to the reports of most literature 
which associated the increased Apo B level in plasma with increased 
risk of CVD and stroke [13,14]. Apo B represents the total number 
of circulating atherogenic particles [15]. In this study, Apo B/Apo A1 
ratio was significantly higher in subjects compared with controls. This 
is well documented in several studies [4,16], and Apo B/Apo A1 ratio 
has been shown to be a better predictor of CVD events and stroke than 
conventional lipid profile [17].

Regarding Apo A1, there are numerous evidences that supported the 
association of low plasma level of Apo A1 in stroke patients [15]. The 
present study also found significantly low plasma level of Apo A1 in 
stroke patients.

The plasma level of total cholesterol was found to be significantly higher 
in subjects when compared with controls. Although, the association 
between blood total cholesterol and risk of stroke is of public health 
importance. However this remains a controversial. Some studies found 
elevated plasma total cholesterol level in patients with stroke [17,18], 
which is similar to that obtained in this study. Elevated total cholesterol 
showed a weak positive association with strokes in some studies [17,19], 
while other studies found no clear association [20,21].

The present study found mean plasma level of triglyceride to be 
higher in stroke patients compared with controls but not statistically 
significant. This may be due to low level of triglyceride (paradox) 
among Africans [9,22]. Plasma level of triglyceride and risk of stroke 

Table 5: Correlation of plasma level of FPG, T‑Chol, HDL, LDL, TRIG, Apo A1, and Apo B in patients with hemorrhagic stroke n=12

FPG T‑Chol HDL LDL TRIG ApoA1 Apo B

FPG (mmol/L)

r 1 −0.146 −0.084 −0.264 0.557 0.598 −0.687

p 0.651 0.795 0.406 *0.049 *0.040 *0.013

FPG (mmol/L)

r −0.146 1 0.112 0.957 0.155 −0.022 −0.036

p 0.651 0.728 **0.000 0.630 0.946 0.911

HDL (mmol/L)

r −0.084 0.112 1 −0.122 0.602 −0.185 0.458

p 0.795 0.728 0.707 *0.038 0.564 0.134

LDL (mmol/L)

r −0.264 0.957 −0.122 1 −0.129 −0.124 0.004

p 0.406 **0.000 0.707 0.699 0.702 0.991

TRIG (mmol/L)

r 0.577 0.155 0.602 ‑0.125 1 0.550 −0.397

p *0.049 0.630 *0.038 0.699 0.64 0.201

Apo A1 (mg/ml)

r 0.598 −0.022 −0.185 −0.124 0.550 1 −0.648

p *0.040 0.911 0.564 0.702 0.064 *0.023

Apo B (mg/ml)

r −0.687 −0.036 0.458 0.004 −0.397 −0.648 1

p *0.013 0.911 0.134 0.991 0.201 *0.023
HDL: High‑density lipoproteins, LDL: Low‑density lipoprotein, FPG: Fasting plasma glucose
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has been reported to be a controversial issue. One study revealed that 
low triglyceride levels were associated with worse stroke as assessed 
by the National Institutes of Stroke Scale at presentation [23].

The true association between LDL-cholesterol and the risk of 
stroke remains unknown and results from many studies are not 
unanimous [24]. In this present study, plasma level of LDL-cholesterol 
was found to be significantly higher in patients with stroke compared 
with controls. This is in agreement with other studies which reported 
that statins significantly reduced the risk of stroke [24,25].

In this study, the HDL-cholesterol level was significantly lower in 
stroke patients compared with controls. This confirms the fact that low 
HDL-cholesterol is a risk factor for stroke. Several studies have also 
reported inverse relationship between stroke and plasma level of HDL-
cholesterol [26,27].

As presented in Tables 4 and 5, various degrees of associations were 
observed among the measured biochemical parameters. Very strong 
positive significant association was observed between total cholesterol 
and LDL-cholesterol. This is expected since LDL-cholesterol is the 
major contributor of the high level of cholesterol found in stroke 
patients, especially in Blacks [9,22].

A significant but weak positive correlation existed between FPG and 
HDL-cholesterol in ischemic stroke. This is contrary to most findings 
where poor glycemic control and low HDL-cholesterol are risk factors 
for stroke and not increase in HDL-cholesterol [28,29]. There may be 
a significant association between the two, but larger sample size may 
be needed to determine the direction of the association.

A negative correlation and high significant association were observed 
between triglyceride and Apo B. Although increase in plasma level of 
both triglyceride and Apo B has been reported in studies contrary to 
this present study [30,31], this may be due to triglyceride paradox in 
Blacks [9,22]. Further studies may be needed to clarify this difference.

5. CONCLUSION AND RECOMMENDATIONS

It is observed that ischemic stroke is more common than hemorrhagic 
stroke. Stroke occurred more in the elderly postmenopausal women. 
Cardiovascular risk factors were significantly higher in patients with 
stroke compared with controls. In view of the significant positive 
association between ApoA1, Apo B/ApoA1 ratio, total cholesterol, 
HDL-cholesterol and LDL-cholesterol, apoproteins should be included 
in routine investigations as predictor of cerebrovascular events in this 
environment.
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