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Abstract
Background and Objectives: Dyslipidemia and free radical injury are important risk factors in the pathogenesis of stroke. The observations
of various researchers on the association between the parameters of lipid profile and malondialdehyde (product of free radical injury) level
in patients with stroke are still inconclusive. This study estimated the plasma concentration of Total Cholesterol (TC), Triglyceride (TG),
Low Density Lipoprotein-Cholesterol (LDL-Chol), High Density Lipoprotein-Cholesterol (HDL-Chol) and serum level of malondialdehyde
(MDA) in patients with stroke. Materials and Methods: A total of 60 patients with stroke, 40 age and sex-matched volunteers were
recruited after obtaining their informed consent. Plasma and serum were extracted from whole blood collected from each subject
and control. The serum MDA as well as plasma TC, TG, LDL-Chol and HDL-Chol were determined by various methods in the laboratory.
Results: The mean values of MDA (11.02 vs. 7.82 nmol mLG1), TG (1.61 vs. 0.84 mmol LG1) and LDL-Chol (2.74 vs. 2.06 mmol LG1) were
significantly higher in patients with stroke than the controls (p<0.001). The mean value of HDL-Chol was significantly lower in stroke
patients (1.10 mmol LG1) than the controls (1.60 mmol LG1) (p<0.001). However, no significant difference was observed between the mean
TC in stroke patients and controls (4.37 vs. 4.16 mmol LG1, p = 0.215). Total cholesterol has a significant positive correlation with LDL-Chol
(r = 0.757, p<0.01) and MDA (r = 0.258, p = 0.047) whereas, it has significant negative correlation with HDL-Chol (r = -0.316, p = 0.014).
Conclusion: Stroke is shown to be associated with free radical injury as a result of increased serum MDA. Significant positive correlation
between MDA and Total Cholesterol (TC) further explains the link between free radical injury and dyslipidaemia in stroke patients.
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This study was approved by the Research Ethic Committee of
the institution with protocol number; LTH/EC/2013/06/0145.
A total of 100 subjects were assessed and informed consent
was taken from each participant prior to inclusion in the study.
Sixty of them were patients with stroke who were attending
neurology clinic or physiotherapy clinic. Control subjects were
40 age- and sex-matched volunteers who visited the hospital
during the course of the research. Both test and control
subjects were selected based on inclusion criteria which were
based on the clinical history and abnormal
electroencephalography (EEG) diagnosis of stroke. The
exclusion criteria included patients on lipid lowering drugs
(statins). Patients who were suffering from other chronic
disorders such as: Diabetes mellitus, renal failure, chronic liver
disease, progressive organic brain syndrome due to some
causes other than stroke and patients on antioxidant
supplements were also excluded.

INTRODUCTION
Globally, the incidence of stroke reportedly1 varies
between 100/100,000-330/100,000. In Nigeria, the report of a
study in Lagos gave an overall crude prevalence rate2 of
1.14/1000. Thus, stroke accounts for 9-10% of all deaths in the
world3, making it the second leading cause of death 4.
Stroke is a syndrome comprising sudden focal
(non-convulsive) or global neurological deficits. These deficits
persist for more than 24 h or leading to death with no obvious
cause other than pathology of blood vessel5. A Transient
Ischemic Attack (TIA) comes with stroke like symptoms but
lasts less than 24 h. Transient ischemic attack generally does
not cause permanent brain damage but it is a serious warning
sign for impending stroke6. Stroke is characterized by a
reduction in blood flow to the brain caused by blockage in a
cerebral artery by a clot or embolus (ischemic stroke) or
rupture of blood vessel (hemorrhagic stroke). This process can
lead to free radical formation worsening the situation for the
patient. Increased plasma lipids may also worsen the patientʼs
clinical conditions.
Raised levels of certain lipids, particularly cholesterol are
risk factors for atherosclerosis, coronary artery and other
cardiovascular diseases6. Lipids especially polyunsaturated
fatty acid located in cellular membrane can be a target of free
radical attack in a process called lipid peroxidation7. This may
further complicate the clinical conditions of patients with
stroke. Oxidative stress is defined as an imbalance between
oxidants and antioxidants in favor of oxidants8. Oxidative
stress plays an important role in the pathogenesis of acute
ischemic stroke. This occurs through free radical (oxidant)
injury. Free radical formation and subsequent oxidative
damage may be a factor in stroke severity9. Attack of free
radical on membrane lipid produces malondialdehyde (MDA)
as one of the intermediate products formed during lipid
peroxidation. High plasma levels of MDA have been previously
described in patients with ischemic stroke attack10. Based on
the above facts and increased burden of stroke in our society,
this study was designed to determine the association between
free radical injury, by measuring one of the intermediate
products (malondialdehyde, MDA) of its attack on membrane
lipid and some parameters of lipid profile; Total Cholesterol
(TC), High Density Lipoprotein Cholesterol (HDL-Chol), Low
Density Lipoprotein (LDL-Chol) and Triglyceride (TG).

Analytical procedure: About 10 mL of venous blood sample
was collected from each participant after an over-night fast
(10-12 h) through the antecubital vein using aseptic
techniques of phlebotomy. For plasma and serum extractions,
it was dispensed into sodium ethylenediaminetetraacetic acid
(NaEDTA) and plain specimen bottles, respectively. Each of the
blood contained bottles was centrifuged at 3000 Xg for 5 min,
the supernatant was aspirated and stored in another plain
bottle at -20EC for a maximum period of 6 months until
analysis. Fasting plasma sample was used for the analysis of
lipid profile (TC, HDL-Chol and TG) and serum sample was
used for the analysis of MDA.
Serum
MDA
content
was
determined
spectrophotometrically by thio-barbiturate reactive substance
formation as described by Tukozkan et al.11. Total cholesterol,
TG and HDL-Chol were analyzed enzymatically using kits
obtained from Randox Laboratories Limited, Crumlin, UK12,13.
Plasma LDL-Chol was determined from the values of TC and
HDL-cholesterol using the Friedewaldʼs formula14.
Statistical analysis: Statistical analysis was performed by
Studentʼs test using the SPSS software version 20.0. Results
were expressed as Mean±SD, p-values<0.05 was considered
statistically significant. Relationships among different variables
of the test groups were compared using Pearson correlation
coefficient.

MATERIALS AND METHODS
RESULTS
The study was carried out between July, 2013-February,
2014 at the Medical Outpatient clinic, Physiotherapy clinic and
the Department of Chemical Pathology of Ladoke Akintola,

Table 1 shows the socio-demographic data of the control
group and patients with stroke. The study population
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Table 1: Sociodemographic data of subjects and controls
Stroke

Control

----------------------------------------------------------

-------------------------------------------------------------

Age distribution (years)

Males

Females

Males

Females

21-30

0

0

0

0

31-40

0

0

1

0

41-50

4

5

2

3

>50

6

45

4

30

Total/percentage

10 (16.7%)

50 (83.3%)

7 (17.5%)

33 (82.5%)

Grand total

60

40

Table 2: Comparison of age and biochemical parameters in subjects and controls
Parameters

Control (n = 40)

Test (n = 60)

t-value

p-value

Age (years)

0.70 (±11.66)

0.69 (±11.95)

-0.304

0.762

TC (mmol LG1)

4.16 (±0.68)

4.37 (±0.93)

1.25

0.215

TG (mmol LG1)

0.84 (±0.23)

1.61 (±0.54)

9.80

**0.000
**0.000

HDL (mmol LG1)

1.60 (±0.18)

1.10 (±0.38)

-8.49

LDL (mmol LG1)

2.06 (0.48)

2.74 (±1.03)

4.48

**0.000

MDA (nmol mLG1)

7.82 (±1.80)

11.02 (±2.81)

7.00

**0.000

*Significant at the 0.05 level (2-tailed), **Correlation is highly significant at the 0.01 level (2-tailed)
Table 3: Correlations of biochemical parametres in stroke subjects using pearsonʼs correlation coefficient (r)
TC (mmol LG1)

TG (mmol LG1)

HDL (mmol LG1)

LDL (mmol LG1)

MDA (nmol mLG1)

--------------------------

----------------------------

----------------------------

----------------------------

---------------------------

Parameters

r

TC (mmol LG1)

1

p

r
-0.42

TG (mmol LG1)

-0.42

0.750

HDL (mmol LG1)

-0.316*

0.014

p
0.750

1
-0.110

0.402

p

r

p

r

p

-0.316

r

0.014

0.757**

0.000

0.258*

0.047

-0.110

0.402

0.071

0.587

-0.138

0.294

-0.538**

0.000

-0.054

0.684

0.195

0.135

1

LDL (mmol LG1)

0.756**

0.000

0.071

0.587

-0.538**

0.000

1

MDA (nmol mLG1)

0.258**

0.047

-0.138

0.294

-0.054

0.684

0.195

0.135

1

*Correlation is significant at 0.05 level (2-tailed), **Correlation is highly significant at 0.01 level (2-tailed), TC: Total cholesterol, TG: Triglyceride, LDL-Chol: Low density
lipoprotein-cholesterol, HDL-Chol: High density lipoprotien-cholesterol, MDA: Serum level of malondialdehyde, r: Pearsonʼs correlation coefficient, p: Significance value

included: 60 patients with stroke in the age group of

On applying Pearsonʼs correlation in subjects with stroke

41-81 years whereas, the presenting age group of patients

as shown in Table 3, TC was found to be positively correlated

without stroke (control) was 40-80 years. In stroke subjects,

with LDL-Chol (r = 0.757, p<0.01) and MDA (r = 0.258, p<0.05),

16.7% was male and 83.3% was female. The control group also

whereas, it is negatively correlated with HDL-Chol (r = -0.316,

included 17.5% male and 82.5% female. The mean level of age

p<0.05). On the other hand, HDL-Chol was found to be

in stroke patients (69±11.95) did not differ significantly from

negatively correlated with LDL-Chol (r = -0.538, p<0.01).

that of the control group (70±11.66) at p>0.005.
Significant differences were observed in the parameters
of plasma lipid profile and serum malondialdehyde between
patients with stroke when compared with controls as shown
in Table 2. Serum concentration of MDA (11.02 nmol mLG1)
and plasma concentrations of TG (1.61 mmol LG1) and
LDL-Chol (2.74 mmol LG1) were significantly higher in patients
with stroke when compared with that of control group
(TG = 0.84 mmol LG1, LDL-Chol = 2.06 mmol LG1 and
MDA = 7.82 mmol mLG1) at p<0.001. Serum HDL-Chol
concentration, on the other hand was significantly lower in
stroke patients (1.10 mmol LG1) than the control group
(HDL-Chol = 1.60 mmol LG1) at p<0.001. No significant
difference was observed between the means of plasma
concentration of TC in stroke patients (4.37 mmol LG1) and
control group (4.16 mmol LG1) at p>0.005.

DISCUSSION
In the present study, all lipid parameters (except for total
cholesterol) measured in plasma of patients with stroke
showed significances when compared with controls. Total
cholesterol concentration alone in plasma is considered as a
non-sensitive

parameter

since

it

did not show any

significant difference between disease and control group. This
was also supported by Dey et al.15 in their study on stroke
patients.
The association of blood cholesterol with risk of stroke, a
very important clinical and public health issue appears to be
in dispute. Some studies found elevated total cholesterol
levels in patients with stroke16-18 while other studies found no
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clear association19,20. However, no significant association
between the level of total cholesterol and the occurrence of
stroke was observed in the present study.
Association between concentrations of serum
triglycerides and the risk of stroke is also over shadowed.
Some studies reported negative results whereas others
showed a positive association with high serum triglyceride
concentrations21-23. Copenhagen City Heart Study showed a
log linear association between serum triglyceride
concentration and non-hemorrhagic stroke24 while, no
association was found of high plasma triglyceride
concentration as a risk factor for both types of stroke in the
study conducted by Mahmood et al.25. It was observed that
stroke subjects have a significant increase in plasma
triglyceride than the healthy control in our present study.
Serum HDL-Chol has anti-atherogenic properties with
ability to trigger the flux of cholesterol from peripheral cells to
the liver and thus having a protective effect26. Studies from
various parts of the world reported an inverse relationship
between HDL-Chol level and the incidence of stroke27,28. In this
study, the HDL-Chol level was still significantly lower in stroke
subjects compared to the controls. This confirms the fact that
low HDL-Chol is a risk factor for stroke.
Stroke has been described as being associated with high
levels of oxidative stress. Oxidative stress generally comes
when free radicals being generated over whelm the available
antioxidants. Free radicals attack and it damages membrane
polyunsaturated fatty acids following a series of biochemical
reactions (lipid peroxidation). One of the intermediate
products of these reactions is MDA, a Thio-Barbituric Acid
Reacting Substance (TBARS) which is now widely utilized as a
marker of lipid peroxidation. It is widely measured just like in
this present study to demonstrate the extent of free radical
injury on membrane lipid. In the current study, MDA levels in
the serum of the stroke patients were higher than those in the
control group. This finding means there is increased oxidative
stress as a result of free radical induced cerebral injury in
patients with stroke. This was also reported by study of
Jawalekar et al.7. A positive correlation of MDA was found with
TC.
A significant positive correlation was observed between
TC with LDL-Chol and MDA in patients with stroke, this is in
support of the study conducted by Sreedhar et al.29. On the
other hand, a significant negative correlation was seen
between HDL-Chol with TC and LDL-Chol, an observation
which is in agreement with the studies carried out by
Lee et al.30.
The mean age of participants shows that most were older
adults. The most vulnerable age of stroke is 61 years and
above for males and 51 years and above for females. Similar

result was observed in this study, with the gender ratio of 1:5
for males to females. Because majority of the participants were
postmenopausal, lacking protection from oestrogen to keep
blood lipids levels low. During this period in womenʼs lives, risk
of atherosclerosis increases and one cause may be the marked
increase in total cholesterol and LDL-Chol, as well as
triglycerides levels. This finding requires further study which
is beyond the scope of our current study.
CONCLUSION
This study suggests the presence of significance of
parameters of plasma lipid profile (except for total cholesterol)
and oxidative stress marker (MDA) in patients with stroke. It
further emphasizes importance of screening for lipid
abnormalities and oxidative stress (free radical injury) in
patients with Transient Ischemic Attack (TIA). This may be a
signal to commence the administration of lipid lowering and
antioxidant agents to prevent the occurrence of stroke. In view
of the significant positive association between
malondialdehyde and total cholesterol, increased total
cholesterol may be an indicator of increased free radical injury
and vice versa in individuals with stroke.
SIGNIFICANCE STATEMENT
This study discovered correlation between MDA and
abnormal lipid profile in stroke patients. Malondialdehyde may
have effect on metabolism of lipids. Further study may be
necessary to further ascertain this relationship.
Malondialdehyde may be added to the routine test to assess
risk factor for stroke in individuals.
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