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The relationship between oxidative stress
and acute ischemic stroke severity and
functional outcome
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Abstract

Background: Cerebral ischemia initiates an oxidative stress response in the brain which is a composite process that
involves many oxidative stress biomarkers. High levels of malondialdehyde (MDA) in patients with acute ischemic
stroke had been found. The evaluation of oxidative stress in the acute stage may contribute to improve the post
ischemic stroke outcome.

Objective: The aim of the current study to assess MDA level, as an oxidative stress biomarker, in acute ischemic
stroke on admission and its relation with stroke severity on admission and also, its relation with three months short-
term outcome.

Methods: Forty-two patients (20 males and 22 females) with acute ischemic stroke were prospectively enrolled in
follow-up cohort study. Serum MDA was measured within 24 h after admission. We studied the relationship
between MDA and stroke severity and functional outcome after 3 months assessed by National Institute of Health
Stroke Scale (NIHSS) and modified Rankin Scale (mRS) respectively.

Results: Serum MDA levels correlated significantly with clinical short-term stroke outcome after 3 months (p < 0.001).

Conclusion(s): These data provide evidence that the MDA (an oxidative stress biomarker) may be used as predictor for
functional outcome in acute ischemic stroke.
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Introduction
Oxidative stress is defined as a disturbance in the pro-
oxidant/antioxidant balance that favors oxidation. This
disturbance arises due to extra free radicals’ manufacture
over the cellular capacity to produce an active antioxi-
dant response. This will result in macromolecular injury
such as cellular proteins, lipids, or DNA hindering their
normal function and is concerned to countless diseases
such as, diabetes, cancer, neurodegeneration, athero-
sclerosis, and aging [1].

Investigational and clinical studies propose that oxida-
tive stress plays a central role in brain damage which fol-
lows a stroke [2–4]. Oxidative stress has a reflective effect
in stroke pathogenesis due to the high vulnerability of the
brain to reactive oxygen species (ROS)-induced damage.
The brain is a target for various reasons, including high
peroxidizable lipids concentrations, low defensive antioxi-
dants levels, high oxygen consumption, and high iron
levels that act as pro-oxidants through stress [5].
Malondialdehyde (MDA) is the final lipid peroxidation

(LPO) product. This compound is a reactive aldehyde and
is one of the several reactive electrophile species that
cause cellular toxicity. The aldehyde production is used as
biomarker to measure the oxidative stress level [6].
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Moreover, high circulating levels of MDA in patients
with ischemic stroke have been found and there were
been found an association between circulating high
levels of MDA and neurological functional outcome in
ischemic stroke patients [7–10].
The present study was conducted to estimate the rela-

tionship between the oxidative stress biomarker MDA
and acute ischemic stroke severity, and 3months short
term motor functional outcome.

Patients and methods
This prospective cohort study was done during period
between May 2018 and March 2019, we prospectively
analyzed 42 consecutive patients (20 males and 22 fe-
males) with first-ever ischemic stroke admitted within a
week of the stroke symptoms onset to the Neurology
Critical Care and Stroke Units, Neurology Department,
Zagazig University Hospitals. Patients were identified ac-
cording to Bogousslavsky et al. [11] and established by
brain computed tomography (CT) and/or magnetic res-
onance imaging (MRI).
Our exclusion criteria were history of recurrent stroke,

hemorrhagic stroke. Patients who were lost during
follow-up for any cause other than death were also omit-
ted from the study.

Methods
An informed consent was obtained from all participants
or their first-degree relatives and they were told about
the aim of the study, and were informed that the data
would be used for scientific purposes only.
All patients, in this prospectively cohort study, were

subjected to the following:

[A]On admission
1. Clinical assessment: including detailed history

taking paying special attention to past medical
history obtained from the patients or their
relatives.

2. Full examination (general and neurological)
including evaluation of stroke severity on
admission using: The National Institute of
Health Stroke Scale (NIHSS) was performed for
initial evaluation of stroke severity, within the
first 24 h on admission [12], in this study, a
score of (0) is measured for no stroke
symptoms, (1-4) is measured for minor, (5-15)
is measured for moderate, (16-20) is measured
for moderate to severe, and (21-42) measured
for severe.

3. Laboratory investigations including complete
blood count, blood glucose level, liver and
kidney functions, and lipid profile.

4. Neuro-imaging study: The patients in the study
had CT scan and/or MRI of the brain to prove
the diagnosis of stroke.

5. Oxidative stress biomarker: serum MDA were
done for all stroke patients after admission
within 24 h at the Central Research Lab,
Medical Biochemistry and Molecular Biology
Department, Faculty of Medicine, Zagazig
University.

Serum malondialdehyde (MDA) level (nmol/L), as oxi-
dative stress marker, measured according to Ohkawa
et al. [13]:
Principle: The principle of the method is based on that

MDA can react with thiobarbituric acid in acidic media
at temperature of 95 °C for 30 min to form thiobarbituric
acid reactive product. The resultant pink product can be
measured spectrophotometrically at 534 nm.
Calculation:

Malondialdehyde in serum
¼ A Sample� A Standardð Þ � 10nmol=L:

[B] Follow-up assessment of the patients: Modified
rankin scale (mRS) was performed after 3 months
post stroke to assess short-term outcome and dis-
ability of stroke. Modified rankin scale scores the
disability of patients into points from 0-6 according
to the degree of disability. Patients with score < 2
were considered had favorable outcome, while pa-
tients with score 2-5 were considered had unfavor-
able outcome and dead patients had score 6 [14], in
this study a score of (6) is measured for dead, (2-5)
is measured for unfavorable outcome and (< 2) is
measured for favorable outcome.

Statistical analysis
The data were tabulated and statistically analyzed using
the Statistical Package for Social Science (SPSS) Program
version 14.0.0 software package. The qualitative data
were presented in the form of numbers and percentage.
The T test and one-way ANOVA were used as tests of
significance. Pearson’s correlation coefficient rank test, it
was used to rank different variables against each other in
linear correlation which may be positive or negative.
Probability (p value of > 0.05 indicates non-significant
results; p value < 0.05 means significant difference, p >
0.001 for highly significant result.

Results
This cohort study was conducted on 42 first ever acute
ischemic stroke patients, (20 males, 22 females), their
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ages ranged from 53 to 72 with a mean age (62.95 ±
4.21(SD)), who were admitted in Neurology Critical Care
Unit and Stroke Units of Zagazig University Hospitals
within 7 days of symptoms onset.
The serum level of MDA was done at admission,

42.9% of the studied ischemic stroke patients had MDA
level more than 2.65 nmol/L compared to 57.1% had
MDA level less than 2.65 nmol/L, and the results of clin-
ical assessment scales which were done for stroke pa-
tient at admission (NIHSS), 66.7% had moderate to
severe score compared to 33.3% had moderate score,
and after 3 months (mRS), dead was 11.9%, 50% had un-
favorable outcome compared to 38.1% had favorable
outcome, are presented in Table 1.
There was no statistically significant (p > 0.05) differ-

ence between patients with moderate and moderate to
severe scores of NIHSS regarding mean values of MDA
as shown in Table 2.
Furthermore, there was statistically significant increase

in mean value of MDA in patients with unfavorable out-
come (p < 0.001) compared to patients with favorable out-
come. However, there was no statistically significant (p >
0.05) increase in mean value of MDA in dead patients
compared to favorable and also, there was no statistically
significant (p > 0.05) increase in mean value of MDA in
dead patients compared to unfavorable outcome patients
as shown in Table 3. Also, there was statistically highly
significant (p < 0.001) positive correlation between mRS,
and MDA as shown in Table 4 and Fig. 1.

Discussion
Stroke characterizes an imperative public health prob-
lem. It is the third most prevalent reason of death after
heart disease and cancer, also it considered as a foremost
source of long-term disability [15].

Stroke survivors remain to be at advanced risk of dis-
ability and death, and it is of great clinical importance to
expect outcome in acute stroke. Plentiful clinical vari-
ables (e.g., advanced age and symptom severity) have
been recognized as probable predictors of outcome. Fur-
thermore, countless biomarkers have been proposed to
predict ischemic stroke outcome [16, 17].
Malondialdehyde (MDA) is an end-product of the

radical-initiated oxidative breakdown of poly-unsaturated
fatty acids and, hence, it is a commonly measured bio-
marker of oxidative stress [18].
The study was prospective cohort study included 42

patients (20 males and 22 females) their ages ranged
from 53 to 72 years with a mean age (62.95 ± 4.21 (SD)
with the first ever acute ischemic stroke within 7 days of
symptoms onset. The patients were sequentially re-
cruited from Neurology Critical Care Unit and Neur-
ology Stroke Unit, Neurology Department, Zagazig
University Hospitals.
The results of our study were 66.7% of patients had

moderate to severe NIHSS score (16-20) compared to
33.3% of patients had moderate NIHSS score (5-15).
This is in agreement with the results of Mendioroz et al.
[19] who stated that 59.9% of patients (on admission)
showed NIHSS score (16-20). Also, Mansour et al. [20]
recorded in a cohort study that their patients NIHSS
median value at 24 h was 22 (16–30) and at 72 h was 20
(11–30), otherwise Soliman et al. [21] reported that
61.7% of their patients show NIHSS moderate score (5–
15), and moderate to severe in 11.4.

Table 1 Serum malondialdehyde, clinical severity and functional
outcome of the studied ischemic stroke patients

Patients numbers

Numbers %

MDA MDA > 2.65 18 42.9%

MDA < 2.65 24 57.1%

NIHSS No stroke symptoms (0) 0 0.0%

Minor (1-4) 0 0.0%

Moderate (5-15) 14 33.3%

Moderate to severe (16-20) 28 66.7%

Severe (21-42) 0 0.0%

mRS Dead = 6 5 11.9%

Unfavorable outcome (2-5) 21 50%

Favorable outcome (< 2) 16 38.1%

MDA malondialdehyde, NIHSS National Institutes of Health Stroke, mRS
modified Rankin Scale, N number, % percentage

Table 2 Relation between NIHSS and malondialdehyde in
ischemic stroke patients

NIHSS MDA t p
value(M ± SD)

Moderate (n = 14) 3.69 ± 2.42 0.533 0.597#

Moderate to severe (n = 28) 3.31 ± 2.09

MDA malondialdehyde, NIHSS National Institutes of Health Stroke, M ± SD
mean ± standard deviation
#Non-significant (p > 0.05)

Table 3 Relation between mRS and Malondialdehyde in
ischemic stroke patients

mRS MDA F p
value(M ± SD)

Favorable outcome (n = 16) 2.23 ± 1.58 5.484 0.008**

Unfavorable outcome (n = 21) 4.4 ± 2.12a

Dead (n = 5) 3.24 ± 2.5bc

MDA malondialdehyde, mRS modified Rankin Scale, M ± SD mean ±
standard deviation
**Highly significant (p < 0.001)
ap < 0.001
bp > 0.05 compared to favorable outcome
cp > 0.05 compared to unfavorable outcome
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In our study, 42.9% of the studied ischemic stroke pa-
tients had MDA level more than 2.65 nmol/L, while 57.1%
of patients had MDA level less than 2.65 nmol/L. Similar
percentages of elevation of MDA level in acute ischemic
stroke patients (21-52%) were recorded by Yaseen et al.
[22], Lorente et al. [23], and Silina et al. [24].
In this study, the unfavorable functional outcome (mRS

2-5) found in 50% of cases, 38.1% had favorable outcome
(mRS < 2), and 11.9 % of patients were dead (mRS = 6).
The outcome of our patients as regards the disability

is quietly similar to the previous studies like that of
Mendioroz et al. [19] who found that 55.3% of patients
displayed a worse prognosis (mRS 2-5) at 3 months
follow-up. In addition, Mansour et al. [20] reported mor-
tality (19.7%) and unfavorable outcome (mRS 2–5) at 3
months follow-up (56.7%) and Soliman et al. [21] found
that 56.3% of their patients showed unfavorable func-
tional outcome mRS (2-5).
In the current study, concerning relationship between

MDA and National Institutes of Health Stroke Scale
(NIHSS), we found no significant relation between level
of MDA and stroke severity when assessed by NIHSS
score on admission. Our result goes in hand with Shoe-
ibi et al. [25] who reported that there was a non-

significant relation between NIHSS and MDA (p =
0.791). Also, Ferhat et al. [26] who reported that there
were no significant relations between the NIHSS value
and oxidative stress biomarkers. Nevertheless, this was
in disagreement with Yaseen et al. [22] who stated that
the MDA levels on the day of admission and after 7 days
correlate positively with the stroke severity as measured
by NIHSS score.
Demirkaya et al. [27] reported significant relations be-

tween MDA levels and stroke severity on NIHSS. They
rational this significance as follow: there is huge gener-
ation of free radicals (MDA) through ischemia in the
penumbral tissue which has a least oxygen supply. The
degree of damage induced by free radical be contingent
with the antioxidant defense mechanism. In severe
stroke, the availability of antioxidants cannot cope up
with the abrupt upsurge in free radicals due to greater
tissue damage amount. The antioxidant enzymes are in-
ducible enzymes hence their transcription and synthesis
take time. Consequently, in the initial phase, there is an
increase in lipid peroxidation due to failure of defense
mechanisms that reflects the volume of tissue damage
and henceforth the stroke severity.
We could not detect any significant relation between

levels of MDA and NIHSS; however, these MDA levels
were measured only at the initial presentation, and
follow-up measurements could help to illuminate MDA
changes and ischemic stroke severity.
As regarding the relationship between the stroke out-

come (functional disability evaluated by mRS, there was
highly statistically significant difference between patients
with unfavorable and favorable outcomes of mRS and

Table 4 Correlation between mRS and malondialdehyde

Variable MDA

r p value

mRS 0.54 0.001**

MDA malondialdehyde, mRS modified Rankin Scale, r coefficient of
Spearman’s correlation
**Significant (p < 0.05)

Fig. 1 Correlation between MDA and mRS
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mean values of MDA, and we found statistically signifi-
cant positive correlation between mRS and MDA level.
The existing study revealed a statistically high signifi-

cant difference between stroke patients with 3 months
favorable functional outcome (mRS < 2) and those with
unfavorable outcome (mRS 2-5) as regarding the mean
values of MDA. Similarly, we found high significant
positive correlation between mRS and MDA levels. Our
results are quietly similar to a previous study of Tsai
et al. [28] who reported a significant positive correlation
between MDA levels and acute ischemic stroke outcome
at 3 months based on mRS.
Also, Cherubini et al. [29] found a significant positive

correlation between the MDA levels on admission in
stroke patients’ functional outcome by mRS after 1 week.
In addition, Yaseen et al. [22] reported that MDA levels
on admission and after 7 days prophesied the patients’
functional disability on the 7th day and subsequently 6
months by mRS.
Lipid peroxidation (LPO) brought by asynuclein mis-

folding might play a vital role in the cellular mechanism
of neuronal cell injury. In addition, LPO products could
act as possible triggers of the p53 signaling pathway and
cause membrane organization disturbance and loss of
mitochondrial DNA functionally [23].
The restriction of this study, that serum MDA levels

were only estimated for all patients within the first 24 h
after admission. It may be indispensable to conduct a
further longitudinal study determining serum MDA
levels at multiple time points after stroke and appraising
the prognostic value of MDA at later times.
The inconsistency of results is credited to a deficient

sample size, study differences in population- and
patient-level characteristics (i.e., socio-demographics and
clinical factors), methodology).
Our findings should be considered preliminary, and

additional clinical trials with MDA should be directed to
explain whether modulation of oxidative stress in pa-
tients with stroke may support therapeutic indication in
order to influence the ischemic stroke severity and out-
come (functional). Hence, future studies will be compul-
sory to explore whether MDA imitates the severity and
functional outcome after stroke in a greater sample and
in groups with more consistency.

Conclusion
We concluded that high serum MDA levels on admis-
sion are autonomously predicted the unfavorable func-
tional outcome of ischemic stroke at 3 months follow-up
by modified Rankin Scale (mRS).
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