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Abstract
Background: Stroke is a major cause of mortality and morbidity. Also, free radicals and oxidative stress are
deleterious factor in the stroke progression. We aimed to evaluate the association between oxidative stress markers
and odds of having risk factor for stroke or developing stroke.
Methods: The present case-control study was conducted on 556 participants in Imam-Reza hospital, Tabriz, Iran.
Subjects were divided into three group, including individuals with acute ischemic stroke, those who were at risk of
stroke, and healthy controls. All enrolled participants except for controls underwent neurological examinations and
brain magnetic resonance imaging (MRI). Stroke-related disability and stroke severity were evaluated by modified
Rankin Scale (mRS) and National Institutes of Health Stroke Scale (NIHSS), respectively. Serum malondialdehyde
(MDA) level and total antioxidant capacity (TAC) were measured within 48 h of the initiation of stroke. One-way
ANOVA and Chi-square tests were used for comparing characteristics between groups. Multivariable logistic
regression was implemented for odds of stroke based on MDA and TAC quartiles. Also, Spearman’s correlation was
utilized.
Results: Serum MDA, systolic and diastolic blood pressure, cholesterol, and triglyceride were significantly higher in
the stroke group than controls. High levels of MDA were associated with increased development of stroke (Pvalue < 0.001), however TAC and MDA were not associated with having risk factors for stroke (P-value = 1.00 and
0.27, respectively). Also, TAC level was negatively associated with baseline (ρ = − 0.28; P-value = 0.04) and follow-up
(ρ = − 0.31; P-value = 0.03) NIHSS scores. Moreover, MDA was correlated with mRS score at follow-up (ρ = − 0.26; Pvalue = 0.04).
Conclusions: The balance between antioxidants and oxidants markers might reveal a new approach in this context.
Further studies are warranted to identify the source of oxidative stress as well as cessation of the production of
oxygen radicals in stroke.
Keywords: Stroke, Total antioxidant capacity, Malondialdehyde, Modified Rankin scale, National Institutes of Health
stroke scale, Case-control study
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Background
According to the findings of the Global Burden of Disease (GBD) study, the disability-adjusted life-years
(DALYs) attributable to stroke were 116.4 million (95%
uncertainty interval (UI): 111.4, 121.4 million) in 2016
globally, in which hemorrhagic stroke had a higher proportion than the ischemic type [1]. Almost 80.1 million
prevalent cases of stroke were estimated in 2016 worldwide [1]. Over 1990–2016, the age-standardized incidence and mortality rate of stroke declined by 36.2 and
8.1%, respectively. However, it is the second cause of
leading death in the world after cardiovascular diseases
[2–4]. The incidence of stroke initiated to continuously
increase form the age of 30 and it is not significantly
higher in men [1].
Oxidative stress is defined as an imbalance between
pro- and anti-oxidants, which has been implicated in
the pathogenesis of several chronic diseases such as
stroke [5]. It plays an important role in the central
nervous system and can directly cause tissues damage
through several mechanisms [6]. The brain uses glucose as its source of energy, and it requires a steady
flow of blood and glucose due to low capacity of
energy storage in the brain [7]. The low blood flow
decreases the amount of oxygen and glucose, which
follows a cascade of events that leads to production
of reactive oxygen species (ROSs) and free oxygen
radicals [7, 8]. ROSs are necessary for various functions such as a vascular tunic, oxygen pressure
monitoring, and erythropoietin production in low
concentrations. In contrast, excessive amounts of oxidants may irreversibly oxidize macromolecules and
cause severe cell injury [9]. Antioxidant defense system is
a special mechanism of dealing with damages induced by
free radicals in the body. Healthy individuals have a balance between the production of free radicals and antioxidant defense system, but a dysregulation in this balance
induces the oxidative stress production that contributes to
progression of stroke [10, 11].
The oxidative stress can be measured using the oxidized products of macromolecules such as nucleic acids,
lipids, proteins, and deoxyribonucleic acid (DNA). Lipid
peroxides are unstable lipid radicals, which are derived
from the oxidation of polyunsaturated fatty acids and
can be converted to a different composition such as malondialdehyde (MDA) [12]. MDA can cause irreversible
disruption of the enzymes, receptors, and membrane
transfer mechanisms [13]. In addition, it has been shown
a direct correlation between increases in MDA and poor
functional recovery in acute ischemic stroke [14]. Total
antioxidant capacity (TAC) measurement is a useful tool
for the evaluation of the antioxidant capacity to prevent
oxidative damage to membranes and other cellular components [15].
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In the present study, the importance of oxidative stress
roles in the pathogenesis of acute ischemic stroke is
taken into account. To our best of knowledge, no study
has examined the long-term effects of oxidative stress on
the clinical outcomes of patients with stroke. The aim of
this study was to investigate changing in markers of oxidative stress and antioxidant capacity to find whether
there is any correlation between those changes and risk
of stroke. Also, the correlation between severity and disability of stroke and biochemical markers were assessed.

Methods
Subjects and design

The present case control study was conducted in ImamReza hospital in Tabriz, Iran from March 2017 to June
2019. Subsequently, 216 patients with stroke, 152
patients at risk of stroke, and 188 healthy controls were
included. Patients with stroke required to have a definite
diagnosis of stroke by a physician by using magnetic
resonance imaging (MRI) with diffusion-weighted imaging (DWI). Inclusion criteria for the group of at risk
population was to have at least one of the underlying
diseases, including hypertension, type II diabetes mellitus, and hyperlipidemia. Exclusion criteria were history
of hemorrhagic infarction, nervous system diseases,
chronic diseases such as chronic kidney, liver, and biliary
tract diseases, infectious and autoimmune diseases, antioxidant intake over the past 3 months, and smoking.
Written informed consent was obtained from all of the
participants at the beginning of the study. The study
protocol was approved by the ethics committee of Tabriz University of Medical Sciences (Ethics number:
TBZMED 94/3–4/3). All methods were performed in accordance with the national guidelines and regulations.
Clinical assessments

An expert neurologist underwent neurological examinations for all enrolled cases, and further evaluation by
brain MRI with DWI in order to confirm an acute
stroke. Ischemic stroke was defined as focal neurologic
deficits due to vascular causes lasting more than 24 h
and could not be explained by other causes [16]. Strokerelated disability and stroke severity were evaluated by
modified Rankin Scale (mRS) and National Institutes of
Health Stroke Scale (NIHSS), respectively [17, 18].
Biochemical assessments

Blood samples were collected from participants within
48 h following the stroke. Serum MDA level was measured using the thiobarbituric acid reactive substance
(TBARS) assay (Radioimmunoassay Kit). TAC was
measured by the values extracted from ferric-reducing
antioxidant power (FRAP) assay that was adjusted
based on Iranian foods. The ability of dietary

Shaafi et al. BMC Neurology

(2021) 21:258

antioxidants for reducing ferric to ferrous ion was
calculated by FRAP and expressed by mmol per 100 g
of foods [19]. The overall mean value for similar
foods, especially those that exist in Iranian culture
such as different kinds of bread were calculated.
Multiplication of consumption frequency of each food
by their related FRAP values were equal to TAC of
each participant in the study.

Statistical analysis

The included participants were classified into quartiles based on their TAC and MDA. One-way analysis
of variance (ANOVA) and Chi-square test were used
to compare general and demographic characteristics
between the three groups for continuous and categorical variables, respectively. Multivariable logistic regression in two different models, without adjustment
and with adjustment for age, sex, and body mass
index (BMI), were used in order to evaluate the relationship between TAC and MDA and odds of stroke
or having risk factors for stroke. Correlation between
all the variables were assessed with the Spearman correlation coefficient. The P-values less than 0.05 were
considered as statistical significance. The Statistical
Package for the Social Sciences (SPSS) version 22.0
(SPSS Inc., Chicago, IL, USA) was used for performing statistical analysis.
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Results
Baseline characteristics

A total number of 556 participants were included in this
study (216 in stroke group; 152 in the group at risk of
stroke; and 188 individuals in control group). Overall,
the mean age of participants was 72.32 years and 41.01%
were females. Moreover, we found a higher mean serum
concentration of TAC in the patients at risk of stroke
compared to healthy controls and stroke patients
(3909.29 μmol/L in at risk group vs. 3905.98 μmol/L in
controls and 3687.35 μmol/L in stroke group). Nevertheless, the mean serum MDA level was lower in the at risk
of stroke group than the control group (1.75 vs.
1.85 μmol/L) (Table 1). The baseline characteristics of
participants in each group are presented in Table 1.
A significant difference was shown among patients
with stroke and control group in term of baseline systolic blood pressure (SBP) and diastolic blood pressure
(DBP), which were significantly higher in both stroke
group and at risk of stroke group than healthy controls.
In addition, we found significantly increased levels of triglyceride (TG) and total cholesterol in the stroke group
than healthy individuals (P-value < 0.001) (Table 2).
Predictors of stroke development

No significant association was found between quartiles
of serum TAC and odds of stroke neither without adjustment for confounding factors nor after adjustment

Table 1 Baseline characteristics of participants
Variables

Healthy control group (n = 188)

Stroke group (n = 216)

Stroke risk group (n = 152)

Female gender&

96 (51.1%)

68 (31.5%)

64 (42.1%)

Age (year)

73.32 (9.43)

71.76 (9.88)

71.89 (10.22)

BMI$ (kg/m2)

26.55 (4.93)

26.92 (5.85)

27.03 (6.33)

$

$

Length of Hospitalization (day)

ND

11.06 (20.16)

ND

NIHSS-baseline

ND

8.28 (8.90)

ND

NIHSS-follow-up

ND

5.11 (4.86)

ND

MRS- discharge

ND

2.63 (0.78)

ND

MRS- follow-up

ND

1.78 (1.08)

ND

DBP$ (mmHg)

73.62 (9.13)

81.17 (11.92)

87.89 (14.55)

SBP$ (mmHg)

123.09 (14.95)

148.08 (28.02)

150.79 (25.93)

Total cholesterol$ (mg/dl)

167.17 (42.97)

200.06 (62.03)

176.68 (41.58)

Triglyceride (mg/dl)

119.26 (20.19)

175.20 (91.61)

148.50 (59.29)

LDL$ (mg/dl)

97.81 (26.15)

118.80 (62.58)

111.03 (37.81)

HDL (mg/dl)

42.18 (9.31)

46.10 (12.66)

43.36 (13.09)

Serum TAC$ (μmol/L)

3905.98 (879.89)

3687.35 (801.56)

3909.29 (983.87)

1.85 (0.36)

2.08 (0.24)

1.75 (0.41)

$

$

$

Serum MDA (μmol/L)

Abbreviations: BMI Body Mass Index, DBP Diastolic Blood Pressure, NIHSS National Institutes of Health Stroke Scale, MRS Modified Rankin Scale, SBP Systolic Blood
Pressure, LDL Low-Density Lipoprotein, HDL High-Density Lipoprotein, TAC Total Antioxidant Capacity, MDA Malondialdehyde, ND Not Determined
&
Gender is presented as number (percent); there was no significant differences between gender of three group based on Chi-square test (P-value = 0.13)
$
These data are presented as mean (standard deviation)

Shaafi et al. BMC Neurology

(2021) 21:258

Page 4 of 8

Table 2 Comparison of baseline characteristics between Healthy control, Stroke and diabetes groups
Variables

Group 1

Group 2

Mean difference

Age

Healthy control

Stroke group

1.55

0.72

Stoke risk group

1.42

0.80

BMI

DBP

SBP

Total cholesterol

Triglyceride

LDL

HDL

Serum TAC

Serum MDA

Healthy control

Healthy control

Healthy control

Healthy control

Healthy control

Healthy control

Healthy control

Healthy control

Healthy control

P-value*

Stroke group

−0.36

0.94

Stoke risk group

−0.47

0.92

Stroke group

−7.55

0.00

Stoke risk group

−14.27

0.00

Stroke group

−18.71

0.00

Stoke risk group

−27.70

0.00

Stroke group

−32.88

0.00

Stoke risk group

−9.51

0.69

Stroke group

−55.94

0.00

Stoke risk group

−29.24

0.13

Stroke group

−20.99

0.13

Stoke risk group

−13.22

0.48

Stroke group

−3.91

0.34

Stoke risk group

−1.17

0.91

Stroke group

218.62

0.46

Stoke risk group

−3.31

1.00

Stroke group

−0.23

0.00

Stoke risk group

0.10

0.35

Abbreviations: BMI Body mass index, DBP Diastolic blood pressure, SBP Systolic blood pressure, LDL Low-density lipoprotein, HDL High-density lipoprotein, TAC
Total antioxidant capacity, MDA Malondialdehyde
*P-values calculated using one-way ANOVA test

for them (P-value = 0.12 without adjustment; P-value =
0.14 after adjustment). However, levels of serum MDA
were significantly associated with development of stroke
before and after adjustment for confounding factors.
Looking at the quartiles of dietary TCA showed that
participants in the second quartile had a reduced odds
of stroke by 71% (odds ratio (OR) = 0.29; 95% confidence
interval (CI): 0.09–0.94). Moreover, increasing the levels
of serum MDA was associated with elevated risk of
stroke development. In this regard, after adjustment for
age, sex, and BMI, the third and fourth quartile had ORs
of 7.98 (95% CI: 1.94, 32.80) and 11.97 (95% CI: 2.74,
52.35), respectively (Table 3).
Predictors of having risk factors for stroke

No significant association was found between serum
levels of TAC and MDA with having risk factors for
stroke. Lower levels of MDA were associated with reduced risk for developing stroke risk factors. However,
fourth quartile level of serum TAC had lower risk for
having stroke risk factors than the third quartile (OR =
0.50 (95% CI: 0.14, 1.79) vs. 0.80 (95% CI: 0.22, 2.93) in
the adjusted model). The second quartile of MDA levels
had almost the most significant association with not
having risk factors for stroke compared to other

quartiles of MDA and TCA levels (OR = 0.32 (95% CI:
0.10–1.01)) (Table 4).
Correlation between chemical and clinical assessments

We found statistically significant negative correlation between baseline and follow-up levels of NIHSS and TAC
(ρ = − 0.28 (P-value = 0.04) and − 0.31 (P-value = 0.03),
respectively) and between levels of mRS in follow-up
and MDA (ρ = − 0.26; P-value = 0.04) (Table 5).

Discussion
Findings of this hospital-based case-control study demonstrated that TAC levels despite MDA levels, were
lower in patients with stroke. Also, it showed that MDA
level is a better predictor of stroke development than
TCA, while none of these measures was significantly associated with having risk factors for stroke. Furthermore,
we found a negative correlation between clinical tools
(i.e. NIHSS and mRS) and chemical measures (i.e. TAC
and MDA).
Numerous studies have investigated the TAC and
MDA levels in stroke patients and showed that serum
TAC levels in stroke cases were significantly lower [20,
21] and MDA levels were higher than the control group
[22, 23]. A case-control study on 195 hospitalized cases
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Table 3 Odds ratios (ORs) (95% confidence interval) for stroke according to the quartiles of serum total antioxidant capacity (TAC)
and malondialdehyde (MDA)
Quartiles of TAC
Variable

1st quartile
¥

2nd quartile

3rd quartile

4th quartile

P-trend$

Serum TAC (μmol/L)

2939.00

2453.00

4102.00

4916.50

No. cases/ controls

72/ 32

40/59

44/62

60/35

Model 1

1

0.29 (0.09–0.94)

0.34 (0.11–1.10)

0.66 (0.21–2.11)

0.12

Model 2

1

0.37 (0.10–1.25)

0.32 (0.09–1.96)

0.75 (0.23–2.48)

0.14

1st quartile

2nd quartile

3rd quartile

4th quartile

P-trend$

Quartiles of MDA
Variable
Serum MDA¥ (μmol/L)

1.44

1.91

2.06

2.29

No. cases/ controls

16/ 60

48/ 72

72/ 32

80/ 24

Model 1

1

2.50 (0.66–9.38)

8.43 (2.11–33.60)

12.50 (2.98–52.30)

0.00

Model 2

1

2.12 (0.54–8.31)

7.98 (1.94–32.80)

11.97 (2.74–52.35)

0.00

¥

These value is presented as median
P-trend was calculated using logistic regression model by considering the median of each quartile of TAC or MDA as a continuous variable
Regression model without adjustment
2
Regression model adjusted for age, gender, and body mass index (BMI)
$
1

with stroke and 195 healthy controls in Iranian populations which were categorized into three groups showed
that the top tertile of dietary TAC had lower chance to
have stroke than the bottom tertile (OR = 0.49; 95% CI:
0.23, 1.00), although our study revealed a significant protective association between the bottom quartile of TCA
and stroke (OR = 0.29; 95% CI: 0.09, 0.94) [24]. The discrepancy might be due to different methods for determining categories. Moreover, the article by Guldiken
et al. which categorized participants into diabetic stroke,
nom-diabetic stroke, and healthy controls showed that
TAC levels were significantly higher in diabetic acute
stroke patients than in non-diabetic ones (10.03 vs. 5.97
mM; P-value < 0.001) and was higher in diabetic patients

with stroke compared to the control group (10.03 vs.
5.44 mM; P-value < 0.001) [25]. Opara et al. found that
the total antioxidant capacity was depleted in diabetic
patients compared to normal subjects [26]. On the contrary, Savu et al. showed that the TAC of plasma, despite
of high oxidative stress levels, was increased in patients
with uncomplicated type II diabetes [27]. In the present
study, the TAC levels of the patients at risk of stroke did
not show any significant differences from the control
group, whereas it was higher than the patients with
stroke and healthy controls. It might be due to the different assays for determination of TAC.
The study by Al-Rawi et al. was conducted on 50 patients with ischemic stroke, 75 participants with a risk

Table 4 Odds ratios (ORs) (95% confidence interval) for having risk factors of stroke according to the quartiles of serum total
antioxidant capacity (TAC) and malondialdehyde (MDA)
Quartiles of TAC
Variable

P-trend$

1st quartile

2nd quartile

3rd quartile

4th quartile

Serum TAC (μmol/L)

2939.00

2453.00

4102.00

4916.50

No. cases/ controls

40/ 32

36/ 60

40/ 40

36/ 64

Model 1

1

0.4 (0.13–1.66)

0.80 (0.22–2.87)

0.51 (0.14–1.79)

0.98

2

1

0.49 (0.14–1.76)

0.80 (0.22–2.93)

0.50 (0.14–1.79)

1.00

1st quartile

2nd quartile

3rd quartile

4th quartile

P-trend$

Serum MDA (μmol/L)

1.44

1.91

2.06

2.29

No. cases/ controls

68/ 60

28/ 72

32/ 32

24/ 24

Model 1

1

0.34 (0.11–1.04)

0.88 (0.26–2.93)

0.88 (0.23–3.32)

0.30

2

1

0.32 (0.10–1.01)

0.92 (0.27–3.12)

1.03 (0.26–4.06)

0.27

¥

Model

Quartiles of MDA
Variable
¥

Model
¥

These value is presented as median
$
P-trend was calculated using logistic regression model by considering the median of each quartile of TAC or MDA as a continuous variable
1
Regression model without adjustment
2
Regression model adjusted for age, gender, and body mass index (BMI)
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Table 5 The correlation between TAC or MDA and NIHSS-baseline, NIHSS-follow-up, mRS-discharge, and mRS-follow-up among
patients with stroke
NIHSS-baseline

NIHSS-follow-up

mRS-discharge

mRS-follow-up

TAC

−0.28 (0.04)

−0.31 (0.03)

− 0.12 (0.37)

−0.17 (0.21)

MDA

−0.09 (0.48)

−0.29 (0.07)

− 0.16 (0.23)

−0.26 (0.04)

Values are presented as Spearman’s rho (P-value).
Abbreviations: TAC Total antioxidant capacity, MDA Malondialdehyde, NIHSS National Institutes of Health Stroke Scale, mRS Modified Rankin Scale

factor for stroke, including diabetes, hypertension, and
ischemic heart disease, and 25 healthy individuals. MDA
levels were measured in the serum and saliva of subjects
and showed that MDA levels in both groups were
significantly higher than the control group (P-value <
0.001) [28]. Our findings confirmed that MDA has a significant increasing association with stroke occurrence,
while this association was not significant in patients who
were at risk of stroke. We propose that significant increase in MDA level in stroke is a reflection of increased
MDA production and oxidative stress in cerebral ischemia since the top quartile of MDA was in higher risk of
stroke compared to the bottom quartile, although they
were not significant.
A case-control study on 50 patients with stroke and 50
healthy controls represented higher levels of MDA in
cases than controls (3.31 vs. 1.62 nmol/ml; P-value <
0.0001) [29]. In this regard, the article by Bir et al.
showed significantly greater MDA values in both atherothrombotic ischemic stroke and with lacunar infarction
compared to healthy controls (P-value < 0.001) [30]. It
has been suggested that blood or neural lipids may be
the source of lipid peroxidation caused by ischemia. In
addition, increased cytosolic calcium leads to the activation of phospholipases and proteases during ischemia
and can lead to conversion of xanthine dehydrogenase
to xanthine oxidase or activation of protein kinase. Consequently, these activated enzymes can be the cause of
the increased free radicals [31].
Our study also compared the correlation between
TAC or MDA with NIHSS-baseline, NIHSS-follow-up,
mRS-discharge, and mRS-follow-up. A cohort study on
42 patients with acute ischemic stroke found no significant association between severity of stroke based on
baseline NIHSS and level of MDA (P-value = 0.60),
whereas there was a significant positive correlation between level of MDA and mRS after 3 months of followup (r = 0.54; P-value = 0.001) [32]. In addition, Yaseen
et al. revealed that level of MDA on the 7th day had a
positive correlation with NIHSS and mRS scores at that
day (r = 0.335; P-value = 0.024 for NIHSS and r = 0.342;
P-value = 0.022) [33]. We found a negative correlation
between levels of MDA and TAC, and NIHSS and mRS.
Our findings are in accordance with a study on 34 ischemic stroke patients and 34 healthy controls that showed
a negative correlation between total antioxidant status

(TAS) and NIHSS values, even though it was not significant (r = − 0.17; P-value = 0.34) [34]. Moreover, another
study on acute ischemic stroke patients and healthy controls showed that TAC levels were negatively correlated
with NIHSS scores (r = − 0.38; P-value = 0.02) [21]. The
differences in results of our study with mentioned articles can be due to differences in methods of measurement of factors, especially oxidative stress parameters,
time to assess the values, and study participants.
The strength of this study is that it is among pioneer
studies which included a group of participants who were
potentially at risk of having stroke, while several previous
studies compared serum levels of oxidative markers only
between stroke cases and healthy controls. However, our
study had some limitations. First, we adjusted multiple
logistic regression test by age, sex, and BMI, while other
potential confounding and risk factors, especially atrial
fibrillation for stroke were not included in our analysis
[35]. Second, selection and recall bias could have influenced the results because of susceptibility of casecontrol studies. Third, we could not reach to a causeeffect relationship because of the observational design of
this study. Fourth, body composition might have effects
on inflammatory factors [36], while the study did not include data on some body composition components measures such as fat mass.

Conclusions
In the light of present findings, it seems that MDA is a
better predictor of stroke than TCA, while both TCA
and MDA might not be recommended to use for prediction of having stroke risk factors. In addition, TCA and
MDA had negative association with severity and disability of stroke. Altogether, it will be worthwhile to pursue
oxidative stress role in stroke pathogenesis and it is
needed to be designed further large scale studies to investigate the roles of TAC and MDA in patients with
stroke.
Abbreviations
GBD: Global Burden of Disease; DALY: Disability-adjusted life-year;
UI: Uncertainty interval; ROS: Reactive oxygen species; DNA: Deoxyribonucleic
acid; MDA: Malondialdehyde; TAC: Total antioxidant capacity; MRI: Magnetic
resonance imaging; DWI: Diffusion-weighted imaging; mRS: Modified Rankin
Scale; NIHSS: National Institutes of Health Stroke Scale; TBARS: Thiobarbituric
acid reactive substance; FRAP: Ferric-reducing antioxidant power;
ANOVA: Analysis of variance; BMI: Body mass index; SBP: Systolic blood

Shaafi et al. BMC Neurology

(2021) 21:258

Page 7 of 8

pressure; DBP: Diastolic blood pressure; TG: Triglyceride; OR: Odds ratio;
CI: Confidence interval

8.

Acknowledgments
None.

9.

Authors’ contributions
S.S., M.K.: designed the study. F.H., M.M., H.R., M.K.: patient data acquisition,
statistical analysis, and interpretation of data. S.A.N., M.M., H.R.: preparation
and critically revision of the manuscript. All the authors have read and
approved the final version of the manuscript.

10.

11.

Funding
None.

12.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not
publicly available due for they are personal data but are available from the
corresponding author on reasonable request.

13.

14.

Declarations
Ethics approval and consent to participate
The study was approved by the ethics committee of Tabriz University of
Medical Sciences (Ethics number: TBZMED 94/3–4/3). All methods were
performed in accordance with the national guidelines and regulations.
Consent for publication
Written informed consent was obtained from all of the participants at the
beginning of the study.
Competing interests
The authors declare that they have no conflicts of interests.
Author details
1
Department of Neurology, School of Medicine, Tabriz University of Medical
Sciences, Tabriz, Iran. 2Neurosciences Research Center, Tabriz University of
Medical Sciences, Tabriz, Iran. 3Student Research Committee, Department of
Community Nutrition, Faculty of Nutrition and Food Science, Tabriz
University of Medical Sciences, Tabriz, Iran. 4Student Research Committee,
Department of Nutrition, Faculty of Nutrition and Food Science, Tabriz
University of Medical Sciences, Tabriz, Iran. 5School of Medicine, Shahid
Beheshti, University of Medical Sciences, Tehran, Iran. 6Cancer Immunology
Project (CIP), Universal Scientific Education and Research Network (USERN),
Tehran, Iran. 7Multiple Sclerosis Research Center, Neuroscience institute,
Tehran University of Medical Sciences, Tehran, Iran.

15.
16.

17.
18.

19.
20.
21.

22.

23.
24.

Received: 13 February 2021 Accepted: 3 May 2021
25.
References
1. Collaborators GBDS. Global, regional, and national burden of stroke, 19902016: a systematic analysis for the global burden of disease study 2016.
Lancet Neurol. 2019;18(5):439–58.
2. Donkor ES. Stroke in the century: a snapshot of the burden, epidemiology,
and quality of life. Stroke Res Treat. 2018;2018:1–10. https://doi.org/10.11
55/2018/3238165.
3. Katan M, Luft A. Global Burden of Stroke. Semin Neurol. 2018;38(2):208-11.
https://doi.org/10.1055/s-0038-164950.
4. Chen N, Li Y, Fang J, Lu Q, He L. Risk factors for malnutrition in stroke
patients: a meta-analysis. Clin Nutr. 2019;38(1):127–35. https://doi.org/10.101
6/j.clnu.2017.12.014.
5. Kong SY, Goodman M, Judd S, Bostick RM, Flanders WD, McClellan W.
Oxidative balance score as predictor of all-cause, cancer, and noncancer
mortality in a biracial US cohort. Ann Epidemiol. 2015;25(4):256–62. e1.
6. Salim S. Oxidative stress and the central nervous system. J Pharmacol Exp
Ther. 2017;360(1):201–5. https://doi.org/10.1124/jpet.116.237503.
7. Markus H. Cerebral perfusion and stroke. J Neurol Neurosurg Psychiatry.
2004;75(3):353–61. https://doi.org/10.1136/jnnp.2003.025825.

26.

27.

28.

29.

30.

Chan PH. Reactive oxygen radicals in signaling and damage in the ischemic
brain. J Cereb Blood Flow Metab. 2001;21(1):2–14. https://doi.org/10.1097/
00004647-200101000-00002.
Chen H, Yoshioka H, Kim GS, Jung JE, Okami N, Sakata H, et al. Oxidative
stress in ischemic brain damage: mechanisms of cell death and potential
molecular targets for neuroprotection. Antioxid Redox Signal. 2011;14(8):
1505–17. https://doi.org/10.1089/ars.2010.3576.
Palizvzn M, Khademi S, Ghazavi A, Mosayebi G. Correlation of two way
active avoidance learning with nitric oxide and ferric reduction/antioxidant
power in rats. J Arak Univ Med Sci. 2006;9(4):1–8.
Malekirad A, Rahzani K, Ranjbar A, Shariatzadeh M, Badkoobeh H. Estimation
of total antioxidant oxidant capacity of saliva in Arakstudents 15-17 years. J
Shahrekord Univ Med Sci. 2006;8(2):67–71.
Ayala A, Muñoz MF, Argüelles S. Lipid peroxidation: production, metabolism, and
signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal. Oxidative
Med Cell Longev. 2014;2014:1–31. https://doi.org/10.1155/2014/360438.
Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. Oxidative stress and
antioxidant defense. World Allergy Organ J. 2012;5(1):9–19. https://doi.org/1
0.1097/WOX.0b013e3182439613.
Chen Y-C, Chen C-M, Liu J-L, Chen S-T, Cheng M-L, Chiu DT-y. Oxidative
markers in spontaneous intracerebral hemorrhage: leukocyte 8-hydroxy-2′deoxyguanosine as an independent predictor of the 30-day outcome. J
Neurosurg. 2011;115(6):1184–90. https://doi.org/10.3171/2011.7.JNS11718.
Huang D, Ou B, Prior RL. The chemistry behind antioxidant capacity assays. J
Agric Food Chem. 2005;53(6):1841–56. https://doi.org/10.1021/jf030723c.
Abbott AL, Silvestrini M, Topakian R, Golledge J, Brunser AM, de Borst GJ,
et al. Optimizing the Definitions of Stroke, Transient Ischemic Attack, and
Infarction for Research and Application in Clinical Practice. Front Neurol.
2017;8:537.
Harrison JK, McArthur KS, Quinn TJ. Assessment scales in stroke: clinimetric
and clinical considerations. Clin Interv Aging. 2013;8:201.
Van Swieten J, Koudstaal P, Visser M, Schouten H, Van Gijn J. Interobserver
agreement for the assessment of handicap in stroke patients. Stroke. 1988;
19(5):604–7. https://doi.org/10.1161/01.STR.19.5.604.
Organization WH. Global health observatory data repository. 2017.
Gariballa S, Hutchin T, Sinclair A. Antioxidant capacity after acute ischaemic
stroke. Qjm. 2002;95(10):685–90. https://doi.org/10.1093/qjmed/95.10.685.
Ghonimi NA, Mahdy ME, Salam OAA. Total antioxidant capacity predicts
outcome in acute ischemic stroke subtypes in Egyptian patients. J Stroke
Cerebrovasc Dis. 2019;28(7):1911–7. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2019.03.053.
Polidori MC, Cherubini A, Stahl W, Senin U, Sies H, Mecocci P. Plasma
carotenoid and malondialdehyde levels in ischemic stroke patients:
relationship to early outcome. Free Radic Res. 2002;36(3):265–8. https://doi.
org/10.1080/10715760290019273.
Cojocaru IM, Cojocaru M, Sapira V, Ionescu A. Evaluation of oxidative stress
in patients with acute ischemic stroke. Rom J Intern Med. 2013;51(2):97–106.
Milajerdi A, Shakeri F, Keshteli AH, Mousavi SM, Benisi-Kohansal S, Saadatnia
M, et al. Dietary total antioxidant capacity in relation to stroke among
Iranian adults. Nutr Neurosci. 2020;23(6):465–70. https://doi.org/10.1080/102
8415X.2018.1520478.
Guldiken B, Demir M, Guldiken S, Turgut N, Turgut B, Tugrul A. Oxidative
stress and total antioxidant capacity in diabetic and nondiabetic acute
ischemic stroke patients. Clin Appl Thromb Hemost. 2009;15(6):695–700.
https://doi.org/10.1177/1076029608323087.
Opara EC, Abdel-Rahman E, Soliman S, Kamel WA, Souka S, Lowe JE, et al.
Depletion of total antioxidant capacity in type 2 diabetes. Metabolism. 1999;
48(11):1414–7. https://doi.org/10.1016/S0026-0495(99)90152-X.
Savu O, Ionescu-Tirgoviste C, Atanasiu V, Gaman L, Papacocea R, Stoian I.
Increase in total antioxidant capacity of plasma despite high levels of
oxidative stress in uncomplicated type 2 diabetes mellitus. J Int Med Res.
2012;40(2):709–16. https://doi.org/10.1177/147323001204000235.
Al-Rawi NH, Jaber FA, Atiyah KM. Assessment of salivary and serum
oxidative stress and antioxidants as plausible parameters in prediction of
ischemic stroke among Iraqi Samples. Int J Third World Med. 2008;7(2):1–9.
Jena I, Nayak SR, Behera S, Singh B, Ray S, Jena D, et al. Evaluation of
ischemia-modified albumin, oxidative stress, and antioxidant status in acute
ischemic stroke patients. J Nat Sci Biol Med. 2017;8(1):110.
Bir LS, Demir S, Rota S, Köseoglu M. Increased serum malondialdehyde
levels in chronic stage of ischemic stroke. Tohoku J Exp Med. 2006;208(1):
33–9. https://doi.org/10.1620/tjem.208.33.

Shaafi et al. BMC Neurology

(2021) 21:258

31. Beg M, Ahmad S, Gandhi S, Akhtar N, Ahmad Z. A study of serum
malondialdehyde levels in patients of cerebrovascular accident. J Indian
Acad Clin Med. 2005;6(3):229–31.
32. Elsayed WM, Abdel-Gawad E-HA, Mesallam DIA, El-Serafy TS. The
relationship between oxidative stress and acute ischemic stroke severity
and functional outcome. Egypt J Neurol Psychiatry Neurosurg. 2020;56(1):74.
33. Yaseen Z, Chowdhury D, Shantaram M, Agarwal S, Sheela K. Prognostic
Significance of Plasma Homocysteine and Malondialdehyde in Patients with
Acute Ischemic Stroke. Int J Pharma Res Health Sci. 2015;3:727–36.
34. Icme F, Erel O, Öztürk Z, Öz T, Avci A, Satar S, et al. The relationship of
oxidative stress parameters with infarct volume and National Institutes of
Health stroke scale in ischemic stroke. Türk Biyokimya Derg Turk J Biochem.
2015;40:275–81.
35. Mahajan R, Perera T, Elliott AD, Twomey DJ, Kumar S, Munwar DA, et al.
Subclinical device-detected atrial fibrillation and stroke risk: a systematic
review and meta-analysis. Eur Heart J. 2018;39(16):1407–15. https://doi.org/1
0.1093/eurheartj/ehx731.
36. Festa A, D'Agostino R Jr, Williams K, Karter AJ, Mayer-Davis EJ, Tracy RP, et al.
The relation of body fat mass and distribution to markers of chronic
inflammation. Int J Obes. 2001;25(10):1407–15. https://doi.org/10.1038/sj.ijo.
0801792.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

