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Abstract. Post-stroke depression was a serious psychosomatic complication, and this 

condition can disrupt the stroke healing process. This study aims to find the association of 

the levels of DNF and Malondialdehyde (MDA) acute phase of stroke and the effect of 

vascular risk factors with incident of post-stroke depression. An observational study with 

the case-control design was carried out in 72 ischemic stroke patients at Dr. M Jamil 

Hospital in Padang. Levels of BDNF and MDA serum in the acute phase of stroke was 

carried out using the Elisa method. Based on the result of the Hamilton Depression Rating 

Scale which was conducted 1 month after onset of stroke, a sample of this study was 

divided into post-stroke groups with depression and without depression. The differences 

of mean levels of BDNF and MDA were analyzed using t-test and Mann-Whitney and the 

differences of the basic characteristics of these two groups were analyzed by chi-square. 

The mean level of BDNF in the depression group was lower than the group without 

depression, and the difference was statistically significant with p-value = 0.009. The mean 

level of MDA in the depression group was higher than the non-depressed group, and this 

difference was also statistically significant with p-value = 0.024. A lower level of BDNF 

serum and a higher level of MDA in the acute phase of ischemic stroke is associated with 

the incidence of post-stroke depression. Patient with diabetes mellitus has a higher risk to 

suffer post-stroke depression. 
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1   Introduction 

Post-stroke depression (PSD) is a serious and very disturbing complication in the stroke 

recovery process. Various studies show some the incidence rate of stroke is 20-50%, which is 

quite a high number. Post-stroke depression was found to be associated negatively with clinical 

and functional outcomes in stroke patients. This condition can cause a decrease in quality of life 

(QoL), disrupt the activities of daily living (ADL), reduce functional independence, reduce 

social interaction and also reduce a successful rate of rehabilitation. In addition, post-stroke 

depression also increases health service burdens and it is related to a higher mortality post-stroke 

rates. It is also related to cognitive disorders, such as attention, learning abilities, and executive 

functions, and also delayed physical recovery [1],[2]. 

The pathogenesis of post-stroke depression is very complex,  which involved a variety of 

specific neurobiologies mechanisms, such as neuroanatomic neurons and biochemical factors 
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and also neurogenesis which interacts complexly. Several previous studies have shown that a 

big lesson in the significant areas such as left frontal lobe and basal ganglia or accumulation of 

asymptomatic cerebral lesion can affect monoamine pathways or mood control pathways that 

will lead into depression [3]. 

Brain-Derived Neurotrophic Factor is a part of neurotrophins and is expressed in the central 

and peripheral nervous systems of adult mammals, especially in the hippocampus and brain 

cortex. Brain-Derived Neurotrophic Factor is a widespread neurotrophin in the central 

nervoussystem[4]. Brain-Derived Neurotrophic Factor has several functions, including axonal 

regulation, dendritic growth, the response in neurotransmitter release, and long-term 

potentiation (LTP). According to those function, BDNF has a role as the main regulator of 

synaptic plasticity [5]. 

Clinical studies have shown that serum BDNF levels and decreased hippocampal volume 

in the elderly are correlated closely with memory disorders and neuropsychiatric disorders. 

Further analysis shows a lower BDNF level can cause a decreased of hippocampal volume 

which will cause spatial memory loss, and also depression [6]. 

In addition, various neurodegenerative diseases are also triggered by oxidative stress. Under 

normal condition, there is a balance between pro-oxidants and anti-oxidants, but under certain 

conditions, such as reduced blood flow (stroke), a disturbance of this balance will happen, and 

it will increase reactive oxygen species (ROS) and reactive nitrogen species (RNS) production. 

These ROS and RNS will interact with various biomolecules such as proteins, lipids, 

carbohydrates, deoxyribonucleic acids (DNA) and ribonucleic acids (RNA), which will produce 

various toxic substances[7]. 

It has been proven that free radicals also play a role in the pathophysiology of depression 

[8]. Recently, malondialdehyde (MDA), which is the main endogenous product of lipid 

peroxidation, was found elevated in patients who had been diagnosed with major depression 

[9]. Stefanescu et al., found a higher MDA concentration in patients with recurrent episodes of 

depression [10]. Increased levels of MDAwas also found in depression patients with another 

disease, such as chronic heart failure [11]. 

Various hypotheses that develop about the pathophysiology of post-stroke depression 

makes this topic needs more research to conduct. Therefore the authors want to conduct research 

to see the relationship between BDNF and MDA serum level in the acute phase of stroke with 

post-stroke depression after 1-month of onset. 

2  Materials and Methods 

This study has passed the ethical study issued by the Research Ethics Committee of the 

Medical Faculty of Andalas University with the Number: 511 / KEP / FK / 2018. Observational 

study with a case-control design was conducted in 72 post-ischemic stroke patient, which consist 

of 36 post-stroke patients with depression and 36 patient without depression at DR M Djamil 

Padang Hospital from January until September 2018. Inclusion criteria of this study were patient 

with ischemic stroke with onset <72 hours, age <70 years old, no history of depression before 

the onset of stroke and the symptoms of depression was persist for > 2 weeks, not suffering from 

the other neurodegenerative diseases like Alzheimer and Parkinson. The examination of 

depression was conducted using Hamilton Depression Rating Scale in 1 month after onset of 

stroke, based on this examination result; the patient was divided into two groups which are post-

stroke groups with depression and group without depression. Levels of BDNF and MDA was 



 

 

 

 

examined using the Elisa method. The differences of mean levels of these two groups were 

tested by t-test and Mann-Whitney test, and the differences of the basic characteristic of these 

two groups were tested by the chi-square test.  

3  Results 

Table 1. The basic characteristic of those two groups can be seen below 

 Post Ischemic Stroke 
P 

With Depression Without Depression 

Age 59.67 ± 9,7 59.64 ± 11,2   0.85a 

Sex: Male/Female 18/18 19/17   0.814a 

Education Level: Low/High 18/18 12/24   0.151a 

Marriage status: Married/unmarried  

32/4 

 

31/5 

 

0.722a 

Hemiparesis: right/ left 11/25 19/17   0.056a 

achi-square 

 

From the data above, it is known that basic characteristic of these two groups (with and without 

depression ) was statistically equivalent (p>0.05). The Relationship of Vascular Risk Factor 

with Post-stroke Depression Vascular risk factor characteristic that was connected with post-

stroke depression can be seen in the table below 

 

Table 2. Vascular Risk Factor and It is Relationship with The incident of Post-Stroke Depression 

Variable Post-stroke Depression Total OR p-value 

Yes No 

Hypertension, n(%) 

 Yes 

 No 

 

25 (46.3) 

11 (61.1) 

 

29 (53.7) 

7 (38.9) 

 

54 

18 

 

0.549 

 

0.276a 

Diabetes Mellitus, n(%) 

 Yes 

 No 

 

14 (70.0) 

22 (42.3) 

 

6 (30.0) 

30(57.7) 

 

20 

52 

 

3.182 

 

0.035a 

Smoking, n(%) 

 Yes 

 No 

 

15 (50.0) 

21 (50.0) 

 

15 (50.0) 

21 (50.0) 

 

30 

42 

 

1.000 

 

1.000a 

Total 37 37 74   

achi square test 

 

There is a relationship between diabetes mellitus with the incidence of post-stroke depression 

with a p-value p= 0.035, and there is no relationship in hypertension and smoking with that 

incidence. 

 



 

 

 

 

Table 3. The Differences in mean Serum Level of  Brain-Derived Neurotrophic Factor (BDNF) and 

Malonylaldehid (MDA) in those two group 

 

Variable 

Post Ischemic Stroke  

   P With Depression Without Depression 

BDNF Level 6442.50 ± 1747.48 7522.33 ± 1638.45 0.009a 

MDA Level 110.06 ± 33.27 99.98 ± 54.76 0.024b 

a t-test 
b Mann-Whitney test 

 

The Association of Brain-Derived Neurotrophic Factor (BDNF) and Malonylaldehid (MDA) 

Levels with Depression in Patient poststroke  

The Association of Brain-Derived Neurotrophic Factor (BDNF) and Malonylaldehid 

(MDA) Levels with Depression in Patient poststroke is shown in table 3. The table above shows 

that there is a significant difference between BDNF and MDA serum level in the post-stroke 

group with depression and the post-stroke group without depression with a p-value p<0.05. 

4  Discussion 

In the basic data statistical test on both groups, the p value> 0.05, which means that the 

basic data between case groups (stroke with depression) and control (post-stroke without 

depression) were statistically equivalent. This basic data includes age, gender, level of 

educational background, marital status and hemispheres which experienced a disturbance. Thus, 

between the case group and the control group which had been matched, so that the next analysis 

process is possible to be done. In this study, since the design of this study was case-control, the 

researchers did not analyze the effect of age, gender, level of educational background, marital 

status, and site of lesions (hemispheres) with the incidence of postischemic stroke depression. 

There is a was a relationship between diabetes mellitus, in this case as a risk factor with the 

incidence of post-stroke depression with p <0.05 and diabetes mellitus patients are at risk for 

post-stroke depression 3.182 times greater than those who did not have diabetes mellitus.  

There is a mutual correlation between diabetes and depression, which means that depression 

can trigger diabetes and diabetes can facilitate depression. Even though the prevalence of mental 

disorders is generally reported similar between the general population and diabetics patient, but 

the incidence of depression and anxiety is reported higher on diabetic patients [12]. Several 

factors associated with the incidence of depression on diabetic patients were female sex, young 

age, single, poor social support, low educational background, low socioeconomic status, poor 

glycemic control, the presence of diabetes complications and other medical comorbidities 

[13,[14]. It is known that conditions of hypoglycemia and hyperglycemia can give an adverse 

effect on brain function, especially in the cognitive and mood areas. In animals, it is known that 

diabetes affects the integrity and hippocampal neurogenesis which may also interact with other 

aspects of the neuroplasticity process and contribute to the symptoms of depression [15]. 

This study found that low serum BDNF levels were found on patients with post-stroke 

depression compared to the post-stroke patients without depression and this difference was 

statistically significant (p = 0.009). In general, BDNF is believed to have a beneficial effect on 

stroke recovery through several mechanisms: protection against acute ischemic injury, increased 

angiogenesis and neurogenesis, improved brain repair and increased synaptic plasticity [6]. 



 

 

 

 

The development and neuron cells sustainability in the central nervous system are regulated 

by many extracellular factors, one of them is the neurotrophic factor. Neurotropin has a 

significant effect on proliferation, migration, neurogenesis and ensuring the integrity and the 

function of each neuron cell. One of the neurotrophin factors is BDNF, which functions to 

facilitate the growth and survival of nerves cells, modulate the synapse response and is 

responsible for synapse plasticity processes [16]. This function can be disrupted in a variety of 

hypoxic conditions, where the level of disturbance correlates with the level of vascular damage 

in the brain. The correlation between levels of BDNF and various neurodegeneration diseases 

has been studied quite a lot, including its correlation to the incidence of post-stroke 

depression[17]. There is a decrease of mRNA BDNF expression levels in hippocampus and 

prefrontal cortex (PFC) on patients with depression [18]. Reduction of BDNF expression will 

affect structural changes such as atrophy of the hippocampus and other parts such as the 

amygdala, anterior cingulate cortex (ACC), orbitofrontal cortex (OFC), medial frontal cortex 

[19]. 

Study of Li et al. in 216 patients with ischemic stroke, showed that a lower serum BDNF 

levels at the hospital admission were aPSD independent predictors at 3 months-follow-up [20]. 

A meta-analysis by Noonan (2012) showed that BDNF levels were found to be much lower on 

patients with post-stroke depression [21]. 

This study also found higher MDA levels in post-stroke patients with depression compared 

to post-stroke patients without depression and this difference was statistically significant (p = 

0.024). 

The process of hypoxia that occurs in the brain due to a stroke will increase the production 

of free radicals. Brain tissue is a tissue that is rich of polyunsaturated fatty acids (PUFAs), 

because of that, a high level of free radicals will increase the production of toxic lipid 

peroxidation, that will mediate oxidative stress, and it will lead into death of various cell types. 

Some markers can measure lipid peroxidation, one of them is malondialdehyde which relatively 

stable compared to the other markers. Several studies have proven that free radicals are involved 

in the pathophysiology of depression [22]. 

Malondialdehyde is the final product of PUFA and arachidonic acid (AA) peroxidation. 

Malondialdehyde inhibits serotonin receptor ligand binding and therefore affects serotonin 

metabolism [22],[23]. Increased MDA concentrations can be detected on patients with 

depression compared to the healthy people. Intake of antidepressant is proven in reducing MDA 

levels [24]. 

This study has several weaknesses, including not analyzing the effect of vascular risk 

factors on BDNF and MDA levels, and also did not include other risk factors such as 

dyslipidemia and heart disease. 

5   Conclusion 

This study shows the association of lower level of BDNF serum and the higher level of 

MDA in the acute phase with the incidence of post-stroke depression. Ischemic stroke patient 

with diabetes mellitus has a higher risk to suffer post-stroke depression compared to a patient 

without diabetes mellitus. 
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