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	 Due to the high prevalence, disability, and cost incurred by acute ischemic stroke, 
several parameters to predict the functional outcome of stroke have been developed. Brain-
Derived Neurotrophic Factor (BDNF) is a protein that plays an important role in neuroplasticity 
after a stroke attack. Lower BDNF level was associated with increased risk of developing stroke 
and poor prognostic functional outcome in stroke patients. Here, we measured serum BDNF 
levels in the acute and chronic phases of acute ischemic stroke patients to see whether the level 
was changing and affecting the functional outcome. A hospital-based prospective cohort study 
was conducted in the three largest governmental hospitals in Yogyakarta, Indonesia. Acute 
ischemic stroke patients were consecutively recruited from June 2018 until July 2019. Serum 
BDNF level measurements using enzyme-linked immunosorbent assay (ELISA) and functional 
outcome assessments using Barthel Index (BI) were performed on the 5th and 30th days after 
stroke onset, representing the acute and chronic phases of stroke, respectively. Sixty-eight 
patients completed the study and were categorized into dependent (n=22) and independent 
(n=46) groups according to BI score on the 30th day after stroke onset. The mean serum BDNF 
level in the acute phase of the independent group was significantly higher than the dependent 
group (27,152.28 vs 23,143.41; p=0.044). Similar results were also found in the measurement of 
serum BDNF levels in the chronic phase in which the mean serum BDNF level of the independent 
group was found to be significantly higher than the dependent group (27,526.48 vs 22,818.91; 
p=0.036). There were no significant changes in the measurement of serum BDNF level between 
the acute and chronic phases in both dependent and independent groups. Serum BDNF level, 
either in the acute or chronic phase of stroke onset, may predict the functional outcome of the 
acute ischemic stroke patients. 
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	 Acute ischemic stroke is the most 
prevalent of all stroke cases and is ranked as the 
second most common cause of death worldwide. 
Along with the advancement of medical technology, 

the number of patients who survive from a stroke 
attack is increasing. Accordingly, stroke is the 
primary cause of disabilities in the world.1,2 The 
Framingham’s study revealed that 26% of stroke 
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patients had a dependency in their daily activities 
until six months after the attack due to mobility 
decrease, hemiparesis, and independent walk 
disability. As a consequence, stroke is also causing 
financial burdens with the direct yearly costs 
of hospitalization, rehabilitation, and disability 
reaching almost US$28.30 million in 2005 in the 
USA. Apart from that, patients and their families 
had to pay the indirect social and occupational costs 
of approximately US$25.60 million.3

	 Many tools have been developed to 
assess the functional outcome of stroke patients. 
These tools include the modified Rankin Scale 
(mRS), Barthel Index (BI), National Institutes of 
Health Stroke Scale (NIHSS), Activities of Daily 
Living (ADL), Instrumental Activities of Daily 
Living (IADL), and the Gadjah Mada Stroke Scale 
(SSGM) that assess mostly functional human 
activities that involve awareness, wakefulness, 
and muscle strength. Additionally, there are also 
specific tools to assess cognitive outcome in 
stroke patients, such as the Mini Mental State 
Examination (MMSE) and Montreal Cognitive 
Assessment (MoCA). These tools are widely 
distributed and daily used for the assessments of 
stroke patients during hospitalization or during 
follow-up meetings and consultations.  
	 Considering the high prevalence, 
disability, and the cost incurred by stroke, 
biomarker examination was developed to predict 
the functional outcomes of stroke patients. Brain-
Derived Neurotrophic Factor (BDNF) is a protein 
that plays an important role in neuroplasticity after 
a stroke attack. BDNF will induce the migration 
and mitosis of neural cells to trigger improvement 
of a patient’s motoric function after stroke. Since 
the first day of stroke attack, BDNF can already be 
detected in serum and can be used to predict stroke 
patients’functional outcome.4,5

	 Several studies have reported the role of 
BDNF in stroke. The Framingham’s study indicated 
that a low level of BDNF is associated with an 
increased risk of stroke.5 On the other hand, higher 
BDNF could improve post-stroke depression which 
indirectly may improve the functional outcome.6 

Furthermore, studies on BDNF have also been 
directed to assess the long-term stroke outcome. 
The study conducted by Hidayat et al. in 2016 
showed that the level of BDNF is associated 
with the outcomes of ischemic stroke patients. 

Unfortunately, the tools used to assess functional 
outcomes were not specified.7 However Luo et al. 
(2019) found that BDNF was statistically yet not 
clinically significant in its association with patients’ 
functional outcome measured using the Functional 
Independence Measure (FIM).4  Whether serum 
BDNF level in the acute phase of stroke may 
predict the long-term functional outcome of acute 
ischemic stroke and whether its level changes along 
with the disease course need to be elucidated.
	 In this  s tudy,  we performed the 
measurements of serum BDNF level and the 
assessments of functional outcome in patients with 
the first attack of acute ischemic stroke in the acute 
and chronic phases of the stroke onset. We used BI 
as the tool for assessing the functional outcome 
which allowed the categorization of dependent 
and independent patients. We aimed to see whether 
serum BDNF level could predict the functional 
outcome of acute ischemic stroke patients on the 
30th day after the stroke onset.

Material and Methods

Recruitment of Study Participants
	 This was a hospital-based prospective 
cohort study conducted in the three largest 
governmental hospitals in Yogyakarta, Indonesia: 
Dr. Sardjito General Hospital, Hardjolukito 
Central Air Force Hospital, and the Academic 
University Hospital of Universitas Gadjah Mada. 
We consecutively recruited acute ischemic stroke 
patients who were admitted to the hospitals from 
July 2018 to June 2019 with the inclusion criteria 
as follows: (1) first time acute ischemic stroke 
attack; (2) the ability to participate in the study 
until the following month; (3) being cooperative; 
(4) no history of other organic central nervous 
system damage such as tumor, trauma, encephalitis, 
Parkinson’s disease, previous stroke, nor previous 
physical disability; and (5) willingness to sign the 
informed consent form. All patients who met the 
inclusion criterias were included in the study and 
followed-up until the 30th day of the stroke onset. 
	 On the day of admission, all patients 
underwent complete clinical, laboratory, and 
imaging examinations following standard 
operational procedures and clinical pathways 
of acute ischemic stroke patients in the three 
hospitals. The diagnosis of acute ischemic stroke 
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was determined by a neurologist according to 
the clinical examinations and non-contrast head 
computerized tomography (CT) scan results. The 
study was approved by the Medical and Health 
Research Ethics Committee of the Faculty of 
Medicine, Public Health and Nursing, Universitas 
Gadjah Mada (No. KE/FK/0728/EC/2018).
Functional outcome assessments of the acute 
ischemic stroke patients
	 Barthel Index (BI) was used as a tool for 
examining the functional assessment of stroke 
patients in all three hospitals. BI assessment was 
performed daily for all the stroke patients from the 
day of admission until discharge. We collected the 
BI scores of the patients on the day of admission 
and on the fifth day after stroke onset during the 
patient’s hospitalization. Then, on the day of 
follow-up, on the 30th day after the stroke onset, 
every patient was assessed again using BI to see 
their functional outcome. At this time point, the 
patients were categorized either as dependent 
or independent according to their BI score. The 
patients with BI score ≥85 were categorized into the 
independent group while patients with BI score<85 
were categorized into the dependent group.8

Serum BDNF Level Measurements
	 In this study, we measured the serum 
BDNF level of the patients twice in two separate 
time points. First, serum BDNF level was measured 
during the acute phase of ischemic stroke on the 5th 
day after the stroke onset. Second, serum BDNF 
level was measured during the chronic phase on 
the 30th day after stroke onset. The acute phase 
blood sampling was withdrawn during the patient’s 
hospitalization and the chronic phase blood 
sampling was withdrawn on the day of follow-up.
	 Serum BDNF level was measured 
using venous blood sample. An amount of 5 
ml venous whole blood was collected from the 
patients between 7:00 to 9:00 am into a serum 
separator tube. Patient was also advised to avoid 
oral or enteral feeding for 10 hours prior to blood 
sampling. The venous whole blood was allowed to 
clot for 30 minutes in room temperature and then 
centrifuged at 1,000 x g for 15 minutes at 40C to 
separate the serum and blood clot within 60 minutes 
after blood sampling. The serum was collected in 
a separated tube and stored at -20oC. The serum 
sample was transferred under frozen condition 
packed in a heat insulated container filled with 

dry ice to Prodia Laboratory, Jakarta, Indonesia 
for further analysis. 
	 Serum BDNF level was measured using 
enzyme-linked immunosorbent assay (ELISA) 
Human BDNF Immunoassay Quantikine® (R&D 
systems, Minneapolis, USA) according to the 
manufacturer’s instructions. Serum BDNF level 
(pg/mL) was derived from optical density (OD) 
values using standard curves. A monoclonal 
antibody specific for human BDNF was pre-coated 
onto 96 well polystyrene microplate (BDNF, R&D 
System) at concentration 1000 pg/mL in a buffered 
protein base with preservatives to ensure samples 
were lyophilized. The samples were applied (50µL/
well) in duplicate. 
Statistical analysis
	 The data distribution was analyzed 
using the Shapiro-Wilk test. Numeric data were 
presented as means value ± standard deviation 
(SD) or median (minimum-maximum). The mean 
differences between the two groups were evaluated 
using unpaired T-test or Mann-Whitney test. 
Nominal data were presented as proportion and 
discrepancy between the two groups was analyzed 
using Chi-squared or Fischer tests. The value was 
considered significant if p<0.05. All statistical 
analyses were performed using SPSS version 25 
(IBM Corp., New York, USA).

Results and Discussion

Study participants, baseline characteristics, and 
risk factor analyses
	 A total of 87 patients with suspected new 
onset of acute ischemic stroke were recruited on 
the day of admission to the emergency room or 
policlinic. Only cooperative patients were assigned 
to this study. After undergoing initial assessments, 
including non-contrast head CT scan, all patients 
who were diagnosed with acute ischemic stroke 
diagnosis by the neurologist were admitted to 
the stroke unit or intensive care unit. During the 
patients’ stay in the hospital, BI score and serum 
BDNF level in the acute phase were assessed on the 
5th day of stroke onset. The next follow-up of the 
patients was performed on the 30th day after stroke 
onset. During this time period, 14 patients failed to 
complete the study. During the follow-up, patients 
were assessed for their functional outcome using 
BI and serum BDNF level in the chronic phase. A 



1966 Astuti et al., Biomed. & Pharmacol. J,  Vol. 13(4), 1963-1973 (2020)

Table 1. Baseline Characteristics of Study 
Participants

Variable	 n=68

Age 	 60.97 ± 9.75
Sex 	
a. Male 	 36 (52.90%)
b. Female 	 32 (47.10%)
Ethnicity	
Javanese	 75 (100.00%)
Spouse 	
a. Yes 	 58 (85.30%)
b. No 	 10 (14.70%)
Education (years) 	 9 (0-22)
Occupation 	
a. Employed 	 39 (57.40%)
b. Unemployed 	 29 (42.60%)
Onset (hour) 	 10.5 (0-129)
LOS (day) 	 6 (3-11)
Health Insurance 	
a. Yes 	 59 (86.8%)
b. No 	 9 (13.2%)
Functional outcome on the 
day of admission	
a. Barthel Index < 85	 52 (76.47%)
b. Barthel Index > 85	 16 (23.53%)
	
Plus-minus indicates means value ± standard deviation (SD. 
The range indicates median (minimum-maximum). 	
*The p value is considered statistically significant if 
p<0.05.	

total of 68 patients were able to complete the study 
and included in the data analysis. According to the 
BI score on the follow-up day, the patients were 
then categorized as dependent (BI score < 85) and 
independent (BI score ≥85). The detailed study 
design is presented in Figure 1.
	 The baseline characteristics of the study 
participants are presented in Table 1. Of the 68 
patients who were included in the analysis of the 
study, most of them were geriatric patients and 
their mean age was 60.97 years old. The male and 
female proportion was almost equally distributed. 
All patients were admitted to the hospital within 
the acute phase of their stroke attack. Their length 
of stay in the hospital was mainly affected by the 
severity of their disease as well as comorbidities. 
Most of the patients were using national health 
insurance to cover their hospitalization’s claim. 
On the day of admission, we found that most of the 

study participants (n=52, 76.5%) had BI score < 85. 
However, during their treatments in the hospital and 
after discharge, most of them showed functional 
outcome improvement so that at the end of the 
study most of the patients (n=46, 67.64%) were 
categorized into the independent group (Figure 1).
	 The stroke risk factors, either clinical 
examinations, comorbidities, or laboratory 
parameters, that might affect the patients’ functional 
outcomes were analyzed further (Table 2). We 
found that most of the analyzed stroke risk factors 
did not show any significant difference between 
the dependent and independent groups. We found 
that serum albumin level on the day of admission 
was the only laboratory parameter which showed 
significant difference between the two groups. 
A significantly lower serum albumin level was 
found in the dependent group compared to the 
independent group. This finding is supported by 
several previous studies that found lower serum 
albumin level is a predictor for poor clinical and 
functional outcomes of acute ischemic stroke 
patients.9,10 Even further, a study also reported 
that hypoalbuminemia is a frequent laboratory 
finding in stroke patients and is correlated with the 
increased stroke severity.11

	 Other parameters that showed significant 
difference between the two groups were the mean 
BI score on the day of admission and on the 5th 
day of the patients’ stroke onset. In the dependent 
group, all patients had BI score < 85 on the day 
of admission, on the 5th day of their stroke onset, 
and on the 30th day of stroke onset. Although the 
increase of BI score was observed on every time 
point assessment, the mean BI score was still below 
85 that categorized them into dependent patients 
(Table 2). On the other hand, the independent 
groups showed improvement of BI score that 
allowed the patients to be more independent on 
the 30th day of stroke onset. The mean value of BI 
scores on the day of admission and on the 5th day of 
stroke onset showed that some of the patients that 
belonged to the independent group had BI score 
≥85 (Table 2). There were thirty patients whose BI 
score was < 85 on the day of admission or on the 
5th day of stroke onset that finally belonged to the 
independent group on the 30th day of stroke onset 
because they reached BI score of ≥85. Our findings 
were supported by previous studies that reported 
BI score on admission of stroke patients, as well 
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Table 2. Risk Factor Analysis
			 
Clinical and Laboratory Parameters	 Dependent	 Independent	 p
	 (n=22)	 (n=46)	

Demographic Characteristics			 
Sex			   0.74
a. Male	 11 (30.60%)	 25 (69.40%)	
b. Female	 11 (34.40%)	 21 (65.60%)	
Spouse			   1
a. Yes	 3 (30.00%)	 7 (70.00%)	
b. No	 19 (32.80%)	 39 (67.20%)	
Age	 61.00 (49.00-84.00)	 59.50 (38.00-81.00)	 0.12
Onset	 12.16 (0.33-85.50)	 9.05 (0.00-129.00)	 0.95
Clinical examinations			 
Body Mass Index	 23.61 ± 3.36	 24.24 ± 3.70	 0.5
Systolic Blood Pressure	 152.00 (90.00-211.00)	 170.00 (120.00-243.00)	 0.12
Diastolic Blood Pressure 	 90.00 (60.00-140.00)	 90.00 (65.00-125.00)	 0.24
Barthel Index on day of admission	 24.09 ± 19.62	 32.50 ± 80.22	 0.00*
Barthel Index on day-5 onset (acute phase)	 32.50 ± 22.77	 80.22 ± 19.58	 0.00*
Comorbidities			 
Congestive Heart Failure			   0.67
a. Yes	 3 (42.90%)	 4 (57.10%)	
b. No	 19 (31.10%)	 42 (68.90%)	
Coronary Heart Disease			   0.55
a. Yes 	 0 (0.00%)	 3 (100.00%)	
b. No	 22 (33.80%)	 43 (66.20%)	
Hypertensive			   0.22
a. Yes	 18 (36.70%)	 31 (63.30%)	
b. No 	 4 (21.10%)	 15 (78.90%)	
Hypotensive			   1
a. Yes	 0 (0.00%)	 1 (100.00%)	
b. No	 22 (32.80%)	 45 (67.20%)	
Chronic Renal Failure			   0.32
a. Yes	 1 (100.00%)	 0 (0.00%)	
b. No	 21 (31.30%)	 46 (68.70%)	
Arrythmias			   1
a. Yes	 1 (25.00%)	 3 (75.00%)	
b. No	 21 (32.80%)	 43 (67.20%)	
Atrial Fibrillation			   0.55
a. Yes 	 1 (50.00%)	 1 (50.00%)	
b. No	 21 (31.80%)	 45 (68.20%)	
Chronic Obstructive Pulmonary Disease			   0.55
a. Yes	 1 (50.00%)	 1 (50.00%)	
b. No	 21 (31.80%)	 45 (68.20%)	
Type II Diabetes			   0.62
a. Yes 	 7 (36.80%)	 12 (63.20%)	
b. No	 15 (30.60%)	 34 (69.40%)	
Dyslipidemia			   0.13
a. Yes	 5 (20.80%)	 19 (79.20%)	
b. No	 17 (38.60%)	 27 (61.40%)	
Sedentary life style			   0.58
a. Yes	 14 (35.00%)	 26 (65.00%)	
b. No	  8 (28.60%)	 20 (71.40%)	
Exercise			   0.12
a. Yes	 2 (13.30%)	 13 (86.70%)	
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b. No	 20 (37.70%)	 33 (62.30%)	
Smoking			   0.5
a. Yes 	 8 (38.10%)	 13 (61.90%)	
b. No	 14 (29.80%)	 33 (70.20%)	
Alcohol Consumption			   1
a. Yes	 0 (0%)	 1 (100%)	
b. No	 22 (32.80%)	 45 (67.20%)	
Laboratory Parameters			 
Hemoglobin (g/dL) 	 13.52 ± 2.54	 13.45 ± 1.72	 0.89
Hematocrit	 40.43 ± 7.34	 39.87 ± 4.95	 0.71
HbA1C (%)	 6.30 (5.40-13.80)	 6.25 (4.60-18.00)	 0.59
Random blood glucose (mg/dL) 	 125.50 (85.00-395.00)	 131.50 (88.00-460.00)	 0.9
Fasting blood glucose (mg/dL) 	 109.00 (59.00-318.00)	 94.00 (59.00-277.00)	 0.18
Albumin (g/dL) 	 3.79 ± 0.50	 4.03 ± 0.39	 0.04*
Urea (mg/dL) 	 23.20 (9.00-123.80)	 24.05 (8.50-62.00)	 0.79
Creatinine (mg/dL) 	 1.03 (0.64-21.78)	 0.92 (0.46-1.88)	 0.42
Cholesterol (mg/dL) 	 196.50 (95.00-314.00)	 199.00 (107.00-690.00)	 0.37
Triglycerides (mg/dL) 	 105.00 (49.00-291.00)	 147.50 (46.00-1829.00)	 0.09
HDL (mg/dL) 	 39.50 (20.00-59.00)	 40.50 (19.00-69.00)	 0.79
LDL (mg/dL) 	 138.50 (47.00-237.00)	 142.00 (49.00-353.00)	 0.41
Uric Acid (mg/dL)	 5.19 ± 2.23	 5.34 ± 1.64	 0.76
Therapy			 
Anti-platelet			   0.32
a. Yes 	 21 (31.30%)	 46 (68.70%)	
b. No	 1 (100.00%)	 0 (0%)	
Statin			   0.384
a. Yes	 14 (29.20%)	 34 (70.80%)	
b. No	  8 (40.00%)	 12 (60.00%)	
Anti-coagulant			   1
a. Yes 	 1 (33.30%)	 2 (66.70%)	
b. No	 21 (31.20%)	 44 (67.70%)	

Plus-minus indicates means value ± standard deviation (SD), p value was calculated using Independent T-test. The range indicates 
median (minimum-maximum), p value was calculated using Mann-Whitney test.		
*The p value is considered statistically significant if p<0.05.			 

as stroke severity and infarction size on cerebral 
imaging, may predict the functional outcome one 
month after the stroke onset.12–14

Serum BDNF level as a predictor of functional 
outcome in acute ischemic stroke 
	 In this study, serum BDNF level was 
measured at two different time points: on the 5th day 
and on the 30th day after stroke onset that represent 
serum BDNF levels in the acute and chronic 
phases of acute ischemic stroke, respectively. The 
mean serum BDNF level in the acute phase of 
the independent group was significantly higher 
compared to the dependent group. The similar 
result was also observed in the measurement of 
serum BDNF level in the chronic phase in which 
the mean serum BDNF level of the independent 
group was found to be significantly higher 
compared to the dependent group (Table 3). There 

was no significant difference in the serum BDNF 
level between the acute and chronic phases of both 
dependent and independent groups (Figure 2). This 
finding showed that there was no significant change 
in the serum BDNF level in the acute and chronic 
phases of acute ischemic stroke patients, regardless 
of the stroke severity and functional outcome. In 
addition, we also found that some patients in the 
independent groups who had BI score ≥85 on the 
5th day of stroke onset had a relatively higher serum 
BDNF level in the acute phase compared to the 
mean value of serum BDNF level of the dependent 
group Table 3. This finding could indicate that 
higher levels of serum BDNF level may predict a 
better functional outcome of acute ischemic stroke 
patients.
	 Neurotrophic factor is a protein that plays 
important roles in synaptic processes, growth, 
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Table 3. Serum BDNF Level in Acute and Chronic Phases

Serum BDNF Level	 Dependent	 Independent	 p	
(pg/mL)	 (n=22)	 (n=46)	
	
Acute phase (on day-5 after onset)	 23,143.41 ± 8,570.32	 27,152.28 ± 6,992.04	 0.044*
Chronic phase (on day-30 after onset)	 22,818.91 ± 8,999.79	 27,526.48 ± 8,211.23	 0.036*
				  
Data is displayed as means value ± standard deviation (SD), p value was calculated using unpaired T-test. * The p value 
is considered statistically significant if p<0.05.

Fig. 1. Flowchart of the study design

myelination, differentiation, and endurance of the 
neurons. There are three well-known neurotrophic 
factors that are important for these roles: (1) 
brain-derived neurotrophic factor (BDNF); (2) 
nerve growth factor (NGF); and (3) glial cell-
derived neurotrophic factor (GDNF). Of the three 
neurotrophic factors, BDNF is widely studied for 
its roles in cellular differentiation, neuronal growth 
and survival, synaptogenesis, cellular migration, 
neuronal synaptic plasticity, and is involved in the 
process of neurogenesis.15–17 Furthermore, BDNF 

is known as the main facilitator of neuroplasticity 
that plays a role in the rehabilitation process 
after stroke.18–20 BDNF is mainly expressed in the 
neurons of the central nervous system, but can also 
be found in the heart, gut, thymus, and spleen. 21,22 
BDNF is also secreted by the cerebral endothelial 
cells (CEC) under the influences of nitrogen 
oxide (NO) and hypoxia, particularly intermittent 
hypoxia. This is related to the larger effect of 
intermittent hypoxia in the incidence of oxidative 
stress and calcium mobilization.17 In blood, most 
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Fig. 2. Comparison of Acute and Chronic serum BDNF levels between dependent and independent groups.There 
was no significant difference (p>0.05) in serum BDNF levels between the acute and chronic phases in both the 
dependent and independent groups

BDNF is stored within platelets.23

	 Many brain pathologies and psychiatric 
disorders were reported to reduce the BDNF 
levels in the patients’ brain and serum.24–26 In 
stroke, angiogenesis and neurogenesis will affect 
neuron migration, mitosis, and neuroplasticity 
after ischemic process. In ischemic animal models, 
neurogenesis will have an effect on the recovery 
of motoric function after the ischemic process.7,16 
After the onset of stroke attack, BDNF contributes 
in the regeneration and improvement of the neurons 
with its highest level in the serum could be found 
on the 30th day of stroke onset. If after 30 days the 
serum BDNF level remains high, it indicates that 
the process of neuron regeneration is going well.7 
Previous reports that studied experimental animals 
and stroke patients showed that lower levels of 
BDNF may lead to poorer functional outcome.7,16,27 

These reports support our findings that lower levels 
of serum BDNF in the acute phase were found in 
the dependent group, and the serum BDNF levels 
in the chronic phase remained low. In contrast, 
Figure 2 shows that the independent group had 
higher serum BDNF levels in the acute phase that 
remained high until day 30 (chronic phase).This 
finding might indicate that neuron regeneration in 

the independent group, whose serum BDNF levels 
remained high, was much more effective which 
in turn may improve the functional and clinical 
outcomes. 7,28

	 Our findings may indicate that BDNF 
could be the future potential target of treatment 
in acute ischemic stroke to improve the patients’ 
functional outcome. In an animal study, the 
administration of intracerebral BDNF to mice that 
underwent internal carotid artery sham operation 
could improve their functional outcome and reduce 
the neuro-inflammation process.27 In addition, 
an animal study using cognitive disorder animal 
model in stroke (photothrombic-induced prefrontal 
cortex stroke) showed cognitive improvement after 
undergoing intracerebral BDNF administration.29

	 BDNF also serves a function in the 
neuronal plasticity at the chronic phase during 
the recovery process after an ischemic event. 
The existence of ischemic lesions increases the 
endogenous BDNF mRNA expression and BDNF 
secretion which prevent the effects of neuro-
inflammation and gliosis as well as increasing 
axon sprouting.27 Accordingly, the stroke outcome 
is influenced by the expression of BDNF. The 
functional outcome measured by Fugl-Meyer 
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Assessment (FMA) indicates that the incidence 
of BDNF genotype polymorphism has effects on 
the upper extremity motoric function. Acute phase 
BDNF can predict the medium-long term outcome 
for which lower levels of BDNF may serve as a 
poor prognostic factor.30

	 Many strategies of medical rehabilitation 
have been developed to improve the functional 
outcomes in stroke patients. Aerobic physical 
exercise can improve the neuroplasticity in 
stroke patients, through the increase of BDNF 
secretion, which in turn may improve the motoric 
rehabilitation.19,31 Besides that, risk factor control 
and lifestyle intervention are important during 
the recovery process after stroke attack. In obese 
children, BDNF level is significantly lower than 
controls and the lifestyle intervention in obese 
children significantly increased BDNF and 
high-density lipoprotein (HDL) levels, and also 
decreased fasting blood glucose level, insulin, 
cholesterol, low-density lipoprotein (LDL), and 
triglyceride levels.32 It is expected that early 
detection and intervention for stroke can reduce the 
patient’s disability, and thereby reduce the burden 
and improve the quality of life of the patients and 
their family. 

Conclusions

	 In this study, we found that higher serum 
BDNF level in the acute phase of acute ischemic 
stroke may predict a good functional outcome of 
stroke patients on the 30th day of stroke onset. On 
the other hand, lower serum BDNF level in the 
acute phase of acute ischemic stroke may predict 
a poor functional outcome of stroke patients on 
the 30th day of stroke onset. In addition, acute 
and chronic phases of serum BDNF levels were 
relatively similar in the dependent and independent 
groups. This indicates that the measurement of 
serum BDNF level in the acute phase may reflect 
its chronic phase. Therefore, measurement of serum 
BDNF level, either in the acute or chronic phase of 
stroke onset, may predict the functional outcome 
of the acute ischemic stroke patients. Our findings 
may support the development of BDNF as the 
future potential treatment target in acute ischemic 
stroke. Further study is needed to be performed in 
a larger population to validate the cut-off point of 
lower and higher serum BDNF levels to be used as 

a predictive biomarker for the functional outcome 
of acute ischemic stroke patients.
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