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Background: According to recent studies, brain-derived neurotrophic factor (BDNF) probably plays a role in development of
cerebral ischemia and can be significant for the prognosis of improved mobility after stroke. The aim of this
prospective study was to evaluate the blood concentration of BDNF during the 1t day of first-ever ischemic
stroke and find a potential association between BDNF concentration and the neurological status in the acute
period, as well as between BDNF and the functional status in the sub-acute phase of stroke.

Material/Methods: The prospective study involved 87 patients aged 39-99 years (42 women, 45 men) with first-in-life complete
ischemic stroke.
All study subjects underwent analysis as follows: BDNF blood concentration and neurological status according
to NIHSS on the 1t day of stroke, comorbidities, etiological type of ischemic stroke by ASCOD, and functional
status on the 14" and 90" day after the onset according to mRankin scale.

Results: Mean concentration of BDNF in the study group was 9.96 ng/mL+5.21, median 10.39 ng/mL. Patients aged

<65 years (25 individuals) had a significantly higher mean concentration of BDNF (11.94 ng/mL+4.46; median
12.34 ng/mL) than the older subjects (62 individuals) with a mean concentration of 9.17 ng/mL+5.32 (median
8.66 ng/mL).
The mean score by mRankin scale on the 90" day was significantly higher among patients with lower concen-
trations of BDNF on the 1% day of stroke, which reflects their poorer functional status.
The functional status on the 90" day was significantly worse (3-6 points by Rankin scale) in patients who had
BDNF below the mean value in the acute phase of stroke.
The independent factors for poor functional status of patients on the 90™ day after stroke were a score >4
points by NIHSS (RR 1.14; 95% Cl: 1.00-1.31; p=0.027) and the concentration of BDNF below the mean value
(assessed on the 1% day of stroke) (RR 14.49; Cl 4.60-45.45; p=0.000).

Conclusions: The neurological status and concentration of BDNF on the 1% day of ischemic stroke are independent prognos-
tic factors in medium-term observation.

Reduction in the concentration of BDNF in the acute phase of stroke is a factor for poor prognosis in terms of
the functional status of patients on the 90*" day after onset.
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Material and Methods

Development and survival of neurons in the central nervous sys-
tem are regulated by many extracellular factors. Neurotrophins
play a significant role in the proliferation, migration, and phe-
notypic differentiation of cells (neurogenesis) and ensure their
functional and structural integrity. Neurotrophins include nerve
growth factor (NGF), brain-derived neurotrophic factor (BDNF),
neurotrophin-3 (NT-3), and neurotrophin 4/5 (NT4/5) [1,2]. All
of them bind to p75NTR with a relatively low affinity; however,
they bind more selectively and with a greater affinity to Trk re-
ceptors [3]. BDNF acts on cells mainly through the Trk B recep-
tor, and to a lesser extent through p75NTR, and facilitates neu-
ronal survival and growth, modulates synaptic response, and
is responsible for synaptic plasticity of neurons [4]. Although
the primary function of neurotrophic factors is to control the
processes of differentiation and survival of cells in the ner-
vous system, they are also produced by cells of the immune
system. In a healthy brain, neurons are the major source of
and a target point for neurotrophic factors; under pathologi-
cal conditions, additional synthesis is possible due to fraction
of peripheral blood cells (mononuclear cell and T and B lym-
phocytes), which can compensate for the relative lack of BDNF
in the nervous system [1,5]. The greatest amounts of BDNF
are found in the areas responsible for memory and learning,
mainly in the hippocampus and in the associative cortex. The
correlation between the level of BDNF and neurodegenerative
diseases (Alzheimer’s, Parkinson’s, Huntington’s, and various
dementias), depression, and obsessive-compulsive disorders
has been widely studied [1,6,7]. It is believed that the presence
of a specific polymorphism of BDNF is a factor determining the
model of neurological damage and the possibility of neurolog-
ical improvement after mechanical injury and ischemic dam-
age, and in autoimmune diseases. BDNF concentration corre-
lates with the degree of vasogenic damage to white matter of
the brain. According to recent studies, BDNF genotype plays a
role in development of cerebral ischemia and is significant for
the prognosis of improved mobility after stroke [8].

The aim of this prospective study was to evaluate the blood
concentration of BDNF during the first day of first-ever isch-
emic stroke. Furthermore, we tried to find a potential associa-
tion between BDNF concentration and the neurological status
in the acute period as well as between BDNF and the func-
tional status in the sub-acute phase of stroke. To the best of
our knowledge, this is the first prospective study to assess the
role of BDNF concentration in the course of stroke and its ef-
fect on post-stroke disability prognosis.

The prospective study (in the period from June 2014 to April
2015) involved 87 patients aged from 39 to 99 (42 women,
45 men) with first-in-life complete ischemic stroke diagnosed
according to the WHO criteria, with an acute ischemic focus
revealed in neuroimaging procedures (CT and/or MRI of the
head) [9]. All participants were hospitalized from the first day
of onset of stroke symptoms. Patients who had symptoms of
transient ischemic attack (TIA) were excluded.

All studly subjects underwent analysis in terms of the following:

¢ patient age at the time of first-ever ischemic stroke;

« etiological type of ischemic stroke by ASCOD [10];

¢ presence of conditions/comorbidities such as: arterial hy-
pertension, atrial fibrillation, coronary heart disease, diabe-
tes mellitus and dyslipidemia; >70% of atherosclerotic ca-
rotid artery stenosis (ipsilaterally to the ischemic focus in
the brain);

¢ type of treatment used on the 1t day of stroke (including
intravenous (IV) and intraarterial (IA) thrombolytic therapy
and thrombectomy);

¢ neurological status on the 1%t day of stroke according to
NIHSS (National Institutes of Health Stroke Scale) [11];

o functional status on the 14" and 90t days after the onset
according to mRankin scale [12];

¢ BDNF blood concentration on the 1%t day of stroke: blood
was collected in an amount of 10 mL per EDTA tube; after
15-min centrifugation (1500 RPM) plasma concentration of
BDNF was assessed with the use of ELISA method (human
BDNF by BioVender).

Mean concentration of BDNF in the whole group was assessed
as well as in subgroups formed according to age (<65 and >65),
gender, neurological status on the 1%t day of stroke by NIHSS
(<4 points vs. >4 points), functional status by mRankin scale
on the 14" and 90™ days (0-2 points indicates independence
in everyday life and 3-6 points indicates a significant degree
of dependence on the caregiver, or death), and in relation to
the category of stroke by ASCOD. Comparisons were made be-
tween the subgroups.

Multivariate analysis was performed to determine indepen-
dent factors of unfavorable prognosis (3—-6 points on mRankin
scale) on the 14" and 90" days after stroke. The following pa-
rameters were analyzed: age, gender, NIHSS score (<4 points
or >4 points), arterial hypertension, diabetes, coronary heart
disease, atrial fibrillation, dyslipidemia, >70% stenosis of the
carotid artery, and type of treatment used on 1% day of stroke
(thrombolysis IV or IA and/or thrombectomy).

The diagnosis of hypertension was consistent with the recom-
mendation by the Polish Society of Cardiology [13]; diabetes
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Table 1. Mean score by mRankin scale on the 14 and 90 day after stroke according to the concentration of BDNF measured on 1%

day of stroke.

BDNF <mean value
n=42

2.78+1.96
[median 3]
min 0 max 6

2.76+1.64
[median 3.0]
min 0 max 6

BDNF >mean value
n=45

2.37+1.94
[median 2]
min 0 max 6

1.31+1.53
[median 1.0]
min 0 max 6

mRS % - modified Rankin scale on 14 day of stroke; mRS ?° — modified Rankin scale on 90" day of stroke.

mellitus was diagnosed according to the criteria of the Polish
Diabetes Association [14]; dyslipidemia was defined as total
cholesterol serum level >200 mg/dl (»5.18 mmol/L); or LDL-
cholesterol serum level >100 mg/dl (2.59 mmol/L), or HDL cho-
lesterol serum level <35 mg/dL(0.91 mmol/L) or triglyceride se-
rum level >135 mg/dL (1.53 mmol/L).

The degree of carotid artery stenosis was rated according to
NASCET criteria [15].

All statistical analyses were performed using the STATISTICA
8.0 PL software. Chi-square tests were used for categorical
variables. The Mann-Whitney U test was used to compare the
study groups and subgroups for the nonparametric distribution
of some of the parameters. The Kruskal-Wallis one-way anal-
ysis of variance was used in the comparison of subgroups ac-
cording to ASCOD scale. Finally, analysis was performed using
a single and multi-factorial method of nonlinear estimation —
logistical regression (STATISTICA 5.0PL) — to identify indepen-
dent factors for post-stroke disability on the 14" and 90* days
following stroke. P<0.05 was considered statistically significant.

The consent to conduct the study was obtained from the Ethics
Committee of the Medical University of Silesia.

Results

The study included 87 patients aged 71.7+11.8 (median 74;
min 39, max 99 years old).

73 (83.9%) individuals were suffered with arterial hyperten-
sion, 25 (28.73%) with diabetes mellitus, 39 (44.82%) with
coronary heart disease, 18 (24.13%) with atrial fibrillation. In
21 patients dyslipidemia was diagnosed and in 17 (19.54%)
stenosis of ipsilateral carotid artery was diagnosed. Twelve
(13.79%) individuals were treated with IV thrombolysis, in-
cluding 1 patient with subsequent thrombectomy and other
with intraarterial thrombolysis. Seventy-three patients (83.9%)

disqualified from thrombolysis and thrombectomy received
antiplatelet therapy (aspirin in daily dose of 300 mg or 75 mg
clopidogrel); 2 individuals (2.29%) intravenous heparin be-
cause of progressive stroke.

Mean concentration of BDNF in the study group was: 9.96
ng/mL+5.21; median 10.39 ng/mL; while 42 patients had their
levels of BDNF below the mean value for the study, in 45 pa-
tients BDNF concentration was above the mean value. The com-
parison between the mean concentrations of BDNF in men and
women showed no significant differences (10.16 ng/mL+4.94
vs. 9.77 ng/mL+5.51 respectively; p=0.6835). Patients aged
<65 (25 individuals) had a significantly higher mean concen-
tration of BDNF (11.94 ng/mL+4.46; median 12.34 ng/mL; min
1.34 ng/mL, max 17.27 ng/mL) than the older subjects (62 in-
dividuals) with a mean concentration of 9.17 ng/mL+5.32 (me-
dian 8.66 ng/mL; min 0 ng/mL, max 18.66 ng/mL; p=0.0346).

Patients with mild neurological deficits (<4 points by NIHSS)
on the 1t day of stroke did not differ significantly in terms of
mean concentration of BDNF (9.33 ng/mL+5.04) from those
with >4 points by NIHSS (10.85 ng/mL+5.40; p=0.1788).

There were no significant differences in mean BDNF concen-
tration between the patients who functioned independently
(0-2 points by mRankin scale) on the 14" day following stroke
and the patients who required assistance or died (3-6 points
by mRankin scale); 9.98 ng/mL+4.98 vs. 9.92 ng/mL+5.70, re-
spectively; p=0.9611.

There were no significant differences in mean score by mRankin
on the 14" day between patients with reduced vs. mean or
increased concentration of BDNF on the 1t day of stroke.
However, mean score by mRankin scale on the 90t day was
significantly higher among patients with lower concentration
of BDNF on the 1% day of stroke, which reflects their worse
functional status (Table 1).
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Table 2. The mRankin scale on the 90* day following stroke according to the concentration of BDNF on the 15 day of stroke.

L LENT] 0 1 3 4 H 6
BDNF o o o s o o o
< mean value n (%) 4 (9.52%) 7 (16.67%) 4(9.52%) 16 (38.10%) 5 (11.90%) 3 (7.14%) 3 (7.14%)
BDNF . . . X .
> mean value n (%) 15 (33.33%) 15(33.33%) 10 (22.22%) 2 (4.44%) 0 0 3 (6.67%)
p 0.0072 0.0739 0.1073 0.0001 0.0171 0.0681 0.9302

The functional status on the 90" day was significantly worse
(3-6 points by Rankin scale) in patients who had BDNF below
the mean value in the acute phase of stroke (Table 2).

There were no statistically significant differences between the
mean concentrations of BDNF in patients categorized accord-
ing to etiological classification of stroke (ASCOD - A: athero-
sclerosis, S: small vessel disease, C: cardiac pathology, O: oth-
er causes, D: dissection) (p=0.3114).

Multivariate analysis demonstrated that the independent fac-
tors for poor short-term prognosis (14" day) after stroke (3-6
points by mRankin scale) include the neurological status on
the first day of onset corresponding to >4 points by NIHSS (Cl
3.79 [1.44-10.02], p=0.0063) and the presence of coronary
heart disease (3.0 Cl [1.14-7.93] p=0.0245).

However, independent factors for poor functional status of pa-
tients on the 90t day after stroke included a score >4 points by
NIHSS (RR 1.14; 95% Cl: 1.00-1.31; p=0.027) and the concen-
tration of BDNF below the mean value in the study (assessed
on the 1%t day of stroke) (RR 14.49; Cl 4.60-45.45; p=0.000).

Discussion

Brain-derived neurotrophic factor, a mammalian neurotrophin,
has recently been the object of interest due to its various ef-
fects within the process of neurogenesis, prevention of neuro-
degeneration, and promotion of neuroplastic processes. BDNF
acts on cells mainly through the Trk B receptor, and to a less-
er extent through p75NTR. These receptors activate many in-
tracellular signaling pathways, which in turn activate MAPK,
PI3K, and PLCg. Thus, BDNF acts on the energy resources of
nerve cells, affects the development and function of the ner-
vous system, and, in case of cell damage, inhibits apoptosis
and promotes cell survival [8].

Increasing research is focussing on the participation of BDNF in
the pathogenesis of mental disorders. Stress, inducing depres-
sion, anxiety, and other psychiatric disorders, interferes with
the function of BDNF in limbic structures (the hippocampus

and frontal lobes) associated with the emotional sphere.
According to the neurotrophin hypothesis for depression,
mood dysregulation and anxiety are associated with reduced
levels of BDNF and antidepressant treatment reduces behav-
ioral disorders through its increased concentration. It is likely
that a similar mechanism is responsible for the development
of post-stroke depression.

The presence of BDNF in many brain structures and its pleio-
tropic effect encouraged us to evaluate the role of that neuro-
trophin in the processes associated with ischemia of the ner-
vous tissue. Interesting results provided by the Framingham
study showed that decreased levels of BDNF in the blood
increase the risk of stroke and TIA (HR 95%, Cl: 1.11-2.03,
p=0.008) [3]. It was found that the G196A polymorphism in
the BDNF gene is associated with a higher probability of acute
cerebrovascular incident [16]. Low concentrations of BDNF in
the blood were observed in patients with risk factors for stroke,
such as coronary artery disease, acute coronary syndrome, di-
abetes mellitus, metabolic syndrome, obesity, and physical in-
activity [17-19]. In the present study, significantly lower lev-
els of BDNF were observed in patients over 65 years of age.
Older age is an important risk factor for stroke and a predic-
tor of poorer prognosis.

It has not been established whether the concentration of BDNF
is important for the course of acute ischemic stroke or post-
stroke neurological deficit. Animal studies have demonstrat-
ed the beneficial effect of BDNF to limit the brain infarction
area, which was associated with a better prognosis in terms
of motor function [20,21]. The present study did not show any
significant association between BDNF blood concentrations,
the neurological status, and the functional status in the acute
phase of stroke. BDNF probably does not play a key role in
that phase of the disease, at least to such an extent sufficient
to allow the assessment through the analysis of the clinical
status of patients and to affect their physical ability to func-
tion in everyday life. Lower levels of BDNF in the blood in pa-
tients during the acute stroke phase are associated with signif-
icantly worse functional status on the 90" day after the onset.
Moreover, lowered concentration of BDNF, apart from neuro-
logical status >4 points by NIHSS, proved to be an independent
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factor for poor prognosis. It appears that BDNF may play an
important role in the processes reversing negative effects of
cerebral ischemia; its decreased concentration may inhibit
the effect of repair within brain structures. BDNF is involved
in structural remodeling, neuronal plasticity, and synaptic re-
structuring, and is promising as a candidate molecule under-
lying the structural changes associated with ischemia damage,
and as a potential target for cerebral ischemia injury [22-24].

Positive effects of high concentrations of BDNF have been re-
ported to limit the extent of ischemic lesions in the white mat-
ter of the brain in subjects with risk factors for cardiovascular
diseases [3,25,26]. Ischemic areas around cerebral ventricles
result from neuronal and/or vascular injury and follow hypo-
perfusion, demyelination, neuronal loss, and gliosis in the area
of deep small perforating cerebral arteries [25,27]. They are
formed as a result of chronic ischemia of the nervous tissue.
Little is known about the role of BDNF in shaping the area of
acute ischemia of the nervous tissue and in the course of dis-
ease. As shown by Santhanam et al., BDNF promotes the pro-
duction of prostaglandin 12 (PGI2) while promoting vasodilation.
Increased concentration of PGI2 in the arterial wall activates
pro-survival signaling by activation of peroxisome proliferator-
activated receptor delta (PPAR). This in turn may increase the
resistance of cerebral circulation against injury [28].

Authors still try to identify targets and mechanisms for acute

stroke and protective agents against consequences of isch-
emic brain damage [29].
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Many researchers attribute the role of the novel risk marker
of cerebrovascular disease to BDNF and believe that in the fu-
ture BDNF may be used to stratify the risk of stroke and TIA.

The results of the present study may indicate the importance
of BDNF as a biomarker of repair processes limiting the effects
of brain ischemia. Subjects with higher levels of BDNF in the
acute phase of stroke have a greater chance of improvement
in terms of independence after stroke.

Limitations

A patient’s status before the onset of stroke and complica-
tions during hospitalization, including pulmonary embolism
and pneumonia, have an impact on the degree of post-stroke
disability and death, which was not included in the analysis
and was a limitation of the study.

Conclusions

The neurological status and concentration of BDNF on the 1¢t
day of ischemic stroke are the independent prognostic factors
in medium-term observation.

Reduction in the concentration of BDNF in the acute phase of
stroke is a factor for poor prognosis in terms of the function-
al status of patients on the 90* day after onset.

Further studies are required to determine the role of BDNF
in the process of acute cerebral ischemia and to explore its
consequences.
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