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Abstract Brain-derived neurotrophic factor (BDNF)

Val66Met polymorphism is associated with functional and

cognitive outcomes of stroke and plays a key role in pre-

venting neuronal death. This study aimed to answer the

following question: does BDNF Val66Met polymorphism

prognosticate survival status and risk of post-stroke

dementia (PSD)? In a retrospective cohort study, 206

patients with ischemic stroke (IS) entered the study. They

were consecutively being admitted to the neurology clinic

in Poursina Hospital (northern Iran) from 2012 to 2014.

The diagnosis of PSD was based on DSM-5 criteria. The

current and the premorbid cognitive statuses of the patients

were respectively assessed through the third edition of

Addenbrooke’s Cognitive Examination and the Informant

Questionnaire on Cognitive Decline in the Elderly. BDNF

Val66Met gene polymorphism was determined by PCR–

RFLP. On average, 48 patients (23.3 %) developed PSD

6 months after IS. Log-rank test showed that the survival

rate of at least one Val-allele carriers was significantly

lower than that of Met/Met homozygotes (P = 0.0005),

and the former developed PSD sooner than the latter (375,

492 days, respectively). Cox model showed that

heterozygous carriers of Val/Met were at greater risk of

PSD over time (HR 2.280, 95 % CI 1.566–4.106,

P = 0.006). However, the risk ratio of patients with PSD

among different BDNF genotypes decreased after adjusting

demographic, clinical, and vascular risk factors, and was no

longer statistically significant (AHR 2.434, 95 % CI

0.597–9.926, P = 0.215). Val-allele carriers or Val/Met

genotypes were more quickly diagnosed as having

dementia after IS. However, this genetic vulnerability

became more destructive when it was added to demo-

graphic, clinical, and vascular risk factors.

Keywords Polymorphism � Post-stroke dementia � Brain

derived neurotrophic factor � Prognosis � Risk factors

Introduction

The incidence of stroke in Iran and its occurrence among

youths is significantly higher than those of Western soci-

eties [1]. A hospital-based study in northern Iran warned

against the increasing rate of stroke hospital admission [2].

Evidences from epidemiologic studies proved that stroke

strongly predicts dementia and cognitive impairment [3, 4].

Post-stroke dementia (PSD) refers to the occurrence of

dementia after stroke, whether it was caused by vascular,

degenerative or mixed factors [6]. More severe clinical

deficiencies are associated with higher risks of PSD at the

onset of stroke [6]. For example, the patients with recurrent

and multiple infarctions, white matter changes, left hemi-

sphere superior lesions, anterior and posterior cerebral

artery infarcts, and those who are called ‘‘strategic infarc-

tions’’ are more likely to develop PSD [3, 7].

Twenty to thirty percent of patients with stroke will

develop cognitive disability [5, 7, 8]. Although there are no

accurate estimates of prevalence of dementia in Iran, one
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study reported that 43.4 % of the elderly residing in nurs-

ing homes in Tehran have developed dementia [9]. Many

etiological and predisposing factors have been introduced

for PSD [3–5, 7]; however, identically neural and vascular

lesions among stroke patients do not guarantee the same

incidence rate for PSD [3, 4, 8, 10]. Accordingly, it can be

assumed that genetic factors may be involved in the

development of PSD [11]. However, the literature review

on candidates’ genes revealed controversial findings such

as a-1-antichymotrypsin polymorphism, angiotensin-con-

verting enzyme gene, and Apolipoprotein E gene [12, 13],

which were suggested as the risk factors for PSD. In the

meantime, it seems that the role of Val66Met polymor-

phism of brain-derived neurotrophic factor (BDNF) gene is

essentially neglected, while it may be able to determine

post-stroke cognitive impairment [14, 15].

BDNF protein is one of the neurotrophin family mem-

bers which helps to regulate synaptic plasticity and neu-

ronal repair after stroke [16]. Moreover, BDNF is highly

relevant to studying post-stroke occurrences for several

reasons. First, BDNF plays a protective role against brain

lesions after IS [17] and reduces the apoptosis of cultured

neurons after decreasing the level of glucose [18]. BDNF

signaling pathway is intensively connected to hippocampus

neurogenesis. These pathways include neurotrophin/Trk,

ERK/MAPK, phospholipids degradation, and chemokine

which are the central pathways in hippocampus BDNF

expression [19]. BDNF improves post-stroke recovery in

peri-infract cortex via changing BDNF expression level

and the phosphorylation of its receptor (i.e. TrkB) as well

as affecting AMPAR signaling and trafficking [20]. In a

focal ischemic model, the intravascular administration of

BDNF antisense nucleotides also inhibits relearning motor

skills [21].

Therefore, the aim of the present study was to find out

whether or not BDNF Val66Met polymorphism can prog-

nosticate survival status and risk of PSD.

Materials and methods

Study overview and participants

This research was a hospital-based retrospective cohort

study in which 206 stroke patients were selected consec-

utively through phone call. The sample was selected from

the patients diagnosed with ischemic stroke and discharged

from the Department of Neurology Clinic in Poursina

Hospital in Rasht in northern Iran 2 years prior to the

study. Patient’s registration period for entering into the

study lasted from April 2012 to May 2014. The research

topic was approved by the Council of postgraduate edu-

cation in the Department of Psychology, University of

Isfahan. The draft of research method was approved by the

ethics committee of Guilan University of Medical Sciences

according to Helsinki Declaration (No. 1930162907 dated

7 July 2014). Poursina Hospital is the largest academic

center for Trauma and Neurological diseases in northern

Iran and provides easy access for the individuals in any

socio-economic class (the hospital is available at http://

www.gums.ac.ir/poursina).

Inclusion criteria for participation in the research were:

(1) IS approved by a neurologist using brain CT scans and

(or) MRI based on American stroke association diagnostic

criteria [22], (2) having at least primary education for

completing the cognitive tests, and (3) participants’

informed consent. Exclusion criteria were: (1) the presence

of severe illness or consciousness deficiency, (2) severe

visual or auditory impairment having resulted in the lack of

compliance or cooperation in the administration of the tests

and assessments, (3) the presence of dementia or any other

neurodegenerative disorder in the past, (4) suffering from

severe psychiatric diseases such as schizophrenia or major

depression which can disrupt cognition and judgment, and

(5) the presence of permanent and serious aphasia [scored

C3 in language measure, National Institute of Health

Stroke Scale (NIHSS)].

Multidimensional assessment of patients

Stroke severity was assessed by neurologist using NIHSS.

Information relevant to stroke severity was not available

for all patients on admission; hence, evaluation of neuro-

logical impairment by NIHSS was carried out at referring

time. Post-stroke functional disability was measured with

Barthel Index (BI) [23]. The level of cognitive function

prior to stroke was assessed by asking one of the patient’s

relatives who knew him/her for at least 10 years and using

the Persian version of the 26-item Informant Questionnaire

on Cognitive Decline in the Elderly (IQCODE) [24]. The

third version of Addenbrooke’s Cognitive Examination

(ACE-III) was preferably used to confirm a significant

impairment in cognitive function inasmuch as ACE-III

gives more accurate and profound neuropsychological

assessment on such functions as attention, memory, verbal

fluency, language, and visuospatial in comparison to

MMSE [25]. The items of this test were adapted for Persian

speakers [26]. In addition, the Persian version of the

15-item Geriatric Depression Scale (GDS-15) was used to

measure depression symptoms [27]. All neuropsychologi-

cal assessments were conducted by a trained psychologist.

Risk factors

IS risk factors including arterial hypertension, diabetes

mellitus, hyperlipidemia, ischemic heart disease (IHD), and
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obesity (BMI [30) records were obtained from the

patients’ medical files. These IS risk factors were approved

by outpatient examinations or the results of two times of

blood pressure examinations, serum glucose level, and

serum lipid profile after the patients’ admission to the

hospital. Moreover, anti-hypertensive drugs, glucose low-

ering, and lipid lowering drugs were also considered in the

approval of the risk factors. Detection of atrial fibrillation

(AF) was ascertained by ECG findings during hospital-

ization which were derived from the consultation docu-

ments of heart specialists. All patients were covered by

standardized treatment based on the ‘‘Guideline for Early

Management of Adults with IS’’ [22]. Smoking status was

quantified through pack-year index (the number of cigar-

ettes smoked per day divided by 20 9 number of years of

smoking).

Diagnosis of post-stroke dementia

Structured clinical interview (SCID) in accordance with

DSM-5 diagnostic criteria was used to determine major

vascular neurocognitive disorder or PSD [28]. The pres-

ence of cerebrovascular disease was confirmed by readout

of medical history, CT, or MRI evidence in order to rule

out other neurological disorders. During interviewing a

patient, the exact time of the stroke episode was recorded

so that the relationship between reported cognitive

impairments either by the patient or his caregiver, espe-

cially in complex attention (such as processing speed) and

frontal-executive function, could be matched with cere-

brovascular accidents. In this study, it was important for

the authors to rule out pre-stroke dementia patients

regardless of their etiology. For this purpose, all premorbid

information such as interviews with caregivers or imme-

diate family members particularly IQCODE implementa-

tion, history of patients, current medical records, and

medication prescriptions were used. Final diagnosis of

vascular dementia as the ‘gold standard’ was based on: (1)

definitive confirmation of cerebrovascular disease/events

by a neurologist (2) structured clinical interview with the

patients and their immediate caregivers with respect to

DSM-5 criteria (3) ACE-III neuropsychological test results

(4) IS patients’ earning a score lower than 3.40 cut-off

point in IQCODE.

Genotyping and DNA extraction

Genomic DNA was extracted from 5 cc of peripheral blood

by GPP solution kit which was manufactured by CinnaGen

Co. DNA concentration and qualities were examined using

optical spectrometer Nanodrop, NP-1000, and agarose

(0.8 %) gel electrophoresis to obtain Val66Met polymor-

phism. To determine the SNP genotype of BDNF

Val66Met gene, PCR–RFLP was applied. PCR was set up

by the master mix kit (made by Fermentas Co.) via

designing a pair of primers including BDNF-F:50-
GAGGCTTGACATCATTGGCT-30 and BDNF-R:50-
CGTGTACAAGTCTGCGTCCT-30 which were synthe-

sized by TaG Co. (Copenhagen, Denmark). The total value

of reactions was 25 ll. Then, PCR products (113 base

pairs) were exposed to the restriction enzyme Nla III made

by Thermo Science Co. After being incubated with the

enzyme, RFLP included homozygote type Val/Val with

two 38 base pairs and a 75 base pair fragment, heterozy-

gote type Val/Met with three 75, 38, and 113 base pair

fragments, and a homozygote type Met/Met which showed

113 base pairs without any single band cut. These RFLP

products were examined by agarose gel (3 %), and enzyme

digestion results were investigated and interpreted.

Statistical analysis

The SNPAlyze software version 8.1 (Dynacom, Yoko-

hama, Japan) was used to determine genetic associations

such as genotype and allele frequencies with PSD inci-

dence and to assess the Genotypic distribution of the

samples with and without PSD in Hardy–Weinberg equi-

librium. The IBM SPSS version 20 was used to compare

demographic, vascular, and clinical characteristics of the

groups with and without PSD. The Independent t test was

employed in order to evaluate differences between the

groups in interval data. In the meantime, since NIHSS

scores and packet-year index did not follow a normal dis-

tribution (Shapiro–Wilk P value \0.05), Mann–Whitney

U test was applied for mean-ranks comparison. Likelihood-

ratio Chi-square and Fisher’s exact tests were deployed so

as to compare categorical data. In the present study, non-

parametric method of Kaplan–Meier curve was used to

determine survival rate because the time interval from

stroke to stroke-related dementia diagnosis varied among

patients. In addition, Log-Rank test was utilized to deter-

mine the differences among participants with different

Val66Met BDNF genotypes [29]. Survival rate was defined

as the period between stroke and dementia diagnosis or

date of diagnosis. Finally, Cox proportional hazards

regression was used to estimate adjusted hazard ratio

(AHR) of Val66Met BDNF polymorphism in 95 % confi-

dence interval (CI) after controlling demographic, vascular,

and clinical confounding factors.

Results

After investigating medical records of the IS patients and

calling these patients, 206 of them with an average period

of 6 months (202 days) after being diagnosed with
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ischemic stroke visited in the neurology clinic. The interval

between the occurrence of stroke and the present time

fluctuated between 15 and 600 days. The structured clinical

interview based on DSM-5 diagnostic criteria showed that

48 patients (23.3 %) have developed PSD. Table 1 sum-

marizes demographic, vascular, clinical, and genetic char-

acteristics of two groups of patients with and without PSD.

Table 1 shows that PSD patients compared with patients

without PSD were significantly older, had higher stroke

severity, lower physical activity (BI), worsened current

cognitive (ACE-III) and premorbid cognitive status

(IQCODE) and more depressive symptoms. Categorical

analyses indicated that both women and patients with

hypertension and IHD were more frequently diagnosed

with PSD. Genotyping findings confirmed that Val-allele

frequency was higher in contrast to Met allele frequency in

PSD patients compared with those without PSD. This dif-

ference was statistically significant (i.e. the wild type allele

is Met in the population of without-dementia patients in

northern Iran). Frequency of Val/Val homozygotes was

zero for both groups of patients. However, genotyping

analyses demonstrated that Met/Met homozygotes was less

frequent in the patients with PSD whereas Val/Met

heterozygotes were associated with higher frequency of

PSD (39.6 vs. 19.6 %). v2 goodness-of-fit test results

showed that BDNF Val66Met genotype distribution was in

Table 1 Demographic,

vascular, clinical, and genetic

characteristics of the patients

with and without PSD

Characteristics Demented (n = 48) Non-demented (n = 158) Test (statistic) P value

Age (years) 74.52 ± 8.80a 61.49 ± 10.78 t(8.50)b 0.0001

Gender, M/F 14/34c 93/65 v2(13.00) 0.0001

Time since stroke (days) 208.17 ± 156.09 200.58 ± 135.63 t(0.32)d 0.744

Hypertension, yes/no 42/6 109/49 v2(6.45)e 0.015

IHD, yes/no 28/20 50/108 v2(11.14) 0.001

Atrial fibrillation, yes/no 16/32 32/126 v2(3.52) 0.060

Diabetes mellitus, yes/no 15/33 69/89 v2(2.35) 0.125

Hyperlipidemia, yes/no 19/29 62/96 v2(0.002) 0.966

History of stroke, yes/no 14/34 37/121 v2(0.653) 0.419

TIA, yes/no 15/33 30/128 v2(3.24) 0.075

Obesity, yes/no 10/38 31/127 v2(0.034)e 0.839

Pack-year index MR = 95.94 MR = 105.80 Z(-1.28)f 0.200

4.21 ± 10.83 8.45 ± 17.83

NIHSS MR = 123.01 MR = 97.57 Z(-2.63)f 0.009

3.27 ± 2.69 2.27 ± 2.43

IQCODE-26 3.84 ± 0.39 3.16 ± 0.22 t(11.43)b 0.0001

ACE-III 54.05 ± 16.12 19.33 ± 9.08 t(18.93)b 0.0001

GDS-15 9.67 ± 4.56 7.66 ± 4.85 t(2.54)b 0.012

Allele number

Val 19 31 v2(5.98) 0.014

Met 77 285

BDNF Genotype

Val/Met 19 31 v2(7.98)e 0.005

Met/Met 29 127

Val/Val 0 0

v2 Chi-square test with Yate’s correction

IHD ischemic heart disease, TIA transient ischemic attack, NIHSS National Institute of Neurological

Disorders and Stroke, IQCODE-26 Informant questionnaire on cognitive decline in the elderly (26-item),

ACE-III Addenbrooke’s Cognitive Examination (revision 3), GDS-15 Geriatric Depression Scale (15-item)
a Mean ± standard deviation
b Independent t test with unequal variances
c n (%)
d Independent t test
e Fisher’s exact test
f Mann–Whitney U test for comparing MR (=mean ranks)

938 Neurol Sci (2016) 37:935–942

123



Hardy–Weinberg equilibrium for both cohorts of IS

patients with (P = 0.09) and without (P = 0.17) PSD.

Distribution of patients, mean survival estimates (in days)

in different genotypic groups with 95 % confidence inter-

val (CI), and the log-rank test results are presented in

Table 2. Kaplan–Meier cumulative survival curves are also

drawn in Fig. 1.

Log-rank test results represented a significant difference

in survival rates of the two genotypic groups (Log-Rank

v2 = 7.983, df = 1, P = 0.005). This means that IS

patients carrying at least one Val-allele were diagnosed

with PSD earlier on average than with Met/Met homozy-

gotes (375 vs. 492 days). The cumulative survival curve

clearly showed that the patients carrying at least one Val-

allele have lower survival rate and that the absence prob-

ability of vascular dementia (i.e. censored events) is higher

in Met/Met homozygotes over time (Fig. 1).

Proportionality of the hazards assumption was tested prior

to Cox proportional hazards regression to prognosticate the

risk of PSD. Although Cox model is a semi-parametric

model and does not require a probable distribution for sur-

vival rates, the independence of event times is necessary at

any level of independent variable [29]. Therefore,

Log(-Log) or LML graph was drawn to test the constancy of

the hazard ratio over time where Log [-Log(t)] was plotted

on the vertical axis and Log(t) on the horizontal axis. As

shown in Fig. 2, lines and curves on each level of indepen-

dent variable of genotypic effects were parallel to each other.

Thus, the assumption of proportional hazards was approved

as Cox model’s assumption.

Cox proportional hazards regression was used to prog-

nosticate the risk of vascular dementia after controlling

phenotypic confounding factors with 95 % confidence

interval (CI) to estimate the adapted hazard ratio (AHR) of

BDNF Val66Met polymorphism. In this analysis, only

those variables associated with the incidence of vascular

dementia after IS, with P B 0.20 significance level in

univariate analysis, were logged into multivariate Cox

model as covariates in order to better fit the model

(Table 1). The results of this analysis in Table 3 before

covariate adjustment showed that the frequencies of Val/

Met genotypes were significantly associated with the risk

of PSD. However, the dominant model of BDNF Val66Met

polymorphism with adjusted hazard ratio of 2.434 reached

the significance level of 0.215 after adjustment for con-

founding demographic, clinical, and vascular variables.

This means that the significant effect of BDNF Val66Met

polymorphism on the incidence of PSD was lost after

covariate adjustment.

Table 2 Distribution of patients, mean survival rates, and log-rank test results for different genotypic groups

bdnf genotypes Number of patients Incident of PSD Mean survival time (SE) 95 % confidence interval P value

Val/Met 50 19 375.40 (52.14) 273.196–477.601 0.005

Met/Met 156 29 492.51 (31.48) 430.810–554.210

Total 206 48 460.38 (27.10) 407.256–513.508

Fig. 1 Kaplan–Meier cumulative survival curves for different BDNF

genotypes in terms of likelihood of vascular dementia
Fig. 2 LML function for different genotypic groups
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Figure 3 indicates that functions of the cumulative risk

of vascular dementia are affected by the dominant model of

BDNF Val66Met polymorphism. As observed in graph a

prior to covariate adjustment, the cumulative risk curve for

at least one allele Val carriers is higher than that of Met/

Met homozygotes over time. Graph b shows a reduction in

hazard ratio in different genotypic groups after adjustment

for covariate variables (Fig. 2). In general, it seems that

BDNF Val66Met polymorphism can only prognosticate a

significant effect on post-stroke vascular dementia in con-

junction with other risk factors (HR 2.280, 95 % CI

1.566–4.106, P = 0.006). This means that Val/Met

heterozygotes, along with other risk factors, increase the

risk of PSD 2.2 times in unadjusted Cox model.

Discussion

This research indicated that those patients diagnosed with

PSD averagely 6 months after the onset of IS had differ-

ences in terms of genotypic and allelic distributions for

BDNF Val66Met polymorphism. BDNF Val was recog-

nized as the risk allele in PSD patients. At genotypic level,

it was found out that Val/Met heterozygotes IS patients had

developed PSD earlier than Met/Met homozygotes. Unad-

justed Cox model estimated a double risk of PSD in at least

one Val-allele carriers; however, when demographic,

clinical, and vascular risk factors were adjusted, the dom-

inant model of BDNF polymorphism was no longer sig-

nificant in the development of PSD. In general, the results

suggested that Val-allele may have an accelerating role in

the development of PSD in the patients with cerebral

ischemia, and can make them vulnerable to vascular

dementia. The research findings are consistent with previ-

ous studies which found out that valine/valine individuals

are prone to Alzheimer disease in late life [30]. Val/Met

heterozygosity can also play a destructive role in the cog-

nitive and hippocampal function of humans, and can exert

its effects upon them through impacting intracellular traf-

ficking and activity-dependent secretion of BDNF [31].

There are limited studies about the effect of BDNF

Val66Met polymorphism on incidence of dementia [32–34]

and insofar as we know, our hypothesis has not already

been tested on stroke patients. However, a series of studies

with an emphasis on post-mortem tests [34, 35] as well as

live specimens [32, 36] in European and Asian populations

showed no relationship between BDNF Val66Met poly-

morphism and neurocognitive disorders. Researchers

Table 3 Summary of Cox proportional hazards regression analysis before and after adjustment for confounding demographic, clinical, and

vascular factors to prognosticate the incidence of post-stroke vascular dementia based on the dominant model of BDNF Val66Met polymorphism

Models Unadjusted hazard ratio Adjusted hazard ratio

B Wald P value HR (95 % CI) B Wald P value AHR (95 % CI)

Met/Met (reference) – – – – – – – –

Val/Met 0.824 7.542 0.006 2.280 (1.566–4.106) 0.889 0.717 0.215 2.434 (0.597–9.926)

Bold font represents significant P value. CI confidence interval, HR hazard ratio, AHR Adjusted hazard ratio based on confounding variables such

as age, gender, hypertension, ischemic heart disease, atrial fibrillation, diabetes mellitus, transient ischemic attack, pack-year index, NIHSS,

Barthel Index, IQCODE-26, ACE-III and GDS-15 with P B 0.20 significance level is shown in Table 1

Fig. 3 Cumulative hazard curves for the incidence of vascular dementia according to different BDNF genotypes before and after covariate

adjustment (graphs a and b, respectively)
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reported only in one study that the presence of Val/Met

heterozygote was associated with the development of

Pick’s disease. They also suggested that the risk of Alz-

heimer disease and lewy body dementia can increase when

E4 allele of APoE gene is added to Val/Met heterozygote

[33].

If it is assumed that BDNF Val66Met polymorphism

have neuroprotective and preventative effects in both ani-

mal models and preclinical AD patients [37, 38], it can be

accepted that this polymorphism may be associated with

susceptibility to dementia. In addition, it was already

acknowledged that BDNF plays an effective role in the

prevention of apoptosis during development, and promotes

the cell survival during stressful conditions such as ische-

mia and neurodegenerative disorders in the adult brain

[39].

Up to now, the review of literature on stroke researches

demonstrated that BDNF Val66Met variant improves

angiogenic response, which is related to stroke through the

regulation of CD36 antiangiogenic factor expression [40].

Furthermore, the decreased serum levels of BDNF and high

VEGF concentration (an endothelial growth factor) were

reported to be associated with an increased risk of stroke

incidence and vascular brain injury. These findings

potentially advocate clinical and pharmaceutical applica-

tion of BDNF in treatment of post-stroke neurodegenera-

tion. For example it has been known that BDNF is involved

in neuroplasty, learning, and memory [41, 42], and

relearning of new motor skills can be enhanced by brain-

derived neurotrophic factors. Also it has been discussed

that BDNF polymorphisms and its epigenetic regulation

are able to influence on post stroke recovery [41, 42].

However, the findings of the present research also show

that the dominant model of BDNF polymorphism do not

significantly prognosticate PSD any longer after adjustment

for demographic, clinical, and vascular risk factors. Like

previous studies, these findings insist that demographic

(particularly aging and female sex), clinical (physical activ-

ity, current cognitive and premorbid status, and depression),

and vascular (hypertension, diabetes mellitus, history of TIA,

smoking) risk factors should not be neglected in the devel-

opment of susceptibility to PSD [3, 4, 7, 8, 10].

Advantages of this study lie in the implementation of

multi-dimensional and in-depth assessment as well as

prognostic evaluation of IS patients with respect to their

genetic status. The sample size of our study has not per-

mitted us to compare the different BDNF genotypes in

dominant and recessive genetic models. The findings of

this study should not be generalized to the patients with

hemorrhagic stroke. In general, our findings showed that

Val-allele carriers or Val/Met genotypes develop vascular

dementia more quickly after ischemic stroke, but when this

genetic vulnerability leads to more destructive effects

which be added to demographic, clinical and vascular risk

factors.
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