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Abstract It is suggested that brain-derived neurotrophic fac-
tor (BDNF) has a protective role against brain lesion after an
ischemic stroke (IS); however, there is inadequate information
as to the role of BDNF in cognitive impairments following IS.
This study evaluate the effects of IS and BDNF (Val66Met)
gene polymorphism on global and multi-domain (attention,
memory, verbal fluency, language, and visuospatial abilities)
cognitive functions. In a case-control study, we selected 206
patients with IS who were consecutively discharged from
Poursina Hospital in the north of Iran. The patients were com-
pared with the control group comprised of 200 individuals
who were referred to the Social Service Retirees Center in
Rasht City. The comparison was made in terms of genetic
variant BDNF Val66Met and also their scores in the

Addenbrooke’s Cognitive Examination-Third Edition (ACE-
III). The patients compared with the control group were suf-
fering from higher rates of global cognitive impairment.
[F(1398) = 38.29, ή2 = 0.09, P < 0.0001] and lower scores in
domains of memory [F(1383) = 39.57, ή2 = 0.094, P < 0.0001],
language abilities [F(1383) = 27.05, ή2 = 0.066, P < 0.0001],
and visuospatial functions [F(1.383) = 9.54, ή2 = 0.024,
P = 0.002]. In addition, carriers of at least one Val allele were
suffering from greater rates of global cognitive impairment
than Met/Met homozygous [F(1398) = 12.41, ή2 = 0.03,
P < 0.0001], and their scores in the domains of attention
[F(1383) = 13.43, ή

2 = 0.034,P < 0.0001] and language abilities
were found to be lower than that of the control group
[F(1383) = 11.73, ή2 = 0.03, P = 0.001]. However, the interac-
tive effects of BDNF Val66Met × groups were not statistically
significant (P > 0.05). The impairments are especially evident
in domains of memory, language abilities, and visuospatial
functions. Furthermore, there exists a relationship between
the presence of at least one BDNF Val allele and impairment
in the global cognitive functions, attention, and language do-
mains. Nonetheless, BDNFVal66Met polymorphism does not
seem to have a role in any specific cognitive impairment in IS
patients.

Keywords Stroke . Brain-derived neurotrophic factor .

Polymorphism . Cognitive impairment . Case-control study

Introduction

Various studies have shown that, in Iran, the rate of admission
to hospital following stroke is increasing (Firoozabadi et al.
2013). The prevalence of stroke, particularly ischemic stroke
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(IS), in Iranians is estimated to be higher than that of western
countries (Azarpazhooh et al. 2010). Evidence from extensive
surveys after stroke has shown that the incidence of multiple
cognitive impairments is increasing, specifically as regards
memory, attention, language, verbal fluency, motor and visuo-
spatial skills, immediate recall, and executive functions
(Weinstein et al. 2014; Zhang et al. 2012). Such cognitive
impairments play a significant role in worsening post-stroke
rehabilitation of the patients (Hoffmann and McKenna 2001),
declining their mobility and functional ability (Paker et al.
2010), restricting their capability as an independent person
(Hofgren et al. 2007), decreasing their capability to work,
and reducing their quality of life, which in turn leads to an
increase in the cost of their care (Rigby et al. 2009). Recent
studies have shown that the incidence of cognitive impairment
following stroke is three times higher than in normal people
(Desmond et al. 2002).

The manifestations of cognitive impairment after stroke are
not the same as our anatomical expectations like lesion loca-
tion or decreased cerebral blood flow in a certain region
(Danovska and Peychinska 2012). Such impression leads us
to postulate that genetic factors are involved in cognitive im-
pairment after stroke (Baum et al. 2007). Furthermore, genetic
polymorphisms in association with improved cognitive func-
tioning (Keshavarz et al. 2016) and post-stroke events (Stanne
et al. 2014) can also be scrutinized in order to verify their
authenticity. The brain-derived neurotrophic factor (BDNF)
Val66Met (rs6265) polymorphism is thought to be not only
involved in the development and formation of the central ner-
vous system, but also as a possible candidate for explaining
memory and learning problems (Stanne et al. 2014). Research
has shown that BDNF has a protective role against brain le-
sion after IS (Endres et al. 2003), improving sensory-motor
system and stimulating angiogenesis (Schäbitz et al. 2007). In
general, BDNF accumulates in the vascular endothelium, neu-
romuscular synapse, muscle, and liver tissue (Cassiman et al.
2001) that is crucial to neuronal recovery after stroke.

The pattern of pro and mature BDNF signaling pathways
can explain apoptosis and neuronal survival. Pro-BDNF binds
preferentially to p75 neurotrophin and activates nuclear factor
kB (NF-kB) and c-Jun N-terminal kinase (JNK), thereby
resulting in apoptosis and dendritic pruning. Mature BDNF
binds specifically to tropomyosin-related kinase B (TrkB) re-
ceptor and activates mitogen-activated protein kinase
(MAPK), phospholipase C gamma (PLC-γ) , and
phosphatidylinositol-3-kinase (Pl3-K), leading to neuronal
survival differentiation and synaptic plasticity (Dincheva
et al. 2012).

Polymorphism in the BDNF gene is a valine to methionine
substitution at codon 66 (Val66Met) in the terminal exon of
the gene (rs6265). It is proposed that risky Val66Met variant
polymorphism, due to a reduced volume and declined hippo-
campal activity, is associated with higher rates of impairments

in episodic memory, encoding and retrieval/recalling informa-
tion, and executive functioning (Egan et al. 2003; Pezawas
et al. 2004; Lim et al. 2013). Although it is patent that the
rates of cognitive impairment after stroke are high
(Weinstein et al. 2014; Zhang et al. 2012), there is limited
integrated information as to the role of BDNF Val66Met poly-
morphism (rs6265) in global and multi-domain cognitive im-
pairment in IS patients. The aim of the present research was to
assess various cognitive consequences resulting from different
IS subtypes with different severities (mild to moderate) and to
identify the specific genotype involved in cognitive impair-
ments, through controlling demographic factors. The findings
of this study provide insights into designing advantageous
rehabilitation programs for vulnerable patients following
stroke.

Methods

This study was implemented in two phases: Firstly, a genetic
association study was performed, and secondly, in a case-
control study, the effect of various genotypes in BDNF
Val66Met polymorphism was examined on global and multi-
domain cognitive impairment. Through phone calls, eligible
individuals were selected for the IS group. They were previ-
ously diagnosed with IS and discharged from the Neurology
Department at Poursina Hospital in Guilan University of
Medical Sciences (http://www.gums.ac.ir/poursina) in
northern Iran within the past 2 years. Clinical, demographic,
and cognitive assessments were conducted on the IS survivors
by a neurologist and a psychologist after they revisited the
neurological clinic.

The current research is an extension of our previous case-
control study (Keshavarz et al. 2016) in which the inclusion
criteria for participation in the research were as follows: (1) IS
approved by a neurologist using brain CT scan and (or) MRI
and neurological exam based on the WHO diagnostic criteria
(Hatano 1976), (2) ability to fill out the evaluations and test
sheets required for this study, and (3) participants’ informed
consent. Exclusion criteria were as follows: (1) severe illness
or deficiency in consciousness, (2) intensive visual or auditory
impairment, (3) dementia or other neurological disorders such
as seizure, epilepsy, or Parkinson’s disease prior to stroke, (4)
serious psychiatric disorders such as psychosis or schizophre-
nia which might disrupt cognitive judgment, and (5) perma-
nent and serious aphasia (scored ≥3 in language measure,
National Institute of Health Stroke Scale [NIHSS]). The pa-
tients whose registration period was from April 2012 to
May 2014 were included in the study. The proposal draft
was approved by the ethics committee and research council
of Guilan University of Medical Sciences (GUMS) [No.
93031202, on Jun 2, 2014] (Keshavarz et al. 2016).
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The records of IS risk factors such as arterial hypertension,
diabetes mellitus, hyperlipidemia, ischemic heart disease
(IHD), and obesity (BMI > 30) were obtained as the baseline
from the patients’ medical files. This was confirmed by out-
patient examinations and results related to the two-time exam-
ination of blood pressure, serum glucose level, and serum lipid
profile after admission to the hospital. Any record of using
anti-hypertensive, glucose-lowering, and lipid-lowering drugs
was also examined. All patients were covered by standardized
treatment based on the BGuideline for Early Management of
Adults with IS^ (Jauch et al. 2013). The participants in the
control group were selected from the Social Service Retirees
Center in the same province from which the IS group was
selected. The control group, having no history of stroke or
TIA or other neurological and psychiatric disorders, matched
the IS group as regards age, gender, and education level. In
cases where the demographic characteristics of the two groups
were not completely matched, the observed differences were
adjusted through statistical analyses.

The seven hundred sixty IS patients who were discharged
2 years before the study were identified through hospital doc-
ument recording system. After phone calls and interviews
with patients or their caregivers, those who had severe lingual
and physical disabilities, intensive dementia, or amnesia were
excluded. Finally, 206 patients agreed to participate in the
study and to give their blood sample. There was no significant
age or gender difference between the participants and those
who were excluded (P > 0.05). The assessment of the control
group commenced as soon as the patients were examined, and
blood samples were taken from 200 individuals from the
Social Service Retirees Center who had already given their
consent to participate in the study.

Global and Multi-Domain Cognitive Impairment
Assessment

The Addenbrooke’s Cognitive Examination-Third Edition
(ACE-III) was employed so as to evaluate the cognitive func-
tions of the participants. The ACE-III, compared to the
MMSE, provides more exact and profound neuropsychologi-
cal assessments in terms of attention, memory, verbal fluency,
language, and visuospatial function (Pendlebury et al. 2012).
The test items were adapted for Persian-speakers (Pouretemad
et al. 2009). All cognitive assessments were conducted by a
trained psychologist.

Statistical Methods

Demographic and clinical characteristics were compared
between the patients and control group using indepen-
dent t test and/or χ2. The Mann-Whitney U test was
used for interval scale variables when the Shapiro-Wilk
test results showed that the collected data did not follow

a normal dis t r ibut ion. The SNPAlyze software
(Dynacom, Yokohama, Japan) was used to assess the
genotypic distribution of patients and control groups ac-
cording to the Hardy-Weinberg equilibrium. After elim-
inating the confounders, multivariate analysis of covari-
ance (MANCOVA) was conducted on multi-domain
cognitive scores in a 2 × 2 factorial design (group
membership factor × BDNF Val66Met polymorphism).
Since the total scores of the ACE-III (global cognitive
score) had a high correlation with its subscales
( r ≤ 0 . 80 ) , t h e r e ex i s t ed t h e po s s i b i l i t y o f
multicollinearity error in analyzing the data, hence the
fact that the data was analyzed according to Meyers,
Gamst, and Guarino’s suggestion (2006) through which
two separate analyses of variance were carried out. In
the first analysis, the total score of ACE-III test was
assessed by a univariate analysis of variance. In the
second analysis, ACE-III subscales were assessed by
multivariate analysis of variance. The Bonferroni alpha
level was adjusted as 0.01 by taking into account the
number of dependent variables (adjusted P value = α/5).
The effect sizes of genotypes and phenotypes and their
interaction were calculated using the partial eta squared

(ή2p ), accordingly, values higher than 0.010, 0.060, and

0.138 were, respectively, interpreted as small, medium,
and large effect sizes (Cohen 1988). The IBM SPSS
version 20 was used for data analysis.

Results

Demographic Characteristics and the Frequency of Risk
Factors in the Patient and Control Groups

After obtaining the medical records of the IS group and mak-
ing phone calls, 206 patients were asked to come to the neu-
rology clinic. All patients had a history of IS 6 months
(202 days) prior to the commencement of the study. Table 1
summarizes the demographic characteristics and the frequen-
cy of risk factors in both the patient and control groups.
Although efforts were made to select similar individuals
in terms of age and gender, significant differences were
observed between the two groups in terms of both age
(t = 2.52,df = 404,P = 0.012) and gender (χ2 = 6.57,
df = 1,P = 0.01). Since the demographic confounders may
have either caused certain differences between the groups or
influenced the scores of cognitive functions, the authors tried
to correct the total scores of ACE-III and its subscales accord-
ing to dos Santos Kawata et al. (2012) by either correcting or
adjusting the scores in terms of age, gender, and education.
Table 1 also shows the distribution of BDNF Val66Met geno-
types between the two groups. Val66Met genotype
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distribution followed the Hardy-Weinberg equilibrium in the
control group (P > 0.05), unlike the IS group (P = 0.047).

As can be seen in Table 1, only two individuals in the
control group were Val/Val homozygotes. Accordingly, the
frequency of Val/Val (n = 2) was added to the frequency of
Val/Met heterozygotes and Fisher’s exact test was once again
carried out to compare the two groups in terms of the distri-
bution of dominant genotype (Met/Met vs. Val/Val + Val/Met)
by considering Val allele as a risk factor. The results revealed
that the risk of IS is higher among carriers of at least one Val
allele compared to that of Met/Met homozygotes (exact
χ2 = 13.50, df = 1, P < 0.0001).

Prior to implementing ANCOVA, the box plot was applied
and revealed that there was one univariate outlier which was
excluded from analysis; however, the Mahalanobis distance
calculation indicated no multivariate outlier. ANCOVA in the
2 × 2 factorial design (Table 2) suggests that the main effect of
group membership on ACE-III total score was statistically
significant [F(1398) = 38.29, ή2 = 0.09, P < 0.0001]. The mean
comparisons showed higher rates of global cognitive impair-
ment in the patient group compared to the control group; and
according to the eta square, it can be suggested that 9% of the
difference is due to group membership. Also significant was
the main effect of Val66Met polymorphism on the ACE-III
total score [F(1398) = 12.41, ή2 = 0.03, P < 0.0001]. This
finding, along with the means, shows that carriers of at least
one Val allele, compared to Met/Met homozygotes, are more

liable to suffer from cognitive impairment. Moreover, the eta
square showed that 3% of this difference is due to the effect of
Val66Met polymorphism. F ratio indicated that the interactive
effects of group membership × Val66Met polymorphism on
ACE-III total score were not statistically significant
[F(1398) = 0.259, ή2 = 0.001, P = 0.611]. Also, the Levene’s
test demonstrated that error variance related to the dependent
variable of total ACE-III score was equal [F = 2.383, df1 = 3,
df = 401, P = 0.069].

Prior to the MANCOVA, the box plot and Mahalanobis
distance calculation were performed where it was shown that
there were 15 univariates and 1 multivariate outlier, all of
which were excluded from the analysis. In addition, Box’s
M was statistically significant, (Box’s M = 152.929,
F = 3.197, P < 0.0001) suggesting that covariance matrices
of dependent variables were not equal at different levels of
independent variables. The results of the Levene’s test, shown
in Table 3, suggest that the error variances of other dependent
variables, except for memory and visuospatial cognitive func-
tions, were not equal in either group. The Pillai’s trace test (V)
was therefore used to determine the significance of multivar-
iable effects. The Bartlett’s test of sphericity indicated that a
certain adequate correlation existed among dependent vari-
ables (χ2 = 657.22, df = 14, P < 0.0001), hence the fact that
the analysis was continued. The Pearson correlation among
dependent variables varied from 0.177 to 0.491. Then, the
multivariate analysis of variance was simultaneously

Table 1 Demographic and
genotypic variables and
traditional IS risk factors in the
case and control groups

Characteristics Controls (n = 200) Ischemic stroke (n = 206) P value

Age 62.12 ± 6.70 64.52 ± 11.71 0.012a

Gender, M/F 129/71 107/99 0.010b

Marital status, single/married 25/175 46/160 0.009b

Education level 6.69 ± 4.51 4.26 ± 3.18 0.0001a

Pack year (smoking) 3.50 ± 10.52 7.46 ± 16.54 0.0001a

Geographic, urban/rural 186/14 112/94 0.0001b

Pre stroke/retirement job status 0.0001b

Professional-clerical

Laborer-manual work

Housekeeper

106

48

46

64

94

48

0.0001b

Hypertension, yes/no 78/122 151/55 0.0001b

Diabetes mellitus, yes/no 65/135 84/122 0.084b

Hyperlipidemia, yes/no 95/105 81/125 NSb

Obesity, yes/no 49/151 41/165 NSb

Ischemic heart disease, yes/no 49/151 78/128 0.004b

Genotypes

Met/Met

Val/Met

Val/Val

180 (90.0%)

18 (9.0%)

2 (1.0%)

156 (75.7%)

50 (24.3%)

0 (0)

0.0001b

NS not significant
a Independent t test
bχ2 test
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conducted on five subscales of the ACE-III test in order to
investigate possible significant difference between means.
The Pillai’s trace test (V) results illustrated significance of
multivariate main effect of group membership (V = 0.112,
F(5379) = 9.588, ή2 = 0.112, P < 0.0001) and dominant inher-
itance pattern of BDNF Val66Met polymorphism (V = 0.047,
F(5379) = 3.779, ή2 = 0.047, P = 0.002) on a linear combination
of scores of dependent variables. The group membership and
dominant inheritance pattern account for 5 and 11% of the
total variance, respectively. However, no difference was found
in the interactive effects of group membership × genotypic
status (V = 0.024, F(5379) = 1.879, ή2 = 0.024, P = 0.097).

Table 4 shows the descriptive statistics of the dependent
variables (such as mean and standard deviation) and
MANCOVA results related to the significance of the main
and interactive effects of group membership and BDNF
Val66Met polymorphism in a 2 × 2 factorial design after con-
trolling age, gender, and education variables. Moreover, the
Bonferroni alpha level was adjusted to 0.01 so as to determine
the significance level (adjusted P value = α/5) by taking into
account the five dependent variables.

Table 4 indicates the significance of the main effects of
g r o up membe r s h i p on t h e s c o r e s o f memo r y
[F(1383) = 39.57, ή2 = 0.094, P < 0.0001], language abilities
[F(1383) = 27.05, ή2 = 0.066, P < 0.0001], and visuospatial
function [F(1383) = 9.54, ή2 = 0.024, P = 0.002]. Comparing
the means, it was found that the IS group had lower scores
(related to all three dependent variables) than the control
group. The main effects of the dominant inheritance pattern
of BDNF Val66Met polymorphism on the attention scores
[F(1383) = 13.43, ή

2 = 0.034,P < 0.0001] and language abilities

[F(1383) = 11.73, ή2 = 0.03, P = 0.001] were found significant.
Mean comparison also showed that the carriers of at least one
Val allele had lower scores compared to those of Met/Met
homozygote. Themultivariate Pillai’s trace test results showed
that the interactive effect of group membership × BDNF
Val66Met polymorphism on cognitive functions was not sig-
nificant. It is recommended that the results of these tests be
interpreted more cautiously due to the small size of eta square
and the significance of the Levene’s test for several subscales.
The foregoing findings show that the main effects of both
independent variables were significant; however, as far as
the interactive effects of group membership × BDNF
Val66Met polymorphism, no difference was observed among
the five cognitive domains.

Discussion

The analysis of the main effects of group membership after
controlling the demographic confounders showed that IS pa-
tients suffered from higher rates of cognitive impairment com-
pared to normal individuals. These impairments were more
severe in the domains of memory, language, and visuospatial
function. It has been long proven that IS patients suffer from
remarkable cognitive impairments in memory, attention, ori-
entation, and language abilities due to substantial cortical syn-
drome and infarctions in the anterior and posterior arteries in
the left hemisphere (Tatemichi et al. 1994). In addition, re-
searchers believe that stroke causes cognitive impairment
due to lesions in the white matter, particularly in as far as
executive function, attention, memory, and recalling are con-
cerned (Alves et al. 2008). Researchers have also found out
that even a mild stroke weakens learning ability and verbal
recalling due to the atrophy of medial brain structures
(Gramstad et al. 2011).

Based on the findings of the present study, memory impair-
ment is one of the most common cognitive impairments after
stroke (Snaphaan and de Leeuw 2007). The main cause of
memory loss concerns infarcts in the white matter (especially
in the temporal lobe), basal ganglia, and internal capsule (Cho
et al. 2014). There is a considerable discrepancy as to the
regions responsible for memory impairment, which sounds

Table 2 Descriptive statistics, univariate analysis of covariance to investigate the main and interactive effects of group membership, and BDNF
Val66Met polymorphism on ACE-III total score

Global cognitive domain Group membership Dominant model of Val66Met genotypes ANCOVA F valuea

Cases
M ± SD

Controls
M ± SD

Met/Met
M ± SD

Val/Val + Val/Met
M ± SD

Group Val66Met Group × Val66Met

ACE-III Total score 45.96 ± 20.84 68.28 ± 16.98 59.23 ± 20.85 45.91 ± 24.38 38.29** 12.41** 0.259

**P < 0.0001
a df = 1

Table 3 Levene’s test results for equality of error variances of
dependent variables

Levene’s test df1 df2 P value

Attention 7.979 3 368 0.0001

Memory 1.812 3 368 0.145

Fluency 6.995 3 368 0.0001

Language 7.325 3 368 0.0001

Visuospatial 1.426 3 368 0.235
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conceivable on the grounds that memory processes in media-
tion with a widely distributed network of cortical and subcor-
tical regions. For this reason, memory can be impaired by
damages to many parts of neural circuits in the brain (Smith
et al. 2010). In line with these results, language dysfunction
after stroke becomes an expected incident (Kertesz 2007). In
most cases, infarct in the left hemisphere caused by ischemia
in the middle cerebral artery impairs the perisylvian regions
(around the Sylvian fissure connected to the Wernicke’s and
Broca’s areas and arcuate fasciculus) and language capacities
in the process (Kertesz 2007). In addition, it has been shown
that damages to non-perisylvian regionsmay cause disconnec-
tion syndrome, which can in turn lead to transcortical lan-
guage impairments (Beeson and Rapcsak 2006).
Accordingly, it only makes sense that non-perisylvian regions
and language impairment be closely related in IS patients.

Visuospatial function is under the control of large-scale and
sparse neuronal networks. Objective comprehension is con-
trolled by the occipitotemporal regions, and spatial informa-
tion is processed through occipitoparietal pathway (Ho et al.
2007). Certain studies have emphasized that visual perception
of spatial relationships among objects is impaired following
stroke, particularly in the posterior regions of the right hemi-
sphere (Smith et al. 2010). The present research showed that
IS patients, in comparison to normal people, suffer from ex-
tensive impairments in visuospatial tasks (e.g., identifying let-
ters, counting dots, copying configurations, and clock-draw-
ing). Similarly, Jannink et al. (2009) demonstrated that pa-
tients with both acute and chronic stroke acquired lower
scores in a 3D spatial neglect test. Furthermore, Kenzie et al.
(2015) in their assessment of 62 patients with acute stroke
found out that weakened visuospatial function (e.g., line bi-
section, copying images, and drawing shapes) was associated
with lesions of the superior and inferior parietal cortices and
the superior and middle temporal gyri. The researchers have
reported that an impaired visual search function following

stroke damages visuospatial function in the patients (Mort
and Kennard 2003). It should be noted that optimal perfor-
mance in visuospatial tasks requires flexible motor ability on
the part of the patient. Therefore, low scores on visuospatial
tasks in patients indicate impairment in motor coordination
(ataxia) as a result of ischemic stroke.

In line with this study, it has been found out that Val/Val
homozygotes suffer from lower rates of cognitive function
(Szabo et al. 2013; Huang et al. 2014). Harris et al. (2006),
for instance, reported that Met/Met homozygotes possessed
stronger reasoning skills compared to the elderly who had at
least one Val allele in a cross-sectional study in the elderly
population. In addition, in a 10-year longitudinal study, it
was shown that Met allele carriers possess higher standards
of cognitive function while a significant decline was observed
in the cognitive function of Val/Val homozygotes in the elder-
ly population (Erickson et al. 2008).

It is hypothesized that BDNF Val66Met polymorphism,
along with its allele as a risk factor, impairs cognitive function
through deteriorating or declining neural function in cerebral
structures. Certain authors have emphasized that the genetic
variant of BDNF (Val66Met) polymorphism has a decreasing
effect on both the volume and activity of the hippocampus,
which in turn impairs episodic memory, encoding, informa-
tion retrieval/recall, and concomitant executive functions
(Egan et al. 2003; Pezawas et al. 2004; Lim et al. 2013).
Furthermore, it has been demonstrated thatVal66Met poly-
morphism reduces neuronal activity in the prefrontal cortex,
decreases the volume of cortical gray matter, and deteriorates
both the white and graymatters, especially in the temporal and
occipital lobes (Huang et al. 2014). If we accept that the
above-mentioned cerebral morphologies are involved in cog-
nitive processing, then it can be concluded that Val66Met
polymorphism affects cognitive capabilities through molecu-
lar and nutritional neural mechanisms that influence cerebral
structures.

Table 4 Descriptive statistics of cognitive functions and MANCOVA results related to the significance of main and interactive effects of group
membership × BDNF Val66Met polymorphism

Multi-domain
cognitive scores

Group membership Dominant model of
Val66Met genotypes

MANCOVA

Cases Controls Met/Met Val/
Val + Val/
Met

Group Val66Met Group × Val66Met

M ± SD M ± SD M ± SD M ± SD F(1383) ή2 P
value

F(1383) ή2 P
value

F(1383) ή2 P
value

Attention 11.55 ± 3.93 14.20 ± 2.95 13.29 ± 3.33 10.68 ± 4.47 5.81 0.015 0.016 13.43 0.034 0.0001 0.467 0.00 0.495

Memory 11.50 ± 7.10 18.79 ± 5.72 15.89 ± 7.08 10.98 ± 7.74 39.57 0.094 0.0001 5.99 0.015 0.015 1.73 0.01 0.099

Fluency 3.07 ± 2.29 4.61 ± 2.93 4.62 ± 2.92 4.53 ± 2.94 4.08 0.011 0.044 0.22 0.00 0.641 0.60 0.00 0.437

Language 14.59 ± 6.28 21.07 ± 4.43 18.47 ± 5.93 14.21 ± 6.95 27.05 0.066 0.0001 11.73 0.03 0.001 0.22 0.00 0.637

Visuospatial 5.42 ± 3.89 9.69 ± 4.11 7.87 ± 4.53 5.69 ± 4.03 9.54 0.024 0.002 4.52 0.012 0.034 3.25 0.01 0.068
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The findings of the present study showed that carriers of at
least one Val allele suffer from higher rates of attention dys-
function in comparison with those of Met/Met homozygotes.
It has been demonstrated in certain studies that, compared
with Met allele, Val allele increases BDNF system activity
(Egan et al. 2003; Rybakowski 2008), especially in the
frontostriatal regions where BDNF regulates synaptic func-
tions (Kleim et al. 2006). Accordingly, it is possible that one
(even in Val/Met heterozygote) or more than one Val allele
(Val/Val homozygotes) excessively increase the circulating
levels of BDNF, thereby reducing the efficiency of synaptic
transmission in the frontostriatal regions directly involved
with attention cognitive function. It can be supposed that
distracting events are stored more in the carriers of Val allele
than Met/Met homozygous patients, ultimately impairing at-
tention in the distraction-orientation-refocusing cycle.
Getzmann et al. (2013) suggested that response inhibition ca-
pability prevents the processing of deviant stimuli which in-
directly protect objective-based representations (or learned
materials) from the interference phenomenon. Therefore, it
seems logical that response inhibition be less powerful in
Val/Val genotype.

The findings of the present research showed that Val/
Met heterozygotes or carriers of at least one Val allele
suffer from higher rates of language impairments com-
pared with Met/Met homozygotes. It has already been
ascertained that in animal models, BDNF-based therapeu-
tic methods can increase the chance of auditory neurons
survival, thereby improving speech perception and lan-
guage function (Pettingill et al. 2011). However, the pos-
sible mechanism of distinguishing language functions in
BDNF Val66Met variants is yet to be demonstrated. But
we know that in a developing and mature brain, BDNF is
expressed at higher levels in the prefrontal cortex and
hippocampus (Pezawas et al. 2004). On the other hand,
it seems that there exists an interaction between the pre-
frontal cortex and hippocampal system as regards learning
and processing linguistic rules (Opitz and Friederici
2003). Moreover, research has also shown that increased
activity in the prefrontal cortex (where BDNF is
expressed at high levels) is associated with higher lan-
guage comprehension and language skills (Curtis et al.
2007; Reiterer et al. 2005). In fact, the prefrontal cortex
is involved in encoding and storing underlying informa-
tion, which provides context-based language products,
which in turn produces verbal and semantic combinations
pertinent to the perceived context (Kerns et al. 2004). So,
it is likely that, carriers of at least one Val allele or Val/
Met heterozygotes encounter irregularity in signaling and
trafficking of secreting neurotrophin capsules in the hip-
pocampal and prefrontal cortex, which indicates language
impairment all the more. This is because depolarization-
induced BDNF secretion in neurons is significantly

disrupted asVal66 allele is replaced with Met66 allele
followed by precursor BDNF (pro-BDNF) (Egan et al.
2003). Accordingly, it is expected that simultaneous rep-
resentation of Val/Met heterozygotes that bind to nutri-
tional granules in an ineffective manner decreases the se-
cretion of BDNF protein (Chen et al. 2004).

Although, as was expected, the cognitive function of the
patients was lower than that of the control group. Interactive
effects showed that the cognitive function of IS patients car-
rying at least one transcription of Val allele is lower than that
of Met/Met homozygotes; moreover, as shown, in a function
with the same slope, the cognitive function of normal people
who carry at least one transcript of Val allele is lower than that
of Met/Met homozygotes. Parallel slopes and insignificant
interactive effects were obtained for different groups (patients
and controls), where it was suggested that candidate genes for
cognitive capabilities were linked to certain domains of cog-
nitive function in different populations (Zhang et al. 2012).
However, conflicting and fragmented findings suggest differ-
ences in inheritance of Val66Met BDNF polymorphism in
different populations. These findings also suggest the complex
molecular-genetic mechanisms associated with different do-
mains of cognitive function. Howsoever, the issue should be
further explored. The limitations of the present study are as
follows: (a) small sample size that did not allow for a com-
pendious comparison of different BDNF genotypes in domi-
nant and recessive inheritance models in terms of global and
multi-domain cognitive impairment and (b) no thorough ob-
servation of neighborhood rules as far as the homogeneity of
the groups are concerned, although statistical controls were
used to match the case study and the control group in terms
of underlying variables. Future studies should explore possi-
ble molecular mechanisms, explaining how BDNF Val66Met
polymorphism targets BDNF protein intracellular signaling
and trafficking system and improves post-IS cognitive
outcomes.

Conclusion

The IS patients suffer from higher rates of cognitive functions
compared with normal individuals, especially in memory, lan-
guage skills, and visuospatial domains. Carriers of at least one
Val allele suffer from higher rates of cognitive dysfunction
compared with Met/Met homozygotes, specifically as regards
attention and language skills. However, the interaction be-
tween the groups with regard to different BDNF genotypes
(the interaction between group membership × BDNF poly-
morphism) did not significantly affect the cognitive function.
These findings suggest that SNP genotypes have no differen-
tial effects on the cognitive functions of patients nor healthy
individuals. Moreover, these genotypes might not have been
involved in any specific cognitive impairments in IS patients.
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