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	 Background:	 Little is known about the effects of low-frequency repetitive transcranial magnetic stimulation (rTMS) on dys-
mnesia and the impact of brain nucleotide neurotrophic factor (BDNF) Val66Met single-nucleotide polymor-
phism (SNP). This study investigated the impact of low-frequency rTMS on post-stroke dysmnesia and the im-
pact of BDNF Val66Met SNP.

	 Material/Methods:	 Forty patients with post-stroke dysmnesia were prospectively randomized into the rTMS and sham groups. BDNF 
Val66Met SNP was determined using restriction fragment length polymorphism. Montreal Cognitive Assessment 
(MoCA), Loewenstein Occupational Therapy of Cognitive Assessment (LOTCA), and Rivermead Behavior Memory 
Test (RBMT) scores, as well as plasma BDNF concentrations, were measured at baseline and at 3 days and 2 
months post-treatment.

	 Results:	 MoCA, LOTCA, and RBMT scores were higher after rTMS. Three days after treatment, BDNF decreased in the 
rTMS group but it increased in the sham group (P<0.05). Two months after treatment, RMBT scores in the rTMS 
group were higher than in the sham group, but not MoCA and LOTCA scores.
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Background

In the United States, about 795 000 new or recurrent cases of 
stroke occur each year, and the prevalence of stroke in individ-
uals >20 years old is estimated at 6.5 million [1]. Stroke results 
in neuromuscular dysfunction that causes disabilities, including 
apraxia, pain syndrome, limb spasticity, and urinary incontinence 
[2]. In addition, patients with stroke suffer from cognition-relat-
ed disabilities, including memory loss, speech impairment, poor 
problem-solving skills, and disorganized thoughts. Psychiatric 
diseases, including anxiety, depression, emotional instability, 
and fatigue, are also commonly reported [3].

Vascular cognitive impairment (VCI), varying from mild recogni-
tion impairment to dementia, may be caused by various cerebro-
vascular diseases such as cerebral infarction, encephalorrhagia, 
leukoaraiosis, and chronic cerebral ischemia [4]. Most patients 
with cerebrovascular disease have dysmnesia, which severely 
impairs memory [5,6]. Ingles et al. [7], through a 5-year follow-
up study, revealed that memory impairment during intervention 
is an important indicator of VCI for patients with non-dementia 
developing into dementia. Another study reported that mem-
ory is closely associated with overall recognition function [8].

A variety of interventions are used to manage, treat, and limit 
the neurological complications of stroke. Movement rehabil-
itation techniques are used to improve neural plasticity and 
neuromuscular dysfunction. Some task-specific rehabilitation 
techniques are used to improve the movement patterns of 
the whole body, such as robotic ortheses for upper and low-
er limb movement, virtual reality technologies, and function-
al programmed electromyostimulation [9]. Other rehabilitation 
techniques, including behavioral management for urinary in-
continence [10,11] and speech and language therapy for apha-
sia [12,13], usually result in improvements. Constraint-induced 
therapy and reduced nonverbal communication methods also 
result in promising effects [14]. At later stages of the rehabili-
tation process, restorative therapies such as cell-based thera-
pies, electromagnetic stimulation, device-based strategies, and 
task-oriented approach have been proved beneficial in stroke 
patients [9]. Emotional rehabilitation, including psychotherapy 
with motivational interviews and cognitive behavioral thera-
pies, are beneficial in stroke patients [9]. Besides various reha-
bilitation techniques, certain pharmacological agents such as 
antidepressants are used to improve stroke complications [15]. 
Language recovery may occur spontaneously or may be helped 
by establishing successful reperfusion in the ischemic penum-
bra region of the affected brain. Additionally, pharmacological 
agents such as donepezil can improve language disorders [16].

Rehabilitation of memory impairment consists of memory re-
training, external memory aids, and special learning strate-
gies. However, rehabilitation is a time-consuming process 

impaired by inconsistent outcomes and poor patient compli-
ance [17]. In recent years, a novel noninvasive brain stimula-
tion technology, repetitive transcranial magnetic stimulation 
(rTMS), offered a novel approach in rehabilitation of cognition 
and memory. rTMS is the process of giving repetitive stimula-
tion on a specific area of the surface of the brain, activating 
neurons in the horizontal axis. rTMS treatment can improve 
learning and memory through the brain nucleotide neurotroph-
ic factor (BDNF) by modulating the plasticity of neural synaps-
es [18]. Low-frequency rTMS (1 Hz) can regulate the plastic-
ity of hippocampal neuron synapses through the BDNF-TrkB 
pathway [19]. As an important neurotrophic factor, BDNF is in-
volved in controlling neuron connections, regulating synapse 
development, and strengthening the plasticity of synapses 
[20]. Moreover, the Val66Met single-nucleotide polymorphism 
(SNP) in the BDNF gene is believed to correlate with prefron-
tal cortex, hippocampal volume, and memory function [21]. A 
meta-analysis revealed that the Val66Met BDNF genotype has 
great impacts on memory performance and structure and phys-
iological function of the hippocampus [22]. Plasma levels of 
BDNF are positively associated with brain levels of BDNF [23].

The use of low- or high-frequency rTMS has yielded inconsis-
tent results [24–28], but low-frequency rTMS has been deemed 
safer in epilepsy [29]. Therefore, we hypothesized that low-
frequency rTMS stimulation induces brain BDNF expression at 
different levels in patients with different BDNF Val66Met gen-
otypes, consequently causing distinctive modulations of cog-
nitive and memory behaviors. The aim of the present study 
was to investigate the impact of low-frequency rTMS on post-
stroke dysmnesia, the impact of BDNF Val66Met SNP in pa-
tients with stroke, and in the recovery phase with a disease 
course longer than 1 month.

Material and Methods

Subjects

Forty-four patients with stroke admitted in the Department 
of Neurological Rehabilitation, China Rehabilitation Research 
Center between June 2012 and December 2013 were enrolled 
in this prospective study. Stroke was diagnosed based on the 
cerebral apoplexy diagnostic criteria established by the 4th 
National Cerebrovascular Disease Conference.

Inclusion criteria were: 1) first-ever stroke confirmed by a brain 
computed tomography (CT) or magnetic resonance imaging 
(MRI); 2) disease course longer than one month with supraten-
torial nidus; 3) stable vital signs, no progression of neurologi-
cal symptoms; 4) no severe aphasia or cognitive disorder and 
able of accomplishing cognitive and memory tests; 5) normal 
cognitive and memory functions before stroke; 6) dysmnesia 
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confirmed by memory tests; 7) age <60 years; and 8) volun-
tary participation and signed the informed consent.

Exclusion criteria were: 1) non-first stroke; 2) subtentorial ni-
dus; 3) transcranial surgery; 4) metal or electronic device im-
plants; 5) history of seizures; 6) cognitive or memory function 
recession before stroke; 7) any neuropsychiatric comorbidi-
ty that could influence the test outcomes; 8) obvious emo-
tional disorders; or 9) any other factors that could affect clin-
ical examination.

Patients were randomly divided into the rTMS and sham 
treatment groups using random number table. The study pro-
tocol was approved by the Ethics Committee of the China 
Rehabilitation Research Center. All patients provided a writ-
ten informed consent. The study was registered at chictr.org 
(ChiCTR-OCH-12002238).

Ten healthy volunteers with no drug intake in the last 3 months 
and who had routine check-ups at the hospital were enrolled 
as healthy controls. After written informed consent was ob-
tained, blood samples were collected from to measure BDNF 
levels. These controls did not undergo rTMS.

Assessment of cognitive functions

The Montreal Cognitive Assessment (MoCA) is a 30-point 
test assessing short-term memory recall (5 points), visuo-
spatial abilities (4 points), executive functions (4 points), at-
tention (1 point), concentration (3 points), working memory 
(2 points), language (5 points), and orientation to time and 
space (6 points) [30].

The Loewenstein Occupational Therapy of Cognitive Assessment 
(LOTCA) is a 91-point test assessing cognitive functions includ-
ing orientation (8 points), perception (24 points), visual move-
ment organization (28 points), thought operation (27 points), 
attention and concentration (4 points) in older adults with 
neurological impairment [31].

The Rivermead Behavior Memory Test (RBMT) is designed to 
predict everyday memory problems in people with acquired, 
non-progressive brain injury and to monitor their change in 
time [32].

Repetitive Transcranial Magnetic Stimulation

Patients underwent rTMS treatment (rTMS group; n=22) or 
sham rTMS treatment (named sham group; n=22). Magstim 
Super Rapid (dual power supplies, Magstim Company Limited, 
Whitland, UK) was used for treatment. The motor threshold 
(MT) for each patient was determined by the operator. rTMS 
parameters were set as follows: 1 Hz stimulation frequency, 

100% MT, and 30 sequences of 20 pulses at the right side of 
the dorsolateral prefrontal cortex (DLPFC). Stimulating coils 
were tangent to the surface of the skull, inducing a magnetic 
field passing through the brain. Patients received rTMS treat-
ment once a day, 5 days per week for 4 weeks. For sham rTMS, 
all parameters were the same as for the real treatment, except 
that the stimulating coils were placed perpendicular to the sur-
face of the skull to mimic the treatment procedure, but induc-
ing no magnetic field in the brain, as previously shown [33].

Aside from the real or sham rTMS treatment, all patients re-
ceived regular computer-assisted cognitive training for 30 min 
every day. According to the severity of the cognitive disorder, 
the training included graphical, verbal and spatial memory. 
Therapists were blinded to rTMS treatment assignments. In 
addition, during and after rTMS treatments, patients received 
secondary stroke prevention drugs as recommended by the 
2008 AHA/ASA recommendation for the prevention of stroke 
in patients with stroke and transient ischemic attacks [34].

Cognition and memory functions assessment

MoCA, LOTCA and RBMT scores were assessed for all patients 
at baseline and 3 days after the end of treatments. The as-
sessment was done by an associate chief physician from the 
rehabilitation division and the accuracy of the results was ver-
ified by the chief physician.

BDNF measurement

Fasting blood samples were collected at morning before 
treatment, immediately after treatment and 2 months lat-
er. Plasma BDNF levels were measured by enzyme-linked im-
munosorbent assay using the RayBio Human BDNF ELISA kit 
(RayBiotech, Inc., Norcross, GA, USA), according to the manu-
facturer’s instructions.

BDNF Val66Met SNP detection

Genomic DNA was isolated from blood samples and was used 
for BDNF Val66Met SNP detection using polymerase chain re-
action-restriction fragment length polymorphism (PCR-RFLP). 
Primer design and sequence detection were performed by 
Omega Bio-Tek, Inc., Beijing, China. The forward and reverse 
sequences were 5’-AAA GAA GCA AAC ATC CGA GGA CAA G-3’ 
and 5’-TTC CTC CAG CAG AAA GAG AAG AGG-3’, respectively.

Statistical analysis

All data were analyzed using SPSS 18.0 (IBM, Armonk, NY, 
USA). Data with normal distribution are expressed as mean 
± standard deviation, while non-normally distributed data 
are expressed as median and range. Intergroup comparisons 
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were performed using independent t-tests or non-parametric 
tests; before/after comparisons were performed using paired 
t-tests. Categorical data were analyzed using the chi-square 

test. Analysis of BDNF Val66Met SNP with memory test scores 
and of plasma BDNF levels between the rTMS and sham groups 
were performed using Fisher tests. Two-sided P-values <0.05 
were considered significant. For multiple comparisons, P-values 
<0.025 were considered statistically significant, considering 
the Bonferroni correction.

Results

Baseline characteristics of the patients

Four patients withdrew from the study (2 patients with re-
spiratory tract infection and 2 patients for personal reasons). 
Nineteen patients in the rTMS group and 21 patients in the 
sham group completed the treatment, and data from 12 pa-
tients in the rTMS group and 14 in the sham group were avail-
able 2 months after treatment.

There was no difference between healthy controls and patients 
with stroke for age, gender, and education. No difference was 

observed between the rTMS and sham groups for demograph-
ic data, recognition memory scores before treatment, plasma 
BDNF levels, and BDNF Val66Met SNP genotypes (Table 1).

Impact of rTMS on cognitive and memory function 
immediately after treatment

No difference was observed between the rTMS and sham groups 
for MoCA, LOTCA, and RBMT scores. After treatment, MoCA and 
LOTCA scores remained similar between the 2 groups, but the 
RBMT score was better in the rTMS group (data not shown, 
P=0.034). The changes in MoCA, LOTCA, and RBMT scores be-
tween baseline and 3 days post-treatment in both groups were 
all more important in the rTMS group compared with the sham 
group (all P<0.001, Table 2).

BDNF levels

Plasma BDNF levels in patients with stroke were lower com-
pared with those of healthy controls (0.71±0.39 vs. 1.31±0.45 
ng/mL, Table 1). No difference was observed in BDNF levels be-
tween the rTMS and sham groups immediately after treatment. 
As shown in Table 2, changes in plasma BDNF levels between 
baseline and 3 days post-treatment were different between 

Patients with 
post-stroke 
dysmnesia

Healthy 
control

P rTMS group Sham group P

N 40 10 – 19 21 –

Gender (male, %) 25 (62.5%) 13 (65%) 12 (63.2%) 13 (61.9%)

Age (years) 44.9±11.1 42.4± 9.9 0.30 42.5±12.3 47.3±11.8 0.61

Type of stroke

 Hemorrhagic (%) 22 (55.0%) – – 11 (57.9%) 11 (52.4%)
0.73

 Ischemic (%) 18 (45.0%) – – 8 (42.1%) 10 (47.6%)

Side of stroke

 Left (%) 22 (55.0%) – – 11 (57.9%) 11 (52.4%)
0.73

 Right (%) 18 (45.0%) – – 8 (42.1%) 10 (47.6%)

Education level (years) 12.2±3.8 12.9±3.5 0.45 12.8±3.8 11.5±4.5 0.46

Disease duration (days), median (range) 61 (30, 365) – – 67 (30, 365) 56 (30, 296) 0.10

MoCA score – – 17.95±4.67 19.67±3.18 0.13

LOTCA score – – 67.16±9.26 67.86±8.69 0.62

RBMT score 13.11±3.14 14.19±2.62 0.31

Plasma BDNF (ng/mL) 0.71±0.39 1.31±0.45 <0.001 0.72±0.40 0.71±0.35 0.88

BDNF SNP (Alt/Met/heterozygote) 14/11/15 – – 7/6/6 7/5/9 0.74

Table 1. Baseline characteristics of the patients.

BDNF – brain nucleotide neurotrophic factor; LOTCA – Loewenstein Occupational Therapy of Cognitive Assessment; 
MoCA – Montreal Cognitive Assessment; RBMT – Rivermead Behaviour Memory Test; SNP – single nucleotide polymorphism; 
rTMS – repetitive transcranial magnetic stimulation.
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the rTMS (decreased BDNF levels) and sham (increased BDNF 
levels) groups (-0.08±0.28 vs. 0.09±0.19, P=0.03).

Impact of BDNF Val66Met SNP

The overall genotype frequency of BDNF Val66Met was 14 ALT/
ALT, 11 MET/MET, and 15 ALT/MET. The distribution was concor-
dant with the Hardy-Weinberg law. The BDNF genotypes were 7 
ALT/ALT, 6 MET/MET, and 6 ALT/MET in the rTMS group and 7 ALT/
ALT, 5 MET/MET, and 9 ALT/MET in the sham group. There was 
no difference between the rTMS and sham groups in genotype 

distribution. The Val66Met SNP had no impact on the changes 
on cognition, memory, and plasma BDNF concentration (Table 3).

Two-month follow-up of cognitive and memory function 
and plasma BDNF levels

Two months after treatment, changes in MoCA, LOTCA, and 
RBMT scores in the rTMS group were all higher than in the 
sham group (MoCA: 6.17±2.55 vs. 4.14±0.95, P=0.002); LOTCA: 
12.58±6.20 vs. 6.20±1.71, P<0.001); RBMT: 6.00±2.52 vs. 
3.00±0.96, P<0.001), while changes in plasma BDNF levels in 

rTMS group Sham group P

Change in MoCA score 	 4.21±2.46* 	 1.90±1.41* <0.001

Change in LOTCA score 	 8.74±5.56* 	 3.67±4.21* <0.001

Change in RBMT score 	 4.05±2.76* 	 1.24±1.17* <0.001

Change in BDNF level (ng/ml) 	 –0.08±0.28* 	 0.09±0.19* 0.03

Table 2. �Changes in cognition and memory function scores and plasma BDNF levels between baseline and 3 days post-treatment in 
the rTMS and sham groups.

BDNF – brain nucleotide neurotrophic factor; MoCA – Montreal Cognitive Assessment; rTMS – repetitive transcranial magnetic 
stimulation. * P<0.025 vs. baseline of the same group.

Alt/Alt Met/Met Alt/Met P

Change in MoCA score 	 5.57±2.37* 	 3.17±2.32* 	 3.67±2.34* 0.99

Change in LOTCA score 	 10.14±7.20* 	 5.33±3.27* 	 10.50±4.23* 0.13

Change in RBMT score 	 3.71±2.93* 	 4.33±3.20* 	 4.17±2.56* 0.74

Change in BDNF level (ng/ml) 	 –0.07±0.45 	 –0.17±0.16 	 –0.01±0.02 0.61

Table 3. �Changes in cognition and memory function scores and plasma BDNF levels between baseline and 3 days post-treatment 
accordgin to BDNF SNP.

BDNF – brain nucleotide neurotrophic factor; MoCA – Montreal Cognitive Assessment; SNP – single nucleotide polymorphism. 
* P<0.025 vs. baseline of the same group.

rTMS group Sham group P

Change in MoCA score 	 6.17±2.55* 	 4.14±0.95* 0.002

Change in LOTCA score 	 12.58±6.20* 	 6.20±1.71* <0.001

Change in RBMT score 	 6.00±2.52* 	 3.00±0.96* <0.001

Change in BDNF level 	 0.01±0.25 	 0.25±0.16* <0.001

Table 4. �Changes in cognition and memory function scores and plasma BDNF levels between baseline and 2 months post-treatment in 
the sTMS and sham groups.

BDNF – brain nucleotide neurotrophic factor; MoCA – Montreal Cognitive Assessment; rTMS – repetitive transcranial magnetic 
stimulation. * P<0.025 vs. baseline of the same group.
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the rTMS group were significantly lower than in the sham group 
(0.01±0.25 vs. 0.25±0.16 ng/mL, P<0.001) (Table 4).

Adverse effects

One patient experienced transient headache and another ex-
perienced dizziness in the rTMS group, and 1 patient experi-
enced headache in the sham group. Patients recovered from 
these events without any specific treatments and no patient 
dropped-out of the study because of adverse effects.

Discussion

This study investigated the impact of low-frequency rTMS on 
post-stroke dysmnesia and the impact of BDNF Val66Met SNP. 
The present study revealed that low-frequency rTMS at the 
right side of DLPFC could improve both cognitive and memo-
ry functions in patients with stroke. Moreover, the effect could 
last for 2 months after treatment.

Memory is supported by multiple cognitive nerve systems. 
Different nerve systems support distinctive aspects of mem-
ory, which is dependent on the means of memory message 
type, coding, and extraction [35]. The prefrontal lobe is the 
key brain region for memory [36], especially DLPFC, which is of 
great importance for memory coding and extraction [37–39]. 
Previous studies reported that stimulation of brain region, 
especially in high frequency, at the prefrontal lobe could im-
prove cognition and memory functions. The greatest safety 
concern in rTMS treatment is the possible induction of epi-
lepsy. However, stimulation at a low frequency such as £1 Hz 
could reduce the epilepsy occurrence and is considered to be 
safe [29]. For patients with brain injury, especially those who 
are in the early stage of recovery, it remains unknown wheth-
er high-frequency stimulation could cause adverse effects like 
brain function disorder and epilepsy. Hence, it is important to 
determine whether the safe low-frequency stimulation could 
improve cognitive and memory function, which was 1 of the 
purposes of the present study. Previous studies showed that 
the excitability of the motor cortex was decreased after low-
frequency rTMS, but increased using high-frequency rTMS [24]. 
In depressed patients, high-frequency rTMS increased cerebral 
blood flow, while low-frequency rTMS induced some circum-
scribed decreases [25]; however, some patients had improved 
moods with high-frequency rTMS, while other had improved 
moods with low-frequency rTMS [25]. A study of post-traumat-
ic stress syndrome showed that high-frequency rTMS achieved 
better outcomes than low-frequency [26]. In Alzheimer’s dis-
ease, better cognitive functions were achieved using high-fre-
quency rTMS compared with low-frequency rTMS [27]. However, 
a previous study showed that low-frequency rTMS reversed 
Ab1–42-mediated memory deficits in rats [28]. Therefore, data 

from previous studies are controversial regarding the best 
frequency, although high-frequency rTMS seems to achieve 
better outcomes in some patients or models. Low-frequency 
rTMS (1 Hz) could regulate the plasticity of hippocampal neu-
ron synapses through the BDNF-TrkB pathway [19]. In a previ-
ous study, healthy individuals and patients with mild cognitive 
disorder had considerable improvement in verbal and non-ver-
bal recognition after 1 Hz rTMS stimulation at the right side 
of DLPFC [40]. This cognitive function improvement possibly 
relies on the modulation of the excitability as well as adjunc-
tive structure of the right side of DLPFC [41], because stimu-
lation could activate the hippocampus through an impact on 
subcortical structure and posterior cortex, and consequently 
regulate the memory extraction process [38,39]. In the present 
study, even if we used low-frequency rTMS, we showed that 
this treatment improved the condition of the cognitive func-
tions of patients with stroke. Further studies are necessary to 
fully compare low- and high-frequency rTMS.

The improvement of memory function could allow individu-
als to gain new experiences in their environments, and con-
sequently improve the cognitive function of the whole brain. 
Because every rTMS stimulation might have been stored in the 
stimulation region as “memory”, when a new stimulation is 
applied, the new effect would be generated based on the for-
mer stimulations (lasting memory hypothesis) [42]. Besides, 
the memory-improving effect of rTMS may also be due to re-
peated stimulating, activation of subcortical neural network 
structure, and the changed synaptic plasticity [43]. Multiple 
cumulative biological reactions achieved by stimulation could 
remain for a certain time after the end of stimulation, indicat-
ing that a possible biological amplification reaction results in 
longer follow-up effect generated by rTMS. This cumulative ef-
fect could explain the improvement in cognitive and memory 
functions 2 months after rTMS treatment in the present study.

A number of studies have focused on the impact of rTMS on 
peripheral BDNF levels, but results are inconsistent. Few au-
thors believe that peripheral BDNF levels in depressed pa-
tients could be changed by rTMS [44–46], while others be-
lieve that peripheral changes in BDNF levels were not related 
to either electric or magnetic stimulation [47]. Two studies on 
healthy subjects revealed that high- or low-frequency mag-
netic stimulation on DLPFC or motor cortex resulted in pe-
ripheral BDNF decrease [48,49], which was believed to be as-
sociated with rTMS-mediated inhibition of the glutamatergic 
neurotransmitter, or that rTMS mediated moderate depolar-
ized activation of inhibitors that synthesize and release BDNF. 
However, a randomized, controlled, double-blind study on pa-
tients with stroke aphasia treated with low-frequency rTMS 
revealed that the aphasia symptoms were improved and that 
plasma BDNF levels were decreased, while BNDF levels were 
increased in the sham group [50]. In accordance with these 
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findings, the present study also showed that plasma BDNF con-
centration decreased in the rTMS group, but not in the sham 
group, and that plasma BDNF levels were not associated with 
cognitive and memory function impairment, or with improve-
ment. Moreover, 2 months after treatment, plasma BDNF levels 
were slightly increased in the rTMS group, but were not higher 
than in the sham group. These results, although unexpected, 
provided more evidence for the effect of rTMS on BDNF, and 
this effect might not be associated with stimulation region or 
frequency, but merely with a series of stimulations. Notably, 
rTMS did not change BDNF levels, suggesting that improve-
ments in cognitive functions was not mediated by BDNF or, 
at least, not by BNDF alone. The possible reason for this ob-
servation remains unclear, and should be the focus of further 
studies. The disease or the animal model being studied may 
be responsible in part for this observation.

According to available data, rTMS does not improve the cen-
tral nervous system through BDNF. Many neurotransmitters 
and neurotrophic factors affect learning, memory, behavior, 
and mental abilities. Hence, memory improvements by rTMS 
could be achieved through multiple pathways with the in-
volvement of many neurotransmitters. The brain expression 
of factors like precursor of BDNF, SYN aptophysin, glutamic 
acid, Y-aminobutyric acid, dopamine, acetylcholine, and estro-
gens can affect the plasticity of synapses, which is also reg-
ulated by rTMS [51–53]. However, the present study was not 
designed to examine these pathways. More studies are neces-
sary to determine the exact mechanisms through which rTMS 
achieves its effects.

The present study failed to observe any correlation between 
BDNF Val66Met SNP and either plasma BDNF levels or cogni-
tive function. Plasma BDNF levels and memory function were 
altered after rTMS treatment, but these changes were not as-
sociated with BDNF Val66Met SNP. These results are supported 

by similar studies [50,54]. Aside from BDNF polymorphisms, 
the polymorphisms of other neurotrophic factors or metabol-
ic enzymes such as catechol-O-methyltransferase [55], methy-
lenetetrahydrofolate reductase [56], dopamine b-hydroxylase, 
monoamine oxidase, dopamine receptor D, tryptophan hydrox-
ylase 2, and tumor necrosis factor-a could also have impacts 
on cognitive and memory function [57,58]. However, due to 
the small sample size of the present study, it was impossi-
ble to test all these polymorphisms and to group patients ac-
cordingly, since it would have resulted in subgroups that were 
too small. Another limitation is that, following guidelines [34], 
these patients were treated with drugs for the prevention of 
secondary strokes, and the effect of these drugs on the effi-
cacy of rTMS is currently unknown. Finally, all patients under-
went cognitive training as part of the standard treatment for 
stroke, and we cannot exclude the possibility than this train-
ing might have influenced the results. Fundamental studies 
or large-scale clinical research involving multiple centers are 
necessary to address these issues.

Conclusions

Low-frequency rTMS at the right side of DLPFC could improve 
cognition and memory functions in stroke patients, and the 
improvement effect could be sustained for some time. Low-
frequency rTMS could affect plasma BDNF levels in stroke pa-
tients. Plasma BDNF levels were not associated with patients’ 
cognitive and memory function status. BDNF Val66Met SNP 
might not be associated with cognitive and memory func-
tions and plasma BDNF levels. Other polymorphisms and neu-
rotrophic factors could be involved in the response to rTMS.
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