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Recovery of motor function after stroke involves relearning motor skills and is
mediated by neuroplasticity. Recent research has focused on developing rehabilita-
tion strategies that facilitate such neuroplasticity to maximize functional outcome
poststroke. Although many molecular signaling pathways are involved, brain-derived
neurotrophic factor (BDNF) has emerged as a key facilitator of neuroplasticity
involved in motor learning and rehabilitation after stroke. Thus, rehabilitation strat-
egies that optimize BDNF effects on neuroplasticity may be especially effective for
improving motor function poststroke. Two potential poststroke rehabilitation strat-
egies that consider the importance of BDNF are the use of aerobic exercise to
enhance brain function and the incorporation of genetic information to individualize
therapy. Converging evidence demonstrates that aerobic exercise increases BDNF
production and consequently enhances learning and memory processes. Neverthe-
less, a common genetic variant reduces activity-dependent secretion of the BDNF
protein. Thus, BDNF gene variation may affect response to motor rehabilitation
training and potentially modulate the effects of aerobic exercise on neuroplasticity.
This perspective article discusses evidence that aerobic exercise promotes neuro-
plasticity by increasing BDNF production and considers how aerobic exercise may
facilitate the acquisition and retention of motor skills for poststroke rehabilitation.
Next, the impact of the BDNF gene val66met polymorphism on motor learning and
response to rehabilitation is explored. It is concluded that the effects of aerobic
exercise on BDNF and motor learning may be better exploited if aerobic exercise is
paired more closely in time with motor training. Additionally, information about
BDNF genotype could provide insight into the type and magnitude of effects that
aerobic exercise may have across individuals and potentially help guide an individ-
ualized prescription of aerobic exercise to enhance motor rehabilitation poststroke.
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Stroke is the leading cause of
long-term disability in North
America.1 Deficits in motor

function are common following
stroke; up to 75% of stroke survivors
experience upper extremity impair-
ments that persist into the chronic
stage.1 Over the first 6 months after
stroke onset, some spontaneous
motor recovery occurs,2 but further
advances in motor function rely on
motor rehabilitation training. The
process of motor rehabilitation is a
form of motor learning,3 which
refers to a relatively permanent
change in motor behavior evoked by
practice or experience.4 As such,
individuals with stroke engage in
motor rehabilitation training in an
effort to relearn motor skills that
were lost due to injury.

Consistent with motor learning in
adults who are healthy, this relearn-
ing process is mediated by neuro-
plasticity,3 which is defined as the
ability of the central nervous system
(CNS) to undergo structural and
functional change in response to
new experiences.5 This neuroplastic-
ity is detected in humans with a
number of experimental techniques,
including noninvasive brain stimula-
tion (to measure shifts in size, loca-
tion, and excitability of motor corti-
cal maps) and functional magnetic
resonance imaging (fMRI) (to mea-
sure altered activation and recruit-
ment of brain regions involved
in movement).3 Initially, learning-
related plasticity involves the
strengthening of existing, as well as
the formation of new, neural con-
nections that support learned behav-

iors.3,6 It is followed by pruning, or
“focusing,” of neural connections
as skill and preferential pathways
develop.6,7 Current research focuses
on maximizing the functional bene-
fits of poststroke motor rehabilita-
tion by developing interventions to
promote motor learning-related neu-
roplasticity.3 Despite major progress
in the understanding of neuroplastic-
ity, very few new treatment inter-
ventions have resulted from this
research.3 Thus, there is a critical
need for the development of novel
and more effective approaches for
poststroke motor rehabilitation.

Recent advancements in the under-
standing of the role of brain-derived
neurotrophic factor (BDNF) in neu-
roplasticity may provide important
information for the development of
new poststroke rehabilitation strate-
gies. Brain-derived neurotrophic fac-
tor is a member of the neurotrophin
family, a group of proteins involved
in neuroprotection, neurogenesis,
and neuroplasticity, and has been
identified as a key mediator of motor
learning and rehabilitation after
stroke. New areas of research are
beginning to inform the develop-
ment of rehabilitation strategies that
take into account the importance of
BDNF for motor recovery after
stroke. These areas of research
include consideration of aerobic
exercise effects on brain function
and the incorporation of genetic
information to individualize therapy.

Converging evidence suggests that
aerobic exercise is a valuable inter-
vention for improving brain func-
tion8–12 and that these effects are
mediated, in part, by upregulation of
BDNF.13,14 Thus, capitalizing on aer-
obic exercise–induced increases in
BDNF could plausibly facilitate
motor learning-related neuroplastic-
ity for rehabilitation after stroke.
Nevertheless, the basic processes
that drive neuroplasticity, such as
BDNF signaling, are dependent on

the expression of genes. As a result,
genetic variation could affect an indi-
vidual’s response to motor rehabili-
tation training, aerobic exercise
training, and overall motor recovery
after stroke.15 Thus, the primary
aims of the present perspective arti-
cle are: (1) to discuss evidence that
aerobic exercise enhances brain
function by increasing BDNF pro-
duction and consider how these
effects may be harnessed to facilitate
motor rehabilitation poststroke and
(2) to discuss the potential impact of
a common variant of the BDNF gene
on motor learning, response to
motor rehabilitation training, and
aerobic exercise effects on the brain
poststroke.

Aerobic Exercise to
Promote Neuroplasticity
for Motor Rehabilitation
Poststroke
Aerobic exercise affects the brain
indirectly through improvements in
general health and fitness and
through alterations in molecular sig-
naling pathways that act directly on
the CNS13,14 (Fig. 1). The primary
focus of this article is on the direct
pathway of exercise-induced upregu-
lation of BDNF in the CNS.13,14 To
begin to consider how exercise-
induced increases in BDNF may be a
key contributor to the positive
effects of aerobic exercise on brain
health and function, we address 3
main topics in this article. First, we
discuss the involvement of BDNF in
facilitating neuroplasticity, motor
learning, and poststroke motor reha-
bilitation. Next, the effects of aero-
bic exercise on BDNF and its role in
mediating exercise-induced increases
in brain function are reviewed.
Lastly, we consider how the effects
of exercise on the brain may best
be harnessed to promote neuroplas-
ticity and facilitate motor rehabilita-
tion poststroke. The present article
focuses on aerobic exercise, although
a growing body of evidence suggests
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that resistance exercise may have
similar or complementary effects.16–18

BDNF Is Involved in Motor
Learning and Poststroke Motor
Rehabilitation
Brain-derived neurotrophic factor is
involved in many facets of brain
function, including neuroplastic
changes that underlie motor learn-
ing. It exerts its effects on neuroplas-
ticity by facilitating long-term poten-
tiation (LTP), a long-lasting increase
in the strength of connection
between 2 neurons that are repeat-
edly activated together and by pro-
moting dendritic growth and remod-
eling.19,20 Unlike other growth
factors, BDNF is secreted in the CNS
through both a constitutive and an
activity-dependent pathway. The
activity-dependent secretion is cru-
cial to the role of BDNF in promoting
neuroplasticity in circuits activated
in response to experience.20

Evidence for the role of BDNF spe-
cifically in motor learning can be
found in animal work demonstrat-
ing that disrupting BDNF synthesis
with a pharmacological interven-
tion impaired skilled motor perfor-
mance and diminished training-
induced cortical map plasticity.21

Subsequent application of BDNF by
intracortical injection into primary
motor cortex (M1) partially restored
these functions.21 Similarly, in rat
models of focal ischemia, recovery of
skilled reaching movements with
rehabilitation training was abolished
when BDNF was blocked in the
CNS.22 In a similar study, response to
poststroke rehabilitation training
was enhanced when exogenous
BDNF was administered through an
intravenous bolus in rats.23 Equiva-
lent data in humans showing direct
BDNF involvement in motor learning
and poststroke rehabilitation are not
available due to the invasive nature
of intracortical injections and limited
capacity to target BDNF application
to specific brain regions in humans.

Nevertheless, given the strong evi-
dence for BDNF involvement in neu-
roplasticity within the motor system
in animal research, it is plausible that
motor rehabilitation strategies that
capitalize on the beneficial effects of
BDNF in the CNS will be effective for
facilitating recovery after stroke.

Aerobic Exercise Effects on
Brain Function: BDNF and
Cognitive Function
Aerobic exercise may be a particu-
larly effective means to enhance
BDNF levels, as it induces a cascade
of events that leads to increased
BDNF gene expression in multiple
regions of the CNS, including the
hippocampus, cerebellum, cerebral
cortex, and spinal cord.14 Moreover,
considerable evidence shows that
exercise-induced increases in BDNF
benefit cognitive function.11,12,24,25

In rats, completion of a 1-week aer-
obic exercise program enhanced

spatial memory test performance,
but these effects were abolished in
an experimental group that also
received pharmacological blockage
of hippocampal BDNF.26 Such a
causal effect is more difficult to dem-
onstrate in humans as BDNF cannot
be blocked and typically cannot be
measured from the CNS in vivo.
However, systemic levels of BDNF
are increased for approximately 10
to 60 minutes following a bout of
aerobic exercise in humans.27 These
systemic BDNF measurements are
often considered to reflect CNS lev-
els in humans, as BDNF undergoes
bidirectional transport across the
blood-brain barrier28,29 and is
released from the brain into the
periphery at rest and during aerobic
exercise.30 There also have been
reports of increased basal levels of
systemic BDNF following several
weeks of aerobic exercise train-
ing,31–33 but other studies report no

Aerobic Exercise

Indirect Effects Direct Effects

Brain Health

  Physical Fitness
(cardiorespiratory

and muscular)

  Systemic
and CNS

Inflammation

  Cerebral
Blood Flow

  Neurotrophic Growth
Factors

(eg, BDNF, NT-3)

  Neurotransmitters
(eg, dopamine,

seratonin)

  Neuroplasticity
  Neurogenesis

  Neuroprotection

   cognitive function (ie,
learning, memory, attention),

  mood,    arousal,
  neurodegeneration

Figure 1.
Examples of indirect and direct pathways for positive effects of aerobic exercise on the
brain.13,14 Indirect effects refer to improvements in general health and reduction of
peripheral risk factors that consequently affect brain health. Direct effects refer to
aerobic exercise influences on the molecular signaling pathways of the brain itself. The
present article focuses on the direct effect of exercise on BDNF production in the brain.
BDNF�brain-derived neurotrophic factor, NT-3�neurotrophin-3, CNS�central ner-
vous system.
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effect of aerobic exercise training
programs on basal BDNF values.34–36

The return to baseline levels of sys-
temic BDNF levels after 1 hour fol-
lowing aerobic exercise and the lack
of training effects on basal systemic
levels in some studies are thought to
be a result of a subsequent increase
in BDNF absorption in the CNS fol-
lowing aerobic exercise–induced
increases in production.27

Complementary work demonstrates
that aerobic exercise training
enhances multiple aspects of cogni-
tive function in individuals who are
healthy and across a range of chronic
health conditions, including
stroke.11,12,24,25 A meta-analysis of 18
aerobic exercise training interven-
tion studies in older adults con-
cluded that the largest effects on
cognition occur in the executive
control domain, including functions
such as planning, scheduling, work-
ing memory, and multitasking.10 The
majority of studies included in this
meta-analysis involved aerobic exer-
cise 3 times per week at a moderate
intensity (ie, �70% maximum heart
rate). Programs that involved aerobic
exercise sessions greater than 30
minutes, training periods of more
than 6 months, and a combination of
aerobic and resistance training had
the largest effects.10 Similar positive
effects of aerobic exercise training
on cognition have been shown in
individuals with stroke. Exercise pro-
grams combining aerobic and resis-
tance training performed at moder-
ate ratings of perceived exertion on
2 to 3 days per week for 12 weeks11

and 6 months12 improved executive
function and memory in individuals
with chronic stroke. Combined with
animal work,26 the findings of aero-
bic exercise–induced increases in
systemic BDNF27 and cognitive func-
tion11,12 in humans are commonly
taken as evidence that BDNF contrib-
utes, at least in part, to the positive
effects of aerobic exercise on cogni-
tive function in humans.27 Neverthe-

less, a key limitation of current evi-
dence is that relatively few human
studies concurrently assess aerobic
exercise–induced changes in both
BDNF and cognitive function.37–39

Aerobic Exercise Effects on Motor
Learning
Aerobic exercise training not only
improves poststroke cognitive func-
tion but also enhances poststroke
mobility, balance, and motor func-
tion.11,12,40,41 Increased physical fit-
ness is undoubtedly a large contrib-
utor to these improvements in motor
function; however, exercise-induced
increases in neuroplasticity and
motor learning abilities via upregula-
tion of BDNF within the CNS also
may contribute to these beneficial
effects. Only 1 study has examined
the effects of engaging in aerobic
exercise over several weeks on
motor learning, and it was con-
ducted in individuals with stroke.42

In this study by Quaney et al,42 par-
ticipation in an 8-week aerobic
cycling program (70% maximum
heart rate, 45 minutes, 3 times per
week) improved within-session per-
formance of a motor sequence task
compared with those who partici-
pated in an 8-week stretching pro-
gram. Their study demonstrated that,
at least in the short-term, aerobic
exercise training improves motor
skill acquisition. However, motor
performance at a delayed retention
test (�24 hours postpractice) is
required to indicate motor learning43

and, unfortunately, was not exam-
ined. Nevertheless, Quaney and col-
leagues’ findings indicate that motor
learning abilities may be enhanced
by aerobic exercise.

Persistence of Aerobic Exercise
Effects on the Brain
Another important finding by
Quaney et al42 was that the greater
within-session performance among
aerobic exercisers was not main-
tained at a follow-up test 8 weeks
after exercise training had stopped.

This finding raises an important issue
concerning the persistence of aero-
bic exercise–induced increases in
brain function that has not been well
addressed in the literature. Many ran-
domized clinical trials of aerobic
exercise training programs report
improvements in performance on
cognitive tests performed immedi-
ately before and after participation in
an aerobic exercise program.10 How-
ever, to our knowledge, there is no
evidence that the benefits of aerobic
exercise on brain function persist at
follow-up after aerobic exercise is
stopped. Similar to the finding by
Quaney et al,42 a recent study of
young adults who were healthy
showed that improvements in object
memory retrieval following a 4-week
treadmill training program occurred
only when individuals performed an
exercise bout on the final testing
day.44 A possible explanation for
these findings may be found within
research investigating the effects of
an acute bout of aerobic exercise on
cognitive performance in humans. A
meta-analysis of 29 studies of young
adults who were healthy concluded
that information processing and
memory are significantly enhanced
immediately following a single bout
of aerobic exercise.8 Thus, enhanced
cognitive function induced by aero-
bic exercise training programs may
simply be due to continuous expo-
sure to acute bouts of aerobic exer-
cise8; when regular training is
stopped, these effects are no longer
regularly evoked.

Traditionally, enhanced cognitive
function following an acute bout of
aerobic exercise has been attributed
to a temporary increase in arousal
and thus is expected to dissipate as
arousal levels return to baseline.8

However, the aforementioned meta-
analysis determined that the aspects
of cognitive function most positively
affected by an acute bout of aerobic
exercise were short-term and long-
term memory.8 These effects were
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greatest when cycling exercise was
used rather than treadmill exercise.8

There also is evidence suggesting
that short intervals of high-intensity
aerobic exercise (ie, 3 � 3 minutes
above ventilatory threshold) may
enhance memory more than long-
duration, low- to moderate-intensity
aerobic exercise (ie, 40 minutes
below ventilatory threshold) in
young adults.39 Interestingly, if an
acute bout of aerobic exercise alters
memory processes, it also could
affect learning and thus promote rel-
atively permanent changes in motor
behavior that persist even after aer-
obic exercise training has stopped.
An important caveat to this idea is
that learning and neuroplasticity are
dependent on experience. By
increasing BDNF production, aero-
bic exercise may facilitate the neuro-
plastic processes that underlie learn-
ing, such as LTP and dendritic
branching, but aerobic exercise
alone is not capable of inducing
these neuroplastic processes. Thus,
for aerobic exercise to have the most
meaningful and lasting effects on
behavior, it likely needs to be paired
closely in time with sufficient and
meaningful practice or experience
that is consistent with the desired
behavioral change. For example, 2
months of a combination of aerobic
exercise training and mental training
increases cognitive function more
than either intervention alone.45

Prescribing Aerobic Exercise to
“Prime” Motor Learning and
Poststroke Motor Rehabilitation
The basis of engaging in aerobic
exercise training in close temporal
proximity with behavioral training is
that the aerobic exercise will serve
to “prime” the CNS for the neuro-
plastic change that underlies the
desired behavior change (ie, learn-
ing). With this approach, the posi-
tive effects of aerobic exercise on
brain function may be more effec-
tively harnessed to facilitate func-
tional improvements in populations
with chronic disease, such as stroke.
In a recent study, Roig et al46 found
that high-intensity interval cycling
(3 � 3 minutes, above ventilatory
threshold) immediately before or
after practice of a motor task
enhanced motor performance on
retention tests conducted at 1 and 7
days postpractice, demonstrating
that a single bout of aerobic exercise
enhanced motor learning in young
individuals who were healthy. Aero-
bic exercise immediately before
motor task practice was thought to
facilitate the detection and encoding
of information relevant to the task
during the subsequent motor prac-
tice, and aerobic exercise immedi-
ately after motor task practice was
thought to facilitate processes
involved in motor memory consoli-
dation.46 As motor learning underlies
improvements in motor function
evoked by rehabilitation following

stroke, these findings suggest that
acute bouts of aerobic exercise may
have the potential to be used to facil-
itate response to poststroke motor
rehabilitation training (Fig. 2).

Current guidelines recommend that
individuals with stroke engage in a
minimum of 20 minutes of moderate
intensity aerobic exercise 3 days per
week.47 The intensity of the exercise
should be greater than 30% of heart
rate reserve, the minimal effective
training intensity for very unfit indi-
viduals,48 but based on individual
exercise stress test results and health
status.47 Although these recommen-
dations are sufficient to obtain gen-
eral health benefits for individuals
with stroke, there is limited research
examining the specific exercise dose
necessary to elicit direct effects on
brain function and facilitate motor
rehabilitation in individuals with
stroke. Thus, findings from studies
investigating aerobic exercise effects
on BDNF production and other cog-
nitive functions currently may be the
best source of information when
speculating on how to best prescribe
aerobic exercise for this purpose.

Based on this literature, to induce
large positive effects on cognitive
function and increase BDNF levels,
exercise training studies should use:
(1) aerobic exercise sessions of more
than 30 minutes,10 (2) training inten-
sities of approximately 70% heart

Aerobic
Exercise Bout

Primed for
Neuroplasticity Motor Training

  Response to
Rehabilitation

  BDNF in
cerebral cortex,
hippocampus,
cerebellum,
spinal cord

  LTP and dendrite
formation in neural
circuits supporting

movement and
learning

Figure 2.
Using aerobic exercise to prime motor rehabilitation poststroke. Performing aerobic exercise immediately before motor rehabilitation
training may facilitate improvements in motor function by capitalizing on aerobic exercise–induced increases in the capacity for
neuroplasticity. Alternatively, aerobic exercise could be performed immediately after motor training to facilitate motor memory
consolidation processes. BDNF�brain-derived neurotrophic factor, LTP�long-term potentiation.
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rate maximum,27 (3) a frequency of 4
days per week,27 and (4) a combina-
tion of aerobic and resistance exer-
cises.10 Cycling8 and high-intensity
intervals39 may be especially effec-
tive for immediate benefits of acute
aerobic exercise on cognitive func-
tion; however, there also is evidence
that just 30 minutes of aerobic exer-
cise at 60% maximum heart rate is
effective for increasing BDNF in indi-
viduals with chronic disease.27

Lastly, the effects of aerobic exercise
training on the brain may be most
effectively harnessed if performed at
a point close in time to performance
of motor rehabilitation training.46

Although further research is needed
to determine the precise time course
of BDNF effects, it appears that 1
hour postexercise is the most likely
window of time in which motor
learning will be most facilitated.8,27,46

These findings provide a reference
point for prescription of aerobic
exercise in future research evaluat-
ing the effects of exercise on motor
learning and response to rehabilita-
tion poststroke. The idea of priming
motor rehabilitation with aerobic
exercise is speculative; however,
with additional study, researchers
may gain further insight into wheth-
er—and if so, how—aerobic exer-
cise can be prescribed to facilitate
the acquisition and retention of
motor skills for rehabilitation.

Genetics Research to
Inform Motor
Rehabilitation and Aerobic
Exercise Prescription
Poststroke
The premise for rehabilitation inter-
ventions that promote neuroplastic-
ity is that if the CNS can be primed
for greater capacity for physiological
change, then functional improve-
ments mediated by those physiolog-
ical changes will be more likely to
occur.3 As many of the neuronal pro-
cesses that drive such changes are

dependent on the expression of spe-
cific genes, genetic variation may
influence the efficacy of rehabilita-
tion strategies that engage these pro-
cesses.15 For example, although
upregulation of BDNF following
aerobic exercise may be beneficial
for neuroplasticity, a common single
nucleotide polymorphism (SNP) on
the human BDNF gene could affect
the effects of aerobic exercise on the
brain.44,49,50 Thus, improved under-
standing of how genetic variation
influences neuroplasticity and motor
learning after CNS injury may allow
for better individualization of reha-
bilitation strategies to maximize
motor outcome poststroke. In the
current section of this article, the
effects of the BDNF val66met poly-
morphism on neuroplasticity, motor
learning, and poststroke motor reha-
bilitation will be discussed. Next,
ideas about how knowledge of the
effects of this polymorphism could
be utilized when prescribing aerobic
exercise to prime motor rehabilita-
tion will be considered. Given the
role of BDNF in mediating aerobic
exercise effects on the brain,26,27

focus is placed on the well-
characterized BDNF val66met gene
variation throughout this section;
however, this is just one of many
genetic variants that could poten-
tially affect aerobic exercise effects
on the brain and poststroke motor
rehabilitation.15

BDNF Gene Val66met
Polymorphism Impact on Brain
Health and Function
In approximately 30% to 50% of the
human population, an SNP exists on
the BDNF gene that results in an
amino acid change from valine (val)
to methionine (met) at position 66
(val66met) of the precursor peptide
proBDNF.51 The presence of the met
allele results in a 25% reduction in
activity-dependent secretion of
BDNF in the CNS.49,50 Due to the
importance of activity-dependent
secretion of BDNF to brain health

and function, much research has
been dedicated to studying the
effects of the BDNF val66met poly-
morphism on the CNS. In humans,
presence of the BDNF val66met
polymorphism is associated with
abnormalities in brain structure and
physiology.52 For example, when
compared with those without the
polymorphism, val66met carriers
demonstrate reduced volume of the
prefrontal cortex53 and hippocam-
pus,53,54 reduced hippocampal levels
of N-acetyl-aspartate (a marker for
neuronal health),49 and abnormal
activation of the hippocampus when
performing a working memory task
during fMRI.49 These changes in the
brain coincide with altered cognitive
function. For instance, multiple stud-
ies have demonstrated that val66met
allele carriers demonstrate impaired
performance on hippocampal-
dependent memory tasks when com-
pared with those without the
polymorphism.49,55,56

BDNF Gene Val66met
Polymorphism Impact on
Motor System
The first study to demonstrate an
effect of the BDNF gene val66met
polymorphism on activity-
dependent plasticity associated with
movement was conducted by Kleim
and colleagues.57 Following 30 min-
utes of fast index finger movement
training, individuals without the
polymorphism demonstrated a
greater expansion of motor maps
and greater increase in M1 excitabil-
ity, as measured by transcranial mag-
netic stimulation, when compared
with individuals with the met
allele.57 Another study demonstrated
similar results utilizing the same sim-
ple motor training task and fMRI
techniques in young individuals who
were healthy.58 Interestingly, it also
has been demonstrated that after 1
day of training on a similar index
finger motor task, individuals with-
out the polymorphism have greater
motor map plasticity compared with
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those individuals with the polymor-
phism; however, after 5 and 12 days
of training, there was no difference
in measures of plasticity between
genotypes.59 These results suggest
that extensive motor training may
overcome deficits in neuroplasticity
in met allele carriers. In contrast, 2
other studies showed no effect of
BDNF genotype on change in corti-
cal excitability evoked by a single
session of fast finger movement tasks
in young adults60,61; however, 1 of
these studies demonstrated a signifi-
cant effect of BDNF genotype when
a more complex visuomotor task
was practiced.61 Additionally,
McHughen and Cramer62 found that
there was no BDNF val66met poly-
morphism effect on motor map plas-
ticity evoked by the same fast index
finger movement paradigm as
described above when performed in
older adults who were healthy, sug-
gesting that the BDNF genotype
effects may be attenuated with
advanced age. However, null effects
of BDNF genotype on motor map
plasticity within this body of
research also may relate to the
nature of the motor tasks employed.
For example, given the importance
of BDNF for motor learning,19–21,63

plasticity may be more dependent on
the BDNF val66met polymorphism
when induced by tasks that involve
learning of a novel motor skill than
by tasks that involve simple repeti-
tion of a familiar movement.

Despite differences in neuroplastic-
ity, most studies thus far have found
no effect of BDNF genotype on
motor performance in young healthy
individuals.57,60,61 It has been sug-
gested that detecting behavioral
effects of the polymorphism may
require more sensitive measures of
motor performance.57 It is also pos-
sible that reduced neuroplasticity
may have larger and more detectable
behavioral effects when other CNS
functions have been compromised,
such as after an individual has sus-

tained a stroke. Furthermore, the
majority of studies have only tested
motor performance during and
immediately following motor task
training; as a result, they may have
missed any longer lasting effects that
would be detected with a delayed
retention test (ie, true motor learn-
ing effects).57,60,61 The only study to
use a delayed retention test showed
that individuals without the
val66met polymorphism demon-
strated greater relative retention on a
motor learning task compared with
those with the polymorphism.58

Thus, altered neuroplasticity as a
result of the BDNF val66met poly-
morphism may manifest behaviorally
as deficits in motor learning. Never-
theless, additional research specifi-
cally examining motor learning is
needed to further elucidate the
effects of the BDNF genotype on the
motor system.

BDNF Gene Val66met
Polymorphism Impact on
Recovery Poststroke
Evidence for a BDNF genotype effect
on neuroplasticity and motor learn-
ing in young individuals who are
healthy has led to speculation that
the BDNF val66met polymorphism
also may influence recovery after
stroke.15 Three studies have demon-
strated an association between the
met allele and poorer recovery rela-
tive to those without the polymor-
phism in the acute and subacute
stages following hemorrhagic stroke.
However, there are conflicting find-
ings regarding the long-term impact
of the polymorphism (ie, �1 month
poststroke) and limited evidence to
support an impact among individuals
with ischemic stroke.64–66 More-
over, these studies have all used
global outcome scales that do not
differentiate between recovery of
cognitive and motor function.64–66

Thus far, only 1 study of the BDNF
val66met polymorphism has been
conducted in individuals with
chronic stroke.67 In that study,

reductions in visual memory after
subarachnoid hemorrhage were
greater in met allele carriers when
compared with individuals without
the polymorphism; however, this
genotype effect was not present in
individuals with concurrent cerebral
infarctions.67 Thus, more research is
needed to understand BDNF geno-
type effects on different aspects of
recovery and long-term outcome, as
well as how the type of stroke influ-
ences these effects. Additionally,
effects of the BDNF gene val66met
polymorphism on motor learning
could potentially modulate response
to motor rehabilitation in the
chronic stage of stroke, but this rela-
tionship has not yet been
investigated.

BDNF Gene Val66met
Polymorphism to Inform the Use
of Aerobic Exercise for Motor
Rehabilitation
Previously, we considered the idea
of priming the CNS by prescribing an
acute bout of aerobic exercise in
concert with motor rehabilitation
training. As upregulation of BDNF is
thought to partly mediate the bene-
fits of aerobic exercise on brain func-
tion,26,27 aerobic exercise effects on
motor learning and rehabilitation
may be attenuated in individuals
with the BDNF gene val66met poly-
morphism. Supporting this conten-
tion is the finding that improvements
in object recognition memory fol-
lowing 4 weeks of aerobic exercise
are attenuated in individuals with the
BDNF val66met polymorphism com-
pared with those in the study with-
out the polymorphism.44

It is possible, then, that any benefi-
cial effects of aerobic exercise on
cognitive domains involved in motor
learning and rehabilitation also
would be reduced in individuals
with the BDNF val66met polymor-
phism. Nevertheless, aerobic exer-
cise may still be beneficial for motor
rehabilitation in BDNF val66met car-
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riers but may need to be prescribed
in greater amounts or at higher inten-
sity levels than prescribed to those
without the polymorphism. As more
intensive motor practice can over-
come the negative effects of the met
allele on motor map plasticity,59

more intensive aerobic exercise also
may overcome such negative effects.
Alternatively, it could be that reha-
bilitation strategies that target BDNF
are not effective for met carriers, and
as a result, other approaches may
need to be developed to promote
motor recovery in these individuals.
Figure 3 illustrates how the BDNF

gene val66met polymorphism may
influence the effects of aerobic exer-
cise on motor rehabilitation post-
stroke. Nevertheless, many other fac-
tors and molecular pathways,
besides BDNF signaling, could influ-
ence the effects of aerobic exercise
on the brain.68–70 As a result, aerobic
exercise may be a uniquely powerful
intervention that has positive effects
on brain function across many
genetic profiles. Regardless, an
improved understanding of the role
of genetics in motor rehabilitation
could potentially enhance the under-
standing of what effects aerobic

exercise may have on specific indi-
viduals and, as such, inform how it
could be most effectively prescribed.

Conclusions and Clinical
Implications
Rehabilitation strategies that pro-
mote motor learning-related neuro-
plasticity hold promise for improv-
ing functional outcomes poststroke.3

Aerobic exercise may be a particu-
larly effective means of enhancing
the capacity of the motor system for
plasticity by upregulation of neu-
rotrophins, such as BDNF.13,14,27

Importantly, aerobic exercise alone
does not induce neuroplasticity but
rather promotes the development of
a neural environment that is support-
ive of plasticity.71 To capitalize on
this effect for motor rehabilitation,
aerobic exercise bouts may need to
be performed in close temporal
proximity to purposeful motor skill
practice or experience. This idea is
supported by evidence suggesting
that an acute bout of aerobic exer-
cise immediately before or after
skilled motor practice enhances
motor learning in young adults who
are healthy.46 Further research is
needed to test this idea in individuals
with stroke.

Additionally, the basic neuronal pro-
cesses that mediate aerobic exercise
effects on the brain and facilitate
motor learning–related neuroplastic-
ity, such as the production and
activity-dependent secretion of
BDNF, depend on the expression of
specific genes.15 For example, the
effects of aerobic exercise on motor
learning–related neuroplasticity may
be attenuated in individuals with a
variant of the BDNF gene (val66met)
that reduces activity-dependent
secretion of BDNF.49,50 Knowledge
of this genetic variant could be used
to better individualize motor rehabil-
itation strategies. Although genetics
research is a promising avenue for
the development of individualized
rehabilitation strategies for people

BDNF val66met
Polymorphism

Intracellular
Trafficking of BDNF

Aerobic Exercise

BDNF Production

Activity-Dependent
Secretion of BDNF

Capacity for
Neuroplasticity

Motor Learning/
Response to

Rehabilitation

Motor Recovery

+

+

+

+

+

––

Figure 3.
The potential influence of the brain-derived neurotrophic factor (BDNF) val66met
polymorphism on the effects of aerobic exercise on motor recovery poststroke. Aerobic
exercise increases the production of BDNF, which then may increase the amount of
BDNF available for secretion via its activity-dependent pathway. Increased amounts of
BDNF secreted via the activity-dependent pathway could then enhance neuroplasticity,
resulting in an increase in response to motor rehabilitation and, ultimately, an increase
in motor recovery. However, the BDNF val66met polymorphism impairs the intracel-
lular trafficking of BDNF to the activity-dependent pathway by 25%. As a result, the
effect of aerobic exercise on neuroplasticity, response to rehabilitation, and motor
recovery may be attenuated in individuals with the BDNF val66met polymorphism
compared to those without it. The � and – signs indicate positive and negative effects,
respectively.
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with stroke, it is important to note
that a number of other factors,
including demographic or environ-
mental variables, can modulate the
functional effects of genetic varia-
tion.24,62,69 Nevertheless, as person-
alized health care (specifically reha-
bilitation strategies) becomes more
refined, the effects of interventions
may be optimized by the incorpora-
tion of genetic information. In con-
clusion, future research into aerobic
exercise and genetics may provide
exciting new directions for the
development of rehabilitation strate-
gies designed to promote optimal
neuroplasticity to improve motor
recovery after stroke.
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