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Abstract: Preserving brain health is
essential to maintaining quality of life
and cognitive function with age.
Exercise plays an essential role.
Aerobic exercise such as running and
cycling can enhance brain plasticity
through increasing gray matter
volume in the cerebellum and
temporal lobe, as well as the density of
connections in the brain’s frontal and
motor areas via upregulating brain-
derived neurotrophic factor (BDNF)
and serotonin systems. Anaerobic
exercise, such as weightlifting,
primarily increases gray matter
volume in the basal ganglia and
increases the density of connections in
the posterior lobe of the cerebellum. In
midlife, aerobic exercise can increase
white matter integrity and cortical
thickness in primary motor and
somatosensory areas, while in older
age it improves specific markers of
cognitive function, such as episodic
memory. With regards to
neurodegenerative diseases, aerobic
exercise has been linked to improved
memory performance and reduced
hippocampal atrophy in Alzheimer’s
disease. In Parkinson disease, aerobic
exercise has shown to reduce brain
atrophy, improve motor function and
cognitive control, while anaerobic
exercise improves motor performance
and information processing. Overall,

both aerobic and anaerobic exercises
are integral and complementary to
preserving brain health through
effects on cognitive function and
brain structure.
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Introduction

Why Brain Health Matters

Brain health is impacted by many
variables but is imperative to
neuroplasticity, cognitive function,
and mental well-being. How the
brain functions in sensory, cognitive,
social-emotional, behavioral, and
motor domains allows one to live to
their full potential and is an indicator
of brain health.1 Enhancing brain
health can reduce incidence of
neurological disease and improve
overall quality of life via improving
brain structure and function.1

Cognitive function is impacted by
brain health, and can decline due to
age-related changes in synaptic
connections fundamental to learning
and memory.2 Lifestyle

interventions, such as physical
activity, can help preserve brain
health and improve cognitive
function through enhancing synaptic
plasticity, neurogenesis, and
cerebral perfusion.3,4 The American
Heart Association encourages the
management of modifiable risk
factors such as hypertension,
diabetes, and physical inactivity as
ways to preserve brain health and
prevent cognitive impairment.5

Mental well-being, such as
preventing onset of depression or
anxiety, is impacted by brain health.
For instance, regular physical
exercise has shown to improve
symptoms of depression and
anxiety, enhance sleep quality, and
improve overall quality of life.6
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‘“Long-term regular exercise
reduces the likelihood of developing

cognitive impairment and
dementia.”’
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These benefits are mediated through
the release of neurotransmitters such
as dopamine and serotonin, which
regulate mood, as well as reductions
in oxidative stress and
neuroinflammation.7,8

Furthermore, neuroplasticity, the
brain’s ability to recognize itself and
form new connections, is pivotal to
brain health by allowing the brain to
recover from injuries and adapt to
new experiences. Neuroplasticity
has also been shown to be impacted
by diet and physical exercise.4,9

Recognizing how vital brain health
is for quality of life, many are eager
to find ways to preserve and
enhance it. Thus far, lifestyle factors,
such as exercise, have been shown
to be a promisingmethod to improve
domains of brain health, such as
cognitive function and mental well-
being. Exercise can improve
cognitive function through
promoting the release of growth
factors such as BDNF, which
enhances synaptogenesis,
angiogenesis, and neurogenesis,
directly impacting learning and
memory.7,8,10,11 Exercise also
improves cerebral blood flow and
mitochondrial formation, both
necessary for cognitive
health.4,8,12-17

Optimal brain health has been
correlated with regular, moderate-
intensity physical exercise, whether
aerobic, anaerobic or a mix of the
two.4,11,18 Significant cognitive
benefits have been shown attainable
with at least three sessions of 40
minutes of physical activity per
week.18

Exercise as a Modifiable Factor

Aerobic exercise, such as running
and cycling, increases heart rate and
oxygen consumption. Anaerobic
exercise, such as weightlifting and
sprinting, depends more on stored
energy in muscles rather than oxygen
and is marked by high-intensity
activity. Aerobic exercise has been
shown to improve memory, attention,
and executive function. These

improvements in cognitive function
are believed to be due to proven
increases in prefrontal cortex thickness
and hippocampal volume.11,19,20

Increased aerobic exercise has also
shown to improve mental well-being
through increasing release of
dopamine and serotonin in the brain,
which reduce neuroinflammation and
reduce symptoms of depression and
anxiety.21 Additionally, aerobic
exercise enhances neuroplasticity,
specifically neurogenesis and synaptic
plasticity in the hippocampus,
increased neurotrophic and vascular
factors that support neuronal growth
and survival.22

Anaerobic exercise can similarly be
used to modify brain health. It can
improve aspects of cognitive
function such as reaction time,
although impact on other areas of
cognitive function are not as
apparent as aerobic exercise.23 In
terms of mental well-being,
anaerobic exercise has shown
efficacy in reducing stress and
anxiety, although the mechanisms
are not as well delineated as aerobic
exercise.24 Additionally, anaerobic
exercise improves neuroplasticity,
particularly in the basal ganglia
which is involved in motor control
and procedural learning.24

Purpose

This review highlights the
importance of exercise as
a neuroprotective strategy due to the
body of literature that shows its
ability to enhance cognitive
function, mental well-being, and
neuroplasticity. Exercise can
improve memory, attention, and
executive function through
upregulation of neurotrophic and
growth factors such as insulin-like
growth factor-1 (IGF-1) and vascular
endothelial growth factor (VEGF),
which support neurogenesis and
synaptic plasticity in the
hippocampus.25-27

Exercise is also incredibly useful in
improving mental health due its ability
to increase dopamine and serotonin

neurotransmitter release in the brain,
improving mood and anxiety. It also
reduces neuroinflammation and
oxidative stress that can worsen
mental health outcomes.7,8 Exercise
supports cognitive resilience
throughout life by also increasing
neuroplasticity. Thus, the brain can
better organize itself and form new
neural connections when adapting to
new experiences, or recovering from
injury.28-30 Exercise is also
neuroprotective against
neurodegenerative diseases such as
Alzheimer’s and Parkinson’s disease.
Through increasing neuronal survival,
neurogenesis, angiogenesis, and
reducing neuroinflammation and
oxidative stress, exercise can delay
brain aging and preserve memory and
cognition.31,32

Overview of Brain Health
and Cognitive Function

Definition of Brain Health

Brain health is multifaceted and has
many contributing factors, such as
cognitive, emotional, and motor
health.33,34 Cognition is critical to
brain health, and is identified by
processes such as memory,
attention, and executive function.
These cognitive processes are
crucial for everyday life and can be
preserved and enhanced through
activities such as physical exercise,
education, and social
engagement.35,36

Memory is another critical
contributing factor to cognition that
can be preserved and improved with
lifestyle interventions, such as physical
exercise. Regular physical exercise
promotes neurogenesis and synaptic
plasticity in the hippocampus, a brain
area key for memory.2,37 Mental health
is also necessary for brain health, is
influenced by cognitive function and
neuroplasticity, and is positively
modified by physical exercise and
social engagement. These modifiers
help reduce symptoms of depression
and anxiety.35,37
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Neurogenesis, BDNF, and
neuroplasticity play crucial roles in
maintaining aspects of brain health,
such as memory and attention.
Neurogenesis allows for new
connections to be made in the brain,
such as in the hippocampus for
storing memory.38,39 BDNF is
a neurotrophin that supports the
survival, growth, and differentiation
of neurons. It improves synaptic
plasticity and is important in learning
and memory. It brings about these
changes through signaling via its
TrkB receptor, and can be
modulated by physical activity,
stress, and environment.38-41

Increased neuroplasticity supported
by neurotrophic signaling, improved
metabolic function, and reduced
neuroinflammation is also protective
against neurodegenerative diseases
and symptoms of depression.38,42

Importance of Physical Activity

Neuroimaging evidence shows that
brain structure and function change in
response to regular physical activity.6,8

Physical activity improves memory,
attention, executive function,
processing speed, and academic
performance. These improvements
are thought to be due to exercise-
induced neurogenesis in the
hippocampus facilitated by
neurotrophic and vascular factors that
support neuronal growth and synaptic
remodeling.8 While physical exercise
promotes brain health, sedentary
behavior has shown to negatively
impact brain health by reducing
cognitive function, brain volume, and
even cortical thickness in regions such
as themedial temporal lobe, critical for
memory.43-45

Mechanisms Linking
Exercise to Brain Health

Aerobic Exercise and Brain
Health

Cardiovascular and Metabolic
Effects. Aerobic exercise increases
cerebral blood flow, which increases
oxygen and nutrient delivery to

brain areas critical for memory and
learning, such as the
hippocampus.46,47 Increasing the
flow of oxygen and nutrients to the
hippocampus allows it to increase in
volume, leading to improvements in
spatial memory and overall cognitive
function. A randomized clinical trial,
for instance, showed that regular
aerobic exercise specifically
increased anterior hippocampus
size, reversing age-related volume
loss and improving memory.46

These hippocampal changes are
mediated by elevations in growth
factors such as insulin-like growth
factor-1 (IGF-1) and vascular
endothelial growth factor (VEGF),
which promote neurogenesis,
angiogenesis, and synaptic
remodeling.46,48,49

Neurochemical Changes. Positive
effects of aerobic exercise arise from
coordinated neurochemical,
vascular, and anti-inflammatory
responses that enhance synaptic
strength. Growth factors including
IGF-1 and VEGF promote neuronal
survival, differentiation, and
angiogenesis, and their levels rise
with aerobic activity.15,50-53 These
changes are particularly evident in
the hippocampus, where
neurogenesis and synaptic
remodeling improve spatial memory
and cognitive function.51-53 The
increased synaptic plasticity in these
brain areas allows for improved
cognitive resilience and recovery
after brain injury, which leads to
better executive function, attention,
processing speed, and cognitive
performance.15,50-53

Neurochemicals important to
maintaining good mental health,
such as dopamine and serotonin, are
also released more in response to
regular aerobic exercise.15,50-53

Reduction in Neuroinflammation
Reduction of Oxidative Stress.

The primary way aerobic exercise
reduces oxidative stress in the brain is
by upregulating expression of

antioxidant enzymes such as catalase
(CAT), superoxide dismutase (SOD),
and glutathione peroxidase (GPx),
which neutralize reactive oxygen
species. These specific enzymes are
upregulated via activation of the
nuclear factor erythroid 2-related
factor 2 (Nrf2) signaling pathway,
which increases expression of
antioxidant response elements
(AREs) like heme oxygenase-1 (HO-
1) and NAD(P)H quinone
dehydrogenase 1 (NQO1).54-56

Reduction of Inflammation.
Aerobic exercise decreases brain
inflammation by reducing the
activation of resident immune cells
in the brain—microglia and
astrocytes—leading to decreased
production of pro-inflammatory
cytokines such as interleukin-6 (IL-
6), interleukin-1 beta (IL-1β), and
tumor necrosis factor-alpha (TNF-α).
Exercise also inhibits other key
regulators of inflammation, namely,
the mitogen-activated protein kinase
(MAPK), and nuclear factor kappa-
light-chain-enhancer of activated
B cells (NF-κB) pathways.57-59 The
NF-κB pathway is modulated
through the release of irisin,
a myokine which reduces
expression of inflammatory
mediators.59

Anaerobic Exercise and Brain
Health

Impact on Muscle and Brain
Connection. Anaerobic exercise,
including resistance training,
improves brain health by stimulating
the release of myokines such as irisin
and cathepsin B, which cross the
blood–brain barrier and activate
neurotrophic and vascular pathways
that support synaptic plasticity and
neurogenesis.60,61 Anaerobic
exercises such as strength training
also improve coordination and
motor skills through increasing
corticospinal excitability and
increasing synaptic efficacy. These
changes lead to better motor control
and cognitive performance. Strength
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training also improves inter-
muscular coordination, which
stabilizes sensorimotor coordination
and improves the execution of
complex motor tasks.14,62,63

Hormonal Responses. Anaerobic
exercise changes levels of
neurotrophic factors and hormones,
such as insulin-like growth factor 1
(IGF-1) and testosterone. Changing
levels of these factors can improve
brain plasticity and cognitive
performance. For instance, strength
training increases IGF-1 production
by the liver. IGF-1 can then cross the
blood–brain barrier and go to the
hippocampus, where it promotes
neurogenesis and synaptic plasticity.
Simultaneously, the increased levels
of IGF-1 facilitate neuronal growth
and modulate synaptic transmission,
contributing to improved learning
and memory.14,64

The sex hormone testosterone is
also neuroprotective, increases with
anaerobic exercise, and improves
synaptic plasticity and neurogenesis.
The effects of testosterone are
particularly helpful in combating
age-related cognitive decline.65

Potential for Reducing Anxiety and
Depression. Anaerobic exercises also
improve mood and mental health
through their impact on
neurotransmitters such as serotonin
and dopamine. Meta-analyses and
systematic reviews have shown that
anaerobic exercises such as
resistance training significantly
reduce symptoms of depression and
anxiety. These protective effects
help preserve cognitive
function.66-69

Aerobic Exercise—
Cognitive and Emotional
Benefits

Memory-Linked Hippocampal
Changes

Aerobic exercises such as running
and cycling improve memory and
learning by causing changes in

hippocampal volume via the same
mechanisms described in the section,
“Mechanisms Linking Exercise to
Brain Health”. For instance,
a randomized controlled trial showed
that hippocampal volume can
increase by 2% in response to regular
aerobic exercise. The increase in
hippocampal volume is correlated
with improved spatial memory and
reversal of age-related volume loss.46

Interestingly, aerobic exercise’s
impact on hippocampal volume is
greatest during adolescence, with
the greatest effect on the
hippocampal head, specifically the
CA1 region and the dentate gyrus/
CA3 subregion. Increased volume of
the CA1 region is correlated with
improved verbal and spatial
learning. Increased volume of the
dentate gyrus/CA3 subregion has
shown to improve mnemonic
discrimination, which helps in
learning and memory.70,71

Cognitive Flexibility and
Attention

Aerobic exercise has been shown
to improve cognitive flexibility and
attentional control through
enhancements in executive function.
Executive functions, including
attention, self-control, and planning,
are strengthened in part due to
exercise-induced increases in
neurotrophic signaling and synaptic
plasticity within brain regions
involved in cognition.72,73

Additionally, executive functions
such as cognitive flexibility and
attention are improved with
increased cerebral blood flow,
nutrient, and oxygen delivery to the
brain during and after aerobic
exercise.49,53

Enhancement in Processing
Speed

Aerobic exercise enhances the
brain’s ability to process information
quickly and efficiently through
improvements in cognitive flexibility,
attentional control, and overall
executive function. Specifically,

aerobic exercise can improve aspects
of cognitive flexibility such as
switching between tasks, facilitating
task-set reconfiguration and
maintaining a task in working
memory, leading to improved
performance when task-
switching.74-76 Aerobic exercise’s
enhancement of cerebral blood flow
to the brain also leads to faster
response times and accuracy in tasks
requiring inhibitory control.77-79 These
improvements in information
processing speed, attention, and
executive function are largely brought
about via the same mechanisms
described in the section, “Mechanisms
Linking Exercise to Brain Health”.13,80

Improvement in Working
Memory

A systematic review and meta-
analysis demonstrated that aerobic
exercise significantly improves
working memory in middle- and
older-age adults.80 These
improvements are believed to be
due to mechanisms and hormonal
changes described in the section,
“Mechanisms Linking Exercise to
Brain Health”.16,77,80,81 Effective
problem-solving and decision-
making require inhibitory control
and cognitive flexibility to absorb,
adapt, and make decisions. These
cognitive domains have been shown
to improve with acute aerobic
exercise.12,82

Mood Regulation and
Neurotransmitters

The two main neurotransmitters
that impact mood regulation and
stress are serotonin and dopamine.
Aerobic exercise can increase the
release of both serotonin and
dopamine, leading to improved
mood regulation and stress
reduction through different
pathways. Mechanistically,
dopamine increases production of
BDNF, which also leads to increased
TrkB receptor activity. Serotonin,
however, increases synaptic
plasticity in key integration centers
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of the brain, such as the anterior
cingulate cortex (ACC). Both
pathways promote feelings of
happiness and well-being and are
protective against symptoms of
depression.66,83

Cortisol Regulation

Through improved regulation of the
hypothalamic-pituitary-adrenal (HPA)
axis, aerobic exercise can lessen
feelings of stress by decreasing serum
cortisol levels. Regular aerobic
exercise strengthens negative
feedback on the HPA axis, which
allows for finer control of cortisol
release in response to stressors, and
lower baseline cortisol levels. For
instance, a study showed that
participants who engaged in aerobic
exercise had significantly reduced
cortisol levels in response to stress,
indicating improved HPA axis
modulation.84 Regular aerobic
exercise also increases adrenal gland
sensitivity to stress, leading to more
rapid and efficient cortisol response to
stressors, which decreases chronic
exposure to elevated cortisol levels.85

Anaerobic Exercise and
Specific Brain Functions

Coordination and Brain
Connectivity

Resistance and strength training
exercises improve motor skills and
neuromuscular coordination
through enhancing coordination
between muscle groups and
changing brain chemistry. For
instance, strength training improves
inter-muscular coordination and
increases corticospinal excitability,
leading to greater neurocognitive
control. These changes also allow
for improved performance on
cognitive tasks requiring fine motor
skills. These improvements allow
the brain to more efficiently process
and respond to motor
information.63 Improvements in
cognitive control and
neuromuscular coordination during
motor skills are also partly due to

neurochemical changes described
in the section, “Mechanisms Linking
Exercise to Brain Health”, which
support neurogenesis and synaptic
plasticity during learning of motor
skills.10

Strength Training and Mental
Health

Anaerobic exercises, such as
resistance training, can significantly
reduce symptoms of depression and
anxiety in different populations and
settings. For instance, a study showed
that low-to-moderate intensity
resistance training (<70% 1 repetition
maximum) reliably decreases
anxiety.69,86 Moreover, resistance
training can also improve disorder-
specific symptoms, such as intolerance
of uncertainty, distress tolerance, and
anxiety sensitivity in patients with
anxiety disorders.69,86 With regards to
depression, a meta-analysis
highlighted how resistance exercise
training, through regulating
neurotransmitter and neurotrophic
factors, can reduce symptoms of both
depression and anxiety.87

Furthermore, The American College of
Sports Medicine endorses resistance
training as a treatment to substantially
reduce symptoms of anxiety and
depression across all age groups.88

While both anaerobic and aerobic
exercises have shown to improve
mental health outcomes, they can do
so through targeting different aspects
of stress reduction and mood
regulation. Aerobic exercises such as
running and cycling, for instance,
enhance mood and reduce stress
primarily by increasing release of the
neurotransmitters dopamine and
serotonin, and reducing serum cortisol
levels.89 Anaerobic exercises such as
resistance training, in contrast, have
more of an impact on cognitive
control via neuromuscular
adaptations, enhancing coordination
and motor skills, which are linked to
cognitive function.69 Depending on
the mental health outcome desired,
one can vary the amount of aerobic
and anaerobic exercise they perform.

Cognitive Behavioral Changes

Anaerobic exercises, such as
strength training, can improve self-
efficacy, cognitive control, and
mental well-being. Resistance
training with weights, for instance,
allows individuals to feel a sense of
accomplishment andmastery as they
progress in using heavier weights
and as they see their muscles
increase in size. These physical
changes over time have been shown
to improve self-efficacy, mental
health outcomes, and ability to
regulate stress during adversity.10

Additionally, strength training
enhances cognitive control through
improving neuromuscular
coordination and executive function.
Improvements in cognitive functions
such as attention, processing speed,
and inhibitory control, have been
correlated to neuroplastic changes
within the brain during resistance
exercise.10 These refinements have
been shown to be mediated by
growth factors and hormonal changes
described in the section, “Mechisms
Linking Exercise to Brain Health”.

Exercise and
Neurodegenerative
Diseases

Alzheimer’s Disease and
Dementia

Protective Effects of Aerobic Exercise.
Aerobic exercise can slow cognitive
decline through improving vascular
function and preserving hippocampal
volume. Hippocampal volume is
correlated with learning and memory,
and has been shown to increase in
response to regular aerobic exercise
via neurochemical changes described
in the section, “Mechanisms Linking
Exercise to Brain Health”.46

Specifically, a randomized clinical trial
showed that aerobic exercise training
increased the volume of the anterior
hippocampus by 2%, decreasing age-
related volume loss and improving
spatial memory.46

Additionally, regular aerobic
exercise improves oxygen and
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nutrient delivery to the brain by
enhancing cerebral blood flow.
Among individuals carrying the
Apolipoprotein E4 allele—a genetic
risk factor for Alzheimer’s disease—
a study found that aerobic exercise
improved hippocampal blood
flow.90 Another study showed
improved blood flow specifically to
the anterior cingulate cortex, an area
associated with improved memory
function.91 Regular aerobic exercise
has also shown to increase cognitive
scores among people with dementia
and mild cognitive impairment. For
instance, a randomized controlled
trial showed that aerobic exercise
reduced hippocampal atrophy and
improved memory performance.81

Potential Benefits of Strength
Training. Resistance training can
reduce brain atrophy and increase
brain connectivity, preventing
overall cognitive decline. Data from
the Study of Mental Activity and
Resistance Training (SMART) trial
suggests that resistance training
protects hippocampal subfields,
specifically the left subiculum, left
CA1 and dentate gyrus, for at least
one year post-intervention. These
hippocampal subfields are prone to
atrophy in Alzheimer’s disease, and
their preservation also led to long-
term cognitive function
improvements in the studies’
participants, highlighting the link
between preserving brain structure
and function.92 In their narrative
review, Nicola et al present evidence
from randomized controlled trials
that resistance exercise increases
gray matter volume in the
hippocampus and parahippocampal
gyrus, a protective mechanism
against AD.93 Furthermore, they
show that these neuroprotective
effects occur in a dose–response
relationship in adults already
experiencing cognitive decline.93

Resistance training also improves
functional brain connectivity,
specifically global cognition and
gray matter in the posterior cingulate,

a region necessary for cognitive
control and memory. Studies show
how improvements in these areas
correlate with increased functional
connectivity between the
hippocampus and surrounding brain
regions, highlighting how resistance
training increases the density of
functional networks.94 Additionally,
with regards to Alzheimer’s disease,
studies with older women
demonstrate that resistance training
twice per week significantly decreased
atrophy of cortical white matter,
improved memory, and executive
function for over 2 years after study
completion.95 These results support
resistance training as a worthwhile
means of protecting the brain from
age-related atrophy and decline.95

Parkinson’s Disease

Motor Control and Aerobic Activity.
Aerobic exercise can improve motor
and cognitive symptoms of
Parkinson’s disease (PD), such as
bradykinesia and memory
impairment. Parkinsonian symptoms
due to a deficit of dopamine in
specific brain regions can be reversed
with aerobic exercise-induced
secretion of dopamine. For instance,
aerobic exercise has been shown to
significantly increase dopamine levels
and function in the striatum of rat
models.96 Dopamine release in the
caudate nucleus and activity in the
ventral striatum has also been shown
to significantly increase with aerobic
exercise.97 Mouse models of
Parkinson’s disease not only show
improvements in motor function and
striatal signaling with aerobic exercise,
but also suggest aerobic exercise can
regulate the extracellular signal-
regulated kinase/mitogen-activated
protein kinase (Erk/MAPK) signaling
pathway. Regulation of the Erk/MAPK
signaling pathway improves motor
deficits in PD.98

Furthermore, the Park-in-Shape
trial reported that regular aerobic
exercise strengthened connectivity
between the anterior putamen and
the sensorimotor cortex, enhancing

cognitive control.99 Additionally,
aerobic exercise promotes
neuroplasticity by supporting the
remodeling of neuronal connections
in brain regions affected by
Parkinson’s disease, leading to
improvements in motor and
cognitive symptoms.100

Role of Anaerobic Exercise.
Anaerobic exercises’ positive effects
onmuscle control and fall risk can be
leveraged to protect individuals with
Parkinson’s disease (PD) from injury.
Regular anaerobic exercise, such as
strength training, can help improve
force generating capacity, neural drive,
and functional performance. Abilities
with the greatest improvement
included chest press, leg press, plantar
flexion, and rate of force development,
all important for performing activities of
daily living.101 Working on balance
though training with instability during
exercise can also decrease fear of
falling in PD patients. More specifically,
strength training involving high motor
complexity improves scores for
balance, stability, and reduces fear of
falls compared to strength training
alone.102 Additionally, regular
resistance exercise has been shown to
improve strength, balance, sit-to-
stance, and timed up-and-go in PD
patients.103 Furthermore, combining
fall prevention education with regular
resistance exercise can significantly
decrease the rate of falls over the span
of a year, highlighting its impact on
preserving functional
independence.104

Exercise Across the
Lifespan

Childhood and Adolescence

Cognitive Development. Many
studies have shown that aerobic
exercise regimens can have positive
impacts on children’s memory,
attention, and cognitive function.
More specifically, aerobic exercise
can improve adolescent executive
function, working memory,

American Journal of Lifestyle Medicine ▪▪–▪▪ 2026

6



inhibitory control, and cognitive
flexibility. For instance, Liu et al
demonstrated in their systematic
review and meta-analysis that acute
and chronic exercises significantly
improve the aforementioned
cognitive domains in adolescents.105

A study by Li et al reviewed the
impacts of exercise on academic
performance and cognitive function
in adolescents, arguing that memory
was the domain most enhanced by
regular aerobic exercise.106 Their
study also showed that academic
performance is significantly
improved with chronic exercise
regimens.106

Combining physical activity with
activities requiring thinking and
mental processing also leads to
improved cognitive function. For
instance, Ferreira Vorkapic et al argues
that exercise interventions that have
the greatest impact on executive
function are those involving team
games and coordination activities,
combining physical exertion with
cognitive stimulation, and social
interaction.107 In terms of improved
academic performance, Davis et al
performed a randomized clinical trial
showing improved math achievement
scores and executive function in
overweight children performing
regular exercise.108 Their study also
suggested a neurophysiological basis
for the cognitive improvements by
providing preliminary evidence that
exercise increased participants’
prefrontal cortex activity.108

Adults and Older Adults

Exercise for Cognitive Preservation.
Aerobic and anaerobic exercises are
becoming more recognized as tools
to combat age-related cognitive
decline and preserve brain health in
old age. Studies on regular aerobic
exercise have shown that it benefits
blood flow, vascular function, and
neuronal growth and connections in
the brain even in old age. Among
older adults, those who regularly
perform aerobic exercise have been
shown to have better spatial memory

and larger hippocampal volume.
These beneficial effects have been
recognized by The American
College of Sports Medicine, which
endorses aerobic exercise as
a method to enhance executive
function and brain performance
through improvements in
cerebrovascular regulation.109-111

Anaerobic exercises, such as weight
training, are also beneficial for
protecting memory and executive
function with age. Through
mechanisms described in the section,
“Mechanisms Linking Exercise to
Brain Health”, anaerobic exercise can
lead to more synaptic connections
being formed and reorganized during
learning tasks. These cognitive
improvements during regular
anaerobic exercise, or combined with
aerobic exercise, have been
recognized by The American College
of Sports Medicine.110-113

Preventing Age-Related Diseases.
Aerobic and anaerobic exercise can
reduce the risk of developing
neurodegenerative conditions such
as Alzheimer’s disease (AD) and
dementia. For instance, a meta-
analysis by Ahlskog et al highlights
how elderly individuals can reduce
their risk for cognitive decline and
dementia with aerobic exercise.109

Randomized controlled trials have
shown that aerobic exercise
regimens can increase hippocampal
volume and spatial memory among
seniors, and thus prevent decline in
cognition.109 Additionally, anaerobic
exercises, such as weight training,
lead to significant increases in
BDNF, which enhances the ability of
neurons to form new connections
and thus form new memories while
retaining old ones.110 Remarkably,
Steves et al showed that leg power in
midlife is a significant predictor of
cognitive aging over a 10-year
period in older women, irrespective
of vascular, metabolic, lifestyle, and
socioeconomic confounders.114 This
association remained true in
monozygotic twins with disparate

leg power, indicating the effect isn’t
explained by genetics or
environment.114

Clinical studies also show the
beneficial effects of exercise
specifically among patients with AD
or at risk for dementia. For instance,
Panza et al reported significant
improvements in global cognition
and executive function among
individuals with or at risk for ADwho
participated in trials of regular aerobic
exercise. A study by Karamacoska
et al also showed significant increases
in global cognition and executive
function in response to regular
exercise among individuals at risk for
dementia.18,115 Mechanistically,
exercise preserves memory and
executive function primarily through
supporting synapse formation and
cerebrovascular function. More
specifically, levels of neurotrophic
factors, such as nerve growth factor
(NGF), both increase during exercise
and enhance neuron survival and
synapse formation. These changes
are looked at more closely by
Pahlavani et al, who report how
aerobic exercise preserves
hippocampal volume and enhances
synapse flexibility, both necessary
for maintaining cognitive health in
old age.59

Recommendations and
Guidelines

Optimal Types and Duration of
Exercise

Suggestions for incorporating
aerobic, anaerobic, or a combination
of the two forms of exercise into
one’s exercise routine are provided
by age group in Table 1, or by
exercise type below:
Aerobic Exercise:

(1) Type: Walking, jumping rope,
rowing, cycling, elliptical,
swimming, and running are
effective.109,115

(2) Intensity: Moderate intensity,
∼3.7 metabolic equivalents
(METs) recommended.115
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(3) Frequency/Duration: One
hour, two to three times per
week, is recommended.116

Anaerobic Exercise (Resistance
Training):

(1) Type: Weightlifting, calisthenics,
resistance bands, body weight
exercises.110,116

(2) Intensity: What the individual
considers moderate to high
intensity, with a focus on major
muscle groups, such as chest for
upper body, and calf for lower
body.

(3) Frequency/Duration: Two to
three times per week for 45-60
min.110,116

Combined and Integrative
Training:

(1) Combined Aerobic/Anaerobic:
Regularly performing a mix of
these two forms of exercise can
produce greater cognitive
benefits in terms of memory and
executive function.11,110,115,116

(2) Integrative/Coordination
Training: Incorporating
cognitive tasks during exercise,
and working on balance and
flexibility, can further enhance
cognitive benefits.18,116

Limitations and Future
Directions

Despite the large body of evidence
showing that exercise improves
brain health, there are limitations

that should be addressed. While
several randomized controlled trials
(RCTs) show the independent effects
of aerobic or anaerobic exercise,
there are few comparing the effects
of one to the other. This lack of
comparative studies makes
recommending a specific exercise
modality to patients with specific
circumstances difficult.3

Additionally, outcome measures
of brain health and performance
tend to vary, making it difficult to
compare results. Some studies also
do not provide detailed
information about the exercise
protocols they employed.
Furthermore, there’s relatively little
data from studies involving under-
represented minorities and
neurodiverse individuals, such as
those with autism or ADHD,
limiting the generalizability of
findings to diverse populations.3

Addressing these issues will lead to
a more complete and generalizable
understanding of the effects of
exercise on brain health.

Gaps in the Current Literature

Further studies are needed to
explore the long-term outcomes of
anaerobic training, and the
mechanisms behind its impact on
brain health.

(1) Quality Evidence for Anaerobic
Exercise: Compared to aerobic
exercise, there are far fewer
studies exploring the effects of
anaerobic exercise, short- and
long-term. The difference in

research quantity and quality
means we can be more
confident about the proven
health benefits of aerobic
exercise, since it’s been studied
far more extensively and
consistently. In contrast,
anaerobic exercise may offer
similar or complementary
benefits, but the evidence base
is smaller, so our certainty about
its full effects is lower.
Furthermore, there are fewer
studies focused on identifying
optimal parameters, such as
frequency, duration, and
intensity of anaerobic exercises
needed to maximize cognitive
benefits across the lifespan.3,117

(2) Molecular Mechanisms: The
exact mechanism(s) behind the
neuroprotective effects of
anaerobic exercise are yet to be
fully elucidated. Further studies
should also investigate the
function of neurotrophic factors
and Cathepsin B. Serum levels of
these neurotrophic factors are
adjusted with long-term
exercise, and they are correlated
with increases in memory.
However, the mechanism
behind how these neurotrophic
factors improve memory is still
not clear. Furthermore, the
interplay between strength
training and mitochondrial
function, and brain-muscle
signaling should be further
studied.118,119

(3) Epigenetics and miRNA:
Exercise may regulate gene

Table 1.

Brain Health Exercise Dose.

Age Group Type Frequency/Duration Key Benefit

Children Aerobic + team games ≥60 min/day Executive function, memory

Adults Aerobic + strength 150 min/week (aerobic) + 2x/week (strength) Memory, processing speed, mood

Older adults Mixed + coordination 3x/week, 45-60 min each session Dementia risk reduction, balance, mood
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expression relevant to cognitive
performance via epigenetic
mechanisms, including DNA
methylation, histone acetylation,
and miRNAs (e.g., miR-132,
which modulates neurotrophic
signaling pathways involved in
synaptic plasticity).120 More
investigation into exercise’s
influence on epigenetics and
vice versa is needed to better
understand its potential
generational cognitive
benefits.4,62,120-122

(4) Gut-Brain Axis: Current clinical
evidence indicates that aerobic
exercise and resistance training
exert distinct effects on gut
microbiota composition and
neurocognitive outcomes in
humans. Aerobic exercise,
particularly at moderate intensity
and sustained duration (e.g., 150-
270 minutes per week
for ≥8 weeks), consistently
increases gut microbial diversity,
augments the abundance of
beneficial taxa such as Firmicutes
and Akkermansia, and promotes
short-chain fatty acid (SCFA)
production, which is linked to
improved metabolic and
cognitive health.123-126 Aerobic
modalities (walking, running,
swimming) are associated with
enhancements in executive
function, memory, and fronto-
hippocampal neuroplasticity,
with more pronounced cognitive
benefits observed in older adults
and those with lower baseline
fitness.111,127,128

Resistance training, while less
studied, induces modest changes in
gut microbiota composition, notably
increasing SCFA-producing genera
such as Blautia, without significantly
altering overall microbial diversity in
short-term interventions.129

However, resistance training reliably
improves executive function, global
cognition, and neuroplasticity,
potentially via upregulation of
neurotrophic factors (e.g., IGF-1),

increased gray matter thickness, and
reduced hippocampal
atrophy.10,130,131 The cognitive
benefits of resistance training are
evident across age groups, including
older adults and those with cognitive
impairment.
Regarding exercise intensity,

moderate-intensity aerobic exercise
is optimal for gut and brain health,
whereas high-intensity interval
training may transiently increase
intestinal permeability and systemic
inflammation, potentially impairing
cognitive outcomes.132-134 Both
aerobic and resistance modalities are
beneficial, but their effects on the
gut-brain axis are mediated by
distinct microbial and
neurobiological mechanisms.
Combining both types may offer
additive benefits for cognitive and
metabolic health.10,130

Current gaps in the literature
regarding the beneficial effects of
exercise on the gut-brain axis
include limited mechanistic
understanding, insufficient human
interventional data, and a lack of
standardized exercise protocols.
Most evidence is derived from
preclinical or observational studies,
with relatively few well-powered
randomized controlled trials in
humans that directly link exercise-
induced changes in gut microbiota to
neurocognitive or psychiatric
outcomes.133,135-137 The
heterogeneity of study designs,
including variations in exercise
modality, intensity, duration, and
participant characteristics,
complicates the interpretation and
generalizability of findings.135,138,139

Additionally, the precise dose–
response relationship between
exercise and gut-brain axis
modulation remains unclear, and the
long-term sustainability of
microbiota changes after cessation of
exercise is not well
established.133,135,139 There is also
a paucity of data on older adults,
individuals with comorbidities, and
those at risk for neurodegenerative

or psychiatric disorders, limiting
clinical translation.136,139 Mediation
analyses to confirm causality
between microbiota shifts and brain
outcomes are rarely performed, and
confounding factors such as diet,
medication, and baseline fitness are
often insufficiently controlled.136,137

Finally, functional ‘omics
approaches (e.g.,
metatranscriptomics, metabolomics)
are underutilized, restricting insight
into the molecular mechanisms
underlying exercise-gut-brain
interactions.133

(5) Neuroinflammation and
Neurogenesis: More
investigation is needed into how
different exercise durations
impact neurogenesis in the
hippocampus and
neuroinflammation.62

(6) Comparative & Long-term
Studies: More studies are
needed comparing aerobic and
anaerobic exercise, and
combinations of the two, in
order to determine the most
effective exercise strategies for
cognitive enhancement. New
studies can improve
understanding of the dose–
response relationship of each
form of exercise and specific
cognitive enhancements.4,122

Potential for Personalized
Exercise Interventions

Personalized exercise prescriptions
for optimal cognitive benefit can
become a reality with more research
in the following areas:

(1) Individualized Exercise
Programs: New studies should
aim to determine specific factors
that cause specific exercise
programs to work for some
individuals and not for others.
These factors may include
genetics, epigenetics, and
physiological factors that impact
how certain individuals respond
to specific exercise programs.
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Müllers et al express the need for
personalized exercise programs
to maximize neuroplastic and
preventive effects.140

(2) Combined Aerobic and
Anaerobic Exercise: Future
research should focus on how
aerobic and anaerobic exercise
can optimally be performed
together for different
individuals. Voss et al notes the
importance of both exercise
types for preserving brain health
in older adults.122

(3) Long-term Effects and Dosage:
More longitudinal studies are
needed to better understand the
dose–response relationship
between different forms of
exercise and specific cognitive
benefits among different age
groups of both men and women.4

(4) Molecular Mechanisms: More
in-depth investigation is needed
into the mechanisms through
which neurotrophic factors,
neurogenesis, and synaptic
plasticity lead to cognitive
benefits. Nicolini et al express
the need for more research in
this area to develop effective
personalized exercise
prescriptions.141

(5) Neuroimaging and Biomarkers:
Identifying new biomarkers and
using different neuroimaging
techniques can allow researchers
to track specific structural and
functional brain changes in
response to exercise.

(6) Under-represented Populations:
It’s imperative that future research
include diverse populations so
that findings are generalizable.
Researchers such as Boa Sorte
Silva et al stress the importance of
new research being inclusive of
under-represented groups to
address cognitive health outcome
disparities.3

Conclusion

Long-term regular exercise
reduces the likelihood of

developing cognitive impairment
and dementia. Multiple prospective
studies show that seniors who
perform regular aerobic exercise
significantly reduce their risk of
dementia and also increase
hippocampal size and achieve
higher cognitive performance
scores.109 Researchers believe
these benefits are due to improved
cerebrovascular function,
neuroplasticity, and blood flow.112

Similarly, regular anaerobic
exercise, while supported by less
research, promotes neuroplasticity
in brain areas susceptible to age-
related shrinkage, and has shown to
improve memory and executive
function.18 While both improve
brain health, exercise routines
combining both anaerobic and
aerobic elements lead to the most
significant cognitive improvements
in memory and executive function.19

While more research is needed to
uncover the molecular mechanisms
behind these cognitive benefits, it’s
evident that exercise increases brain
levels of neurotrophic factors,
neurogenesis, and the size of brain
areas important to memory, such as
the hippocampus.142 These changes
are all protective against
neurodegenerative disease, and
have shown to enhance cognitive
functions, such as attention.143

Despite exercise’s proven ability
to promote cognitive resilience and
protect against neurodegeneration,
more research is still needed to
create individualized exercise
prescriptions for cognitive benefit.
To do so, research is needed to
identify individual factors that
influence response to exercise,
how aerobic and anaerobic
exercise can be integrated for
optimal results, and the
mechanisms behind subsequent
brain changes.4,144-153
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