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From the Editor

Dr Pieter Rossouw

Editorial

The Ageing Brain and Exercise

In this edition we focus on a selected literature overview of (mostly) 
randomised controlled studies on the ageing brain and exercise. This is an important aspect of maintaining 
wellness and covers a portion of the workshop on the neuroscience of the ageing brain that will run later 
this year in all major cities in Australia. The overview briefly describes the methodology of the studies, the 
key findings as well as the implications for therapy from a neuroscience perspective.

Institute for Neuropsychotherapy

We are very excited to announce the launch of the Institute for Neuropsychotherapy. Over the years 
many clinicians who attended the Mediros workshops requested some access to information about spe-
cific aspects of neuroscience and applications of neuroscience for clinical practice. This has led to the 
development of online modules to learn more about the brain, neurochemicals, neural networks, neural 
development, the neuroscience of mental illnesses and treatment from neuropsychotherapeutic perspec-
tive.  Currently 16 modules have been completed and another 24 are in construction. The modules are 
developed in a unique way to enhance learning – short video clips with explanations are followed by short 
multiple choice questions to ensure effective understanding of the content prior to proceeding with the 
next sections.

Each module is complimented with some reading materials - easy level as well as advanced levels (the 
choice lies with the participant, on which level they prefer to engage) and at the end a certificate of com-
pletion is issued. The modules takes between 1 – 2 hours to complete and can count towards Professional /
development points. The modules can also be used as content for peer supervision. We are encouraged by 
the interest in these modules and hope it will fulfil the expressed need. The modules are not commercially 
driven and cost only $30 each. To visit the website go to

www.tnptinstitute.com

Workshops 2015

The schedule for 2015 is now available and will be up on the Mediros website in a few weeks. Due to 
increasing demand to teach overseas the workshop schedule is limited for 2015.

A new workshop for 2015 will run in Sydney, Melbourne and Brisbane. This workshop: The Adolescent 
Brain: Utilizing Neurobiological information to enhance Mental Health and Learning, will explore the 
development of the young brain and why Australia is increasingly falling behind on global levels on all 
parameters (Programme for International Student Assessment Report - PISA (OECD 2013). It also explores 
lessons from neuroscience research to address these issues and maximise key outcomes - capacity, inno-
vation and motivation. This conference is suitable for educators, school counsellors and clinicians who are 
involved in the education system.

Enjoy the read!

Pieter Rossouw - Editor

http://www.tnptinstitute.com
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A friendly reminder of the closing dates for the EARLY BIRD RATE 
for the last Mediros Workshop for 2014.

REGISTRATION FORMS ON LAST PAGES OF THIS E-JOURNAL
OR

FOR ONLINE REGISTSTRATION and more Workshop Information – www.mediros.com.au
OR

Email admin@mediros.com.au for a Registration Form

WORKSHOP: The Ageing Brain and Neuropsychotherapy – 6 CPD

Presenters:   Dr Pieter Rossouw 
Early Bird Rate:   $ 395.00
Standard Registration: $ 445.00 

ADELAIDE  WORKSHOP DATE: 08 November 2014 – Venue: To be confirmed 
   Early Bird Closing Date: 25 September 2014

MELBOURNE  WORKSHOP DATE: 15 November 2014 – Royal Melbourne Hosp, Grattan Street, 
   Parkville
   Early Bird Closing Date: 25 September 2014

BRISBANE  WORKSHOP DATE:  21 November 2014 – Education Centre, RBW Hospital, Herston
    Early Bird Closing Date: 25 September 2014

SYDNEY  WORKSHOP DATE: 28 November 2014 – The Portside Conference Centre, 207 Kent 
   Street
   Early Bird Closing Date: 29 September 2014

PERTH  WORKSHOP DATE: 12 December 2014 – St Catherine’s College, Uni WA, 2 Park
    Road, Nedlands
   Early Bird Closing Date: 13 October 2014

http://www.mediros.com.au
mailto.admin@mediros.com.au
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Training Schedule – Dates for 2015 
REGISTRATION FORMS ON LAST PAGES OF THIS E-JOURNAL
OR
Email admin@mediros.com.au for a Registration Form

The Brain & Anxiety: Neurobiological information as Psychotherapeutic Tool 
CPD - 12 hours specialised training
Sydney 30 April & 1 May 2015, Portside Centre, Level 5, 207 Kent Street, Sydney

The Neuroscience of Depression: New opportunities for Effective Treatment 
CPD - 12 hours specialised training
Melbourne - 31 Jul & 1 Aug 2015 - Royal Melbourne Hospital, Grattan Street, Parkville

The Developing Brain and the Neuroscience of Memory and Trauma
CPD - 12 hours specialised training
Melbourne - 23 & 24 April 2015 - Royal Melbourne Hospital, Grattan Street, Parkville

The Social Brain and the Neuroscience of Relationships
CPD - 12 hours specialised training
Brisbane - 28 & 29 May 2015 - RBW Hospital, Herston Rd, Herston, Brisbane

The Ageing Brain and Neuropsychotherapy
CPD - 6 hours specialised training
Sydney - 20 November 2015 - Portside Centre, Level 5, 207 Kent Street, Sydney
Melbourne - 5 December 2015 - Royal Melbourne Hospital, Grattan Street, Parkville

Master Class – Applied Strategies for the Treatment of Anxiety
CPD - 6 hours specialised training
Brisbane - 27 November 2015 - RBW Hospital, Herston Rd, Herston, Brisbane

NEW RELEASE 2015 Workshop
The Adolescent Brain – 

Utilizing Neurobiological Information to enhance Mental Health and Learning.
CPD - 12 hours specialised training
Brisbane - 27 & 28 August 2015 - RBW Hospital, Herston Rd, Herston, Brisbane
Sydney - 10 & 11 Sept 2015 - Portside Centre, Level 5, 207 Kent Street, Sydney
Melbourne - 16 & 17 Oct 2015 - Royal Melbourne Hospital, Grattan Street, Parkville
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Book Review
Geriatric Neuropsychology

Assessment and Intervention

By: Deborah Koltai Attix (Editor), Kathleen A. Welsh-Bohmer 
(Editor)

This major clinical reference and text is the first volume to 
systematically address the entire process of neuropsychological as-
sessment and intervention with older adults. The expert editors and 
contributors detail the current state of knowledge about frequently 
encountered conditions ranging from mild cognitive impairment to 
progressive, stable, and reversible dementias.

Timely and authoritative, this book is carefully structured to help 
clinicians formulate and meet positive, realistic treatment goals 
based on comprehensive evaluation.

PART I presents an integrative model for assessment and re-
views issues critical to the neuropsychological evaluation of fre-
quently encountered syndromes and diseases.

PART II offers a dynamic framework for intervention. An array of 
widely used approaches are discussed, including cognitive skills training, compensatory techniques, and 
psychotherapeutic strategies. Helpful suggestions are given for maximizing the benefits of treatment and 
available outcome data are summarized. Throughout, the book emphasizes the value of evidence-based 
interventions for improving the functioning, coping and quality of life of geriatric patients and their fami-
lies, even in cases of irreversible cognitive decline. 

A unique guide that sensitively explores both the challenges and the rewards of this evolving area of 
practice, this volume belongs on the desks of clinicians, students, and researches in neuropsychology, ger-
ontology, clinical psychology, psychiatry, neurology, occupational and physical therapy, and rehabilitation 
medicine



EXERCISE HAS LONG BEEN KNOWN TO BE ADVANTAGEOUS to cardio-
vascular health 2, 156, protecting against lifestyle diseases associated with ageing.  
There is also increasing evidence to suggest that exercise could also benefit age-
related and neurobiological cognitive decline 38, 118.  This is very crucial, as rates of 
dementia are rising, with 35.6 million people worldwide suffering from dementia 
in 2010 139.  But exactly how much, how long, how often and what intensity is 
required to be beneficial?  Is more, really more?  In the face of such public uncer-
tainty and debate, researchers have been eager to answer these questions.  
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A recent (2014), literature search was con-
ducted with search terms “exercise, physi-
cal activity, BDNF, cortisol, serotonin, 
dopamine, ACTH, CRF, neuroplasticity, 

neuroprotection, neurodegeneration, neurogen-
esis, ageing brain, stress chemicals, cognition, cog-
nitive”.  Twenty key literature derived from the lit-
erature search are featured and summarised in this 
article.  The featured literature focused on exercise 
and its effects on the ageing brain on human sub-
jects.  The literature analysed different intensities, 
durations, types of exercise, and age groups, also 
investigating anaerobic vs. aerobic exercise, seden-
tary vs. physically active, and its effects on different 
types of cognition and measures of neurochemicals, 
in their studied population.  

Interestingly, two of the findings indicate that 
neurocognitive benefits from cognitive fitness can 
occur in a relatively short amount of time 38, and 
that physical activity even in the short-term had 
improved cardiovascular fitness, brain function 
and cognition 34.  Other findings show that moder-
ate to high levels of exercise seem to benefit plan-
ning, executive responses and executive functions in 
the middle to older age range adults as compared 
to their less active counterparts, and more so than 
in younger age ranges 12.  This is aligned with sev-
eral studies which indicate that physical active el-
derly adults performed better on cognitive testing 
as compared to less active counterparts 182, and that 
persistence in engagement with physical exercise in 
the long-term slows down the rate of memory de-
cline with cognitive benefit 142, 7.    

Increased obesity above the WHO2/3 group was 
found to alter the homeostatic endocrine response 
with higher ghrelin (appetite stimulating hormone) 
levels in one study 162.  Another study found that ex-
ercise increases circulating growth factors towards 
optimal levels, which could be beneficial to cogni-
tion and disease progression 175.   One finding also 
indicated that high-intensity as compared to low-in-
tensity exercise had a greater increase in serum-BD-
NF, however it was not sustained 148. Whereas some 
literature did not find any difference between sed-
entary, moderately-trained and endurance-trained 
older adults in their DHEA hormonal response to ex-
ercise 83.   

Exercise being an affordable low-cost interven-
tion, it is highly worthwhile exploring appropriate 
interventions and recommendations towards bet-
ter health and quality of life.  These and many other 
findings featured in this article help to paint a pic-
ture of the effects of exercise on cognition.  Perhaps 

it would be encouraging to know that it is not an “all-
or-nothing’ approach to exercise for cognitive ben-
efit, spurring us on to getting fitter and sticking to 
our New Year’s resolution.  

Colcombe, S. J., Elavsky, S., Kramer, A. F., Erickson, 
K. I., Scalf, P., McAuley, E., . . . Marquez, D. X. (2004). 
Cardiovascular fitness, cortical plasticity, and aging. 
Proceedings of the National Academy of Sciences of the 
United States of America, 101(9), 3316-3321. doi: 10.1073/
pnas.0400266101 38

Data collected from animal models suggest that 
cardiovascular fitness training (CFT) could offset de-
clines in cognitive performance.  However to date, 
little research has been done on humans.  In animals, 
aerobic exercise has been found to increase brain-
derived neurotrophic factor (BDNF) levels and other 
important neurochemicals 36, 126.  This increases neu-
ronal survival 6, synaptic development and plastic-
ity 117, and new neuron development 170.  The brain 
is thus more efficient, plastic and adaptive, which 
results in better learning and performance in adult-
hood 170.  

Two separate human studies were conducted to 
show that increased cardiovascular fitness results in 
increased functioning of the brain’s attentional net-
work during a cognitively challenging task.  Study-1 
was a cross-sectional analysis with 41 high function-
ing, community dwelling older adults without psy-
chiatric disability.  They were separated into high or 
low-fit groups according to their V02 uptake during 
a one-mile walk protocol.  Cognitive testing, func-
tional MRI (fMRI) and behavioural analyses were 
conducted.  Study-2 was a randomized clinical trial 
with a separate sample of 29 high functioning, com-
munity dwelling older adults who participated in the 
longitudinal study.  The participants were randomly 
assigned to an aerobic or a non-aerobic (stretching 
and toning control) group and participated in inter-
ventions of 40-45 mins, three times a week over a 
six-month period.  Cognitive testing, fMRI, behav-
ioural analyses and cardiorespiratory fitness were 
conducted.   

In both studies, high-fit (study-1) or aerobically-
trained (study-2) participants showed greater task-
related activity in the prefrontal and parietal cortices 
regions involved in spatial selection and inhibitory 
functioning as compared to their control partici-
pants.  This is consistent with research conducted 
on animal models and emerging human neurosci-
ence studies.  Furthermore, in the high-fit or aerobi-
cally trained participants there was also a reduced 
amount of activity in the anterior cingulate cortex 
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(ACC), which is associated with the presence of be-
havioural conflict and having to adapt to attentional 
control processes.  This suggests that CFT benefits 
the aging human brain by improving its plasticity 
and may reduce biological and cognitive aging in 
humans.   

Both the high-fit and aerobically trained groups 
showed similar beneficial impacts of functional re-
cruitment, which suggests that neurocognitive ben-
efits from cardiovascular fitness can begin even in a 
relatively short amount of time.  From animal stud-
ies, one of the possible mechanisms for this benefit 
is through the increase in BDNF and other nerve 
growth factors associated with CFT 36, 126 thereby in-
creasing the number of synapses in frontal and pa-
rietal regions, allowing for greater recruitment of 
these areas under high cognitive load.  Another pos-
sible mechanism is that increased fitness increases 
blood supply to these regions and provides the met-
abolic resources needed to perform well on cogni-
tive tasks.  There could also be cholinergic effects 
from exercise, which allows for faster learning 70.

Voss, M. W., Mailey, E. L., Olson, E. A., Gothe, N., 
Vieira-Potter, V. J., Martin, S. A., . . . Wójcicki, T. R. 
(2013). Neurobiological markers of exercise-related 
brain plasticity in older adults. Brain, behavior, and 
immunity, 28, 90-99. doi: 10.1016/j.bbi.2012.10.021 
175

Research from animal models has found that 
neurochemicals such as brain-derived neurotrophic 
factor (BDNF), insulin-like growth factor-1 (IGF-1) 
and vascular endothelial growth factor (VEGF) me-
diate effects of exercise on the brain and cognition 
45, however little is known of the mechanisms in 
humans. Brain-training has been found to benefit 
functional connectivity in brain networks involved in 
the relationship between cognition and brain behav-
iour 176, including the default mode network (DMN), 
the fronto-parietal and fronto-executive or cingulo-
opercular network, which are involved in cognitive 
control 177.  BDNF, IGF-1 and VEGF are interdepend-
ent and play complementary roles in the mecha-
nisms by which exercise impacts brain networks.  
Therefore, the aim of this study was to explore the 
relationship between serum-BDNF, IGF-1 and VEGF 
on exercise induced benefits on the brain during a 
one-year randomised aerobic exercise program for 
healthy older adults.  The study also sought to deter-
mine whether the change in concentration of these 
growth factors was linked with changes in functional 
connectivity from exercise, and the degree that pre-

intervention growth factor levels influenced training 
related changes in functional connectivity.  

Sixty-five healthy elderly adults, aged between 
55-80 years, right-handed participants were recruit-
ed.  A modified Mini-Mental Status Exam (mMMSE) 
157 was conducted and only participants with a score 
≥51 were included.  Participants had to be physi-
cally inactive for six-months prior to participation as 
determined by participant reports.  All participants 
also had no significant abnormal health conditions 
and all female participants were self-reported as 
post-menopausal.  Participants were randomized 
into either an aerobic walking group (n=30) or a con-
trol non-aerobic stretching and toning (FTB; n=35) 
group.  Aerobic fitness by VO2max was assessed by 
graded maximal exercise testing using a treadmill.  
Structural and functional MRI, and blood serum 
were collected and analysed. 

There were no group-level changes in growth 
factors through intervention.  However, in the aero-
bic walking group but not in the control, there was 
an association between increased BDNF, IGF-1 and 
VEGF and increased temporal lobe connectivity be-
tween the bilateral parahippocampus and the bilat-
eral middle temporal gyrus.  There was also an asso-
ciation between higher pre-intervention VEGF levels 
and greater training-related increases in functional 
connection.  This result is similar to rodent models, 
but is the first human study to show an association 
between serum-BDNF, IGF-1 and VEGF and exercise 
related plasticity. It is also the first study to show that 
higher baseline VEGF is associated with increased 
aerobic exercise-induced benefits on functional con-
nectivity in the temporal cortex. 

This study suggests that aerobic exercise-related 
increases in circulating growth factors is connected 
to temporal lobe functional brain connectivity in 
healthy older adults. Future research could focus on 
discovering the specific exercise type, duration and 
intensity which would provide optimal changes in 
growth factors and how these increases are benefi-
cial to cognition and disease progression.  

Chapman, S. B., Aslan, S., Spence, J. S., Defina, 
L. F., Keebler, M. W., Didehbani, N., & Lu, H. (2013). 
Shorter term aerobic exercise improves brain, cog-
nition, and cardiovascular fitness in aging. Frontiers 
in aging neuroscience U6. 34

It has long been known that exercise benefits 
cardiovascular health 2, 156.  There is also evidence 
to suggest that increased cardiovascular fitness can 
help reduce age-related neurobiological and con-
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gitive declines 38, 118.  Aerobic physical exercise is a 
low cost intervention that can counter cognitive de-
clines in memory, executive function, visuospatial 
skills and processing speed in normal aging adults 
23, 63.  Previous research has focused on the medium 
to long-term (>six months) effects of exercise, how-
ever short-term effects have yet to be studied.  The 
aim of the current study is to examine cognitively 
healthy sedentary adults who were randomised 
into physical training or a control, wait-list group for 
three-months for changes in brain blood flow, cogni-
tion and fitness.  

Thirty-seven cognitively normal adults ranging 
from 57-75 years of age were randomised into either 
a physical training (n=18) or a wait-list control group 
(n=19).  Participants had a sedentary lifestyle prior 
to intervention with no regular activity of more than 
20-mins twice a week.  The physical training pro-
gram consists of three 60-min sessions of aerobic 
exercise per week.  Physiological measures (VO2max 
and rating of perceived exertion, RPE), neurocogni-
tive measures, MRI scans and resting cerebral blood 
flow (CBF) were collected and analysed at baseline 
(T1), mid-intervention (T2) and at completion of 
week 12 (T3).   

V02max improved maximally at T2, and the RPE 
improved from T1 to T3 for the physical training 
group as compared to controls.  The physical train-
ing group improved significantly in tests of cognitive 
performance in improved immediate and delayed 
memory performance from T1 to T3, and relative to 
the control group which remained unchanged.  Cog-
nitive gains were also significantly positively associ-
ated with increases in both left and right hippocam-
pal CBF at T2.  The physical training group had an 
increase in resting-state CBF from T1 to T3 in the 
bilateral anterior cingulate (ACC) compared to the 
control group.  

This study suggests that even shorter-term aero-
bic exercise in sedentary elderly adults can facilitate 
neuroplasticity, improve cognitive and brain health 
thereby stemming the consequences of normal age-
ing.  Increased physical activity, even in the short-
term improved cardiovascular fitness (VO2max and 
RPE), brain function (resting regional CBF) and cog-
nition (i.e, immediate/delayed memory).  These ben-
efits were evident as early as six-weeks into the in-
tervention.  This evidence is similar to benefits found 
after longer-term exercise gains 38, 176.  This study pro-
vides evidence to show associations between exer-
cise-induced improvements in cerebrovascular and 
cardiovascular measures, CBF increases in ACC and 
improved fitness levels with gains in verbal memory 

linked to increased CBF in hippocampi.  However 
there is still little evidence to define the clear mecha-
nism of which exercise brings about improvements 
to brain health.  The earlier a sedentary adult starts 
regular physical activity, the better, as the brain and 
cognition declines steeply from age 50 onwards 56.

Berchicci, M., Lucci, G., & Di Russo, F. (2013). Ben-
efits of physical exercise on the aging brain: the role 
of the prefrontal cortex. The journals of gerontology. 
Series A, Biological sciences and medical sciences, 
68(11), 1337. 12

With ageing, older adults show increasing pre-
frontal cortex (PFC) engagement due to an age-
related decline in executive processes and senso-
rimotor functions 84.  A recent study observed an 
age-related over-recruitment of the PFC during the 
motor preparation stage 11.  This increase reliance 
on the cognitive control mechanism slows down the 
speed of information processing and also reduces 
the availability of cognitive resources to process, 
store and retrieve information 151.  The compensa-
tion hypothesis suggests that there are various neu-
ral/behavioural deficits in elderly adults therefore 
there is an over-activation or recruitment of other 
brain areas to compensate for the deficit 130.  The 
dedifferentiation hypothesis suggests that with age 
there is a loss of neural specialization and neural rep-
resentations become less distinct, therefore there is 
an over-activation 130.  The older brain differs specifi-
cally from the younger brain in the delay in motor 
response time (RT).  There is evidence to support the 
association of physical exercise to an improvement 
in ageing related structural and functional changes 
and also in mental, social and physical health 52.  The 
aim of this study is to evaluate the effects of physical 
exercise on the executive functions of the PFC pre-
ceding a visuo-motor discriminative task.

One hundred and thirty healthy normal partici-
pants aged between 16-80 years, were divided into 
physical exercise (PEP; n=73) and non-physical ex-
ercise (N-PEP; n=57) groups.  This was based on a 
self-reported questionnaire on physical exercise. N-
PEP participants were not involved in any structures 
or planned physical exercise and PEP participants 
reported regular physical exercise of at least three 
days/week of one-hour/session.  Each participant 
was individually tested for response times, accura-
cy and the premotor activity of the PFC, which was 
separately correlated with age for the two groups. 

RT increased with age and there was no corre-
lation between age and response accuracy.  This is 
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similar to previous studies where response speed 
but not accuracy decreases with age.  The onset la-
tency and peak amplitude of PFC activity were sig-
nificantly correlated with age and physical exercise, 
however the determination coefficients were lower.  

This study furthers previous research by studying 
a wider age-range population.  In the younger partic-
ipants, physical activity was found not to affect PFC 
activity, there was also no significant differences in 
the executive processes between groups as they 
were both easily able to accomplish the task with 
decreased effortful task preparation in the PFC.  In 
participants over 38 years of age, active individuals 
engaged the PFC less and were faster than less ac-
tive counterparts.  This study has shown that moder-
ate-to-high levels of exercise in middle to older age 
adults has benefits in the planning and executive 
responses as well as executive functions mediated 
by the PFC.  Therefore, physical exercise benefits on 
brain function is especially important from middle 
age onwards and policy should advocate volitional 
activity in middle-age onwards adults. 

Goda, A., Ohgi, S., Kinpara, K., Shigemori, K., 
Fukuda, K., & Schneider, E. B. (2013). Changes in se-
rum BDNF levels associated with moderate-intensi-
ty exercise in healthy young Japanese men. Spring-
erPlus, 2(1), 1-6. doi: 10.1186/2193-1801-2-678 74

Rates of dementia are on the rise with 35.6 million 
people worldwide suffering from dementia in 2010 
and expected prevalence of 65.7 million by 2030 and 
115.4 million by 2050 139.  In a meta-analysis of aero-
bic exercise interventions there was a modest but 
significant improvement in attention and process-
ing speed, executive function and memory in exer-
cise-trained individuals 155.  Research has also shown 
that higher aerobic fitness was linked to larger hip-
pocampal volume and improved neuronal health, 
along with benefits to neurophysiological and struc-
tural changes in the brain 63.  However there is little 
evidence to demonstrate the underlying physiologi-
cal mechanisms for these effects.  In rodent models, 
aerobic exercise has been found to increase brain-
derived neurotrophic factor (BDNF) expression in 
the brain 126.  Human studies have shown that acute 
low intensity aerobic exercise increases BDNF in pe-
ripheral blood 128, however the effect is transient and 
moderate, with levels returning to baseline upon 
exercise cessation 146, 160.  However, higher intensity 
exercise for a longer duration significantly elevated 
serum-BDNF 67.  The aim of this study was to spe-
cifically investigate the effects of acute moderate-

intensity physical activity on serum-BDNF levels in 
young healthy Japanese men.   

Forty young adult Japanese men (mean age=24.1) 
with a sedentary lifestyle for the last six-months 
were recruited.  After application of the exclusion 
criteria, 33 participants remained.  The subjects 
first performed a graded exercise test (GXT) to de-
termine the baseline workload that corresponded 
to 60% VO2max for the individual.  The participants 
were given a rest period of 48-hours between the 
GXT and the endurance exercise of 30-mins at 60% 
VO2max.  Blood samples were collected immediately 
before and after the endurance exercise and serum-
BDNF analysed.  Participants were instructed to for-
go strenuous exercise 24-hours before the baseline 
and endurance exercise.  Food, caffeine, alcohol and 
smoking were prohibited three-hours prior to each 
phase. 

Serum-BDNF rose in only 50% (n=18) of the sub-
jects and the group mean values of serum-BDNF 
were not significantly increased after exercise.  This 
is inconsistent with results from western population 
studies, however research on healthy young Japa-
nese women did not result in an increase in serum 
BDNF levels 128.  The result from the present study 
suggests that moderate aerobic exercise does not 
affect serum BDNF levels in young Japanese popula-
tions as a whole.   

A plausible reason for the discrepancy in findings 
is the effect of the human BDNF gene polymorphism 
(Val66Met), which is more common in Japanese than 
those of Western heritage.  This variant could result 
in lower BDNF production during exercise, and is 
found in 50% of the Japanese population 92.  How-
ever this polymorphism was not measured in this 
study’s participants.  It is therefore highly probable 
that there is an underlying factor in male Japanese 
subjects that accounts for the differences in findings 
to Western studies.   

Heaney, J. L. J., Carroll, D., & Phillips, A. C. (2013). 
DHEA, DHEA-S and cortisol responses to acute ex-
ercise in older adults in relation to exercise training 
status and sex. AGE, 35(2), 395-405. doi: 10.1007/
s11357-011-9345-y 83

Androgens such as dehydroepiandrosterone 
(DHEA) and dehydroepiandrosterone sulphate 
(DHEA-S), produced by the adrenal cortex, have 
been found to affect various bodily systems and to 
be anti-ageing with immune-enhancing properties 
29.  Whereas cortisol, also produced by the adrenal 
cortex, is immunosuppressive if chronically elevated 
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24.  The production of DHEA and DHEA-S declines 
with age and is produced most between 20-30 years 
of age 10, 109, whereas cortisol production increases 
with age 51, 172.  Therefore ageing is associated with 
immune impairments, infection and disturbances 
to the musculoskeletal system 135, 178.  Exercise may 
stem the natural progression of ageing as DHEA-S 
has been found to be significantly higher in endur-
ance-trained older men 163.  DHEA-S has also found 
to be positively correlated with VO2max 

18. However 
to date there have been no studies focused on the 
different levels of acute exercise training status and 
the response of DHEA, DHEA-S and cortisol in older 
males and females.  This study aims to investigate 
the levels of DHEA, DHEA-S and cortisol at resting, 
during exercise and recovery for older males and 
females with different exercise training status.  The 
hypotheses are that exercise-trained older adults 
would have higher levels of DHEA-S and lower cor-
tisol/DHEA ratio, and that sedentary older adults 
would have greater hormonal response to acute ex-
ercise. 

Forty-nine community dwelling older adults, aged 
60-77 years, who were either sedentary (n=14), mod-
erately active (n=14) or endurance trained (n=21) 
were recruited.  This study is of a cross-sectional 
design and comprised of an acute exercise bout of 
around 23-min and 49s with participants reaching 
76.5% of maximal heart rate, and the completion 
of a 14-day exercise diary.  Blood samples were col-
lected before, immediately post and one-hour post 
exercise, and analyses DHEA, DHEA-S and cortisol 
were conducted. 

There were no significant group differences in any 
of the hormone parameters at any time. For all the 
groups, DHEA levels increased significantly imme-
diately post-exercise, however DHEA-S levels only 
increased significantly for the older females.  Corti-
sol levels were found to decrease immediately post-
exercise and one-hour post exercise as compared to 
pre-exercise. 

This current study’s results suggest that there is no 
difference between sedentary, moderately-trained 
and endurance-trained older adults in their hormo-
nal response to exercise, with all groups able to pro-
duce the same DHEA response to exercise.  This is 
not in line with previous literature 25 which found that 
trained middle-aged men required a greater amount 
of exercise to produce the hormonal response.  Al-
though there were no differences between groups, 
there were differences between males and females, 
with a significantly higher increase in DHEA-S in 
females immediately post-exercise, whereas their 

male counterparts did not.  This result is similar to 
research on early post-menopausal women 96.  Even 
though this research suggests that long-term exer-
cise has little effect on the hormonal status of older 
adults, more longitudinal studies are required to de-
termine if exercise can maintain or improve the age-
ing endocrine system.

Jacks, D. E., Sowash, J., Anning, J., Mc-
Gloughlin, T., & Andres, F. (2002). Effect of ex-
ercise at three exercise intensities on salivary 
cortisol. Replace with PublicationTitle: Journal of 
strength and conditioning research, 16(2), 286. doi: 
10.1519/1533-4287(2002)016<0286:EOEATE>2.0.
CO;2 93

Cortisol is a catabolic glucocorticoid that influ-
ences metabolism and immune function 78, 132, and 
stimulates gluconeogenesis by sparing glucose and 
reducing protein stores leading to skeletal muscle 
wastage 168.  Previous research seems to indicate 
that cortisol concentration increases with long-du-
ration, high-intensity exercise, however low-intensi-
ty and short-duration exercise effects are not clear 
48, 50, 57.  Some of the previous research have also not 
controlled for diet, therefore the impact of exercise 
alone is not known.  The aim of this study is to inves-
tigate salivary cortisol concentration from exercise 
with a resting session as a control for diurnal varia-
tion.  

Ten healthy, recreationally active men of aver-
age age 25.6 years were recruited.  Participants ex-
ercised a minimum of two-times per week for 20-
mins to 40-mins a day during the previous six-week 
period.  Participants underwent a familiarization 
trial before the testing.  The participants underwent 
maximal exercise testing, where the testing was 
terminated when the subject could no longer main-
tain the cadence of 75-revolutions/min on a cycle 
ergometer.  Participants were instructed to wake up 
at a standard time, consume a breakfast of 500kcal 
three-hours before exercise without any additional 
food between breakfast and the trial.  They were 
also instructed to reframe from high-intensity ex-
ercise 48-hours prior to testing.  On three separate 
occasions, participants completed one-hour of cycle 
ergometry at around 44.5, 62.3 and 76 % of VO2 peak 
and a resting session.  Saliva samples were obtained 
before exercise and at 10, 20, 40 and 59 mins of exer-
cise and at 20-mins of recovery.  Capillary blood was 
collected three-mins before and after the one-hour 
exercise and measured for blood glucose concentra-
tion. 



Neuropsychotherapy in Australia Issue 2812

Cortisol levels were significantly higher at 59-mins 
of high-intensity exercise as compared to 59-mins of 
low-intensity exercise or at rest.  Cortisol levels were 
also higher at 20-mins of recovery as compared to 
at rest or after 20-mins of recovery from low-inten-
sity exercise.  No significant differences in cortisol 
concentrations between resting, low-intensity and 
moderate-intensity exercise.  Also, exercise at less 
than 40-mins of duration had no significant corti-
sol concentration difference at any intensity.  The 
reason for the incorporation of a resting trial was to 
compare the regular cortisol concentrations at spe-
cific times of the day to the same times with exer-
cise.  Therefore the changes can be solely attributed 
to the exercise.

It appears that only high intensity (76% VO2 peak) 
and long-duration (59-mins) has a significant impact 
on cortisol levels.  This is consistent with previous 
literature 48, 50, 57.  In terms of practical application, 
individuals may participate in any intensity exercise 
up to one-hour without concern for the catabolic ef-
fects of cortisol.  The increased caloric expenditure 
will be from carbohydrate and fat stores.  However 
other research has shown that heavy-resistance 
training at even short durations may increase corti-
sol elevations 80, 102, 105.

Gilder, M., Ramsbottom, R., Currie, J., Sheridan, 
B., & Nevill, A. M. (2014). Effect of fat free mass 
on serum and plasma BDNF concentrations dur-
ing exercise and recovery in healthy young men. 
Neuroscience letters, 560, 137. doi: 10.1016/j.neu-
let.2013.12.034 72

Past research has found that brain-derived neu-
rotrophic factor (BDNF) promotes neuronal survival 
and is neuro-protective against neurological diseas-
es 125.  One of the ways BDNF aids neural plasticity is 
through the activation of the Trk B receptor 42.  BDNF 
is produced primarily through the central nervous 
system (CNS), 70% at rest and following exercise, 
and also by many non-neural tissues, which release 
it into circulation 101, 131, 141.  Research has also shown 
that skeletal muscle increases BDNF following ex-
ercise but it is not released into circulation, instead, 
it is used by the skeletal muscle cells to increase fat 
oxidation via the AMPK pathway 121.  It is unclear 
the degree of contribution to circulating BDNF by 
peripheral tissues 71, especially during exercise and 
recovery.  This study aims to measure serum BDNF 
levels during submaximal exercise and the effect on 
exhaustive exercise to gain insight into BDNF physi-
ological regulation in blood following exercise.  

Twenty-nine men were recruited but only 23 
men’s results were analysed.  Participants reported 
engaging in a wide variety of physical activity, they 
were also healthy, non-smokers and were not tak-
ing any prescribed medication.  Physical parameters 
such as body-mass, height, fat free mass and blood 
pressure were taken.  A modified standard exercise 
was conducted, and blood samples were collected 
during steady-rate and after exercise to determine 
the maximum aerobic power.  Serum and plasma 
BDNF levels were analysed.

Mean serum and plasma BDNF concentration lev-
els increased significantly from steady-rate exercise.  
Immediately post-exhaustive exercise serum-BDNF 
levels decreased, and declined further during recov-
ery.  The serum-BDNF levels returned to concentra-
tions not significantly different from rest by 30-mins 
and 90-mins post-exercise.  The plasma-BDNF levels 
took longer than the serum levels to return to base-
line.  The plasma levels were always approximately 
100 times lower than the serum levels as expected.  
The level of increase of plasma-BDNF from baseline 
to immediately post-exercise was 99%.  The level of 
serum-BDNF increase was only 33%, which is simi-
lar to previous research 146.  Measurements of serum 
levels may not be representative of BDNF that is 
free to mediate neuro-protective and/or metabolic 
effects as platelets are able to take up the BDNF 71.  
However platelets are unable to manufacture the 
BDNF, therefore plasma BDNF is a good representa-
tion of BDNF primarily secreted from the brain 141.  It 
is unclear the exact reasons for platelet storage of 
BDNF, one hypothesis is that platelets are a major 
site of temporary storage of brain released BDNF 
following exercise.  

There was a significant group by time result, with 
a greater release and faster recovery in serum-BDNF 
for high compared to low fat free mass participants.  
There was also a faster return to baseline serum-
BDNF levels, which may reflect differences in both 
aerobic training and resistance training status for 
high compared with low fat free mass groups.  It is 
therefore hypothesised that participants with larger 
proportion of fat free mass and who are aerobical-
ly fit may have significant differences in BDNF re-
sponse to exercise and the time taken for it to return 
to baseline levels post-exercise. 

   
Thomas, G. A., Kraemer, W. J., Comstock, B. 

A., Dunn-Lewis, C., Volek, J. S., Denegar, C. R., & 
Maresh, C. M. (2012). Effects of resistance exercise 
and obesity level on ghrelin and cortisol in men. Me-
tabolism: clinical and experimental, 61(6), 860. doi: 
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10.1016/j.metabol.2011.10.015 162

There is evidence to suggest that increasing re-
sistance exercise (RE) can improve body composi-
tion, lipolysis and muscle growth, thereby reducing 
risk of obesity, dyslipidemia, and type-2 diabetes 
159.  Exercise benefits weight loss through increas-
ing energy expenditure and also through the regu-
lation of appetite and post-exercise energy balance 
17.  The gut hormone ghrelin is the only known ap-
petite-stimulating hormone in humans and strong-
ly influences energy homeostasis and appetite 1, it 
also reduces energy utilizations and increases body 
weight 115.  It is primarily produced in the stomach by 
neuroendocrine cells and has effects on the arcuate 
nucleus of the hypothalamus and the pituitary so-
matotrophs 5, 77.  It is hypothesized that RE may sup-
press gherlin and therefore decrease appetite during 
weight loss and subsequent weight maintenance.  
This study aims to determine if a single RE protocol 
increases total gherlin and cortisol differently in lean 
and obese men with more limited increases in obese 
individuals. 

Nineteen healthy male sedentary participants, 
average age of 20 years, who were non-smokers, not 
taking any medications or dietary supplements were 
recruited.  The participants were grouped according 
to the body mass index (BMI); there were nine lean 
men, five WHO class 1 obese and five WHO class 2/3 
obese participants.  All participants completed five 
exercise protocol visits and repeated the same RE 
routine each visit to familiarize themselves before 
the acute RE testing (ARET), which was performed 
at least one week after the fifth visit.  Blood samples 
were collected 20-mins after sitting quietly, 15-mins 
before the RE, halfway through the protocol and 
+50, +70 and +110 min post ARET.  

As expected, significant differences on body 
composition were found between the groups.  There 
was no increase in total levels of ghrelin in response 
to RE.  Using Sidak pairwise comparisons, the ghre-
lin levels were significantly greater in the WHO class 
2/3 obese participants as compared to the lean and 
WHO 1 obese group.  Therefore increased adipos-
ity altered the homeostatic endocrine response but 
only for the WHO 2/3 group, indicating that the level 
of obesity is important consideration for hormonal 
response.  It is believed that in this group the elevat-
ed ghrelin is due to the up-regulation of insulin from 
the sustained adiposity.  These findings by BMI are 
consistent with other studies with WHO 2/3 obese 
participants 47.

Insulin has been found by multiple studies to be 

a mechanism underlying the inhibitory effects of 
obesity on growth hormone (GH) secretion 22, 103, 104.  
Insulin and glucose levels increased significantly 
from pre-exercise to midpoint, which is consistent 
with previous research 102, 143.  Insulin was not corre-
lated to ghrelin in the lean or obese groups, this is 
consistent with research that found this correlation 
in type-2 diabetes 77.  There were changes in corti-
sol concentrations from pre-exercise levels, with the 
WHO class 2/3 obese group exhibiting a significantly 
blunted cortisol increase as compared to the lean 
and WHO 1 groups.  This could be due to already 
chronically high cortisol concentrations and a blunt-
ed stress response that is found in other research on 
obesity 181.  The findings of this study suggest that 
increasing obesity alters glucoregulatory homeo-
stasis, which may affect the response of cortisol and 
ghrelin to RE. 

Yaffe, K., Barnes, D., Nevitt, M., Lui, L. Y., & Cov-
insky, K. (2001). A prospective study of physical ac-
tivity and cognitive decline in elderly women: wom-
en who walk. Archives of internal medicine, 161(14), 
1703-1708. doi: 10.1001/archinte.161.14.1703 182

Cognitive impairment, from mild dementia to 
more severe impairments, is present in 10% of those 
over 65 years and 50% of the population aged 85 
years and over 95.  Therefore it is important to iden-
tify risk factors especially those that can be prevent-
ed through intervention.  One of the accessible and 
cost-effect interventions could be to increase physi-
cal activity, which has been shown to improve cog-
nitive function via increasing cerebral blood flow 145, 
reducing cardiovascular and cerebrovascular disease 
risk 16 and increasing neural growth and survival 170.  
This study aims to identify the association between 
baseline physical activity (daily and recreational ac-
tivities) and cognitive decline during an eight-year 
study in elderly community-dwelling women.  

There were 9,704 women enrolled in the study of 
osteoporotic fracture, aged 65 years or older were 
recruited, however only 5,925 participants were in-
cluded in this study.  A modified Mini-Mental State 
Examination (mMMSE) was conducted, and women 
with a baseline cognitive impairment were exclud-
ed.  Women with physical limitations, with missing 
information about physical limitations and those 
who did not complete the physical assessment were 
also excluded.  Primary measures of physical activ-
ity were blocks walked per week and total kilocalo-
ries expended per week, through a questionnaire.  
A trained examiner administered cognitive test-
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ing (mMMSE), during baseline, six and eight years 
follow-up.  Cognitive decline was determined as a 
three-point or over decline on repeated mMMSE.  
Other variables such as overall health, functional 
status, age, education, alcohol intake, smoking hab-
its and comorbid health conditions were also meas-
ured. 

There was a wide range of walking and physical 
activities reported; 10% of women never walked for 
daily exercise and 10% walked 200 blocks or more 
every week, with a median total expenditure of 
1323kcal/wk.  It was found that women in the highest 
physical and walking activity quartiles were young-
er, more educated, more likely to be taking estrogen 
and drinking alcohol, less likely to smoke, had fewer 
comorbid medical conditions, lower body mass in-
dex, lower depression scores and less functional 
limitations.   At the 7.5 years follow-up, there was an 
average decline of one-point on the mMMSE, with 
20% of participants experiencing cognitive decline 
(≥3 point decline), with 24% of women in the lowest 
walking quartile and lowest total calorie expended 
developing cognitive decline as compared to 17% 
in the highest quartile.  The risk of developing cog-
nitive decline was 35 – 37% lower in the highest 
quartile for walking and total expended calories as 
compared to the lowest quartiles.  Even after adjust-
ments for baseline age, education, and all the other 
variables measured, women in the higher levels of 
physical activity were still at lower risk for develop-
ing cognitive decline (for blocks walked: odds ratio 
was 0.66, for total calories expended: odds ratio was 
0.74).  Therefore participants who engaged in higher 
levels of physical activity at baseline were less likely 
to experience cognitive decline during follow-up. 

The results of this study is consistent with several 
cross-sectional studies 35, 61, 37, 90, 28, where physically 
active elderly participants performed better on cog-
nitive testing as compared to less active individu-
als.  This study is limited by the use of self-reporting 
of physical activity as a measurement.  The exact 
mechanism of the association between higher levels 
of physical activity and protection against cognitive 
decline has not been determined in this study.  Fur-
ther research could focus on determining if physical 
activity programs could prevent cognitive impair-
ment.  

Richards, M., Hardy, R., & Wadsworth, M. E. J. 
(2003). Does active leisure protect cognition? Evi-
dence from a national birth cohort. Social science & 
medicine (1982), 56(4), 785-792. doi: 10.1016/S0277-
9536(02)00075-8 142

The association of cognitive performance and de-
cline in the elderly may have associations in social, 
physical and intellectual activities in younger adult-
hood.  However as yet, little is known about this as-
sociation.  It is also unclear which activities are most 
significant for cognitive management, the direction 
of causality, and whether there is a sensitive period 
for activity engagement.  

A total of 1,919 males and females who were en-
rolled in the MRC National Survey of Health and De-
velopment (1946 birth cohort in Britain) were includ-
ed in this study.  This was from a total of 3,035 cohort 
members interviewed at 53 years, 1,116 of whom had 
missing data and were excluded.  Verbal memory 
was assessed at 43 and 53 years as poor memory is a 
predictor of clinically significant cognitive decline 94, 

120.  Activities was measured at 36 years and 43 years; 
physical exercise was determined using the Minne-
sota leisure time physical activity questionnaire 161, 
spare-time activity was determined by asking about 
their current engagement (yes/no) in seven spare-
time activities.  Other potential confounding vari-
ables were also measured, such as, sex, educational 
and occupational attainment, general intellectual 
ability, health status at 36 years and cardiovascular 
risk at 53 years.  

Multiple regressions were used to test the associ-
ation between physical exercise and spare-time ac-
tivity, and verbal memory at 43 and 53 years.  It was 
found that 36.6% of the participants did not under-
take any physical exercise during the past month, 
and 24.2% did not engage in spare-time activities.  
Both physical activity and spare-time activity at 36 
years was strongly associated with higher memory 
scores at 43 years, after controlling for sex, educa-
tion, occupational social class, IQ at 15 years, recur-
rent ill health and significant mental distress.  How-
ever, controlling for education reduced the strength 
of the associations by around 50% and adding base-
line IQ further reduced the association, although the 
associations remained significant at the 5% level.  
Therefore, those who engaged in physical exercise 
at 36 years scored on average half a point more on 
the memory test at 43 years compared to those who 
did no physical exercise.  

Physical exercise, but not spare-time activity, at 
36 years was found to be significantly associated 
with a slower rate of decline in memory from 43 to 53 
years, after controlling for the same factors.  Those 
who engaged in physical exercise showed on aver-
age a half-point slower decrease over those who did 
none.  Those who gave up exercising after 36 years 
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did not show the same benefit as those who were 
exercising at 43 years, either new or continuing. 

The results suggest that continued engagement 
in physical exercise slows down the rate of memory 
decline and that cognitive benefit of physical exer-
cise is enhanced by persistent or more recent activ-
ity.  A possible mechanism by which physical exer-
cise protects against cognitive decline is through 
increased cerebral oxygenation causing improved 
neurotransmitter metabolism 60.  In this study, there 
was no association between lung function and mem-
ory either at 36 years or 53 years.  Another hypoth-
esis is that exercise reduced the risk of diseases that 
impair cognitive function, such as hypertension, dia-
betes and cardiovascular disease 4.  The study rec-
ognizes that one of the limitations is that there was 
a disproportionate dropout of survey members with 
low cognitive scores. 

Barnes, D. E., Yaffe, K., Satariano, W. A., & Tager, 
I. B. (2003). A longitudinal study of cardiorespiratory 
fitness and cognitive function in healthy older adults. 
Journal of the American Geriatrics Society, 51(4), 459-
465. doi: 10.1046/j.1532-5415.2003.51153.x 7

Ageing tends to lead to cognitive function decline 
with an increase in prevalence of cognitive impair-
ment.  This has been associated with the develop-
ment of comorbid disease 68, increased risk of de-
mentia 134, loss of independence 124, hospitalization 
26, institutionalization 19, and death 8.  There have 
been many longitudinal studies, which suggest that 
low levels of self-reported physical activity are asso-
ciated with increased risk of cognitive decline over 
time 3, 182.  However, self-reported data might be bi-
ased 167, or reflect other factors, like social engage-
ment or a generally healthy lifestyle, which might in 
turn protect against cognitive decline.  A more ac-
curate measure of the relationship between physical 
activity and cognitive function is cardiorespiratory 
fitness, as it is objective and determined by habitual 
physical activity 167. 

Some cross-sectional analyses suggest that car-
diorespiratory fitness is associated positively with 
cognition, particularly measures of attention or ex-
ecutive function 59, 169 and visuo-spatial function 153, 
however little is know about the direction of the as-
sociation.  

Participants were drawn from an ongoing longi-
tudinal study of physical activity and functional out-
comes in older adults (N=2,092).  This study focused 
on cohort members who participated in baseline 
treadmill testing, with no evidence of cognitive im-

pairment at baseline.  A total of 349 older adults were 
included in this study, who were relatively healthy 
and high functioning at baseline.  Baseline physi-
cal fitness, cognitive measures and performance 
at year 6 were analysed.   Other measures such as 
age, years of education, annual household income, 
overall health, smoking status, comorbid medical 
conditions and mental state were self-reported at 
baseline.  

Lower levels of peak VO2 were associated with 
older age, fewer years of education, lower literacy 
and annual income, poor self-rated health, being a 
current smoker and history of hypertension and thy-
roid disorder.  Participants with the lowest tertile 
of peak VO2 at baseline showed a declination of 0.5 
points on the modified Mini-Mental State Examina-
tion (mMMSE), whereas participants in the highest 
tertile had no declination.  Baseline VO2 was posi-
tively associated with scores on all cognitive tests 
performed 6 years later.  

This indicated that baseline measures of car-
diorespiratory fitness were positively associated 
with the preservation of cognitive function over a 
6-year period.  The association of cardiorespiratory 
fitness and cognition was strongest for global cog-
nitive function and attention or executive function 
measures.  This is consistent with previous literature 
169, 153, 107.  One hypothesis is that aerobic condition-
ing is associated with cognition across all cognitive 
domains.  However the measurement for attention 
or executive function are more sensitive to detec-
tion.  Cardiorespiratory fitness could affect cognitive 
function through several possible mechanisms in 
older adults.  Being more fit could reduce the risk of 
medical conditions such as cardiovascular disease, 
cerebrovascular disease, hypertension, and diabe-
tes mellitus that are associated with lower cognitive 
function in older adults 4.  Low levels of fitness could 
also be associated with decreased cerebral blood 
flow, which has been linked to reduced cognitive 
function in normal older adults and Alzheimer’s dis-
ease patients 116, 41.        

Tsai, C.-L., Chen, F.-C., Pan, C.-Y., Wang, C.-H., 
Huang, T.-H., & Chen, T.-C. (2014). Impact of acute 
aerobic exercise and cardiorespiratory fitness on 
visuospatial attention performance and serum 
BDNF levels. Psychoneuroendocrinology, 41, 121. 
doi: 10.1016/j.psyneuen.2013.12.014 166

There is mounting evidence to indicate that 
chronic and acute exercises are beneficial to neural 
functioning and cognitive performance 86, 165.  One 
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of the possible mechanisms could be through the 
development of a more efficient, plastic and adap-
tive brain, as there is an increase in regional blood 
flow and cerebral vascularization 62, 133, stimulation 
of neurogenesis 171 and increases in nerve growth 
factors such as brain-derived neurotrophic factor 
(BDNF) 126.  Acute exercise has been found to in-
crease the performance of cognitive tasks involving 
attention and memory 39, 65.  It has also been found 
to enhance aspects of cognitive processing, such as 
response speed and accuracy, and cognitive tasks 
requiring extensive executive control, such as work-
ing memory or response inhibition 164.  BDNF levels 
have been found to be positively associated with 
aerobic exercise, leading to improved cognitive per-
formance and brain tissue growth 171, 173.  

This study aims to examine and compare the ef-
fects of cardiorespiratory fitness and an acute bout 
of moderate intensity aerobic exercise on behaviour-
al and neuro-electric correlates using a visuo-spatial 
attention task, and to examine how the biomarker 
BDNF is involved in the impact that moderately in-
tense aerobic exercise has on cognitive functions in 
young adults with different levels of cardiorespira-
tory fitness. 

Sixty male participants (19 – 28 years) were re-
cruited and completed a medical history and de-
mographics questionnaire.  They reported no psy-
chiatric or neurological disorders, cardiovascular or 
metabolic diseases, or medication intake that could 
influence the central nervous system functioning.  
All participants were non-smokers, right-handed, 
with no symptoms of cognitive impairment or de-
pression, and had normal or corrected-to-normal vi-
sion.  A physical fitness test was conducted to deter-
mine their fitness levels, and the participants were 
divided into two exercise-intervention (EI) groups; 
higher-fit, lower-fit and a non-exercise intervention 
group.  Overall energy expenditure per week was 
assessed using the International Physical Activity 
Questionnaire (IPAQ) and resting heart rate. 

Participants were asked to refrain from strenu-
ous exercise and alcohol intake 24h prior to an acute 
bout of exercise.  Caffeine was also prohibited three 
hours before exercising.  A visuo-spatial attention 
task test and blood test was administered after 
which the participants performed a 30-mins bout of 
moderate acute aerobic exercise.  Body tempera-
ture, heart rate, blood analysis for serum-BDNF, and 
electroencephalographic (EEG) activity were meas-
ured.   

Shorter reaction times (RTs) and an increased 
central Contingent Negative Variation (CNV) area 

were shown following a bout of acute exercise for 
both EI groups, however only the EI (high-fit) group 
exhibited a larger P3 amplitude and increased fron-
tal CNV area after the acute exercise.  In both EI 
groups, increased BDNF levels were also found after 
acute exercise.  There was no significant correlation 
between the changes in BDNF levels and behaviour-
al and neuro-electric performances. 

The findings support the cardiovascular fitness 
hypothesis, which states that physical fitness is a 
physiological mediator that benefits various aspects 
of cognitive functioning, most likely due to the in-
creased oxygen being delivered to and utilized by 
the brain neurons 65. 

 Schmidt-Kassow, M., Schädle, S., Otterbein, S., 
Thiel, C., Doehring, A., Lötsch, J., & Kaiser, J. (2012). 
Kinetics of serum brain-derived neurotrophic factor 
following low-intensity versus high-intensity exer-
cise in men and women. NeuroReport, 23(15), 889-
893. doi: 10.1097/WNR.0b013e32835946ca 148

Brain-derived neurotrophic factor (BDNF) with its 
relevance to neuroplasticity has received increasing 
attention over the last decade.  BDNF is known to 
cross the blood-brain barrier in both directions and 
as such a substantial amount of serum BDNF may 
be released centrally, especially in the 129.  BDNF has 
also been associated with psychiatric diseases such 
as major depression, schizophrenia and Alzheimer’s 
disease 27, 123.  Therefore there have been a number 
of studies focusing on how circulating BDNF can 
be increased in humans.  Physical activity has been 
shown to increase circulating BDNF 44, 67, 152, however 
studies have been conflicted as to whether moder-
ate sport is sufficient or whether high intensity exer-
cise is required to influence BDNF concentrations 67.

This study aims to answer some questions raised 
by a previous study 67; (a) how different intensity 
levels influence BDNF in serum, (b) when BDNF 
reaches its maximum, and (c) how quickly it returns 
to baseline in the recovery phase.  It also aims to as-
sess possible sex differences in the BDNF response 
to physical activity.  Serum BDNF concentrations 
were tracked during perceived high-intensity versus 
low-intensity cycling every 10-mins across the entire 
exercise and recovery periods.  Individual exercise 
load was defined on the basis of subjective ratings 
of perceived exertion (RPE), as it is a physiologically 
valid method of assessing the intensity of exercise 
64, 144.  This study hypothesized that perceived high-
intensity cycling should result in a stronger increase 
of BDNF in serum than low-intensity exercise. 
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The participants were 40 young and healthy 
adults (aged 19 – 29 years) with no history of psychi-
atric and neurological disorders.  Exclusions applied 
to if they smoked or were currently on medication, 
except for contraceptives.  Participants completed 
one light and one more intense 30-mins session of 
continuous exercise on a cycle ergometer, sessions 
were separated by a 48-hour interval.  A five-point 
Likert scale to measure perceived exercise intensity 
was applied.  Resistance was increased in the initial 
five-mins of each session until participants perceived 
exertion of either ‘high’ (+1) or ‘low’ (-1) levels, and 
they were instructed to cycle at the same exertion 
level until the end of exercise. Heart rate was moni-
tored constantly.  After completing the exercise and 
a two-mins cooldown (cycling without resistance), 
participants were allowed a 30-min recovery.  A per-
manent venous catheter was applied for the entire 
77-mins session, and 4.5 ml blood samples were col-
lected immediately when they arrived, after 15-mins 
of rest, three blood samples during exercise and 
three blood samples during recovery.          

Serum-BDNF concentrations were higher during 
high-intensity than low-intensity training, restricted 
to the acute exercise period.  There was only a signif-
icant increase from baseline found in high-intensity 
exercise.  However, the high temporal resolution of 
BDNF sampling showed that even under the high-
intensity condition, the BDNF concentrations were 
not sustained throughout the exercise phase but 
successively decreased after reaching their maxi-
mum after 15-20 min of exercise.  Serum-BDNF 
was not increased after the end of physical activity.  
There were also sex differences in serum-BDNF in 
response to physical activity.  This could be due to 
steroid levels from the contraceptives, which could 
have attenuated BDNF levels in women 13, 137. 

These results support a greater increase in BDNF 
during high-intensity than low-intensity exercise 
which was found in other studies 67, 146, 75.  However 
the increases in serum-BDNF were transient even 
under high-intensity conditions, and BDNF returned 
to baseline within 10-mins of recovery.  It also con-
firms the previously reported sex differences in 
serum-BDNF concentrations that were found to be 
restricted to the acute exercise period. 

Hanlon, B., Larson, M. J., Bailey, B. W., & LeChemi-
nant, J. D. (2012). Neural response to pictures of food 
after exercise in normal-weight and obese women. 
Medicine and science in sports and exercise, 44(10), 
1864-1870. doi: 10.1249/MSS.0b013e31825cade5 82

Weight gain and obesity linked to unhealthy eat-
ing behaviours and excess energy intake may be 
influenced by environmental, behavioural, or physi-
ological factors 15, 49, 79, 127, 174, 179.  The assessment of 
neural outcomes in response to viewing pictures of 
food has been used to index attentional responses 
to food 158, referred to as food motivation.  Recent 
studies suggest that neurologically determined 
food motivation might be different between nor-
mal-weight and obese adults 127.  Exercise may help 
prevent weight gain and obesity 55, and counteract 
the effects of excessive energy intake by increas-
ing energy expenditure 99, 111.  However the effect of 
exercise on appetite and energy intake is inconsist-
ent according to the literature 98, 100 and the effect of 
exercise on neurologically determined food motiva-
tion is unknown.  This study utilizes a scalp-recorded 
event-related potential (ERP) known as the late pos-
itive potential (LPP) to determine food motivation.  
The primary purpose of this study was to objectively 
compare normal-weight and obese women during 
two separate conditions (nonexercise; exercise) for 
food motivation, as determined by electrophysical 
responses to food pictures.  Other outcomes meas-
ured include energy intake and physical activity (PA) 
over 24-hours.  It is hypothesized that BMI (normal-
weight, obese) and exercise would influence food 
motivation and PA. 

Thirty-five healthy women were included in this 
study, normal weight (n=18, BMI<25kg.m-2) or clini-
cally obese (n=17, BMI>=30kg.m-2).  All women were 
untrained but able to walk comfortably for 45-mins 
continuously at a moderate-to-vigorous (MV) inten-
sity.  Participants were pre-menopausal, right-hand-
ed, and matched for age and education.  Exclusion 
criteria for chronic or metabolic disease, orthopaedic 
impairment, participating in an extreme diet, food 
allergies, previously diagnosed eating disorders, al-
cohol or substance abuse, smoking, pregnant or lac-
tating, antiepileptic medications, learning disability 
or neurological disorder, was applied.  Participants 
completed both the non-exercise and the exercise 
experimental conditions separated by a week’s time.  
Except for the exercise bout, the testing protocol 
was identical for both conditions.  The participants 
had at least 7-hours of sleep the previous night, con-
sumed a relative dietary preload (energy shake) that 
morning two-hours before testing.  No caffeine was 
consumed or vigorous intensity exercise conduct-
ed 24-hours prior to testing.  Both conditions were 
identical except for the single MV intensity bout of 
exercise on a motor-driven treadmill at 3.8mph for 
45 consecutive minutes, for the exercise condition.  
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Immediately after, both the body composition test-
ing (non-exercise condition) and the exercise bout 
(<1 hour), participants completed a computerized 
passive viewing task while electrophysiological neu-
ral activity was recorded using electroencephalo-
graphic (EEG) activity.  The passive viewing consist-
ed of three blocks of 80 pictures per block (240 total 
trials).  Each block consisted of 40 pictures of plated 
meals and 40 pictures of flowers. 

It was found that a 45-mins bout of MV PA ex-
ercise, not BMI classification, resulted in a dispro-
portionately lower neural response (LPP ERP am-
plitudes) to pictures of food relative to pictures of 
flowers immediately after completion of the exer-
cise session (within one hour).  Also, the dispropor-
tionately lower food motivation response to exercise 
compared with non-exercise in the present study 
was not associated with a difference in total energy 
or macronutrient intake (regardless of BMI group).  
It was also found that the exercise bout resulted in 
increased total PA over 24 hours compared with a 
non-exercise condition.  

Crabtree, D. R., Chambers, E. S., Hardwick, R. M., 
& Blannin, A. K. (2014). The effects of high-intensity 
exercise on neural responses to images of food. The 
American journal of clinical nutrition, 99(2), 258. 46 

Complex interactions between peripheral gut 
hormones and central receptors in the brain, which 
control homeostatic and nonhomeostatic feeding 
regulate appetite and energy intake 154.  The hedonic 
nature of foods can trigger nonhomeostatic feeding 
and cause overconsumption 69.  The nonhomeostat-
ic feeding behaviour is mediated by neurons within 
the orbitofrontal cortex (OFC), the insula cortex, the 
hippocampus and the striatum, which together form 
part of the mesolimbic reward system 14, 112.  Where-
as peripheral appetite-regulating hormones, which 
projects signals to the brain regarding energy status 
have been found to interact with the central reward 
system 9, 119.  This circulation of appetite-regulating 
gut hormones and hunger is influenced by many fac-
tors, including physical activity 97.  Previous research 
has found that exercise affects peripheral appetite 
regulation, but little is known about exercise effect 
on central appetite regulation.  Therefore the prima-
ry aim of this study is to use functional magnetic res-
onance imaging (fMRI) to compare neural responses 
to visual food stimuli after intense exercise and rest. 

Fifteen lean and healthy men (mean age = 22.5 
years; mean body mass index = 24.2 kg/m2) who 
were non-smokers, free from cardiovascular and 

metabolic diseases, were not taking any prescription 
medication, and regularly participated in moderate 
to vigorous physical activity, were recruited.  Before 
the experimental trials, the participants participat-
ed in a preliminary session where anthropometric 
measurements were obtained and an exhaustive in-
cremental exercise test was performed.  Participants 
were informed not to perform any physical activity 
24 hours before the exhaustive treadmill test.  For 
the experimental trials, the participants completed 
two 60-mins-exercise trials (EX), running at approxi-
mately 70% maximum aerobic capacity and a rest-
ing control trial (REST) in a counterbalanced order.  
An fMRI assessment was completed after each trial, 
where images of high- and low-calorie foods were 
viewed.  

The EX significantly suppressed subjective appe-
tite responses while increasing thirst and core-body 
temperatures.  EX also significantly suppressed 
ghrelin concentrations and enhanced peptide YY 
release.  After EX, the neural responses with re-
gards to images of high-calorie foods significantly 
increased dorsolateral prefrontal cortex activation 
and suppressed OFC and hippocampus activation, 
as compared with REST.  After EX, there was also 
significantly elevated pallidum activity when low-
calorie images were viewed and was suppressed 
when high-calorie images were viewed.  These re-
sponses correlated significantly with thirst.  The 
central reward system activation was increased in 
response to images of low-calorie food images after 
high-intensity exercise, whereas responses to high-
calorie food images were suppressed.  These central 
neural responses were allied with exercise-induced 
changes in appetite regulatory hormones and in-
crease in subjective thirst.  

This study furthers previous findings by provid-
ing the first direct evidence that exercise-induced 
changes in peripheral signals related to appetite-
regulation within brain-reward regions to images of 
high-calorie and low-calorie foods.  Further research 
is needed to explore the effect of physical activity on 
the central responses to food stimuli in the hours af-
ter exercise.  There may also be variation in neural 
responses to high-calorie and low-calorie food im-
ages between individuals with different body com-
positions, which could be further explored. 

Schwarz, L., & Kindermann, W. (2008). 
β-Endorphin, Catecholamines, and Cortisol During 
Exhaustive Endurance Exercise. International Journal 
of Sports Medicine, 10(5), 324-328.149 
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The aim of this study was to investigate the be-
haviour of beta-endorphin as dependent upon en-
ergy yield during incremental graded cycle exercise.  
The hypothesis was that an increase in beta-endor-
phin concentration does not occur until the indi-
vidual anaerobic threshold has been exceeded, this 
being a measurement of the over proportionate in-
crease in lactate concentration.  

The participants include 12 non-specifically 
trained volunteers (mean age = 26.5 years), perform-
ing basically endurance-oriented exercise lasting 
three to five hours weekly.  First all of the subjects 
underwent incremental graded exercise to accustom 
them to test conditions, which was repeated after 
an interval of several days to determine individual 
anaerobic threshold.  After another interval of sev-
eral days, another incremental graded test was con-
ducted to measure hormone levels, using a catheter 
inserted into a cubital vein, heart rate and perceived 
rate of exertion was also determined.  The one-min 
anaerobic test was performed at two-hour intervals, 
and practiced for a few days beforehand.  Venous 
blood samples were collected prior to, directly after 
and after five and 10 mins after exercise until the 20th 
min of the recovery period.  Lactate concentrations, 
beta-endorphin, adrenocorticotropic hormone 
(ACTH), cortisol, adrenaline and noradrenaline con-
centrations were determined from the venous blood 
samples.  Heart-rate and perceived rate of exertion 
were also ascertained.    

Both incremental graded exercise and short-term 
anaerobic exercise caused an increase in the pe-
ripheral beta-endorphin concentration.  Therefore 
it is unclear if the exercise-induced increase in beta-
endorphin is related to the intensity of the exercise.  
There are previous studies that substantiate such a 
correlation 54, 122, 140 and others that found no correla-
tion 66, 76.  Both types of exercise also led to signifi-
cant increases in ACTH, adrenaline and noradrena-
line.  The increase in levels of beta-endorphin and 
ACTH were twice as high after the incremental 
graded exercise as after the anaerobic exercise.  The 
cortisol concentrations increased significantly only 
after incremental graded exercise.  In this study, the 
beta-endorphin and ACTH concentrations during 
the incremental graded exercise did not increase un-
til the anaerobic threshold of 4 m.mol.l-1 lactate was 
exceeded.  At all times before and after the incre-
mental graded exercise and the short-term anaero-
bic exercise, both hormones correlated positively.

The beta-endorphin concentration increased sig-
nificantly between the end of the exercise intensity 
in the individual anaerobic threshold range and the 

cessation of exercise.  The connection between the 
increase in beta-endorphin and anaerobic metabo-
lism was substantiated by the positive correlations 
between beta-endorphin and maximal lactate con-
centrations both in the incremental graded exercise 
and the short-term anaerobic exercise.  During the 
post-exercise period, the lactate concentrations for 
both exercise groups reached the highest points at 
approximately the same time.  Therefore, incremen-
tal graded exercise with a combination of aerobic 
and anaerobic energy supply or short-term maximal 
exercise, the behaviour of beta-endorphin depends 
on the degree of metabolic demand.  The physiolog-
ical link between lactate concentrations and beta-
endorphin remains unclear.

In the short-term anaerobic exercise, the increase 
in adrenaline and beta-endorphin demonstrated a 
correlation.  There was a relationship between the 
maximum concentrations of beta-endorphin and 
lactate in both exercises.  Therefore, physical ex-
ercise with increasing or mostly anaerobic compo-
nents leads to an increase in beta-endorphin, the 
extent correlating with the degree of lactate con-
centration.  The similar behaviour of beta-endorphin 
and adrenaline after short-term anaerobic exercise 
might suggest mutual influences of endogenous 
opioids and catecholamines. 

Dietrich, A., & Sparling, P. B. (2004). Endurance 
exercise selectively impairs prefrontal-dependent 
cognition. Brain and Cognition, 55(3), 516-524. doi: 
10.1016/j.bandc.2004.03.002 53

The benefit of exercise to mental health has been 
well-documented 73, 147, 150.  Research also indicated 
that exercise results in a mild enhancement of cog-
nitive functioning 39, 65, 81, 108, 164.  In most of the stud-
ies, cognitive ability was evaluated at least 10-15 
mins after the exercise bout.  There are a few studies 
that attempt to test for cognitive functions during 
exercise 20, 164, however the testing was limited to 
basic choice reaction time and or visual recognition 
tasks.  These tests are insufficient to evaluate chang-
es in specific higher-cognitive abilities that may oc-
cur during exercise. 

A cornerstone of cognitive psychology is the 
concept that the brain has a limited information 
processing capacity 21, and is continuously balanc-
ing costs and benefits associated with efficient in-
formation processing 136.  Yet, the global cerebral 
blood flow to the brain as well as oxygen uptake is 
constant during exercise 91.  If processing in the brain 
is competitive and there are no additional metabolic 
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resources available during exercise, the massive sus-
tained activation of motor and sensory systems dur-
ing exercise must come at the expense of activity in 
other neural structures.  This transient hypofrontal-
ity hypothesis suggests that there will be a tempo-
rary inhibition of brain regions that are not essential 
to performing the exercise, such as areas of the fron-
tal lobe involved in higher-cognitive functions.  It re-
mains unclear how the physiological evidence cor-
relates with the psychological function, in particular 
cognitive processes supported by the prefrontal 
cortex such as working memory, sustained and di-
rected attention, response inhibition, and temporal 
integration.  Should the hypothesis be correct, an 
individual’s ability to perform tasks that are known 
to heavily recruit prefrontal circuits should be selec-
tively impaired during endurance exercise.

In experiment 1, 24 males (mean age = 23.7 years, 
average body mass = 74.5 kg), who regularly engaged 
in endurance training volunteered for this study.  
The experiments consists of three test conditions; 
running, cycling and sedentary controls.  Subjects 
satisfying the training criterion for running were ran-
domly assigned on a 2:1 basis to either the running 
or control condition, and subjects satisfying the cy-
cling condition were similarly assigned to the cycling 
or control condition.  The subjects cycled or ran until 
the desired intensity was reached, and maintained 
this effort for 45 mins.  After 25 mins of exercise (five 
mins warm up and 20 mins in the desired heart rate 
range), administration of the cognitive tests began.  
Each subject was given two tests, the Wisconsin Card 
Sorting Task (WCST) and the Brief Kaufman Intel-
ligence Test (K-BIT), by the same investigator.  Test 
administration lasted approximately 25 mins and the 
subject continued to exercise in the heart rate range 
until both tests were completed.  Total exercise time 
was approximately 50 mins.  Subjects in the control 
condition were instructed to either sit on the cycle 
ergometer or stand on the treadmill for 50 mins. To 
create the same noise condition that existed for the 
exercising groups, the control groups were exposed 
to the sound of a running treadmill.  Heart rate was 
measured throughout the test and the work rate ad-
justed to maintain the rate of exertion. 

Results indicate that exercise resulted in a per-
formance deficit for the WCST but not for the K-BIT.  
It could be due to the WCST depending profoundly 
on prefrontal cognitive processes such as working 
memory, sustained attention and response inhibi-
tion.  Whereas the K-BIT does not require significant 
working memory capabilities or sustained attention 
because each test item is independent of the next.  

Since the methodology used in this experiment em-
ployed a novel and innovative procedure requiring a 
few adaptations from standardized test administra-
tion, a partial replication was conducted before any 
sound conclusions could be drawn.  

Experiment 2 used only running exercise and 
was designed to provide converging evidence for 
exercise-induced hypofrontality by increasing exer-
cise duration to 65 mins, employing a within-subject 
design and using two different but equally well-
established neurocognitive tests.  Eight endurance 
runners (mean age = 25.1 years, average body mass 
= 71.4kg) who satisfied the criteria from experiment 
1 were recruited.  To measure prefrontal-dependent 
cognition, the Paced Auditory Serial Addition Task 
(PASAT) 113 and the Peabody Picture Vocabulary Test 
(PPVT-III) 58 was administered.  

The results of the two experiments provide con-
vergent evidence consistent with the hypothesis 
that prolonged exercise might result in a state of 
transient hypofrontality.  In experiment 2, perfor-
mance on the PASAT, which measures sustained at-
tention and working memory ability, was impaired 
in subjects when running, but not when tested in 
the control condition.  However, participants did 
not show any differences in verbal ability between 
conditions.  These results indicate that during en-
durance exercise different cognitive functions are 
affected to different degrees. 

Chang, Y.-K., Tsai, C.-L., Huang, C.-C., Wang, C.-
C., & Chu, I. H. (2014). Effects of acute resistance 
exercise on cognition in late middle-aged adults: 
general or specific cognitive improvement? Journal 
of science and medicine in sport / Sports Medicine Aus-
tralia, 17(1), 51. doi: 10.1016/j.jsams.2013.02.007 33

Acute exercise is known to be an intervention 
that may reverse age-related cognitive declines 110, 

164.  Most of these studies have only tested the ef-
fects of aerobic forms of exercise 110, 164, however it is 
important to consider the possibility that resistance 
exercise may also benefit cognitive performance.  
Conclusions from two reviews indicate that chronic 
resistance training enhances cognitive performance 
in older adults 32, 115, however the effects of acute re-
sistance exercise on cognitive performance is more 
limited 30, 31, 138.   

The purpose of this study was to extend the cur-
rent literature by focusing on changes in Stroop test 
performance following acute resistance exercise 
conducted by ageing adults.  It also attempts to in-
vestigate the magnitude of the effects of acute ex-
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ercise on multiple cognitive processes to determine 
whether the results represent general or selective 
cognitive improvements. 

The participants include 33 community-dwelling 
adults (aged 55-77 years), who met the require-
ments of the physical activity readiness question-
naire (PAR-Q) and achieved a score of more than 26 
on the Chinese version of the mini-mental state ex-
amination (MMSE).  The participants visited the lab-
oratory individually on three different occasions, at 
least 48 hours apart, over a 10-day period.  The two 
additional visits with the particular treatment on 
each day counterbalanced across the participants to 
minimize order and practice effects.  For the resist-
ance exercise treatment, participants warmed up 
for 10 mins and conducted the resistance exercises 
for 20-25 mins.  In the no-treatment control, partici-
pants were asked to read materials related to physi-
cal activity and mental health for approximately 30 
mins.  The five different Stroop test conditions, was 
conducted before (pre-test) and after (post-test) the 
intervention. 

The results of this study demonstrated standard 
“facilitation”, in the form of a shorter reaction time 
in congruent tests compared with neutral ones, and 
also revealed “facilitation” under the word and col-
our conditions.  In contrast, the incongruent condi-
tion was associated with an “interference” effect, 
as a longer reaction time was observed under the 
incongruent condition compared with the neutral 
condition.  This supports the notion that the incon-
gruent condition involved executive function.  There 
was an improvement in difference scores obtained 
across all Stroop test conditions for the resistance 
exercise treatment relative to the control treatment, 
which suggests general cognitive improvements.  
This is consistent with previous studies indicating 
that acute resistance exercise involving upper body 
exercises has advantageous effects on the results of 
the word, colour and incongruent conditions 30, 31. 

This study has supported the hypothesis that 
acute resistance exercise has positive impacts on 
multiple cognitive functions, as assessed by the 
Stroop test in late middle-aged adults.  More specif-
ically, acute resistance exercise resulted in general 
cognitive facilitation and also selectively improved 
cognition related to executive function. 

Hopkins, M. E., Davis, F. C., Vantieghem, M. R., 
Whalen, P. J., & Bucci, D. J. (2012). Differential effects 
of acute and regular physical exercise on cognition 
and affect. Neuroscience, 215, 59-68. doi: 10.1016/j.
neuroscience.2012.04.056 89

There is increasing evidence to suggest that 
physical exercise can enhance cognition across the 
lifespan of humans 43.  The few studies that were de-
signed to test the causal relationship between ex-
ercise and cognition used a single bout of exercise 
40, 85 and focused more on executive function than 
memory.   These studies also reported the effects 
within 30 mins of exercising, where the effects on 
physiological arousal are still increased 67, 180.  There-
fore it is unclear whether changes in cognition are 
due to mechanism(s) that are unique to exercise or 
simply reflect differences due to generalized height-
ened arousal.    

Seventy-five healthy young adults (ages 18-36) 
who had a sedentary lifestyle were recruited for 
this study.  Participants visited the laboratory twice 
within four weeks between visit-1 and visit-2.  During 
each visit participants completed the novel object 
recognition (NOR) task, which is a computer-based 
task to test visual recognition memory ability.  After 
visit-1, participants were randomly assigned to ei-
ther a no-exercise control group or one of the three 
exercise conditions.  They were given pedometers 
to monitor their daily activity and received instruc-
tions regarding their group assignment.  During vis-
it-2, saliva samples were collected and self-reported 
aerobic capacity (VO2 max) was obtained.  Mood 
and anxiety were also measured at the two visits us-
ing surveys for state anxiety, depression, perceived 
stress, and positive and negative mood. 

For the exercise group, participants were re-
quired to go to the gym at least 4x/week and to walk 
or jog continuously on a treadmill for a minimum of 
30 mins, at a minimum speed of 3.5 mph.  The par-
ticipants in one of the two exercise groups were re-
quired to exercise on the final day of the four-week 
experiment, a minimum of two hours prior to the 
visit.  Participants in the other group were required 
not to exercise on the day of the second visit.  As an 
acute-exercise control, a third group of participants 
were instructed to maintain the same level of physi-
cal activity they had engaged in for the previous six 
months, but to exercise once on the final day of the 
study, at least two hours prior to second testing.  Fi-
nally, a fourth set of participants, served as the no-
exercise control group, and were required to main-
tain the same level of physical activity they had been 
engaged in for the previous six months.  Genetic 
screening was conducted on all the participants.

Of the 75 participants, 21 were excluded from 
analyses die to discontinuation, compliance issues, 
depression level, incorrect task assignment, and out-
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lier on task performance. As there were no gender 
differences on any behavioural measures, the data 
was collapsed across gender in each treatment con-
dition.  In this study, an acute exercise session com-
bined with a regular exercise regimen augmented 
recognition memory and decreased perceived stress 
in sedentary, healthy young adults.  In contrast, a 
single bout of exercise alone had no effect on recog-
nition memory and increased self-reported stress. 
Further, the data indicates that a common genetic 
polymorphism may gave an important role in the 
influence that exercise has on memory since the ef-
fects were only observed in participants who were 
homozygous for the Val allele of the BDNF gene.  

Exercise has benefits on measures of cognition 
and psychosocial wellbeing in healthy individuals, 
and offers data identifying a genetic mediator of 
these effects.  This data broadly replicates previ-
ous finding in studies with rodents, showing a simi-
lar BDNF mediation of improvement in recognition 
memory as well as reduced anxiety-like behaviour 
following exercise 87, 88.  As there is a functional re-
lationship between exercise and BDNF activity, a 
common polymorphism in the BDNF gene may ex-
ert influence over the degree to which an individual 
may benefit from exercise. 
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