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Program Schedule

12:30 rm Registration
12:55 pm Welcome/Introductions George A. Goodman, DC, FICC
1:00 - 1:30 Pm The Topeology of Cognitive Networks or What's a Memory? Norman W. Kettner, DC

The brain is a complex network performing both segregaled and distributed information processing. To perform cognilive tasks such as memory
and executive functions such as caleulation, different areas of the brain must inferact in a cooperative and coordinated function across relatively
long distances. These complex networks of interactions are also known as brain functional networks.

Alzheimer's disease (AD] is a progressive, neurodegenerative disease thal can be clinically characierized by impaired memory along with
deficits in many other cognitive functions. Previous studies have demonstrated that the impairment is accompanied not only by regional brain
abnormalilies bul alse changes in the neuronal conneclivity between anatomically distinct brain regions. The funclional neurcimaging literature
will be reviewed supporting the view thal AD patients undergo integrative abnormalities in the distibuted neurenal networks of the brain.

The loss of network integration accompanies their cognitive decline but may offer therapeutic insights.

1:30 - 2:30 Ppm Dementia Risk Predictors: Are We There Yef? Abhilash K. Desai, MD

Frem a clinical as well as public health perspective, it is imporiant fo be able 1o predict whe is at highest risk of developing fulure dementia and
when. A dementia risk predictor focl that is reminiscent of the coronary heart disease risk scales posted on the American Heart Association's
website is urgenily needed. The main value of such tools would be educational. Two risk assessment fools for predicling fulure dementia {one in
middle-aged adulis and one in older adulis] will be discussed in terms of their clinical ulility and limitations. More research needs fo be done fo
improve these formulas and their ease of use (regarding complexity and cost] before they can be used in routine clinical practice.

2:30 - 3:00 Pm Enhancing Cognitive & Brain Function of Older Adults Arthur F. Kramer, PhD

Dr. Kramer will review research conducted in his laberatory, and the field in general, which has examined the extent fe which cognitive and
fitness training enhances cognition and brain structure and function of older adults. The presentation will cover both cross-sectional and
intervention sludies of filness differences and filness and cognilive training. Studies which assess cognition via bolh behavioral measures and
non-invasive neurcimaging measures, such as magnetic resonance imaging, funclional magnetic resenance imaging, eventrelated brain
potentials, and the event-related optical signal, will be reviewed and discussed. Finally, he will explore the gaps in the human and animal
literature on cognitive and brain health and the manner in which they can be addressed in future research.

3:00 - 3:15 Pm Break
3:15 - 3:45 pm CAM Techniques for Preventing Cognitive Decline Joseph H. Flaherty, MD

Alzheimer’s dementia (AD] is expecied io increase dramatically over the upcoming decades and ifs treatment is noi curative. Therefore
prevenlalive stralegies become the focus of clinical intervention. Complementary and allernalive medicine techniques such as meditation, yoga,
herbs and acupunclure may reduce siress related corlisol elevation, improve lipid profiles and lower oxidative siress. The combined aclion of
these beneficial influences would provide enhanced neuronal function and neuroprolective effects, elevaling cognitive reserve and lowering the
risk of neurodegeneration associaled with AD. Further clinical investigation, however, will be necessary in order lo recommend routine
incorporation of these techniques info an AD prevention program.

This lecture will review the basic and clinical evidence underlying the mechanisms for neuroprotection associated with the commonly employed
CAM techniques and their efficacy in reducing the risk of AD.

3:45 - 4:15 pm Diet and Cognition: The Inflammatory Link John E. Merley, MB, B.Ch.

The prevalence of dementlia is expecled 1o increase dramatically over the upcoming decades due to the increases in the aging population.
Since treatment is not curative, prevenlalive strategies are of the utmost importance. Stimulating activity {cognitive, physical, and social), vaseular
risk factors, and diet may be importani in prevenlalive siralegies. In cbservalional studies, vascular risk faciorsincluding diabeles, hyperiension,
dyslipidemia, and obesity are fairly consistently associated with increased risk of dementia.

People whe adhere lo a Mediterranean diel or who have high intake of antiexidants and omega-3 lally acids have reduced likelihood of
dementia in chservalional siudies supporling their anti-inflammalory aclion. However, supplementalion in conirolled trials has nol generally been
successful at improving cognilive oulcomes. A single supplement may be insufficient 1o prevent dementia as the composilion overall diet may be
more imporlant.

This lecture will review the evidence for neurocognitive improvement mediated by anti-inflammatory dietary interventions.

4:15 - 5:15 pm Panel Discussion Drs. Keftner, Desai, Kramer, Flaherty and Morley

The obijectives of the panel will include addressing audience questions from each speaker’s talk, discussing current confroversies in the
prevention of cognilive decline, and oullining the fulure direclions in research for prevenling cognilive decline.

5:15 pm Evaluation Staff

5:30 Pm Adjournment
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NormanW, Kettner, DC, DACER
Department of Radiology
Logan College of Chirepractic
Chesterfield, MO

THETOPOLOGY OF
CQGNITIVE NETWORKS QR
WHAT'S AMEMORY?

OBJECTIVES

+ Memoryas a neural system

*

Neuro-functional mechanisms of memory

*

Functional connectivity of the brain
+ Imagingneuro-functional resting networks

*

Cognitive decline
+ Futuredirections

Key Questions

+ What are the neural substrates that interact to
generate and retrieve memories?

+ How can these neural interactions be measured
and assessed using imaging techniques?

+ Canimaging the topological neuro-dynamic
framework be used to predict cognitive decline in
dementia?




Memory

+ Inorder to connect spatially (temporally) remote
regions, the brain maintains a modular
(specialized) and simultaneouslyintegrative
(distributive) functional architecture.

+ Spatiotemporal dynamicsoperate from the scale
of neurons (micro) to cortical columns (meso)
and large-scale (macro) networks linking
structure and function.

Executive memory Perceptual memory

Joaguin M. Fuster (2o007) Cortical memory. Scholarpedia, 2(4):1644

Memory

+ Memoryis a cognitive process arisingfrom the
acquisition, storage and retrieval of experience.

+ Experience is encoded within the topology
(interconnectivity) of cortical and sub-cortical
large scale neuronal networks providing efficient
specializedinformation flow across local and
remote brain regions.




Memory

Large Scale Network
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Memory

+ Arecent neuro-dynamic framework proposes
that multiband synchronous oscillatory
electromagnetic activityenslaves(connects)
{discennects) local and remote brain regions thus
unifyingcomplex cognitive processes (Varela et
al, 2001).

Memory

+ Episodic{explicit) memory refers to conscious
recollection such as facts, events, or
autobiographical knowledge . Semantic
{meaning) and episodic comprise declarative
memory.

+ Memoryencoding, archiving and retrieval are
likely associated with neural activityin the
prefrontal and medial temporal lobe {Tulvinget

al, 1994).




Memory

+ Procedural memory (implicit) includes skills,
habits, and conditioned responses.

+ Amnestic patientscan display intact or relatively
preserved abilities in procedural learning,
semantic memory or classical conditioning.

Memory Encoding

Sperlingeet al, 2009

Memory Retrieval

Mendelzohn et 3|, 2010




Functional Connectivity

+ Functional connectivity defines linear (nenlinear)
statistical interdependence between the time
series of physiological signals recorded from
different cortical columns or brain networks.

+ Neuro-functional imaging techniques including
MEG/EEG, DTI,VBM, andfMRI are utilized to
studyfunctional and structural (anatomic) and
effective(causal) connectivity.

MRI Examples

Structural MRI
{Ta-weighted) {blood vessels map) taray matter thickness map)

AnatomicalMRI Angiogram

Anatomical MRI Functional MRI Diffusion Tensor MRI
(T2-weighted) {activation to music) {white matter tracts)

Functional Connectivity

+ Functional connectivityis assumedto reflect
functional interactions between underlying brain
networks occurring on variable spatiotemporal
scales (neuron, column, network).




Functional Connectivity

+ Theimagingtechniques for the study of
functional connectivity have provided key
insightsinto the functioningof brain systems
includinghigh level memory and cognition.

Functional Connectivity

+ Itis now evident that the brain is capable of re-
organizing its functional connectivity in networks
witheither beneficial or maladaptive outcomes
{neuroplasticity) modified by phenotype and
experience.

Functional Connectivity

+ Functional connectivityisstatistically
challengingwhen applied te large scale complex
brain networks.

+ Recent breakthroughs in network theory have
resulted in powerful new models, concepts and
approaches for the connectivity analysis of
systemswithcomplex networks (Barabasi and
Albert 1999).




GraphTheory Analysis

+

*

Complexity arises in a network when the elements of
adynamical system combine statistical randomness
with regularity. Networks from the scale of cell
metabolism, neuronal connectivity in the brain or
the World Wide Web are shaped by their constituent
elements.

Very different complex systems may share
underlying principles of organization even though
the macroscopic elements are different from those
which are micrascopic

Christakis
and Fowler

GraphTheory Analysis

*

*

+

One method for understanding complex network
connectivity in the brain is graph theory analysis.

Netwaorks are graphically represented by a set of
nodes (brain voxels) and edges representing
connectivity (temparal carrelation) of each node to
every other and organized in a cross-correlation
(connectivity) matrix.

Networks can be analyzed by various metrics to
characterize their properties. The number of edges
connected to nodes is known as the degree (K). High
degree defines a hub.




GraphTheory

~  Sama prabakilfy for snort and
Long dstance connections

Guye et al, 2009

GraphTheory

+ Wattsand Strogatz (1998) introduced the
concept of ‘small-world' in the C. elegans neural
network.

+ Balanced between modules of local
specialization and those of global integration,
small-world networks optimize information
processing.

GraphTheory

+ Small-world networks are defined by a relatively
high amount of local clusteringi.e. nodes (hubs)
have high connection frequency with their
neighbors.

+ Relativelyshort path lengths are seen withonly a
few connections necessary to reach any other
nodein the network.




GraphTheory

comelation coefficients of normalized path length of each individual node with IQ

“anden Heuvel et al, zo0g

GraphTheory

+ Graphtheory metrics can also model brain
network organization i.e. attention, memory,
reward clarifyingthe relation between network
structure and activityin the networks.
Graphtheory analysis can also predict the
optimal network (balanced separation and
integration, performance and cost), aswell as
model vulnerability to pathological attack.

*

Imaging Spatial Resolution

MRS 1.cm
| Systems  10cm MEG1cm
PET 5-10mm
Networks — 1mm
i Neurons 100nm
; MRl 2 mm
i Synapses  1nm MR 5 mm
Molecules  1Ang

Toga andMazziotta, 2002




Functional Imaging

+ One of the most productive neuro-imaging tools
to study the topology of large scale neural
networks has been resting-state fMRI.

+ Thistechnique measures intrinsic low frequency
fluctuations in blood oxygen level dependent
{BOLD) signals and can identify functionally
{temporally) connected brain networks.

Functional Imaging

BOLD SIGNAL L4

Buckner etal, 2009

Functional Imaging

ONNECTMTY CONMECTMITY
MATRIX NETWORK

Buckner etal, 2009




Functional Imaging
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Functional Imaging

+ Functional neuro-imaging methods have
identified the location of several major hubs of
connectivityinthe brain which serve to integrate
inputs.

+ These hubs include the heteromodal association
areas of the parietal {precuneus/post cingulate),
temporal and (medial) prefrontal cortex.

Resting State Network

+ The activation of brain networks is either evoked
orintrinsic (spontaneous). A brain that is
experiencing low demand will spontanecusly
activate numerousfunctionally connected
regions, known as resting-state networks.




Default Mode Network and Resting BOLD Signal

Anatomically defined brainregionswhichare more active at
rest{internal focus) thanduring externally focused tasks(e.g.
visual, motor, somatosensory, etc.)

Includes inferior parietal lobule (IPL), posterior cingulate cortex
precuneus (PCC), medial prefrontal cortex (MPC)

Shulmanet al, 1997
Foxet al, 2005

Time (sec)

Evaluating the Effects of
Acupuncture on Resting State
Connectivity

) |

DMN TEMPLATE SMN TEMPLATE

Dhand RP, Yeh C, Park K, Kettner N, Napadow V. Acupuncture Maodulates Resting State
Connectivity in Default and Sensorimotor Brain Netwarks. Pain. 2008, 136(3):407-18.

MG HMIT/HIME Martings Centerfo Biamedkal maging

fMRI Results: Group Maps {n=15) for Resting
DMN and SMN Connectivity

A DEFAULT MODE NETWORK B SENSORIMOTOR NETWORK
Before ACUP After ACUP Before ACUP After ACUP

OMN TEMPLATE

Good match betweengroup maps and template

Can qualitatively see more extensive connectivity for DMN post-
vs. pre-acupuncture,

MG HJMIT/HM S Martings Certerfo rBibmedeal Imaging




Resting State Network

+ Oneinteracting set of resting state brain regions
is known as the default mode network (DMN). In
contrast to unfocused activation, focused
attention deactivatesthe DMN.

+ Theinterplay between activationand de-
activation of the DMN is necessary for the
performance of autobiographical memory tasks.

Resting State Network

+ The DMN overlaps withthe brain's major hubs
and consists of the posterior cingulate
cortexfretrosplenial cortex, ventromedial
prefrontal cortex, and inferior |ateral parietal
cortex.

+ The DMN interacts with the medial temporal
lobe memory system. (Gusnard et al, 2001;
Raichleet al, 2001; Buckneret al., 2008).

Resting State Network

LEFT RIGHT

= High degree regions|
{hub maps)

= Default mode
network

== Overlaps

Guye et al, 2009




Resting State Network

+ The hub areas display disproportionately high
metabolism, aerobic glycolysis and are the
earliest to undergo neuronal degeneration
(Vlassenkoet al, 2010).

Resting State Network

coRTCAL HUBS

Sperling et 2|, 2009

Cognitive Decline

+ Normal aging even in the absence of disease
commonly resultsin cognitive decline.

+ The "disconnection hypothesis” refers to loss of
connectivity {(white matter) andintegration of
brain systems (grey matter) (O"Sullivanet al,
2010)




Cognitive Decline
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Cognitive Decline

+ Alzheimer's disease is characterized by amyloid-
B and hyperphosphorylated tau accumulation
resultingin neuronal loss, white matter
deterioration, loss of synaptictransmission and
decreased neurotransmitter.

+ This pathological complexdisrupts the structural
network connectivity and functional interactions
across multiple cortical and sub-cortical regions.

Cognitive Decline

+ One-third of individualswith moderate to high
AD pathology at autopsy were not demented
ante-mortem. Is compensatory activityin
prefrontal neural networks counteracting AD
neuropathology?

+ Network compensations are also known to occur
in chronic pain patients (Napadow et al, 2006).




Cognitive Decline

e High Perfarming Young = Law Perfarming ¥eung
—Hign Pertarming Gid Low Perfarming o

Sperling et al, 2009

Cognitive Decline

+ Afew studies have shown that brain pathology
may interfere withthe normal small-world
architecture. Resting-state fMRIin Alzheimer's
disease revealed reduced DMN activity (Greicius
etal, 2004).

Cognitive Decline

+ Brain pathology likelytriggers a deviation from
the normal optimal smallworld organization of
brain networks disruptingthe coordination and
topology of large-scale brain networks related to
cognitive function.




Cognitive Decline

Future Directions

+ Imagingof disrupted functional connectivityin
conjunctionwithother biomarkers, such as
amyloid deposition {PiB) or CSF amyloid levels,
may eventually allow for risk stratification and
earlier diagnosis and treatment.

Future Directions

+ Futurework should determine whetherthe
medialtemporal lobe (hippocampus) is
preferentially associated with connectivity
disruption in the earliest pre-clinical stages of AD
orwhether the DMN s affected initially because
of elevated metabolism (Buckneret al, 2005).




Future Directions

+ Functional connectivityimaging may catalyze an
increased understanding of the mechanisms
underlyingcognitive reserve and demonstrate
evidenceof enhancement following prevention
techniques.

OBJECTIVES

+ Memory as a neural system

+ Neuro-functional mechanismsof memeory
+ Functional connectivity of the brain

+ Imagingneuro-functional resting networks
+ Cognitive decline

+ Futuredirections
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Dementia Risk Prediction

Abhilash K. Desai M.D
Director, Center for Healthy Brain Aging
Department of Neuralogy and Psychiatry
Division of Geriatric Psychiatry
Saint Louis University School of Medicing

Disclosures

m Abhilash Desai, MD declares:
m Nothing to disclose.

Objectives

m Discuss research to date on tools to predict
risk of future dementia.

m Describe potential clinical implications of such
tools.

m Discuss limitations that future research needs
to overcome before the tools can be used in
clinical practice.




Clinical vignette

m Mrs. SMis a 77 years old married white female, a
prominent internist, retired 4 years ago came for
assessment of her memory. She reports memory
complains and weight loss of 10 pounds in last 2
years. She has history of hypertension, CABG and
sedentary lifestyle. No history of alcohol intake.
Neuropsychological testing indicated mild executive
dysfunction. MRI showed periventrucular
hyperintensities. Mrs. SMis slow in her walking, has
BMI of 20 and has significant carotid artery stenosis
on ultrasound. APOE E4/3 genotype. Score 9. Risk of
dementia in next 6 years is 56%!11

Clinical vignette

m FAis a 55 years old dentist, father of four children,
husband of 27 years. He is worried about his own risk
of AD. His both parents had dementia in their 80s
and recently passed away. He was their primary
caregiver. Patient has hypertension, hyperlipidemia
and obesity. APOE e4 genotype is 4/3. Current blood
pressure is 150/84. Current total cholesterol is 289.
Body Mass Index is 31. Dementia Risk Score 12.
Risk of dementia in next 20 years: 16.4% (1 in 6)I111

m 7 points can be lost with healthy lifestyle and control
of VRFs!! Score: 5. Risk of dementia reduced to 1%!!

Prognostic Indices

m Fracture: The FRAX tool (available at
www NOF.org ) can be used to integrate risk
factors and bone mineral density (BMD)
result to calculate absolute fracture risk over
10 years.

B Framingham Heart Index

® Breast Cancer Risk Assessment Tool

m Others: Diabetes, Mortality




Late-life dementia risk index

m 1. Older Age (75-79[1]; 80-100[2])

m 2. Worse Cognitive Test Performance ([2], [2])

m 3. Lower Body Mass Index (BMI less than 18.5 [2])
m 4 APOEe4 ([1])

m 5. MRIfindings of white matter disease or ventricular
enlargement ([1], [1])

m 6. Internal carotid artery thickening on ultrasound ([1])
m 7. History of bypass surgery ([1])
m 8. Slower physical performance ([1])

m 9. Lack of alcohol consumption ([1])
= Barmes et al. Neurology 2009; 73:173-179

Findings

m Dementia risk within € years was 4% in those
with low scores (0-3); 23% in those with
moderate scores (4-7); and 56% in those with
high scores (8 or more)!!

m Authors suggest that such an index could be
used to reassure those individuals whose risk
is low or moderate and to provide those
individuals whose risk is high with information
that may help them better prepare and plan
for their future.

Mid-life dementia risk tool

m 1. Older age (47-53 [3]; >563 [4])

m 2 Male sex (1)

m 3. Low educational level (7-9 [2]; 0-6[3])
m 4. Hypertension (Systolic >140 [2])

m 5. Obesity (BMI >30 [2])

m 5. Hypercholesterolemia (>200 [2])

m 7. Physical inactivity (1)
Kivipelto M et al. Lancet Neurol 2006, 5:735-741




Risk over 20 years: Findings

m Score 0-5: 1.0%

m Score6-7. 1.9%

m Score 8-9: 4.2%

m Score 10-11:7.4%
m Score 12-15: 16.4%

Risk score for the prediction of AD

B Vascular risk score was assessed (age, sex,
education, ethnicity, APOE e4 genotype,
history of diabetes, hypertension, smoking,
HDL levels, waist to hip ratio.

m Riskwas 1.0 fora scoreof O to 14.

m Riskwas 3.7 for score of 15 1o 22.

m Riskwas 12.6 fold for score of 23-28.

B Risk was 20.5 old for score of 29 and higher.

m Reiz Cetal A summary risk score for the prediction of
Alzheimer disease in Elderly Persons. Arch Neurol
2010,67(7).835-841.

Primary use of risk scores

m Target preventive measures to those most at
risk of the disease.

B Risk scores can be used fo distribute easily
understandable information about risk factors
to the general population.




Potential clinical implications

m Midlife risk score useful for primary, long-term
prevention (reducing the lifetime dementia
risk, preventing initiation of underlying
pathologies).

m Late-life risk score is useful for secondary,
short-term prevention (directed toward
persons who already have such pathologies
and signs of cognitive impairment, and may
develop dementia within the next few years).

Potential implications

B Global risk assessment can provide
guantitative overview of the patients’ situation
and help physicians and patients (on a
clinical level) and general population {on a
public health level) set goals and make
decisions about necessary lifestyle — related
changes or pharmacologic treatment, or both.

Stage based prevention

_—

S —
m Stage 1- Person at risk but without structural brain disease and
without signs or symptoms . Identify and treat modifiable risk
factors
Stage 2 Structural disease present but no clinical signs or
symptoms. Identify and treat modifiable risk factors including
secondary prevention of strake, periodic cagnitive screening
Clinical trials of disease-modifying drugs.
Stage 3 Structural disease present with clinical signs and
symptoms but no dementia. Management similar to Stage 2
Stage 4 Dementia. ChEls, Memantine, Patient and family
education and suppart, control CRFs.




New criteria for preclinical AD

_—

S —
W National Institute on Aging and Alzheimer's Association wark
group incorporated news knowledge of the AD process and
defined 3 stages:
m Preclinical
= 3 criteria
= Asymptomatic amyloidosis (CSF or brain scan)
= Amyloidosis plus ane other marker of the disease
(atrophy, ABMN PET scan, ar ABN phosphorylated tau
in CSF}
= Amyloidosis plus a disease marker and "slight’
cognitive symptoms
m Mild Cognitive Impairment
= Alzheimer's dementia

Limitations of current research

m They need to be validated in other populations.

m Late-life dementia index is impractical. Further
studies are warranted to find simplified alternatives.

m Midlife dementia risk tool did not include other easily
identifiable risk factors (e.g.diabetes).

m Lists of items in both tools need to be refined to
improve accuracy.

m We need to study how these tools compare to new
criteria proposed to diagnose asymptomatic AD.

Conclusion

_—

———— 1

m Research to date suggests the potential to develop a
midlife and late-life dementia risk predictorin the near
future.

m Such a tool can help at clinical level (reducing an
individual patients risk of future dementia) as well as
at public health level (reducing incidence and
prevalence of dementia and thus public health costs).

m Future studies need to improve upon the accuracy of
currently available tools before they can be applied in
routine clinical practice.




Breath Awareness Exercises To Improve Memory and Promote Resilience

Find a quite spot. Sit on a flat but comfortable surface. Close your eyes and begin to pay attention to
your breathing. Inhale through your nose. Slow down your breathing as you feel your breath enter and
leave your body. Feel your lungs expand with the inhalation, retain the breath for a few seconds, and
then exhale gently through your mouth. As you continue to breathe, try and keep your attention on all
three aspects of breathing (inhalation, pause, exhalation). Slower the breathing, the greater are the
benefits. Exhalation should be longer than inhalation. During exhalation, the heart slows down, the
blood pressure drops and stress hormone levels also drop. By the end of the breathing exercise, stress
hormone levels may be at their lowest. Also, try and do abdominal breathing / diaphragmatic breathing.
Thus, during inhalation, your tummy should bulge outwards and during exhalation, your tummy should
go towards the spine. Count your breaths. If you notice that you have lost count of your breaths, gently
bring your attention to breathing and start counting again. Continue this for at least two minutes. Some
of my patients do this for 20minutes twice a day (early morning and before sleep). Others do it for 2
minutes several times a day. Find your own rhythm, frequency and duration. If you are doing this for the

first time, you may experience dizziness. Generally, it is mild and transient and passes quickly.

Modification: One could say positive affirmations in one’s mind during this exercise. For example, one
can say that “l am patient, kind and compassionate” or “l am a very forgiving person”. Alternatively, one
can send positive messages during this exercise to one’s friends, family or the universe. For example,
one can say “Let the pain of my loved one come to me (as you inhale) and let my love for them reach
them (as you exhale). Another modification involves imagining all the positive energy from Earth
entering you during inhalation and all your negative energy / feelings / thoughts leaving you when you
exhale. Feel free to invent your own modification. This is your time with yourself. The goal is to become
aware of one’s own breathing, clear one’s mind from thoughts, fantasies, and judgments and experience
whatever happens. Often, the feelings that one has been running away for years return to be
acknowledged, embraced and experienced. Research has shown remarkable healing effects of breathing
exercises (breath awareness practices) and the benefits are thought to be due to improved balance
between our emotional brain (limbic system) and rational brain (prefrontal cortex).

Benefits of Breathing exercises: Improved memory (through improved capacity to focus, pay attention,

be aware), improved capacity to tolerate negative emotions (anxiety, anger, resentment, guilt, grief,

sadness) and improved ability to manage stress and problem solve in creative and healthy ways.

Abhilash K. Desai MD



CHECKLIST TO PROMOTE HEALTHY BRAIN AGING:
A GUIDE FOR CLINICIANS*

Counseled regarding smoking cessation.

Comments:

Advised to follow guidelines proposed jointly by the American Heart Association and the
American College of Sports Medicine regarding daily physical activity.

Comments:

Counseled regarding healthy nutrition (e.g., Mediterrancan diet. “DASH” [Dictary Approaches
to Stop Hypertension] diet).

Comments:

Counseled regarding the importance of intellectually challenging and creative leisure time
activities.

Comments:

Counseled regarding strategies to promote emotional resilience and reduce psychological
distress and depression (e.g., relaxation exercises, mindfulness-meditation practices).

Comments:

Advised to maintain an active, socially integrated lifestyle.

Comments:

Discussed strategies to achieve and maintain optimal daily sleep.

Comments:

Provided education about strategies to reduce risk of serious head injury (e.g., wearing seat
belts, wearing helmets during contact sports, bicycling, skiing, skateboarding).

Comments:

Provided education about strategies to reduce exposure to hazardous substances (e.g., wearing
protective clothing during the administration of pesticides, fumigants, fertilizers and defoliants).

Comments:

10

Provided education and counseling provided regarding negative health effects of alcohol
consumption more than recommended as safe by the National Institute of Alcoholism and
Alcohol abuse.

Comments:

© 2009 Center for Healthy Brain Aging, Department of Neurology & Psychiatry, Division of Geriatric
Psychiatry, Saint Louis University School of Medicine, St. Louis, Missouri.
hitp:/meuroandpsych. sl edu/healthybrain/




Provided education about importance of achieving and maintaining healthy weight to promote

1 overall health.
Comments:

12 Discussed and implemented strategies to achieve optimal blood pressure control.
Comments:

13 Discussed and implemented strategies to achieve optimal control of dyslipidemia (eg. High
cholesterol)
Comments:

14 Discussed and implemented strategies to achieve optimal control of blood sugar / diabetes.
Comments:

15 Discussed risks and benefits of medications, supplements, herbal remedies and vitamins to
promote brain health.
Comments:

16 Discussed and implemented secondary prevention of stroke strategies (e.g., daily baby aspirin).

Comments:

© 2009 Center for Healthy Brain Aging, Department of Neurology & Psychiatry, Division of Geriatric
Psychiatry, Saint Louis University School of Medicine, St. Louis, Missouri.
hitp:/meuroandpsych. stu.edu/healthybrain/




TO BE HAPPIER EVERY DAY, ALL YOU NEED IS “PSALMS”!
Abhilash K. Desai MD
Director, Center for Healthy Brain Aging, Saint Louis University School of Medicine

It is not easy to find happiness in ourselves,
and it is not possible to find it elsewhere.
- Agnes Repplier

Happiness is one of several positive emotions (others for example are feeling relaxed,
joyful, at peace with oneself, content, feeling connected with others and with the divine)
that promote brain health. Feelings of happiness are associated with release of several
brain chemicals that promote brain cell survival, strengthen brain cell connections and
help create new brain cells. It is possible to be happier. Like patience, happiness is a skill
that we need to cultivate with intention and persistence. Here are some simple strategies
to cultivate happiness.

P: Engaging in activities that generate Pleasure on a regular basis is crucial to becoming
happier. Our brains are hardwired to seek and have fun! Of course, if you seek too much
pleasure the brain is as strongly hardwired to switch off! Just the right amount of pleasure
is the key. Amazingly, even a small amount can have a dramatic effect! Make a list of
activities that are pleasurable and include at least a few in your daily schedule.

S: Activities that exercise our Strengths (what we are good at) also generate feelings of
happiness. Make a list of your strengths and gradually increase time spent engaging in
these activities on a daily basis.

A: Appreciation of what we have, of all the little moments of pleasure and meaningful
encounters that we have, improves the depth and duration of our happiness. Practice
meditation and consider writing in a gratitude journal one or more times a week.

L: Cultivating our capacity to Laugh at our imperfections and not take life too seriously
is important to being happier. So lighten up.

M: Engaging in activities that bring Meaning to our life (e.g., spending time with family
and friends, helping others) is another necessary element to becoming happier. Start
actively increasing engagement in the meaningful activities you identify.

S: Scheduling activities that are pleasurable and meaningful and that exercise our
strengths on a daily basis is the most important goal. Otherwise life has a way of taking
us away from what makes us genuinely happy. Write a daily schedule of happiness
activities and happiness “boosters™ and stick to the schedule.

Related references:
1. Penninx BWJH. A happy person, a healthy person? Journal of the American
Geriatrics Society 2000; 48:473-8.
2. Book by Tal Ben-Shahar PhD. “Happier”



BRAIN HEALTHY NUTRITION
Abhilash K. Desai MD
Director, Center for Healthy Brain Aging
Saint Louis University School of Medicine

Nutrition*:

1. Fruits (4-6 servings daily recommended). Berries are best.

2. Vegetables and Legumes (4-6 servings daily recommended). Tomatoes, beet and
green leafy vegetables are the best for brain health. Legumes include beans,
lentils, peas.

3. Omega 3 food (one to two serving per day recommended of a variety of omega 3
rich food items). Best source of omega-3 is a variety of fatty fish (baked or
broiled, NOT FRIED FISH). Other sources of omega — 3 foods include walnuts,
Kiwi, flax seed, omega-3 enriched food items [e.g., eggs, milk, cereals]).
Recommended fish: Pacific herring (sardine), sablefish (black cod), Furopean
anchovies, spanish Mackerel, wild sockeye salmon, farmed rainbow trout and
albacore tuna. Avoid following fish due to high mercury content: King Mackerel,
swordfish, tilefish.

4. Monounsaturated fatty acids (first cold-pressed extra-virgin olive oil, canola oil,
avocados) (one to two servings per day recommended). It is high in calories and
thus excess amount should be avoided.

5. Green tea (4-8 oz daily recommended).

6. Water (24-400z daily recommended).

7. Whole grains (3-6 servings daily recommended). Includes wheat, barley, oats,
maize, brown rice, whole wheat pasta, whole wheat bread, rolled oats.

8. Nuts (3-5 pieces) (tree nuts are the best: walnuts, almonds, pecans, hazel nuts,
macadamia nuts). Avoid too many nuts as it contains high amount of fat and thus,
high amount of calories.

9. Spices (e.g., turmeric, cinnamon, cloves, red pepper, black pepper, ginger, garlic).
Turmeric is most beneficial of all spices.

Turmeric (present in some yellow mustard and some Asian curries) and dark
chocolate (true dark chocolates are bitter) have been found to have beneficial effects on
heart health and brain health. Exact amount is not clear; hence their use is recommended
only in very modest amounts. E.g., a pinch of turmeric mixed in curries / sauce; an ounce
of dark chocolate (at least 70% cocoa) per day.

* = Needs physician input and guidance.

What te avoeid

Reduced intake of saturated fat (less than 5% of daily caloric needs), salt (less than 4
gm/d), refined sugar (consider anti-diabetic diet even if one does not have diabetes), red
meat (once every two weeks or less) is as important as consuming brain healthy food.
The American Heart Association recommends reduction in the intake of added sugars to
reduce the risk of a variety of metabolic disorders (e.g., metabolic syndrome, diabetes,
obesity). A prudent upper limit of intake for most American women is no more than 100



calories per day and for most American men is no more than 150 calories per day from
added sugar. Try and completely avoid intake of trans-fatty acids, other partially
hydrogenated fatty acids, high fructose corn syrup, fried foods, and food with long shelf
life. Avoid refined grains such as white rice, white flour, white bread and pasta (non-
whole wheat varieties).

Healthy Snacks. Examples: hummus with vegetables or whole grain crackers, small
amount of nuts, organic low fat cottage cheese, fruits, fat free milk, plain oat meal with
fruits, and some health bars.

Nutritional Supplements*: Omega — 3 pills (e.g., 500mg DHA/day), Vitamin D (e.g.,
1,0001U/day), B12 (e.g., 500mcg/day).

Sweeteners: Splenda is recommended over other sweeteners. Recommend to use as less
as possible as eating sweet food can train the tongue and brain to crave for sweet food.

Nutritional deficiencies need to be corrected. Common examples include vitamin
deficiencies (D, B12, B1, Nicotinamide), protein energy malnutrition.

Celiac disease / Celiac Sprue / Gluten Sensitive Enteropathy: Associated with many
nutritional deficiencies and impaired brain function (e.g., memory problems). Commonly
manifests as bloating (especially after eating wheat products), abdominal discomfort,
diarrhea and often misdiagnosed as Irritable Bowel Syndrome.

Note: It is very important the each person consumes calories that do not exceed
calories needed to maintain healthy weight (Body Mass Index between 18 and 25).

Suggested Reading: Healthy Eating. A guide to the new nutrition. A special health

report from Harvard Medical School. 2006 Harvard Health Publications, Boston,
Massachusetts. www.health.harvard.edu

Website for healthy nutrition information

Pritikin Longevity Center: www.pritikin.com

www.dashdiet.org

American Heart Association website

Mayo Clinic
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PERSPECTIVES

SCIENCE AND SOCIETY

Be smart, exercise your heart:
exercise effects on brain and

cognition

Charles H. Hillman, Kirk . Erickson and Arthur F. Kramer

Abstract | An emerging body of multidisciplinary literature has documented the
beneficial influence of physical activity engendered through aerobic exercise on
selective aspects of brain function. Human and non-human animal studies have
shown that aerobic exercise can improve a number of aspects of cognition and
performance. Lack of physical activity, particularly among childrenin the developed
world, is one of the major causes of obesity. Exercise might not only help to improve
their physical health, but might also improve their academic performance. This
article examines the positive effects of aerobic physical activity on cognition and
brain function, at the molecular, cellular, systems and behavioural levels. A growing
number of studies support the idea that physical exercise is a lifestyle factor that
might lead to increased physical and mental health throughout life.

Participation in physical activity has been
associated with the reduction of a number
of physical (for example, cardiovascular
disease, colon and breast cancer, and obes-
ity) and mental (for example, depression
and anxiety) disorders across the adult
lifespan'. Despite mounting evidence for

the importance of physical activity, 74% of
adults in the United States do not meet the
recommended guideline of at least 30 min-
utes of moderate-intensity physical activity
on most days of the week'?. Recent evidence
further indicates that children are growing
increasingly sedentary and unfit, and that
these lifestyle factors are related to an earlier
onset of several chronic diseases (such as
type IT diabetes and obesity), which typically
do not emerge before adulthood®. As a result,
recent estimates have indicated that younger
generations, for the first time in United States
history, might live less healthy lives than their
parents', The economic cost of this seden-
tary lifestyle is enormous in both developed
and developing countries, with estimates
indicating that inactivity was associated with
2.4% of healthcare expenditures in 1995

REF & and ~TS$76 billion in medical costs

in the year 2000 (REF 7. Canadian estimates
concur, as 2.5% (or $2.1 billion) of the total
direct healthcare costs for the year 1999 were
related to physical inactivity®.

In addition to the physical and economic
impact of physical inactivity, a growing body
ofliterature has linked physical activity with
improvements in brain function and cogni-
tion. Animal research haslong shown that
enriched environments, including access to
exercise equipment (such as running wheels),
has a positive effect on neuronal growth and
on the neural systems that are involved in
learning and memory, indicating that physi-
cally active behaviours influence cognitive
function and the supporting brain struc-
tures’. A similar perspective has emerged
in human research'®; with recent advances in
neuroimaging techniques showing that
exercise leads to evident changes in brain
structure and function. These findings
allow for a better understanding of the
implications of specific lifestyle factors for
cognitive health.

Although the roots of a mind-body
connection can be traced back to at least
the ancient Greek civilization, the scientific

investigation of the relation between
physical activity and cognition began in
the 1930s. Evidence for a relationship
between physical conditioning and faster
reaction time was observed during the next
several decades' ™ (although some studies
indicated no such relationship''). The first
systematic examination of this relation-
ship began in the 1970s, with findings
indicating that older adults who regularly
participated in physical activity had faster
psychomotor speed, relative to their sed-
entary counterparts, on simple and choice
reaction-time tests. Interestingly, no such
relationship was observed in comparable
groups of younger adults"” %, suggesting
that the benefits of physical activity on
cognition were specific to older adults (see
REF. 16 for a review). With recent technical
advancements, contemporary research
has sought to understand the mechanisms
that underlie the influence of exercise
participation on cognition.

Here we describe the latest research,
in both humans and non-human animals,
on the relationship between physical
activity (primarily aerobic exercise) and
cognition. The research with humans has
mostly focused on the effects of exercise
on cognitive processes, as assessed with
paper-and-pencil and computer-based tests.
However, neuroimaging techniques, such as
event-related brain potentials (ERP) and struc-
tural and functional MRI, are also being
used to examine the link between exercise
and cognition. Non-human animal research
takes this investigation one step further,
revealing some of the molecular and cellular
changes that occur in the brain following
exercise training. The findings we describe
could have important implications for future
healthcare and education policies.

Human research

Physical activity effects on cognition during
childhood and young adulthood. Despite
the fact that children in industrialized
countries are growing increasingly unfit and
unhealthy owing, in part, to the comforts of
technological advancements, the investiga-
tion of the effects of physical activity on
cognitive health during development has
received surprisingly little attention. In
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fact, only a handful of studies using true
experimental designs exist in the literature
and, arguably, these studies have done

little to advance our understanding of the
mechanisms by which exercise influences
brain function and cognition. A recent
meta-analysis determined a positive relation
between physical activity and cognitive
performance in school-age children (aged
4-18 years) in eight measurement categories
(perceptual skills, intelligence quotient,
achievement, verbal tests, mathematic tests,
memory, developmental level/academic
readiness and other). A beneficial relation-
ship was found for all categories, with the
exception of memory, which was unrelated
to physical activity behaviour®, and for

all age groups (although it was stronger

for children in the age ranges of 4-7 and
11-13 years, compared with the age ranges
of 8-10and 14-18 years)™. The effect size
(ES) observed by Sibley and Etnier™ in their
meta-analysis was .32 (standard deviation
=(127), which is similar to that which was
observed in a meta-analysis of the effects of
physical activity on cognition (ES = (.25)
across the lifespan (6-90 years)”'. These
findings suggest that although physical
activity might be beneficial at all stages of
life, early intervention might be important
for the improvement and/or maintenance of
cognitive health and function throughout
the adult lifespan.

Recently, research efforts have focused
on the relation between physical activity and
the academic performance of school-age
children (BOX 1. Several studies have sug-
gested that participation in physical activity
has either a positive relation or is unrelated
to academic performance, with differences
across studies probably reflecting the tech-
niques that were used to assess behaviour
and/or the aspects of scholastic aptitude
that were measured (achievement testing,
grade-point average and academic records,
for example)?>', Regardless of the measure,
these studies indicated that an increase in
the amount of time dedicated towards physi-
cal health-based activities (such as physical
education) is not accompanied by a decline
in academic performance. The implications
of these findings are important for promot-
ing better physical health, without the loss
of other educational benefits, in school-age
children.

Similar to the situation with children,
there is a dearth of research on exercise-
cognition effects in young adults, Although
exceptions exist, especially with regards to
acute exercise effects on cognition®** (see
REF 27 for a review), most research has used

PERSPECTIVES

Box 1 | Physical activity and academic performance in school-age children

Recently, owing to the increasing importance placed on standardized testing, many schoolsin the
United States have reduced or eliminated physical education {PE) requirements, in an effort to
increase students’ academic performance. However, no empirical evidence exists to suggest that
the elimination of non-academic programmes (suchas PE) is related to higher academic
achievement. In fact, empirical evidence suggests otherwise. Aerobic fitness has a small but
positive relation to academic achievement, whereas body mass index (BMI) has a negative
relation*’. Recent studlies have indicated that achievement in standardized tests of mathematics
(the left-hand graph in the figure) and reading {the right-hand graph in the figure) was positively
related to physical fitness scores, measured using the progressive aerobic cardiovascular
endurance run (PACER) test {a 20 metre shuttle run that increases in difficulty and is considered a
field test of aerobic capacity), in school-age children®. This relationship was selective to aerobic
fitness, as muscle strength and flexibility fitness were unrelated to academic achievement®.
Similarly, beneficial relationships have been observed between physical activity and other
measures of academic performance, such as academic grades in the classroom?*8%-=0,

Relevant neural networks have been identified for component processes that might be involved in
mathematics and reading performance (see the lower two panels of the figure). Research that
examined the functional neuroanatomy of reading comprehension revealed an activation of the
prefrontal cortex{PFC) and parietal/posterior cingulate cortex (PCCY". Likewise, mathematical
calculations and numerical magnitude processing have been linked to bilateral regions of the
intraparietal sulcus in children and adults”***. However, children also recruit the right dorsolateral
prefrontal cortex™%. Given that both mathematics and reading elicit activation in the frontoparietal
netwaork, there is a sound basis for examining these structures in relation to acade mic performance.
As fitness has also been related to the frontoparietal network*®5#*, it would follow that children
might derive benefits in school performance from increased participation in physical activity.

Finally, a few studies have indicated that physical activity is unrelated to academic performance.
For example, a study that relied on the self-reported teacher perception of students’ physical activity
did not find a relation with academic performance’. However, another study® reported that pupils
who engaged in vigorous physical activity performed betterin school than those that performed
moderate or no physical activity. Sallis et al.*® observed a trend forimproved achievement test scores
following physical activity, but the relationship might have been blunted because the school district
examined was one with histarically high test scores. Collectively these data indicate that, at the very
least, time spent in physical activity programmees does not hinder academic performance, and it
might indeed improve performance. Given the positive health benefits that are derived from
physical activity, these studies support PE as an important component of children’s healthand
wellbeing. Bottom panels adapted from REF. 7 @ (1996) Appleton & Lange.
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Figure 1| Meta-analytic findings of exercise-training effects on cognition in older adults. The
results of a meta-analysis of the effects of fitness training on cognition showed that the benefits of
fitmess training on four different cognitive tasks were significant. As illustrated in the figure, fitness
training has both broad and specific effects. The effects are broad in the sense that individuals in
aerobic fitness training groups (represented by the red bars) showed larger fitness training effects
across the different categories of cognitive processesillustrated on the x-axis. They are specificin the
sense that fitness training effects were larger for some cognitive processes, in particular executive
control processes, than for other cognitive processes. Figure reproduced, with permission, from REF 32

© (2003) Blackwell Publishers.

younger adults merely for the purpose of
comparison with older adults, to provide

a basis for age-related deficits in cognitive
function and to better understand the pro-
phylactic or ameliorative effects of chronic
physical activity participation on cognitive
ageing. One obvious reason for this paucity
of literature is that cognitive health peaks
during young adulthood®, suggesting that
there islittle room for exercise-related
improvement to cognitive function dur-
ing this period of the lifespan. However,
recent trends indicating a declining health
status among children® suggests that future
research should extend to periods of the
lifespan that are characterized by peak
cognitive health.

There is a small body of literature that
examines neurophysiological indices of
the benefits of chronic physical activity
participation on cognitive function in
young adults; however, the vast majority
of this research is focused on cognitive
ageing (see below). Future research in
this area needs to continue to build the
physical activity—cognition literature base,
similar to that for older adults and, if it
is to have societal implications, it should
also focus on bridging the gap between
the basic mechanisms that underlie the
effects of exercise on the brain and applied
aspects of cognition related to classroom
and job performance.

Physical-activity effects on cognition

during older adulthood. The study of
exercise and cognition with older adults
dates back several decades. Recently the
exercise-cognition relation in older adults
has been strengthened by the observation,
in prospective epidemioclogical studies,

that there are a number of lifestyle factors
— including intellectual engagement, social
interaction, diet and physical activity — that
are associated with the maintenance of
cognitive function and a reduction in risk for
age-associated neurodegenerative disorders,
such as Alzheimer’s disease and vascular
dementia®**-*,

A small but growing number of rand-
omized intervention studies have examined
whether fitness training has a positive effect
on different aspects of perception and cogni-
tion in older adults. These studies generally
enrol healthy but sedentary adults between
the ages of 60 and 85 yearsand ask them
to participate in an exercise regime several
times per weel over the course of several
months to several years. Cognition and
fitness is assessed before and after the inter-
vention. The central question is whether
individuals who participate in an aerobic
training regime show larger gains in cogni-
tion than wait-list control subjects or control
subjects who participate in non-aerobic
regimes, such as toning and stretching, In
one example”, older adults were randomized

into a pool-based aerobic exercise group or a
wait-list control. All participants were tested
with a series of single and dual auditory and
visual discrimination tasks both betore and
after the 10-weelk intervention. Participants
in the aerobic training programme, but not
those in the control group, showed signifi-
cant improvement in dual-task performance
over the 10-week period. Improvements in
single-task performance were equivalent for
the two groups.

Although a number of intervention
studies have found improvements in
performance on cognitive tasks for aerobi-
cally trained but not control subjects, other
studies have found equivalent performance
improvements for both aerobic and control
subjects across cognitive tests. Given that the
number of randomized intervention trials
that have examined fitness training effects
on cognition is relatively small, and that
the particulars of these studies were varied,
there are a number of factors that might be
responsible for the mixed pattern of results.
Some of these factors include: the cognitive
processes examined; the length, intensity
and type of exercise programme; the age
range, health and education of participants;
and the manner in which fitness improve-
ments were measured. Fortunately, a few
meta-analyses have been conducted in
recent years to determine first whether the
fitness—cognition effect is robust across
the literature and second which factors
might moderate this relation’>**, Several
important results have been obtained from
these meta-analyses, which examined par-
tially overlapping sets of studies. First, and
perhaps most importantly, the effect size in
each meta-analysis was significant. That is,
in all studies, physical activity had a positive
effect on cognition. Second, a significant
relationship between physical activity train-
ing and improved cognition was obtained
for both normal adults and patients with
early signs of Alzheimer’s disease, in which
memaory or cognitive ability was mildly
impaired®-*', Thus, it appears that physical
activity can have a positive effect on a wide
range of cognitive functions. Several other
moderator variables were also revealed®. As
indicated in FIC. 1, physical-activity training
appears to have both broad and specific
cognitive effects: broad in the sense that
various different cognitive processes benefit
from exercise participation, and specific in
the sense that the effects on some cognitive
processes, especially executive control proc-
esses (which include scheduling, planning,
working memory, multi-tasking and dealing
with ambiguity), are disproportionately
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larger. This is particularly interesting as
executive control processes, and the brain
regions that support them (chiefly the
prefrontal cortex), show substantial age-
related deterioration — the findings suggest
that even processes that display substantial
age-related change are amenable to interven-
tion. Additionally, the relationship between
physical activity training and cognition was
also influenced by programme duration, age,
gender® and type™.

In summary, although there are a mul-
titude of unanswered questions regarding
physical activity and cognition in older
adults, there is evidence of a relationship
between fitness training and improvements
in various aspects of cognition across a
broad range of ages. Collectively, the find-
ings suggest that physical activity is benefi-
cial across the human lifespan. However, the
mechanisms that underlie this relationship
are unclear and might differ during develop-
ment and ageing, as the brains of children
are still developing and undergoing organi-
zation whereas the brains of adults are not.
Physical activity during childheod might
encourage optimal cortical development,
promoting lasting changes in brain structure
and function. Future research should address
whether the mechanisms that support the
physical activity-cognition relationship are
different in children and adults.

Neuroimaging studies of physical activity
in humans. Neurophysiological studies
have revealed differences in cognitive
function that are related to physical activity
behaviour. Examination of baseline spectral
frequency distributions of electroencephalo-
grams (EEGs) has revealed increased activa-
tion in the theta (4-8 Hz), alpha (8-13 Hz)
and beta (13-20 Hz) spectral bands, and
higher mean frequency in the delta (0.25-4
Hz), theta and beta bands in more active or
agrobiczlly fit individuals*~*, These findings
suggest that physical activity influences
baseline electrocortical function and, thus,
that it might affect cognitive operations.
Support for this influence is garnered from
the finding that inter-individual variability
in spectral frequency activation is related to
individual variations in the P3 component
of the ERP'"™"! which has been found to be
especially sensitive to changes in physical
activity participation and aerobic fitness.
Research conducted over the past two
decades has described both aercbic fitness-
and physical activity-related differences
in the amplitude and latency of the P3
component in pre-adolescent children®,
young adults™ " and older adults**>**, This

component appears to be generated by a
network of neural structures, including the
frontal lobe, the anterior cingulate cortex
(ACC), the infero-temporal lobe and the
parietal cortex, that are involved in cognitive
operations, including stimulus processing
and memory updating®’. Consistent and
robust findings have emerged: larger ampli-
tude and shorter latency P3s are observed
across a variety of cognitive tasks in indi-
viduals with high aerobic fitness compared
with unfit individuals. These results indicate
that greater amounts of physical activity

or aerobic fitness are generally beneficial

to cognitive processes that are related to

the allocation of attentional resources and
faster cognitive processing during stimulus
encoding. In agreement with these findings,
functional MRI (IMRI)* and behavioural -
data show a physical activity-related modu-
lation that is disproportionately larger for
task components that necessitate greater
amounts of executive control ™,

More recently, neurophysiological
research has focused on response-monitoring
processes elicited by the evaluation of con-
flict during instances of erroneous action.
Specifically, smaller error-related negativity
(ERN) amplitude following error com-
mission has been observed in more active
older adults™ and fit young adults than in
unfit individuals of similar age®. Given that
source-localization techniques, such as dipole
medelling™, have localized the generation
of the ERN to the caudal portion of the
ACC, these findings corroborate previous
IMRI research that showed reduced activa-
tion of the ACC in fit older adults during
participation in tasks that required variable
amounts of executive control relative to unfit
individuals® (80X 2;. The implication of these
findings is that greater amounts of physical
activity and/or fitness might be associated
with a reduction in task-related response
conflict owing to increased top-down control
during task execution. Physical activity-
related influences on task performance are
further observed through the regulation
oftop-down control, as more active and fit
individuals exhibit longer reaction times on
trials following erroneous action®,

MRI has also been used to examine the
effects of fitness on cognition. For example,
in cross-sectional comparisons between
individuals with high and low levels of
fitness and aerobic fitness training studies,
Colcombe and colleagues'®** found that
higher levels of fitness and fitness improve-
ments were related to larger volumes of
prefrontal and temporal grey matter, as
well as anterior white matter (see also
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REFS 54.55), Such increases in brain volume
have previously been shown to be predictive
of performance in older adults*™.

Aerobic fitness training has also been
tound to induce changes in patterns of
functional activation using fMRI. For
example, older adults who participated
in a walking intervention over a 6-month
period showed increases in activation in the
middle frontal gyrus and superior parietal
cortex and decreases in activation in the
ACC, relative to a non-aerobic toning and
stretching control group™. These changes
in patterns of fMRI activation were related
to significant and substantial improvements
in the performance of a selective-attention
task. More recently, increases in measures
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Box 2 | Physical activity and the anterior cingulate cortex

Physical activity has been found to enhance
cognition, with a selectively larger effect on
executive control functions compared with
other cognitive processes™*"*, Accordingly.
brain structures that mediate executive
functions would be expected to show
disproportionate changes as a result of
participation in physical activity. One such
structure is the anterior cingulate cortex (ACC),
which is part of the brain’s limbic systemand
has connections with multiple brain structures
that process sensory, motor, emotional and
cognitive information®. Two convergent lines
of research indicate that physical activity
exerts a substantial influence on the ACC and the concomitant executive processes that it mediates.

Neuroimaging research that examined the effects of changes in fitness on the ACC found that
aerobically trained older adults exhibited a reduction in activation (see figure, top panels), with a
concomitant decrease in behavioural conflict, during a task that required variable amounts of
executive control, relative to untrained individuals®®. Furthermore, increased activation of the dorsal
prefrontal and parietal brain regions involved with task-related inhibitory functioning was
observed, suggesting an increased ability of the frontal attentional network to bias task-relevant
activation in the posterior cortex*.

These findings are supported by neurophysiological and task-performance data***, which
demonstrated a reduction in error-related negativity (ERN) amplitude®?; an event-related brain
potential (ERP) component with its primary neural generator in the caudal ACC (see figure, bottom
panel) . This reduction in the ERN amplitude was associated with greater regulation of behavioural
responses for physically active younger and older adults compared with inactive individuals. These
findings suggest an improvement in task performance in aerabically active individuals through a
reduction in conflict-related activation of action monitoring processes, resulting in a more efficient
neurophysiological profile. Collectively, convergent evidence supports the view that higher levels of
physical activity correlate with increased top-down control, which could be mediated through maore
efficient activation of the ACC, resulting in better performance during tasks requiring executive
control. MFG, middle frontal gyrus; SPL., superior parietal lobule. Coordinates for the locations of

the clusters are given in Montreal Neurological Institute space. Top panel reproduced, with
permission, from REF. 48 © (2004) National Academy of Sciences. Bottom panel reproduced,
with permission, from REF. 26 © (2006) Elsevier Science.

of cerebral blood volume (CBV) in the
dentate gyrus of the hippocampus were
observed in a small group of middle aged
participants in a 3-month fitness training
study™. The increases in CBV were associ-
ated with improvements in verbal learning
and memory and cardiorespiratory fitness.
The regional specificity of the CBV changes
are particularly interesting, given previous
demonstrations of neurogenesis in the
dentate gyrus” as well as the association
between increased CBV and neurogenesis
in mice®. CBV changes in the hippocampus
might serve asa biomarker for neurogenesis
in humans.

Non-human animal research

Research on humans has demonstrated
improved cognitive performance as a result
of physical activity in both children and
older adults. However, there are clearly limi-
tations on the extent to which the human
brain can be examined with neuroimaging
techniques. Non-human animal research

can directly examine the cellular and
molecular cascades that are triggered by
exercise, which in humans can only be indi-
rectly examined and inferred. Additionally,
investigating the effect of exercise in non-
human animal populations has the benefit
of markedly reducing some of the inherent
confounding variables that are often
present in human studies (for example,
lack of adherence to treatment protocols,
and covariation with other lifestyle factors,
such as social interaction and diet with an
exercise intervention) while also providing
a translational and cross-species approach
to studying exercise-induced neural and
cognitive plasticity.

An increase in cell proliferation and cell
survival in the dentate gyrus of the hip-
pocampus is one of the most consistently
observed effects of exercise treatment™ -,
Exercise-induced hippocampal cell prolif-
eration and cell survival can occur at many
stages of development, including young
adulthood™, and in old age®. Even newborn
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pups with mothers that had carried out aero-
bic exercise during the gestational period of
the pregnancy exhibited a greater number
of surviving cells in the hippocampus than
pups born from sedentary mothers™-*,
The functional significance of hippocampal
neurogenesis and the survival of the new neu-
rons is a source of great controversy, but the
behavioural performance improvements that
are associated with exercise treatments sug-
gest that these newborn cells might facilitate
learning and memory. Furthermore, demen-
tias such as Alzheimer’s disease are character-
ized by a marked reduction in the number of
neurons in the hippocampus, which might be
alleviated, in part, by increased neurogenesis
resulting from aerobic activity.

The proliferation of new cells in the
brain is accompanied by an increased
need for nutrients. This demand is met
by the stimulation of new blood vessel
growth in the cortex®, the cerebellum™,
the striatum® and the hippocampus®™.
The growth of new vasculature might be
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dependent on the presence of molecules
such as vascular endothelial growth factor
(VEGF) and insulin-like growth factor 1
(IGF1). For example, systemic injection of
IGF1 effectively stimulates angiogenesis

in the brain, and inhibiting IGF1 reduces
angiogenesis. IGF1 might induce new blood
vessel formation through the regulation of
VEGF®, a growth factor that is prominently
involved in blood vessel formation and
development. Aerobic exercise increases
the production and release of both IGF1
and VEGF in young rodents, leading to the
formation of new blood vessels. It is likely
that angiogenic processes resulting from
acrobic activity occur both in childhood
and in old adulthood® (however, see REF 62
for an exception).

Besides IGF1 and VEGE brain-derived
neurotrophic factor (BDNF) is another
molecule that is consistently demaonstrated
to be upregulated with exercise treatments®™.
BDNF has been shown to be necessary for
long-term potentiation (LTP), a neural ana-
logue of long-term memory formation, and
for the growth and survival of new neurons.
Blocking the binding of BDNF to its tyrosine
kinase receptor (1 RKB) abolishes LTP and
neurogenesis. Additionally, BDNF levels in
the hippocampus have been directly related
to the enhanced learning and memory proc-
esses that are observed with exercise treat-
ments in rodents™, Even in humans, serum
concentrations of BDNF are increased after
acute exercise regimens™ in both young
adults and patients with multiple sclerosis™.
Increases in BDNF levels in response to an
exercise treatiment could be an important
finding, as serum and cortical concentra-
tions of BDNF are reduced in Alzheimer’s
disease, Parkinson’s disease, depression,
anorexia and many other diseases. Aerobic
activity might be neuroprotective, prevent-
ing the development of certain cognitive and
neural symptoms that are associated with
these diseases, through the regulation of
BDNF secretion™.

In summary, non-human research
strongly supports the positive effects of exer-
cise on cognition: aerobic activity improves
learning and task acquisition, increases the
secretion of key neurochemicals associated
with synaptic plasticity and promotes the
development of new neuronal architecture.
In addition, non-human animal research is
not only consistent with human literature
on aerobic activity, but also provides some
important mechanistic claims for how exer-
cise exerts its effects on the nervous system
in humans (see REF. 74 for an in-depth
review of the cellular and molecular effects

of exercise in non-human animals). Despite
having gained some mechanistic insights,
alarge number of questions regarding the
generality of the effects of exercise onlearn-
ing, the molecular and genetic transcription
cascades that result from exercise and the
durability of the effects, remain unresolved.
Although there are many missing links
between the human neuroimaging results
and non-human molecular and cellular
waork, both bodies of research suggest that
aerobic exercise is an important lifestyle
factor that influences cognitive function
throughout the lifespan.

Conclusions and future directions

The human and non-human animal
research discussed above suggests that
physical activity, and aerobic fitness training
in particular, can have a positive effect on
multiple aspects of brain function and cog-
nition. Although the number of studies on
physical activity is certainly larger for older
adults than for other age groups, the data
suggest that physical activity can have ben-
eficial effects throughout the lifespan, even
for individuals with neurodegenerative dis-
eases™ ™, Studies with non-human animals
have begun to shed light on the molecular
and cellular changes that are engendered
by exercise and that appear to underlie the
effects of fitness on cognition and perform-
ance. Fitness training has been observed to
selectively enhance angiogenesis, synap-
togenesis and neurogenesis (in the dentate
gyrus of the hippocampus), as well as to
upregulate a number of neurotrophic factors
in the mouse brain™™.

Despite the wealth of knowledge that
has been obtained concerning the effects of
exercise and physical activity on brain and
cognition, there are a multitude of important
questions that remain to be answered. From
a practical perspective, at present we know
little about how to design exercise interven-
tions that optimize the effects on cognition
and brain health. Future research might be
able to answer questions such as: when is it
best to begin? What are the best varieties,
intensities, frequencies and durations of
exercise? Is it ever too late to start an exercise
programme? Can exercise be used to reduce
the deleterious effects of neurodegenerative
diseases™77?

Some intriguing research has begun the
important task of exploring how exercise
interacts with other lifestyle factors in
influencing cognition and brain health. For
example, Molteni and colleagues™ inves-
tigated the interaction of diet and exercise
at the behavioural and molecular levels

PERSPECTIVES

through their effects onlearning and BDNFE
Exercise served to reverse the negative
effects of high-fat diets on BDNF levels and
learning, In another recent study, the etfects
of exercise on hippocampal neurogenesis
were substantially delayed and reduced for a
group of socially isolated rodents compared
with animals that were housed in a group
setting™. Such results suggest the need to
further study the potential relationship
between sacial interaction (and social
isolation) and exercise on brain function
and cognition in humans. Finally, several
recent studies have described the benefits
of exercise training for the treatment of
depression™ ",

Although the prospective epidemiclogi-
cal literature has examined the influence of
various lifestyle factors on cognition and
neurodegenerative disease, few studies have
explored the separate and interactive effects
oflifestyle factors. Karp et al.” recently
reported that cognitive, physical and social
engagement had served to decrease the risk
of dementia in a group of 778 adults over
a period of three years, with those adults
with high scores in all three factors showing
the greatest benefit. The results of these
studies are both intriguing and provocative;
however, they only scratch the surface in
terms of explaining the manner in which
different lifestyle factors interact to pro-
mote healthy brains and minds. Clearly,
additional observational and experimental
studies are needed to further explain the
effects of these interactions with regards to
cognition.

In recent years there has also been
increased acknowledgment of the role of
genetic polymorphisms on the heterogeneity
of treatment effects in drug trials, especially
with regards to the speed with which indi-
viduals metabolize different agents®. The
study of the potential moderating effect of
genetic variability has also begun to have a
role in the study of exercise effects on cogni-
tion. More specifically, a number of obser-
vational studies have examined whether the
presence of the e4 allele on the APOE gene
(which encodes apolipoprotein E) influences
the relationship between fitness and cogni-
tion in older adults* . The answer to this
question is, at present, unclear. However,
given that single nuclectide polymorphisms
exist on a number of genes that influence
proteins implicated in fitness-training
effects®* (like BDNF and IGF1, for exam-
ple) tuture studies will certainly benefit from
the examination of the moderating influence
of genetic variability on relevant target
systems.
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In conclusion, there is converging evi-
dence at the molecular, cellular, behavioural
and systems levels that physical activity
participation is beneficial to cognition. Such
evidence highlights the importance of pro-
moting physical activity across the lifespan
to reverse recent obesity and disease trends,
as well as to prevent or reverse cognitive and
neural decline. Accordingly, physical activity
can serve to promote health and function in
individuals, while also lessening the health
and economic burden placed on saciety.
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Objectives

At the end of this lecture, the attendees will

1. Have knowledge about one perspective of
what “promoting brain health” means

2. Understand what Western-style studies
have to offer in the form of evidence for use
of four specific types of Complementary and
Alternative Therapies to promote brain
health

3. The role of stress in aging (if we have time)

Objectives

At the end of this lecture, the attendees will

2. Understand what Western-style studies
have to offer in the form of evidence for
use of four specific types of
Complementary and Alternative Therapies
to promote brain health

a. Should we recommend for our patients?
b. Should we recommend for ourselves?

Promoting Brain Health

m What is it?

m When does it start?
m Is it ever too late?
m What is the goal?




Promoting Brain Health
m What is it?
— Ability to use your brain to its full capacity

Promoting Brain Health

m What is it?
— Ability to use your brain to its full capacity
—Keeping that ability throughout life
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Promoting Brain Health

m What is it?

m When does it start?
m [s it ever too late?
m What is the goal?




Aging

m “the random systemic loss
of molecular fidelity, that ..
accumulates to levels that
eventually exceed repair,
turnover, or maintenance

capacity”

» “the progressive loss of "
molecular fidelity increases ~
vulnerability to age- l
associated diseases - a

Y &
&>

The mortality (observed),
morbidity (hypothetical), and
disability (hypotheticaly
survival curves for US
females in 1980, (Source:
World Health Organization
1984),

Survival Probability




Promoting Brain Health

m What is it?

m When does it start?
m [s it ever too late?
m What is the goal?

Aging

m “There's no need to keep those molecules
in a perfect state after reproductive
maturity, because the animal possessing
those molecules has already done what
nature intends for it to do, and that is to
reproduce.”

-Leonard Hayflick

Plasticity of the Brain

m The relative strengthening of certain
connections in the brain (synapses), or an
increase or decrease in the number of
synaptic connections.

m When new information is learned, it
causes brain plasticity since connections
are added or strengthened.




Plasticity of the Brain

» Researchers amputated the nerve on an
adult monkey's middle finger to see what
effectit would have on the corresponding
brain maps of the monkey.

n After a couple of months, there was no
longer a map for the middle finger in the
monkey's brain.

= The maps of the adjacent fingers had
grown into the place where the middle
finger's map used to be.

M1, IMerzenich, R, 1. Nelsan, M. P. Stryker, .S, Cynaderm, Schoppmann, and 1M, Zook,
1984, Sumamsenwr cortical map :ham es followin: d\g\t amputation in adult
S21-605,

monkeys, ! bursst off Commarative Meurology, 224 (4

Plasticity of the Brain

= When a monkey's fingers were
sewn together, the maps for the
two fingers merged into one
map.

= Even in adults, your brain
physically changes its maps
based on what you are using and
paying attention to.

M., Merzenich, R, 1. Nelsan, M. P. Stryker, M.S, Cynaderm, Schoppmann, and 1M, Zook,
1924, Sumamsensw cortical map :ham es followins d\g\t armputation in adult
monkeys, " Jowrne! of Comparative Meuralogy, 224 (4]: 591603,

Promoting Brain Health

m What is it?

m When does it start?
m [s it ever too late?
m What is the goal?




Promoting Brain Health

m What is the goal?

— Survival (evolution?)*

-QoL

— Prevention of declinefimpairment
= Dementia
= MCI
= Depression
= Delirium

“Aging is something that was never intended for us to see in the first place.
Itis an artifact of civiization.” (Hayflick)

Miildonado TR, Crit Care Clin 24 (2008)780-856

Fig. 1. A base pathoetiological model
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