
Volume 5 • Number 1 • Summer 2012

UH Neurological Institute Journal

Free Online CMe Credit Hours  •  See back cover for details.

S p e c i a l  I s s u e  o n  Brain Health



Neurological Institute Physician Advice Line   
216-844-1001

Appointment Request Line   
216-844-2724 

UHhospitals.org/neuro

University Hospitals Neurological Institute

Recognized by U.S.News & World Report as one of the nation’s 
finest neuroscience programs, University Hospitals Neurological 
Institute delivers innovative, integrated and individualized care 
to patients with diseases affecting the nervous system. 
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spine and pain disorders, Parkinson disease, Alzheimer 
disease and more. Nationally recognized experts in neurology, 
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Dear Colleague,

I am pleased to bring you the Summer 2012 issue of 

the UH Neurological Institute Journal.

Through continuing collaboration with scientists 

at Case Western Reserve University School of 

Medicine, physicians at the UH Neurological 

Institute test and refine the latest advances in treatment for patients with 

disabling neurological disorders. The NI Journal highlights these advances 

and demonstrates our interdisciplinary strengths. As an added benefit for 

our readers, CME credit is available for the busy practitioner interested in 

receiving AMA PRA Category 1 Credits™.

Our summer issue is devoted to brain health – from defining the very 

concept of brain health to the pursuit of innovative treatments that may 

offer hope and a better quality of life for those patients facing diseases 

and disorders that threaten their cognitive function. For this issue, I have 

invited Dr. Alan Lerner, Director of the Brain Health & Memory Center, to 

serve as Guest Editor. His letter on page 2 (In This Issue) introduces us to 

this issue’s contributions from some of our best colleagues in the field of 

brain health. Their work is valuable, and I appreciate their willingness to 

share it in the NI Journal.

Nicholas C. Bambakidis, MD 
Editor-in-Chief 

216-844-8758 
Nicholas.Bambakidis2@UHhospitals.org
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In the 1990s, the “Decade of the Brain” heralded the explosion in neurosciences that ultimately 
contributed to the first available treatments in Alzheimer disease (AD), multiple sclerosis, 
amyotrophic lateral sclerosis, and many other conditions. As exciting as those advances were, 
more than a decade later we face daunting work developing new cures and caring for people 
with neurological conditions. The changed funding landscape and concerns about economic 
sustainability of the American health care system also weigh heavily on deciding how to utilize 
scarce clinical and research resources. But new cures often require new paradigms, just as new 
drug treatments involve identification of new targets, compounds that can engage targets, and 
demonstration of improved clinical outcomes. 

The concept of “brain health” is elaborated in this special issue of the NI Journal. The term itself 
is disarmingly simple, and it reflects major paradigm shifts occurring in the wake of our realization 
that past and current advances in the biosciences have not led to cures but have instead resulted 
in mounting expenses without major improvements in quality of life, however defined.

Brain health could be viewed as another “organ specific” health initiative akin to bone health and 
breast health, conjuring images of television ads that often promote medications or treatments, 
which medical professionals rightly view as simplistic at best. However, brain health imparts a 
more positive message, both internally and externally, to academic medical centers, stating that 
disease pathophysiology-oriented academic structures such as “Alzheimer centers” miss the mark 
in a profound way.

Health is not simply the absence of disease but a sense of integrated wellness. With the brain as 
the organ of learning and behavior, the neurologists, cognitive scientists, and neuroscientists at 
UH, Case Western Reserve University, and our affiliated organizations look to develop brain health 
as a guiding principle for organizing care and research into the multitude of disorders affecting 
brain health across the lifespan.

We begin this issue of the NI Journal by paying tribute to Mark Smith, PhD, whose tragic 
death in December 2010 came several months after we began working together in the field 
of brain health. Mark was an esteemed colleague over the past 15 years and was a giant in 
the field of neurodegeneration. His publications include seminal papers in cell cycle re-entry in 
AD and extensive publications with many colleagues on the role of oxidative stress as an early 
manifestation of AD and other age-related cognitive disorders.

Gary Landreth, PhD, reviews therapeutics for AD. The last FDA approval for a new AD agent 
came in 2004 when Namenda® (memantine) was approved for moderate to severe AD. Since 
then, the field has been stymied by several high-profile candidate drugs that have not shown 
efficacy in late-stage clinical trials. Flurizan™, Alzhemed™, Dimebon™, and others have not been 
able to meet the standard metrics required for approval of clinical drugs for AD in the United 
States, which is two clinical trials showing efficacy on a global measure and a neuropsychological 
battery, usually the AD assessment scale-cognitive subscale. Dr. Landreth details his work on 
nuclear receptors as well as the influence of Apolipoprotein E and its connection to amyloid 
deposition, the closest we have to a consistent pathological marker for AD. His recent work on 
Retinoid X receptors and bexarotene, an FDA-approved drug for cutaneous T-cell lymphoma, 
has been published in the journal Science and has garnered global interest in novel targets for 
AD therapeutics. Moving these compounds with novel targets into human clinical trials, often 
utilizing new biomarker-based designs, remains a challenge, but the importance of AD to our 
societal health and the cost of its care provide a rationale for investigating the desperately needed 
new paradigms of neurodegeneration.

In this Issue:
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Jiri Safar, MD, co-director of the National Prion Disease Surveillance Center at Case Western 
Reserve University, reviews the common mechanisms and possible pathogenic links between 
the different dementias associated with protein misfolding and soluble oligomers. Increasing 
translational neuroscience ideas and testing new hypotheses will help distinguish centers leading 
the field of brain health in the future.

Anthony Jack, PhD, is a cognitive neuroscientist whose research into structural and functional 
correlates of behavior has led him to detailed analysis of the so-called Default Mode Network in 
normal humans and those with autistic spectrum disorders, dementia, and normal aging. This 
is brain health in action and rightly points us to new ways of self-understanding in a profound, 
philosophical manner that builds on millennia of self-examination albeit without the new 
technologies to observe the brain as an organ in action.

My own article on network analysis is aimed at helping clinicians and researchers begin to 
understand network analysis using the tools of graph theory. Far from abstruse, many of these 
concepts are well known, such as “six degrees of separation,” an idea prominent in social 
networks and Hollywood movies that have touched on this topic. Network studies vary in how 
much they utilize network-based analyses, and a better understanding of them can help clinicians 
gauge the likelihood that the findings will be relevant to their practice.

Randy McIntosh, PhD, from the Rotman Research Institute, Baycrest Centre, and University of 
Toronto, provides a global perspective on brain health. He points out the “aging tsunami” that is 
expected due to demographic changes in our population and the need for concerted responses; 
the Rotman Centre exemplifies the progress that can be made when multiple scientists and 
clinicians work together. We have formed a partnership with Baycrest and hope to translate many 
of these exciting new initiatives to clinical research and practice in the upcoming months.

Locally in Cleveland but maintaining a global perspective based on wide-ranging interests, 
Peter Whitehouse, MD, and Anitha Rao-Frisch, MD, describe interventions to enhance social 
engagement in older adults and those with mild memory problems. They review the data on 
physical activity, the utility of advances in information technology, and an integrated program 
of lifelong learning on the organ of learning – the brain. Dr. Whitehouse has also contributed a 
background paper on taking brain health to a broader and deeper level in ways that complement 
the approaches detailed in the other contributions in this special issue of the NI Journal.

Alan J. Lerner, MD
Guest Editor
216-464-6412
Alan.Lerner@UHhospitals.org
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Mark A. Smith, PhD, Professor of Pathology at Case Western 
Reserve University and internationally prominent Alzheimer 
disease research, passed away unexpectedly on December 19, 
2010. He was 45.

Mark grew up in Leicester, UK, the son of a coal miner and a 
homemaker. He graduated from Bushloe High School in Wigston 
Magna, Leicester and would later become the first in his family 
to attend college after receiving a scholarship to Durham 
University. Mark graduated with honors in 1986 with a Bachelor 
of Science degree in Biochemistry and Molecular Biology and 
then matriculated at Nottingham University, obtaining a PhD in 
biochemistry in 1990 under Michael Landon.

After a brief immersion in big pharma as a postdoctoral 
biochemist under Carolyn A. Foster at Sandoz Forschungsinstitut 
(now Novartis) in Vienna, Austria, Mark obtained a position as 
Research Associate in 1992 under the guidance and mentorship 
of Dr. George Perry at Case Western Reserve University, 
beginning in earnest his trajectory in neuroscience.

Mark’s rise in neuroscience in the mid 1990s was marked by 
exceptionally innovative ideas, enthusiasm, and communication 
skills, as well as an unlimited giving to collaborators and 
mentees, which allowed him to both revolutionize the field 
and earn him the undying loyalty and respect of everyone he 
touched. While he is best known for questioning the amyloid 
b cascade hypothesis, fundamentally he could not accept any 
mechanism that did not rely on evolutionary adaptation for 
successful aging. Oxidative stress figured prominently in his 
early studies, with the discovery and characterization of the first 
oxidative modification of Alzheimer disease’s pathology and 
the first in situ demonstration of oxidative response induction. 
These studies cleared the way for direct application to human 
brain and away from poorly defined changes that were only 
tangentially related to oxidative modification.

Mark also understood that oxidative stress or any other singular 
mechanism was not an end but a beginning. He thoughtfully 
avoided the presumption of etiology, the major pitfall for 
so many in the field, which in turn allowed him to expand 
the horizons of the basic biology of Alzheimer disease and 
become the first, for example, to crystallize the role of cell cycle 
activation as a basic mechanism of cellular pathophysiology 
within the brain, propose the two-hit hypothesis involving 
oxidative injury and cell cycle re-entry, and investigate the 
role of gonadotropins and, more recently, mitochondria 
pathophysiology in disease.

A staggering over-commitment to his students and colleagues 
was another signature quality of Mark, completely apart from 
his contributions to science. Mark directly mentored or trained 
more than 100 students of various levels. He directed eight post-
doctoral fellows, hosted 12 sabbaticals, and was the mentor for 
four faculty members. He sat on 17 NIH study sections and 48 
other national and international granting agencies. He delivered 
close to 300 invited lectures and served as keynote speaker 
for four major international meetings. Mark served as Editor-

Editor’s note:

This special issue of the 

Neurological Institute Journal 

is dedicated to the memory of 

Mark Smith, PhD, who led the 

fight against Alzheimer disease at 

Case Western Reserve University 

prior to his untimely death on 

December 19, 2010. His obituary 

is reprinted with permission from 

Neuropathology.

In Memoriam: Mark A. Smith, PhD: Neuroscientist and Visionary

Mark A. Smith, PhD
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in-Chief of the Journal of Alzheimer’s Disease, was the 
review editor of the Journal of Neurochemistry, and sat on 
the Editorial Board of more than 200 scientific journals, 
including Science Translational Medicine, the American 
Journal of Pathology, and the Journal of Neuropathology 
and Experimental Neurology.

Mark’s commitment to the development of students in 
particular was remarkable, and he enjoyed his interaction 
with them immensely. At any given time of year, his 
laboratory would be overrun by students, each working 
separately and autonomously on important projects. 
The enthusiasm was palpable with even a casual visit to 
his lab and existed at a level that does not exist in other 
laboratories. Indeed, the laboratory environment that 
Mark created can most aptly be described as an extension 
of his own personality – enthusiasm, love of life, passion 
for science, and freedom of thought, irrespective of 
station. Mark for his part valued his students’ insights and 
fresh perspectives, which he viewed as uncontaminated 
by a priori bias or adherence to a favored school of 
thought. He saw in students a limitless potential and an 
ability to contribute, regardless of educational level. In 
recognition of his exceptional devotion to students, Mark 
was honored with the J. Brooks Jackson Undergraduate 
Award for Excellence in Mentoring in 2009, a singular 
award given annually across all schools at Case. One 
student comment uncovered during the selection process 
summed it up best: “I have never met a professor who is 
more personally invested in the success and best interest 
of his students.”

Mark also had an unparalleled gift of collaboration, 
accumulating literally dozens of collaborators across 
the U.S. and beyond, ultimately spanning all but two 
continents, which in turn allowed him to publish at an 
exceptional level with more than 800 peer reviewed 
articles, reviews, and chapters at the time of his death. 
Mark had an H factor of 73 with more than 21,000 
citations and still counting, at the age of only 45. In the 
past year alone, his work was cited more than 3,000 
times, and he was Alzheimer disease’s top researcher 
of the past 10 years by ISI. At Case, Mark was the most 
prolific and most cited faculty member on campus, where 
his work alone accounted for more than 1 percent of the 
publications and 4 percent of the citations in a recent 
survey. Remarkably, Mark achieved full professorship 
with tenure at the age of 36, among the youngest in the 
history of Case to achieve this distinction.

His many honors included the Jordi Folch-Pi Award 
from the American Society for Neurochemistry, the ASIP 
Outstanding Investigator Award from the American 
Society for Investigative Pathology, and the Denham 
Harman Research Award. He was elected as Fellow 
of the Royal College of Pathologists, Fellow of the 
American Aging Association, and Fellow of the American 
Association for the Advancement of Science (the 

world’s largest scientific organization). He had recently 
been awarded the Goudie Lecture and Medal of the 
Pathological Society but passed away before he could 
deliver the lecture. Mark was also the posthumous 
recipient of the 2011 Alzheimer Medal from the Journal 
of Alzheimer’s Disease.

The sting of Mark’s loss is felt deeply by many, and 
as yet another tribute to a great man, the pain we all 
feel has nothing to do with Mark’s place in science, his 
contributions to understanding Alzheimer disease, or even 
his legendary commitment to students and colleagues. 
A friendship with Mark was the best friendship a person 
could hope to have. He had a fierce loyalty and genuine 
generosity to those he cared for and would give away his 
last dollar to a help a friend in need. Mark also had a wit 
that was so implausible and so razor sharp, one wonders 
whether he might have been a television personality. 
His charisma attracted friends and collaborators at an 
exponential rate, and his disarming ear-to-ear grin is 
burned in the mind of anyone who met him even a 
single time. Mark generated laughter wherever he went 
and greeted everyone as though it was his privilege to 
see them, always with a smile, always with an earnest 
enthusiasm, and always with a laudatory phrase that set 
a tone of friendliness and levity. To those closest to Mark, 
it is uniformly agreed that few people live as much in 90 
years of life than Mark did in just 45, and we will all carry 
with us a memory of a man so vivid and so full of life that 
it will be some time before we truly accept that he has 
passed into another world.

Mark is survived by his wife, Gemma Casadesus Smith, of 
Chagrin Falls, Ohio, his two sons, William and Luke, his 
father, John (Jack), and his sister, Tina. His mother, Rita, 
passed away in 2004.

[From: Neuropathology 2011;31:458-459. Reprinted with 
permission from Neuropathology and Wiley-Blackwell, 
Oxford, UK.]

Rudy J. Castellani
Department of Pathology, University of Maryland School 
of Medicine, Baltimore, Maryland

Xiongwei Zhu
Department of Pathology, Case Western Reserve 
University, Cleveland, Ohio

Akihiko Nunomura
Department of Neuropsychiatry, University of Yamanashi, 
Yamanashi, Japan

George Perry
College of Sciences, University of Texas,  
San Antonio, Texas
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The 2008 – 2013 strategic plan for Case Western Reserve 
University (Case) created four interdisciplinary alliances, 
including one for Human Health. Each alliance represents 
an interdisciplinary priority identified by Case as an area of 
current or potential strength in research and scholarship  
that involves faculty and students across multiple disciplines 
and that addresses topics of broad importance to society.  
The Human Health Alliance will encourage more dynamic  
and ambitious partnerships, leading to breakthrough 
discoveries, innovative technology, more effective health 
care delivery, and progress in addressing community and 
population health needs.

Sponsored by University Hospitals Case Medical Center,  
Case Western Reserve University School of Medicine, and the 
UH Neurological Institute, the Case Brain Health Collaborative 
(CBHC) has been formed within the Case Human Health 
Alliance. The goal of the CBHC is to foster interdisciplinary 
patient care as well as educational and research programs 
related to brain health and neurodegenerative disorders 
consistent with the strategic plan of Case and the Human 
Health Alliance initiative.

The CBHC vision is to build on the long tradition of 
excellence in research and patient care at Case as it relates 
to neurodegenerative disorders, including Alzheimer disease, 
prion disorders, Huntington disease, and Parkinson disease, 
by creating a cross-departmental administrative structure that 
will foster interdisciplinary collaboration, innovative ideas, and 
the successful acquisition of resources designed to establish 
Case as a national and international leader in the field of 
neurodegeneration and brain health.

The CBHC intends to expand beyond traditional 
neurodegenerative disease-oriented programs into the 
areas of brain health and cognitive sciences by developing 
innovative clinical and research programs related to learning, 
executive function, and memory preservation in health as well 
as disease. Both pharmacological and nonpharmacological 
approaches to the maintenance of brain health are under 
investigation. Another CBHC focus is neuropsychiatry, which 
studies how disorders of cognition, executive function, 
and behavior affect treatment compliance in psychiatric, 
neurological, and medical conditions.

A major goal of the CBHC is to dismantle silos inherent  
in current institutional structures. CBHC members represent 
10 schools and departments on the Case campus: the  
UH Neurological Institute, composed of the Departments of 
Neurology, Psychiatry, and Neurological Surgery at University 
Hospitals Case Medical Center; the Department of Pathology 
at University Hospitals Case Medical Center; the Department 
of Neuroscience and Center for Translational Neuroscience 
at the School of Medicine; the Department of Cognitive 
Sciences in the College of Arts and Sciences; the Department 
of Physiology and Biophysics at the School of Medicine; the 
Department of Psychological Sciences in the College of Arts 
and Sciences; the Frances Payne Bolton School of Nursing; 
and the Weatherhead School of Management.

Important partnerships are also being developed with the 
Cleveland public and charter school systems, the Case Urban 
Health Initiative, the Case Connection Zone broadband 
project, Baycrest Hospital (University of Toronto), and Menorah 
Park in Cleveland.

This special edition of the Neurological Institute Journal 
reflects a Case Brain Health Collaborative retreat held on 
January 28, 2012. More than 50 attendees represented the 
diverse but interactive interests related to brain health at Case. 
The guest facilitator was George Perry, PhD, Dean of the 
College of Sciences and Professor of Biology at the University 
of Texas, San Antonio, and adjunct Professor of Pathology at 
Case. The morning session was devoted to novel health care 
models related to brain health; the afternoon session focused 
on translational research and the clinical/laboratory interface. 
The retreat keynote was delivered by Randy McIntosh, 
PhD, VP of Research at the Rotman Institute of Baycrest in 
Toronto, Ontario, who presented “A Global Perspective on 
Brain Health.” In addition, the first 12 Spitz Scholars were 
recognized. Attendees were enthusiastic about coming 
together and eager to collaborate on a number of topics 
regarding research, education, and clinical practice as it relates 
to various aspects of brain health. We are pleased to present 
this special edition of the Journal, providing an overview of 
ongoing activities on brain health at Case.

Anthony J. Furlan, MD, reports no financial relationships with 
commercial interests relevant to the content of this editorial.

Editorial: the Case Brain Health Collaborative

By
Anthony J. Furlan, MD
Chairman, Department of Neurology
Co-Director, UH Neurological Institute
University Hospitals Case Medical Center
Gilbert Humphrey Professor, Department of Neurology
Case Western Reserve University School of Medicine
216-844-3194
Anthony.Furlan@UHhospitals.org
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the Present State of treatment
Alzheimer disease (AD) represents the largest unmet medical need. Unless 
therapeutic interventions are found, AD will exact a devastating toll on health 
care systems throughout the world. We find ourselves in this predicament 
following the failure of many different agents in clinical trials. A thoughtful 
review of the history of the various therapeutic approaches to treat this 
disorder suggests that the early trials may have targeted patient populations 
in which the disease is simply too advanced to be amenable to treatment. 
Indeed, there is now a prevalent view advocating much earlier intervention. 
The results from new imaging technologies provide evidence that disease-
related perturbations of brain metabolism and function occur a decade or 
more before dementia is evident. The failure of many drugs in the clinic arose 
from ineffectiveness, poor trial design, an incomplete understanding of the 
mechanisms of actions of the drug candidates, and, most importantly, our 
fundamental ignorance of the biological mechanisms that cause the disease.

Preclinical analysis of new therapeutics has been heavily dependent upon 
mouse models of AD, and these remain the best approach of testing putative 
treatments. Mice have been engineered to express mutant forms of the human 
amyloid precursor protein (APP) and presenilin genes that are responsible 
for familial forms of AD. The mice exhibit robust amyloidosis and impaired 
cognition and memory, recapitulating critical features of the human disorder. 
However, mice do not exhibit neuronal loss and their survival is not affected; 
thus, they are incomplete models of AD. We remain reliant on these models, 
and their inability to reproduce the full range of pathologic features of the 
disease undermines the testing of new therapies for AD.

The contemporary era of work on AD spans 25 years, and while we have 
made very substantial advances in understanding this disease, the most critical 
questions about disease pathogenesis and cause of neuronal death remain 
unresolved. The investigations of the genetic causes of AD have proven to be 
a powerful lever to dissect the mechanisms of disease pathogenesis. Indeed, 
through knowledge of the genetics of AD, we have come to understand 
the critical involvement of ß-amyloid (Aß) in the initiation and progression 
of the disease. Indeed, familial forms of AD, typified by their early onset, 
arise from mutations of just three genes presenilin genes – APP, PS1, and 
PS2 – all of which are associated with elevation of brain levels of Aß. These 
inherited forms of the disease account for less than 5 percent of all cases 
of AD. Sporadic late-onset AD comprises about 95 percent of cases and is 
associated with impaired clearance of Aß from the brain.1 The greatest genetic 
risk factor is possession of an ApoE4 allele.2 In humans, allelic variation at this 
locus results in three different genes – E2, E3, and E4 – which differ at only 
two codons.3 Importantly, the E4 gene product is structurally distinct from 
the other isoforms. The biological role of ApoE is to scaffold the formation 
of high density lipoproteins (HDL) that function to traffic cholesterol and 
phospholipids. ApoE-based HDLs are the predominant apolipoprotein in the 
brain and are synthesized and secreted by astrocytes. The ApoE4 gene product 
is impaired in its ability to form large, highly lipidated, HDL particles. Thus, 
ApoE4-containing HDLs are deficient in their lipid trafficking function, are 
intrinsically unstable, and have a propensity to be co-deposited with Aß into 
plaques in the brain. It has only recently been appreciated that ApoE-based 

New therapeutics for Alzheimer Disease: 
Targeting Nuclear Receptors to Modify  
Disease Pathogenesis

By
Gary Landreth, PhD



8  |  University Hospitals  •  Neurological Institute Journal  •  Summer 2012

HDLs play critical roles in Aß degradation and clearance.4 
There is now good evidence that the HDL particles directly 
promote the proteolytic degradation of soluble Aß peptides 
in the brain, and this finding represents one of the principal 
physiological mechanisms by which Aß is cleared.5 The 
synthesis of ApoE and HDLs is transcriptionally controlled 
by the nuclear receptors PPARγ:RXR and LXR:RXR; thus, we 
have focused our attention on agonists of these receptors as 
potential therapeutics for AD.

Nuclear Receptors
Nuclear receptors are ligand-activated transcription factors 
that bind to sequence-specific promoter elements located 
within the promoter region of their target genes.6,7 Type II 
nuclear receptors form obligate heterodimers with the retinoid 
X receptors (RXRα, ß γ) to generate a functional transcription 
factor. The type II receptors are characterized as permissive or 
nonpermissive depending on whether ligand occupancy of 
RXR will drive the transcriptional activity of the heterodimer. 
Permissive heterodimers are PPARα,γ and δ, LXRα, and β. 
Thus, provision of an RXR ligand will result in the coordinate 
activation of the PPARs and LXRs. The PPARs and LXRs are 
critical regulators of whole body lipid and energy metabolism. 
Importantly, PPARγ and LXRs participate in a linked metabolic 
cycle (Figure 1). In the periphery, they act as whole body fatty 
acid and cholesterol sensors, respectively. Dietary fatty acids 
bind PPARγ and stimulate the expression of genes of lipid 
metabolism, including LXRα. Similarly, dietary cholesterol 
stimulates LXR activation with the induction of PPARγ and the 
production of HDL through the expression of ApoE, ABCA1, 
ABCG1, thus, driving a feed forward cycle that results in high 
levels of HDL, promoting lipid trafficking and metabolism. In 
the brain, these receptors play critical roles in regulating lipid 
metabolism.8 We have good evidence that this cycle can be 
robustly induced in the brain upon provision of agonists of 
PPARγ and LXRs. Importantly, oral administration of agonists 
of PPARγ and LXRs to animal models of AD results in the 
reduction in Aβ peptide levels and plaque burden, principally 
as a result of increased Aβ clearance from the brain.5,9-11 
We have shown that the effect of PPARγ agonists on AD 
pathogenesis is LXR dependent, indicating its reliance upon 
the activity of this cycle.4

The PPARs and LXRs also exhibit remarkable and robust 
anti-inflammatory actions (Figure 2).12,13 These receptors, 
upon ligand binding, associate with NFκB on the promoters 
of inflammatory genes and prevent the dissociation of 
corepressors, silencing proinflammatory gene expression. 
In addition, these receptors act as master regulators of the 
phenotype or activation status of macrophages/microglia 
and provoke the conversion of these cells into “alternative 
activation” states with induction of anti-inflammatory 
cytokine expression, tissue repair functions, and phagocytic 
activity of these cells.14-16

We reasoned that administration of synthetic RXR agonists, 
or rexinoids, would act to simultaneously activate the PPARs 
and LXRs in the brain, which would act synergistically to 
drive ApoE expression and HDL levels. In addition, we 
expected robust anti-inflammatory actions and promotion 
of phagocytic clearance of deposited Aβ. Bexarotene 
(Targretin™) is an orally delivered, FDA-approved, RXR-
specific agonist that is blood brain barrier permeant with a 
good safety profile. Indeed, the predominant side effects are 
dyslipidemia, which are routinely and effectively managed 
with statins and fibrates.

We have recently reported that bexarotene treatment of 
murine models of AD resulted in the immediate reduction of 
soluble forms of Aβ as well as clearance of existing amyloid 
plaques.17 These effects are achieved through two distinct 
mechanisms. Soluble forms of amyloid are proteolytically 
degraded through ApoE-dependent mechanisms, whereas 
amyloid plaques are phagocytosed and cleared by microglia.

Apoe-based HDLs Promote the Proteolytic 
Degradation of Soluble Forms of Aβ
In the brain, the astrocytes are stimulated to form HDLs 
upon induction of the genes encoding ApoE and two lipid 
transporters, ABCA1 and ABCG1, which function to load 
cholesterol and phospholipids onto the ApoE scaffold.8 The 
nascent HDL particle is then secreted into the interstitial fluid 
in the brain. The ApoE, ABCA1, and ABCG1 genes share 
common promoter elements, and they are coordinately 
regulated by a bipartite transcription factor comprising the 
liver X receptor (LXR) and the retinoid X receptor (RXR). 

Figure 1: Nuclear receptors regulate the synthesis of ApoE-based HDL particles.
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Figure 2: Nuclear receptors 
act to suppress inflammation 
and promote the polarization 
of microglia into “alternative” 
activation states.

Importantly, these transcription factors directly control 
the levels of ApoE and its lipidation status. There is good 
evidence that stimulation of either LXR or PPARγ results in the 
stimulation of ApoE expression and the formation of HDLs. 
We reasoned that simultaneous stimulation of both receptor 
pairs using an agonist of RXRs would synergistically stimulate 
the expression of ApoE and its lipid transporters, resulting in 
elevated brain HDL levels and enhanced clearance of soluble 
forms of Aβ.

We demonstrated that bexarotene was very effective in 
inducing ApoE expression and in its incorporation into large 
HDL particles. This effect was due to the ability of bexarotene 
to stimulate the transcription factors LXR:RXR and PPARγ:RXR. 
Moreover, the drug stimulated the proteolytic degradation of 
Aβ in tissue culture systems. Importantly, we have observed 
similar but less robust effects using PPARγ and LXR agonists. 
These studies validated our hypothesis that RXR agonists 
promoted the clearance of Aβ.

We directly tested whether bexarotene altered the levels of 
soluble Aβ in the interstitial fluid (ISF) of the brain in a mouse 
model of AD using in vivo microdialysis. Oral administration 
of bexarotene resulted in the reduction of ISF Aβ levels by 
about 25 percent within six hours. Importantly, a single dose 
of drug was sufficient to lower ISF Aβ for as long at 72 hours. 
The reduction of Aβ levels was due to the increased clearance 
of Aβ from the brain, owing to its proteolytic degradation. 
We observed a similar effect on murine Aβ levels in wild type 
mice but not in mice lacking the ApoE gene, demonstrating 
that the effect was entirely reliant upon ApoE. These findings 
were validated in parallel studies in which soluble Aβ was 
quantitated using ELISA.

Microglial-mediated Clearance of Amyloid Plaques
We treated AD mice (APP/PS1 mice, 6 months old) with 
bexarotene during a period in which plaques are forming 
in the brain. Strikingly, we found that within 72 hours the 
number of plaques fell by about 60 percent and by 80 
percent after two weeks of drug treatment. This was an 
unprecedented finding as no previous drug or treatment had 
been shown to work with this speed. Moreover, these data 
suggested that the plaques are dynamic structures, a finding 
that conflicted with the prevailing view that these amyloid 
deposits were static components of the brain once they 
were formed. Subsequent experiments demonstrated that 
bexarotene could reduce plaque burden in older mice with 
greater and more established plaque burden and in mice that 
exhibit very aggressive amyloidosis.

The clearance of plaques from the brain was due to 
microglial-mediated phagocytosis of the deposits. Microglia 
are the brain’s tissue macrophage. We observed amyloid-
containing, phagocytically active microglia in proximity to 
the plaques after only 72 hours of drug treatment, a time at 
which the majority of amyloid deposits had disappeared from 
the brain. In the AD brain and in animal models, microglia 
associate with the plaques but are unable to phagocytose 
them for unknown reasons. The nuclear receptor agonists, 
including bexarotene, are able to re-engage the phagocytic 
machinery, resulting in uptake of deposited amyloid into 
phagosomes that are ultimately delivered to the lysosome 
for degradation. The restoration of phagocytic activity is 
associated with the ability of the nuclear receptors to polarize 
the microglia into “alternative activation” (M2) states that are 
associated with elaboration of anti-inflammatory cytokines 
and induction of tissue repair and maintenance.4
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A new and intriguing finding was that chronic administration 
of bexarotene to the mice for three months failed to alter 
plaque burden. These experiments revealed that, initially, drug 
treatment resulted in the clearance of up to 80 percent of 
the plaques but the plaques subsequently reformed and at 
levels comparable to untreated mice. This was an unexpected 
finding but not unprecedented as Herber and colleagues 
reported an analogous finding following direct injection of 
lipopolysaccharide into the brain.18 It should be noted that 
soluble Aβ levels were reduced, which was correlated with 
the sustained improvement of cognition and memory in these 
mice. This experiment suggested that chronic bexarotene 
treatment was insufficient to maintain microglial phagocytic 
competence, that these cells become desensitized to the 
drug, or that the drug is more actively metabolized upon 
prolonged treatment. We are now attempting to determine 
the basis of the effect. It should be noted that chronic 
treatment of AD models with PPARγ or LXR agonists results 
in suppression of amyloid burden, arguing that the effect we 
observed is specific for bexarotene.

Clearance of Amyloid from the Brain Is Correlated 
With Improved Memory and Learning
The only important endpoint in evaluating any AD therapeutic 
is whether it improves the memory and cognitive deficits 
that typify the disease. The murine models of AD exhibit a 
broad range of behavioral deficits, and we performed four 
different behavioral assays in three distinct mouse models 
of AD. We assayed contextual fear conditioning in APP/PS1 
mice following seven days or 90 days of bexarotene treatment 
and found that the drug reversed the transgene-related 
behavioral deficits. Spatial learning is largely hippocampal 
based and is impaired in the mouse models of AD. We 
found that 90 days of treatment of APP/PS1 mice or 20 days 
of treatment of an aggressive model of AD (APPPS1-21) 
improved their performance in the Morris water maze. 
Similarly, drug treatment resulted in the reversal of deficits in 
nesting behavior and olfactory discrimination of 1-year-old 
Tg2576 mice. An important outcome of these studies was the 
observation that behavior improvement was highly correlated 
with bexarotene-mediated reduction in soluble Aβ levels. 
However, there was a poor correlation with the reduction in 
plaque burden, arguing that perhaps the abundance of these 
structures may not be functionally significant.

Cognition and memory are critically reliant upon the function 
of neural network activity. Our collaborator, Dr. Dan Wesson, 
has recently shown that odor exposure evokes an increase 
in specific types of neural network activation in the piriform 
cortex, and this activity is impaired in APP-expressing mice.19,20 

Bexarotene treatment was able to restore normal network 
activity within 72 hours. Together, these data demonstrate 
that reduction in Aβ levels in the brain is sufficient to reverse 
the deficits in neural network activity and improve behavior in 
murine models of AD.

Nuclear Receptors as therapeutic targets in AD
This review has focused on the newly appreciated actions 
of the RXR agonist bexarotene. The underlying mechanisms 
are reliant upon the activities of its heterodimeric receptor 
partners, LXR and PPARγ.4 Work in animal models of AD by 
a number of laboratories have demonstrated that agonists 
of these receptors have similar, if less dramatic, effects on 
amyloid plaque burden and behavior. Indeed, agonists of 
LXR and PPARγ remain viable therapeutic targets in AD and 
other disorders of the central nervous system. A phase III trial 
of the PPARγ agonist rosiglitazone was recently completed 
and failed to demonstrate an effect on any of its primary 
endpoints.21 However, this trial employed a drug that does 
not readily pass the blood brain barrier and is actively effluxed 
by p-glycoprotein. Thus, it is unlikely to have achieved levels 
in the brain sufficient to elicit significant biological effects. 
This failed trial has considerably diminished the likelihood of 
any subsequent trial of PPARγ agonists and highlights the 
necessity of extensive preclinical validation of the therapeutic 
agent and its engagement of its targets in the brain.

Advancement into Clinical trials
Bexarotene is an FDA-approved drug, thus facilitating the 
translation of our findings in the clinic. The approach to drug 
development for AD has changed rather dramatically in the 
recent past with the validation of biomarkers and advanced 
imaging tools. The initial step in this process is a Phase Ib 
biomarker trial that will test if bexarotene passes the blood 
brain barrier in normal subjects and alters the clearance 
rate of Aβ and the levels of ApoE in cerebrospinal fluid. The 
design of Phase II trials is now under consideration. What 
populations of patients should be targeted: those with mild 
cognitive impairment, those of normal cognition with brain 
Aβ deposits, or those with dominantly inherited mutations in 
APP and the presenilins? Should ApoE4 carriers be enrolled? Is 
it prudent to treat individuals with diagnosed AD? These and 
related questions are being critically evaluated as bexarotene 
is advanced into clinical trials.

Gary Landreth, PhD, is a founder of ReXceptor, Inc., though this 
relationship has not affected the content of this article, and the 
CME Program has determined there is no conflict of interest.
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Voyage of Discovery from Kuru and Slow Viruses  
to Prions
Prion diseases, originally called transmissible spongiform 
encephalopathies, are invariably fatal neurodegenerative 
diseases that affect humans and animals.1,2 The key 
characteristics of human spongiform encephalopathies 
are (a) heterogeneity of the clinical and pathologic 
phenotype,3-5 (b) a single pathologic process, which may 
present as a sporadic, genetic, or infectious illness, and 
(c) the age dependence of genetic as well as sporadic 
forms: the annual peak incidence is three to six cases 
per million people between 65 and 79 years of age.6-7 
Despite their rarity, human prion diseases have gained 
considerable importance because their unique etiology 
and pathogenesis challenges basic principles of biology. 
Furthermore, prion diseases can be transmitted between 
humans as well as from animals to humans by an agent 
that is highly resistant to inactivation, posing novel 
problems to disease control and public health. Finally, 
because of the marked heterogeneity of their clinical 
phenotype, prion diseases are difficult to differentiate from 
other age-related brain neurodegenerations,8 a feature 
that has prompted the establishment of specialized prion 
disease surveillance centers worldwide and development of 
ultrasensitive and highly specific techniques.8-10

translational Research of Age-Related 
Neurodegenerative Disorders

By
Jiri G. Safar, MD

“ To explore 

and promote 

understanding, 

protecting and 

repairing the brain.” 

– Author’s motto

Figure 1: Prion concept.
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Controversy concerning the cause of human spongiform 
encephalopathies has polarized the scientific community 
for decades. The 1950s saw considerable interest in 
an epidemic of a neurodegenerative disease, kuru, 
characterized principally by a progressive cerebellar 
ataxia, among the Fore of the Eastern Highlands 
of Papua, New Guinea.11-12 Fieldwork by Carleton 
Gajdusek and Vincent Zigas suggested that kuru was 
transmitted during cannibalistic feasts.13 Importantly, 
in 1959 Hadlow pointed out the similarities between 
kuru and scrapie of sheep at the neuropathologic 
and clinical levels and suggested that human diseases 
might also be transmissible.14 Subsequent transmission 
of kuru in 1966 and then Creutzfeldt-Jakob disease 
(CJD) in 1968 by intracerebral inoculation of brain 
homogenates into chimpanzees (conducted by Gajdusek, 
Gibbs, and colleagues) was a landmark discovery that 
led to the concept of the “transmissible spongiform 
encephalopathies”15,16 and for which Carleton Gajdusek 
received the Nobel Prize in 1976. The transmission of 
Gerstmann-Sträussler-Scheinker disease followed in 1981 
and fatal familial insomnia in 1995.17,18 Interestingly, 
Jakob experimentally inoculated rabbits in the 1920s, 
suspecting in his original observations that the condition 
might be transmissible.19 However, thanks to the 
important role of serendipity in science, his experiment 
was unsuccessful, and we know now that rabbits are 
uniquely resistant to prion infections.20

The transmission of CJD and of kuru allowed refinement 
of the diagnostic pathologic criteria for human prion 
diseases and led to the conclusion that all the human 
conditions share common histopathological features: 
spongiform vacuolation (affecting any part of the cerebral 
grey matter), neuronal loss, and astrocytic proliferation 
that may be accompanied by amyloid plaques.21-24 On 
analogy with scrapie in sheep, it was assumed that the 
causative agent must be some type of atypical “slow 
virus,” the term Sigurdsson coined in 1954 for scrapie 
infection.2,25 Regrettably, despite extensive efforts in 
Europe and the United States, no nonhost DNA or RNA 
could be found, and a growing body of data pointed to 
a causative agent having unique characteristics.26,27 Most 
researchers today accept the model according to which 
the infectious entity responsible for human prion diseases 
is an abnormally folded or structured protein, designated 
pathogenic prion protein (Figure 1).1 The discovery that 
abnormally folded proteins could be infectious and 
propagate themselves without nucleic acid represented 
a new paradigm of molecular biology and medicine, a 
discovery for which Stanley Prusiner received the Nobel 
Prize in 1997. Of all other age-related neurodegenerative 
disorders, prion diseases are arguably the best 
understood in part due to the rapid advances in protein 
structural chemistry and availability of highly reproducible 
animal and cellular models. Although originally deemed 
heretical, the concept of prion as a self-replicating 
misfolded protein is now supported by a wealth of 
biochemical, genetic, and animal studies (Figure 2).6,28-31

Figure 2: Insights emerging from prions.
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From Prions to Age-Dependent Neurodegeneration
Approximately 5 million Americans suffer from Alzheimer 
disease (AD) and 300,000 from Parkinsonism, diseases that 
are both caused by age-related brain degeneration (Table 
1). Starting in 1984 with characterization of amyloid beta in 
AD by George Glenner,32 subsequent research demonstrated 
deposits of misfolded proteins in a growing number of 
age-related neurodegenerative diseases. Moreover, recent 
studies with amyloid beta, tau, α-synuclein, huntingtin, and 
superoxide dismutase 1 all suggest that molecular and cellular 
mechanism that were first discovered in studies of prions 
are involved in the pathogenesis of other neurodegenerative 
disorders as well, including Parkinsonism, Huntington disease, 
amyotrophic lateral sclerosis, and AD (Table 2).33-37 Specifically, 
the intercellular induction of misfolding of normal cellular 
proteins by pathologically structured protein is clearly playing 
a major role in the spread of brain pathology from area to 
area in numerous neurodegenerative diseases (Figure 3). 
Moreover, the data from prions and early data from other 
neurodegenerative diseases suggest that the structure 
and physical characteristics of the misfolded protein may 
determine important aspects of the disease (for example, 
progression rate).10,38 Whether alternatively folded proteins 
have a function in the normal physiology of the cell as well 
as cause neurodegeneration remains to be established. Thus, 

elucidating the molecular mechanisms that determine the 
properties of misfolded protein are likely to improve our 
understanding of AD and Parkinsonism in cellular and animal 
models and may provide insight into epigenetic mechanisms 
of inheritance (Figure 2).

translational Neurodegeneration Research
The growing recognition that fundamental processes involved 
in human neurodegenerative diseases share common 
pathogenetic, diagnostic, and therapeutic aspects leads to 
the conclusion that a more efficient and centralized research 
is essential (Table 2). A major goal of expanding translational 
neurodegeneration research (TNR) is to rapidly advance our 
understanding of normal brain at the molecular, cellular, and 
neural circuit level, and to elucidate pathological processes 
underlying malfunction of the nervous system caused by 
neurodegenerative diseases or following injury. Another goal 
of TNR is to pioneer techniques that probe and manipulate 
nervous system function with the aim of accelerating the 
translation of these new discoveries into novel diagnostic 
and therapeutic approaches and improve the quality of life 
of patients with disorders of the brain and spinal cord. TNR 
pursues these goals by creating technological innovations 
and targeting research areas that offer the opportunity for 
fundamental shifts in our understanding of normal brain 

Disease # Patients in USA Remarks

Prion diseases in humans ~500/y Prevalence 3,000-27,000

Lou Gehrig disease (ALS) ~15,000 Polymorphic phenotype

Alzheimer disease ~5,000,000 By age 85, incidence is 1 in 3

Parkinson disease ~500,000 L-dopa does not stop the 
disease

Frontotemporal dementia (FTD) ~30,000 Includes Pick disease

Huntington disease ~10,000 Exclusively genetic

Chronic traumatic 
encephalopathy (CTE)

unknown Boxing, American football, 
ice hockey, wrestling

table 1: Growing incidence of neurodegenerative diseases in USA

Disease Misfolded protein 
deposit

Familial forms, 
mutations in 

protein

Sporadic 
forms

Intercellular 
induction of 
misfolding

transmissibility

Prion diseases PrPSc deposit yes yes yes yes

Alzheimer 
disease

Ab amyloid plaques yes yes yes no?

Parkinson 
disease

a-synuclein in Lewy 
bodies

yes yes yes no

Fronto-
temporal 
dementia

NFT, hyper phospho 
tau

yes yes unknown no

table 2: Common features of neurodegenerative diseases caused by 
accumulation of misfolded proteins
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function and in the treatment of pathological brain function. 
Through the establishment and support of specific initiatives, 
programs, and cores, TNR promotes collaboration among 
leading basic and clinical neuroscientists to formulate clear 
translational initiatives. There are four critical areas of TNR:

1. Protein misfolding mechanism of neurodegeneration
The existence of multiple pathogenic conformations 
of proteins with the same amino acid sequence opens 
fundamentally new avenues of research. How changes in 
the conformation of proteins determine their binding to 
receptors and thus their physiological impact is critical for 
understanding the pathophysiology as well as for designing 
therapeutic interventions targeting the most critical steps in 
the propagation of misfolding. Deciphering the mechanism 
of intercellular induction of protein misfolding will open many 
new directions of investigation that are likely to reach far 
beyond the pathogenesis of neurodegeneration. Additionally, 
the successful development of cellular and animal models 
of age-related neurodegenerative diseases is a fundamental 
step in the quest for effective therapies and presymptomatic 
diagnostic tools.

2. Regeneration in an aging brain
Individual brain functions are mediated by complex 
interactions between many thousands of brain cells that are 
organized into overlapping assemblies termed neural circuits. 
When functioning properly, these circuits allow us to see, feel, 
learn, remember, and create. When neural circuits do not 
function properly, brain disorders as symptomatically diverse 
as prion diseases, Parkinson disease, and AD occur. The most 
remarkable feature of neural circuits is that they are not static 
but change in response to experience. They are “plastic.” 
This plasticity occurs in large part because the communication 
processes that occur between nerve cells at synapses also are 
not static. These processes change in response to the brain 
activity generated by an experience. The electrical properties 
of nerve cells themselves are also plastic, as are the physical 
connections between nerve cells. Understanding the detailed 
genetic and molecular mechanisms that underlie these various 

forms of plasticity, and thus the plasticity of neural circuits, 
will provide key insights into how we learn and remember 
and how these processes malfunction in neurodegenerative 
disorders. This knowledge will also allow us to develop novel 
strategies for taking therapeutic advantage of plasticity 
mechanisms to repair damaged and malfunctioning neural 
circuits in brain diseases.

3.  Neuroimaging and proteomics toward 
presymptomatic detection of neurodegeneration

Functional neuroimaging techniques are becoming 
important diagnostic as well as therapeutic tools. Design 
and synthesis of new ligands for misfolded proteins and 
advanced imaging techniques are likely to be critical for 
presymptomatic detection of neurodegenerative disorders, 
which is a fundamental precondition for effective therapeutic 
interventions. New ligands for misfolded proteins should 
provide new insight into cognitive decline in aging and in 
neurodegeneration and an opportunity to rapidly progress 
from brain imaging in experimental animal models into a 
clinical setting.

4. New therapeutic strategies
Better understanding of the basic biology of tissue-specific 
and embryonic stem cells in many different systems has 
emerged in the past few years, indicating their pivotal 
functions not only during embryogenesis but throughout a 
lifespan. In fact, published data support their capacity for 
self-renewal and ability to differentiate into tissue specific 
stem cell types. Sources for such cells are varied and include 
the developing ventral mesencephalon, several autologous 
somatic cell types, embryonic stem cells, and induced 
pluripotent stem cells. Thus, stem cell transplantation 
has emerged as a potentially reparative therapy for the 
neurodegenerative diseases.

Jiri Safar, MD, reports no financial relationships with commercial 
interests relevant to the content of this article.

Figure 3: Spread of neurodegeneration by 
intercellular induction of protein misfolding.
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Methodological Development
Amidst the excitement generated by 
startling new images of the brain in action, 
President George H.W. Bush (1989-1993) 
declared the 1990s the decade of the brain. 
Yet it was not until the very end of that 
decade that the methodology that now 
dominates the field – functional Magnetic 
Resonance Imaging (fMRI) – became firmly 
established. Previously, MRI was used 
primarily to obtain structural images of 
the brain. Functional imaging was largely 
done using Positron Emission Tomography 
(PET), with the radiation source being FDG 
(a direct measure of metabolism using a 
glucose derived isotope with a 110-minute 
half-life) or H2O-15 (an index of blood 
flow with a 2.25-minute half-life), more 
commonly used for cognitive studies. These 
methods provided the first robust evidence 
that different brain areas were recruited 
when participants engaged in different 
cognitive tasks and that these patterns of 
recruitment differ for individuals suffering 
from neurological and psychiatric disorders. 
It was not until the 1990s that the utility of 
a quirk of biological engineering came to 
be fully appreciated. It turns out that the 
homeostatic system that increases regional 
cerebral blood flow in response to neuronal 
activity consistently overcompensates 
for metabolically driven consumption of 
oxygen, producing a large net increase in 
the oxygenation of blood. This increase 
in the concentration of oxygenated 
hemoglobin is readily detectable using MRI, 
whereas the more immediate decrease 
directly due to metabolism is not. Hence, 
the Blood Oxygen Level Dependent (BOLD) 
signal has been found to be a reliable 
marker of neuronal activity, albeit one that 
is rather indirect.

There are many advantages to fMRI, 
with the first being pragmatism. fMRI is 
completely noninvasive and involves no 
radioactivity, nor does it otherwise impact 
health. It relies on a technology that is 
increasingly widely available due to other 
clinical uses, and structural data can be 
collected alongside functional data. Today’s 

MRI structural sequences generate very 
clear (1 mm resolution) images of grey 
and white matter in about 10 minutes. 
Scientifically, the temporal and spatial 
resolution of fMRI is superior to PET. Spatial 
resolution for whole brain scanning is 
equivalent to the thickness of cortex (~ 
3 mm). Temporal resolution is limited as 
much by physiology as by technology. A 
whole brain image is typically collected 
once every two seconds; however, the 
increase in blood flow following a burst of 
neural activity takes six seconds to peak 
and is temporally smeared such that bursts 
of activity closer than one second apart are 
indistinguishable. The data generated by 
fMRI scanning is very rich. Alongside the 
structural scan, it is now common to collect 
more than 1,000 functional images, each 
one providing thousands of independent 
measures of activity in distinct brain 
areas, in the space of a one-hour visit to 
the scanner. This compares to 12 volume 
images using H2O-15 PET or just one using 
FDG PET. As a result, recent methodological 
advances have focused less on the brain 
imaging methods themselves and more 
on data analysis techniques. A simple 
but important development of increasing 
interest in the last decade has been to 
look at the relationships between brain 
areas, using correlational measures referred 
to as functional connectivity (fcMRI). 
This development accords with a shift in 
emphasis from asking which areas are more 
active during one task rather than another 
(the characteristic colored blobs overlaid 
on a structural image of the brain) to an 
emphasis on how they work together, i.e., 
brain networks and circuits. Significantly, 
these correlational measures have proved 
highly informative even when participants 
are not given an explicit cognitive task but 
are in what is referred to as the “resting 
state” (rs-fcMRI).

The literature is now dominated by fMRI, 
which comprises more than 90 percent 
of studies that examine the awake 
behaving brain. Further, there are now vast 
projects underway1 and a number already 
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completed that involve the collection of data from large 
cohorts, including both normal and patient populations, with 
most destined for public data repositories.

More than Just Phrenology
Alongside the methodological development of functional 
brain imaging, there has been considerable intellectual 
development in the stake-holding academic disciplines, which 
include anatomy, neurophysiology, behavioral neuroscience, 
neuropsychology, and cognitive and social psychology. While 
brain imaging affords new and rich connections between 
disciplines that have historically struggled to communicate, 
this journey has not been entirely smooth. The greatest 
practical problem has been, and remains, that of training, yet 
there also has been considerable intellectual recalcitrance.2 
Some justified skepticism has been generated by hasty news 
reports of the purported discovery of the brain region, e.g., 
for religious love of your Macintosh computer. Yet this glitzy 
public narrative resulting from the creative interpretation 
of individual studies belies the increasing maturity of the 
field. It is now commonplace to conduct meta-analyses of 
hundreds of studies in order to form a more sober view of 
the functional specificity of individual brain regions, and 
psychological theorizing has begun to adapt to a form that 
is less dependent on behavioral analysis and achieves a 
productive interplay with the biology of the brain. As a result, 
we are poised for a sea-change in the use of this technology 
to inform applied disciplines whose natural focus is the brain, 
including neurology, psychiatry, and education.

Immediate Clinical Applications
While identifying the cognitive functions of brain areas 
still lies at the core of functional imaging, it is also possible 
to examine how individual differences in cognition relate 
to differences in the structure, activation, and functional 
connectivity of brain areas. A growing area involves looking 
at the effects of a variety of interventions, including 
pharmaceuticals, therapies, deep brain stimulation, and 
programs of physical exercise, which have a marked effect on 
brain function and structure in the elderly.3

Hence the clinical implications of brain imaging have been 
recognized by federal funding organizations as well as the 
pharmaceutical industry.4 They include the following:

1.   The generation of classification schemes for neuro-
psychiatric conditions, which are guided by underlying 
brain mechanisms, instead of symptomatic presentation5

2.   More precise diagnosis based on the nature of the 
underlying neural dysfunction

3.   Identification of the mechanisms affected by interventions 
and successful treatments

4.  Treatment tailored to the individual

One of the more striking illustrations derives from work on 
depression by Helen Mayberg. She has demonstrated that 
both major depression and temporary sadness induced in 
healthy volunteers are associated with increased activity 
in a ventral medial prefrontal region and that successful 
treatment with selective serotonin reuptake inhibitors 
(SSRIs) is associated with a decrease in activity in the same 
region. However, not all individuals with major depression 

share this signature, and not all respond to SSRIs. Mayberg 
demonstrates that neuroimaging is capable of distinguishing 
those individuals who will respond to SSRIs versus those that 
will respond to Cognitive Behavioral Therapy. Further, she 
found that individuals who had the signatures predicting 
response to one treatment type were not helped at all by 
the other treatment type.6 In contrast, patients’ treatment 
preferences are not predictive of treatment success.7

It is reasonable to suppose these findings represent only the 
tip of the iceberg. It is already clear that fMRI can identify 
reliable neural signatures of a vast range of mental disorders, 
and these efforts will be leveraged by the large data sets 
currently being collected. The coming decades will witness 
an ever increasing role for neuroimaging in the four areas 
of clinical application outlined above. However, the most 
exciting application of fMRI for treatment lies beyond those 
listed and is just beginning to emerge. This application will 
require fMRI for development but may not require it at all for 
implementation. It leverages the single most defining feature 
of the brain – its ability to change.

our Most Plastic organ
The brain is a massively plastic organ, not just in childhood 
but throughout the lifespan. Motor learning is one domain 
where adaptation following injury and stroke has been studied 
extensively. However, the speed of adaptation, when conditions 
are right, is often underappreciated. Given good visual 
feedback, monkeys with electrodes implanted into the motor 
cortex can learn to control a robotic arm in less than one hour, 
even when the driving neurons are selected without attention 
to their previous function.8 Simple one-dimensional control 
can even be achieved when the neuron targeted lies entirely 
outside the motor cortex, though it is unlikely that sophisticated 
multidimensional motor control will be achieved by regions that 
lack the tailored local connectivity of the motor cortex.

More abstract cognitive systems are similarly adaptable. 
Before they are granted a license, London taxi drivers must 
take a test that establishes their ability to navigate from 
memory the complex and irregular maze of streets they 
cover. It usually takes three years to learn enough to pass 
this test, known locally as “The Knowledge.” The posterior 
hippocampus plays a key role in spatial navigation, and it is 
larger in London cabbies than control subjects.9 Subsequent 
studies show this enlargement scales linearly with experience 
– it is not merely a selection bias.

Video games are carefully tailored by their developers to be 
highly engaging, and violent fast action games are some of 
the most compelling. They also create the greatest gains in 
a range of perceptual, visuo-spatial, and decision-making 
skills.10 Just 10 hours of playing an action video game 
increases mental rotation and spatial attention skills, with 
greater gains for women than men.11

Yet however plastic the brain may be, it is no blank slate. 
Two problems plague the development of effective training 
programs. The first is transfer – whether the gains in 
performance acquired through training on one task improve 
general cognitive ability and so transfer to other tasks. 
The second problem is a trade-off in function – where the 
unintended consequence of training one cognitive function is 
decreased performance on another. The anterior hippocampi 
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of London taxi drivers is actually smaller than that of controls, 
and taxi drivers are worse than control participants at forming 
and retaining new associations involving visual information.12 
Many pseudo-scientific computer-based programs marketed 
and sold as “brain training” provide no transferable cognitive 
benefits whatsoever.13 While action video games do produce 
transferable gains, correlational studies suggest they may 
contribute to aggressive behavior, loneliness, and depression. 
One of our studies, still in progress, shows a significant 
decrease in the ability to accurately identify the emotional 
expressions of faces after just one hour of playing video 
games. Conversely, an hour spent practicing yoga produces 
dramatic gains on the same task.

Throughout human history, the development of education, 
training, and therapeutic programs has largely been a process 
of trial and error, guided by theoretical frameworks that are 
strongly influenced by the intuitions of influential thinkers 
and the cultural mores of the time. The promise of fMRI is 
to put the development of effective training programs on a 

more secure scientific footing – to identify tasks that develop 
core systems, particularly those systems that are weak for 
the individual. The first shoots of this revolution are already 
beginning to emerge. A recent study used an 80-hour 
training program designed to improve the social function of 
individuals with schizophrenia.14 Although the training was 
only informed by first-generation cognitive neuroscience 
theory, the intervention was successful in producing increased 
activity in a key region for social cognition (region F in Figure 
1) as well as improvements in social function that persisted 
for six months after the end of the training. It is remarkable to 
find such clear improvements after only 80 hours of training 
in a disorder known for its intractability to treatment. These 
and related findings have placed the issue on the agenda of 
the National Institutes of Health15 and grabbed the attention 
of the director of the National Institute of Mental Health, 
Thomas Insel, who recently spelled out a similar vision for the 
future in a talk to the City Club of Cleveland.16

Figure 1: Opposing cognitive domains. We used different tasks to investigate the cognitive styles associated with “task positive” and “default” 
networks. As shown in prior studies, analytic reasoning tasks (in this case, scientific puzzles) activate the task positive network (cool/blue colors) and 
deactivate the default network (warm/red colors). We demonstrate for the first time that the reverse pattern is shown for social reasoning tasks. 
These tasks, which required empathetic perspective taking to track the thoughts and feelings of others, activate the default network and deactivate 
the task positive network. The significance of social processing and the amount of cortex devoted to it has often been overlooked. Central figures 
show lateral and medial views of an averaged representation of the cortical surface of left and right hemispheres and flattened representations of the 
two hemispheres (bottom). Graphs show BOLD timecourses from the labeled regions. Note the clear deflection of the timecourses above and below 
the resting baseline for social and scientific reasoning tasks, particularly during presentation of the stimuli (textual stories or videos with sound). The 
tendency for the two brain networks to suppress each other reflects a cognitive tension between two distinct modes of thinking: “hard analysis vs. 
fuzzy empathy.”
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Brain Health through the Lifespan
One area in which these techniques are likely to be 
particularly effective is healthy aging. A great deal of very 
expensive research in Alzheimer’s dementia has been 
directed at understanding the molecular mechanisms of 
brain pathology, yet it has long been known that there is 
only a weak coupling between this dementia pathology post-
mortem and the individual’s cognition and well-being pre-
mortem.17 This finding has given rise to the idea of cognitive 
reserve, a notional mechanism that protects individuals 
from the effects of pathology. Cognitive reserve is still not 
well understood, yet it is well known that higher levels of 
education are protective. More recent work indicates an even 
stronger protective role for social connectedness. One striking 
study demonstrates that elderly individuals with a high 
number of social contacts showed absolutely no relationship 
between post-mortem pathology and their most recent pre-
mortem cognitive test scores. On the other hand, individuals 
with a low number of social contacts showed a severe impact 
of pathology on cognition.18 Other work suggests social 
connectedness may be particularly important for protecting 
against the deleterious effects of stress on the aging 
brain.19,20 Research in social psychology, using younger adult 
populations, indicates the sheer number of social contacts 
is not the critical factor. When work and family obligations 
determine a majority of social contacts, there may be as many 
that are stressful and draining as those that are rewarding  
and renewing. In this context, a better measure turns out to 
be the individual’s subjective perception of social isolation. 
The feeling of loneliness is socially contagious, has a major 
impact on health and cognitive function,21 and predicts 
proneness to depression years later.22 As a result, there 
is increasing recognition of the need to identify effective 
interventions for reducing loneliness.23 The proposal has 
even been made that doctors should be enabled to prescribe 
friends!24 Recent fMRI research conducted at Case Western 
Reserve University involves developing an intervention 
that is likely to be more effective as well as more practical 
than prescription friends. It promises to combat loneliness, 
increase a sense of life meaning, improve stress resilience, 
and build cognitive reserve. The key to this approach lies in 
understanding a fundamental constraint that our biology 
places on our cognition.

opposing Cognitive Processes
To date, functional imaging has been guided by a 
straightforward assumption, which states that increases in 
brain activity result from additional cognitive components 
in the tasks that participants are given. Yet recent findings 
challenge this assumption. It turns out that some brain areas 
tend to be more active the less that a person does. These 
areas have been dubbed the “default network.”25 The default 
network is actually deactivated, compared with a resting 
state baseline, during many cognitive tasks. Since the default 
network was first described, interest in its significance for 
understanding brain function in health and disease has grown 
exponentially.26 The default network may be contrasted with 
another set of brain areas referred to as the “task positive 
network,” which tends to be more active during tasks than at 
rest. The inhibitory relationship between the default and task 
positive networks is evidenced by anticorrelations in resting 
connectivity.27 This anticorrelated pattern can also be seen 
during all but the most demanding cognitive tasks. Hence, 
there is a cycling between the task positive and default 
networks that persists even when a task constrains cognition 
so that one network is more active than the other. This natural 
cycling between mutually inhibitory networks is lessened in 
a range of neurodegenerative and neuropsychiatric diseases, 
including mild cognitive impairment, Alzheimer disease, 
behavioral variant frontotemporal dementia, attention deficit 
hyperactivity disorder, autism, and schizophrenia.28 As a result, 
it has been suggested that the inhibitory relationship between 
networks is critical to brain health, particularly in dementia.29 
The default network is also known as the primary site of brain 
pathology in AD.30 A recent study found that, for individuals 
at risk for AD, reduced activity in the default network predicts 
subsequent onset of dementia.31

How might we train the default network in order to increase 
cognitive reserve? One often cited problem is that “part 
of the mystique of the default network is no one knows 
what it does.”4 However, basic research in our laboratory 
is providing an answer. In one study, we identify two styles 
of cognition that reflect the opposition between the task 
positive and default networks (Figure 1). In a second study, 
we have established the critical role that social connectedness 
plays in the default network as well as another area in lateral 
occipital cortex (Figure 2). This work, alongside formal meta-
analyses of the existing literature conducted in our laboratory, 
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Figure 2: Neural basis of social connectedness. Our prior study required participants to empathize with, or “read the minds” of, unknown 
individuals. However, friends and family provide important social support structures, known to benefit health and well-being independently of 
overt physical, financial, or therapeutic helping behaviors. In this study, volunteers viewed pictures of familiar and unfamiliar faces. Viewing the 
faces of famous or wholly unfamiliar individuals was similar to scientific reasoning in that both deactivated midline default regions. However, 
pictures of friends and family reversed this pattern and activated the same regions. Participants rated their sense of “oneness” with the individual 
friends and family members whose faces they viewed. Oneness is a validated measure of social connectedness and is highly predictive of altruistic 
behaviors toward others. It can be seen that medial prefrontal cortex and ventral striatum were involved in this sense of oneness. The role of the 
ventral striatum in altruism is supported by a prior study of charitable giving. However, we did not predict the area with the strongest association 
to oneness, which lies in the right lateral occipital cortex, as seen in Figure 3.
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demonstrates that the cycling between default and task 
positive networks relates to two distinct styles of cognition: 
(1) a focused analytic mode essential to performance on 
demanding cognitive tasks and (2) an emotionally connected 
and empathic mode essential to emotional self-regulation 
and effective social function. This basic research opens the 
door to the development of a new program of translational 
research using fMRI. We have taken as a model a behavioral 
intervention that is well established in management and 
organizational behavior contexts and strongly grounded in 
psychological theory. This program employs a “coaching 
with compassion” methodology to help individuals identify 
and connect with internally driven goals, creating a sense of 
social and emotional connection that helps individuals better 
regulate stress. We have conducted one imaging study to 
investigate the mechanisms of this intervention (Figure 3), and 
we are in the process of another. Our working hypothesis is 
that this intervention promotes healthy cycling between the 
task positive and default networks, corresponding to fluid 
switching between an analytic cognitive mode essential for 

focused task performance and an empathetic mode essential 
for creative thinking and psychological renewal.

Conclusion
Functional imaging promises to redefine the ways in which 
we approach brain health, allowing us to design training 
programs that take advantage of the brain’s extraordinary 
plasticity while respecting the limitations that our biological 
structure places on cognition. As this revolution takes hold, 
the lines between physician, psychologist, and educator will 
become increasingly blurred. Pharmaceutical and invasive 
interventions may come to be seen as crude tools for brain 
health, increasingly used to facilitate successful training rather 
than as treatments in themselves. Instead, the goal will be to 
guide the brain’s own homeostatic mechanisms, in particular 
those involved in motivation and emotional self-regulation, so 
that they succeed in their function of maintaining our mental 
and physical well-being.

Anthony Jack, PhD, reports no financial relationships with 
commercial interests relevant to the content of this article.

Figure 3: Neural basis of inspirational coaching. The quality of mentoring and coaching relationships is known to be critical to success 
in a variety of domains, including education, leadership/executive performance, and health-related behaviors. This translational research 
study builds on Intentional Change Theory (Richard Boyatzis, Weatherhead School of Management) and the “coaching with compassion” 
intervention that has been implemented in management programs throughout Case Western Reserve University and beyond. This study 
examined the neural mechanisms by which the coaching with compassion intervention works. In the scanner, participants engaged in a 
carefully controlled interaction with two different advisors. One employed the coaching with compassion methodology. The second focused 
on the expectations placed upon, and challenges faced by, Case Western Reserve University undergraduate students. The coaching with 
compassion advisor, who was judged by participants to be much more inspiring, encouraged and validated students’ attempts to create a 
positive vision for their education, which produced greater activity in a number of areas, most strongly in the right lateral visual cortex, the 
brain area most strongly associated with a sense of oneness. Prior work indicates that this brain area mediates a more global and cognitively 
open processing style. A follow-up study examining the dose-dependent effect of prior coaching sessions on neural response and the specific 
emotional triggers that engage different neural circuits is in progress. The goal of this work is to inform theory-driven interventions that 
improve learning, health, and executive function.
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the Brain as a Network
There is a long tradition of seeing the organization of body parts as similar to 
man-made devices. Thus we see comparisons made between the function of the 
eye and a camera. Similarly, notions of brain organization have evolved in tandem 
with technology: from an exquisite input-output device in the age of radio and 
television, to conceptions of brain activity and memory as manifestations of its 
network structure leading to its observed functional abilities in the era of the World 
Wide Web and social network dominance. Viewing the brain as a network suggests 
that a map of its connectivity would help in understanding its functionality; maps 
of “knowledge space” would serve a similar purpose, but our progress in this field 
remains relatively limited.

Graph theory is a branch of mathematics for representing complex data sets 
composed of related entities and has been applied to a large number of natural 
and man-made phenomena, such as the brain default mode network (areas active 
when the brain is “doing nothing” or “not involved in a task”), metabolic pathways, 
genomics and proteomics, and the structure of the World Wide Web.1,2 Because of 
the ubiquity of networks and the insight that common structures pervade the natural 
world, it is important to be able to understand the basics of network analysis in order 
to judge the relevance and utility of network studies in neurology and related fields.

To understand networks and analyze them, a brief introduction and a short example 
of our work is presented here. It is important to recognize that a network’s properties 
are entirely dependent on its connectivity pattern but not on how we represent it to 
ourselves, either as a binary matrix or some other meaningful representation of its 
structure.

Network Definitions
There are several key metrics that determine a network’s properties and two 
important concepts for network organization, both with implications for how the 
brain and nervous system is organized in a functional manner.3

Network Components: Nodes and edges
Networks consist of nodes and edges. Nodes are the fundamental items whose 
collection makes up the substance of the network (e.g., brain regions, or people in a 
social network). Nodes, in turn, are connected by edges that signify that two nodes 
have a common attribute, such as participating in connections in a social network, 
membership in a common biological pathway, or brain regions that are physically or 
functionally connected.

For a given node, the node degree is the number of nodes to which a given node 
has a direct connection, such as the number of direct friends in a social network. By 
extension, the average node degree is an important metric for the entire network.

The clustering coefficient is a measure of local connectivity. In essence, it represents 
the proportion of direct connections of nodes that are also connected to each other, 
forming “triangles” (e.g., two of my friends in a social network are friends with each 
other). Over the entire network, the average clustering coefficient is simply the mean 
of each node’s clustering coefficient.

The path length is the shortest route between any two nodes. Direct connections 
have a path length of one, and a friend of a friend would have a path length of two. 
The characteristic path length is the average of the shortest path lengths between all 
nodes in the entire network.

Network Analysis Decoded:  
Using Category Fluency as a Model System 
for Network Analysis

By
Alan J. Lerner, MD
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Small World Properties and Scale-free Networks
Prominent among current network studies are small world properties and scale-
free networks.3-5 The small world property was first described by Milgram,6 who 
observed that it often took only a few connections to send a letter across the country 
to someone personally unknown by the initial sender. A similar concept has been 
popularized as the so-called “six degrees of separation.” It arises when the majority 
of connections, such as your friends in a social network, are local, but a number of 
connections are to distant friends, who in turn have a similar social network.7

The small world property creates networks best characterized as having short path 
lengths and relatively high clustering. Brain networks with small world properties lead 
to efficiency in connectivity and the ability to maximize connectivity while operating 
within the spatial constraints of the central nervous system. Loss of small world 
properties as a function of neurological disorders has been described in mild cognitive 
impairment and Alzheimer disease, autism, and epilepsy amongst other conditions.8-11

The concept of the scale-free network has been analyzed by Barabasi and 
colleagues.2,3 The major characteristic of a scale-free network, compared to a 
randomly connected network, is the presence of a few nodes with many connections, 
also termed hubs, and many more nodes with fewer connections. An example of this 
is the World Wide Web, where a few sites such as Google or Yahoo have millions 
of linked pages, but vast numbers of World Wide Web pages have very few pages 
linking to them. Additionally, scale-free networks grow because the recruitment 
of new nodes tends to occur through preferential attachment – new nodes tend 
to connect first to the highest degree nodes (also known as “Matthew effect” or 
“the rich get richer”), reinforcing their pre-existing status as hubs with the greatest 
number of connecting edges. In the brain, the posterior cingulate region is notable 
for its multiplicity of direct connections; early involvement of the posterior cingulate in 
Alzheimer disease, as assessed by hypometabolism on positron emission tomography, 
is thought to contribute to early memory loss. Likewise, Hebbs’ principle states that 
“neurons that fire together, wire together.” An important model of learning by 
neuronal networks, this principal is a functional correlate of the idea of preferential 
attachment at the neuronal level.

Networks Based on Category Fluency
Measures of verbal fluency are a standard part of neuropsychological testing 
and are sensitive to early changes in Alzheimer disease and conditions such as 
Parkinson disease and schizophrenia.12,13 Verbal fluency may be tested either as 
lexical fluency (e.g., words beginning with the letter F) or category fluency, such as 
naming of animals or vegetables. The one-minute animal naming test is part of the 
neuropsychological battery of the uniform data set adopted by the National Institutes 
of Health; childhood and adult norms are well-developed.14,15 Because of its ease of 
use and sensitivity to early memory loss, it is often performed in physicians’ offices, 
and a version of it has been incorporated into short, omnibus cognitive tests, such as 
the Montreal Cognitive Assessment and the Saint Louis University Mental Status test. 
More generally, verbal fluency reflects the structure of semantic space, representations 
of which are closely aligned with our understanding of how semantic information is 
organized at the neuronal level, particularly in left hemisphere structures. The major 
outcome variable has often been the number of items’ names (excluding duplicates 
and nonanimals, for example), but this approach leaves much of the obtained data 
underutilized from a neuropsychological perspective.

To better understand the changes in verbal fluency that occur with progressive 
memory loss, we applied graph theory methods described above to networks created 
from animal naming tests. The networks were constructed based on using animal 
names as nodes, and edges were considered whenever two animals were named 
consecutively by any member of the group. We studied 38 older adults with normal 
cognition, 33 with mild cognitive impairment, and 40 with Alzheimer disease.
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Normal 
cognition

Mild cognitive 
impairment

Alzheimer disease

N 38 33 40

Age 72.9 (9.7) 76.9 (11.8) 78.4 (8.1)*

Education 15.9 (2.6) 15.5 (2.4) 13.9 (3.0)

Mini-Mental State 
Exam

29.0 (1.1) 27.5 (2.3)**† 19.1 (5.8)**

CDR global 0.14 (0.23) 0.63 (0.22)**† 1.2 (0.52)**

CDR sum of boxes 0.37 (0.69) 2.15 (1.45)**† 6.93 (2.86)**

Animals named 21.1 (4.6) 16.1 (4.0)**† 9.7 (5.53)**

Nodes 173 124 78

Edges 586 398 269

Cluster coefficient 0.17 0.22 0.29

Average node degree 6.15 6.41 6.12

Average path length 3.27 3.19 2.65

table 1: Network parameters derived from category fluency results

Mean (standard deviation)
* P < .01 compared to normal cognition
** P < .001 compared to normal cognition
† P < .001 compared to Alzheimer disease
CDR Clinical Dementia Rating

Figure 1 shows the respective networks we obtained with this methodology. This 
form of graph visualization was performed using Cytoscape (www.cytoscape.
org), a free graph visualization program available for this purpose.16 The open-
source Cytoscape plug-in, Network Analyzer,17 was used to create graph 
statistics and compare the results to random networks of a similar number of 
nodes and edge density. It is apparent that the diversity of animals’ names in 
Alzheimer disease was less than mild cognitive impairment, and both were 
less than normal cognition. Table 1 presents our results in terms of the graph 
measures discussed above. Using mathematical analysis, we observed a loss of 
small world properties, while all networks retained their scale-free properties to 
an approximately equal degree.

In pursuing this line of research, one of the initial ideas was to examine new 
metrics to compare category fluency results across groups, beyond the mean 
number of items named in a single minute. Our initial study validated the model 
(i.e., it had network properties such as small world and scale-free properties) 
assuring us that such metrics were applicable and that it is robust enough for use 
in other graph theory applications. It appears that category fluency is adaptable 
to graph theory analysis. Although “anatomy free” because the results do not 
depend on specific brain functionality or connectivity, the results can be applied 
to groups of patients and may correlate with more tangible measures of brain 
structure or function.

Goni and colleagues18 used an associative likelihood method for graph 
construction based on the likelihood of successive naming beyond chance 
to construct similar graphs. Direct comparisons utilizing their method in mild 
cognitive impairment and Alzheimer disease are intriguing and are currently 
being researched at University Hospitals Case Medical Center.

Figure 1: Networks obtained  
with Cytoscape software for network 
visualization in normal controls (top), 
mild cognitive impairment (center), 
and Alzheimer disease (bottom). 
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Conclusion
A large body of literature exists on semantic networks, and network 
studies in general is an exploding topic throughout the biological, 
physical, and social sciences.19 Applications of network theory to 
understanding the complex relationships expressed as graphs can 
lead us to a better appreciation of the important components of a 
network, including those hubs necessary for network resiliency in the 
face of attacks, intentional or unintentional, that may threaten network 
function (e.g., terrorism, epidemics, neuronal loss in degenerative 
disorders). Our better understanding of these network functions can 
also better prepare us for understanding the effects of interventions in 
complex systems, with multiple interacting nodes or domains.

Alan Lerner, MD, reports no financial relationships with commercial interests 
relevant to the content of this article.
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Editors Note:

Baycrest Centre at the University of Toronto is one of the premier health care 

organizations in the world dedicated to healthy aging. Recently Baycrest and 

Case Western Reserve University formed a partnership to develop clinical care 

models related to memory and brain health. As part of this new partnership, 

Dr. Randy McIntosh was invited to highlight ongoing brain health activities at 

Baycrest related to their global brain health initiative.

A Global Perspective
The somewhat ambitious title of this paper is meant to convey two things. 
First, it’s a framework for me to present an overview of the approach we are 
taking at Baycrest Centre at the University of Toronto to address the global 
challenges of brain health in an aging population. Many demographic studies 
are emphasizing the impending “aging tsunami,” and we have positioned 
our programs at Baycrest to deal with it. Second, the idea of a global 
perspective can be considered in the sense that the brain itself is a collection 
of networks and part of a large system in the body wherein consideration of 
the interdependence of the brain and body will lead to new perspectives on 
preserving and improving brain health.

the Influence of Social environment
In considering the determining factors that support good brain health, one 
can consider how one’s social environment supports a person and then how 
the person manages himself or herself, which can also be considered in terms 
of outside in and inside out effects. How the environment supports brain 

Brain Health – A Global Perspective

By
Anthony Randal McIntosh, PhD
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health is captured by an initiative called Baycrest Research 
About Volunteering Among Older Adults (BRAVO), headed by 
Rotman Research Institute scientist Nicole Anderson.1 BRAVO 
reflects the growing realization that our social environment 
can affect our brain health. At its extreme, it seems obvious 
that withdrawal of social interaction and lack of stimulation 
will be a detriment to mental status, which is certainly a 
challenge for long-term care facilities. More subtle is the 
possibility that a good social environment and mental and 
physical activity can maintain or even improve cognitive 
status. BRAVO works from the assumption that volunteering 
is an occupation that increases physical, cognitive, and social 
activity and, therefore, should maintain brain health and 
decrease dementia risk. The BRAVO study makes use of the 
vibrant volunteer community at Baycrest to examine how 
physical, cognitive, and social activity change measures of 
functioning in these same domains. The study involves about 
200 persons over 55 years and assesses functional measures 
after six and 12 months of volunteering. While it is too 
early to tell for certain, preliminary data suggest that there 
is domain-specific improvement (i.e., volunteer work that is 
more cognitively challenging will lead to an improvement 
in standard assessments of cognitive function). How this 
functional improvement acts to mitigate dementia risk is the 
critical question to be assessed.

the Plastic Brain
It is hard to believe that only about 20 years ago, scientists felt 
that the adult brain was fairly static and that there was little 
room for change. Certainly, a child’s brain is quite malleable 
and able to reorganize as new information is acquired. 
However, such brain plasticity was thought not to extend 
into adulthood and definitely not old age. We know now 
that this is not the case and, while the degree may decline 
as we mature, brain plasticity is something that seems to be 
present throughout life. Is it possible to facilitate plasticity to 
help people learn better and, in the case of aging, preserve 
brain health longer? These questions comprise a key focus 
of a new field of neuroeducation, where principles from 
neuroscience are the foundation for educational programs. 
Sylvain Moreno, lead scientist at the Centre for Brain Fitness 
at the Rotman Research Institute, has been developing 
neuroeducation protocols using his experience in neuroscience, 
engineering, and music. Although researchers have designed 
training methods that can be used to improve mental function 
and to test the efficacy of education programs, few studies 
have demonstrated broad transfer from such training to 
performance on untrained cognitive activities. Moreno and 
colleagues tested the effects of two interactive computerized 
training programs developed for preschool children: one for 
music and one for visual art.2 After 20 days of training, only 
children in the music group exhibited enhanced performance 
on a measure of verbal intelligence, with 90 percent of the 
sample showing this improvement. These improvements in 
verbal intelligence were positively correlated with changes in 
brain plasticity during an executive-function task. This study is 
a powerful example that transfer of a high-level cognitive skill 
is possible in early childhood. Dr. Moreno and his team are now 
working to establish the same training programs for adults.

Sorting through the Data
Certainly one of the most frustrating parts of understanding 
the determinants of brain health is the overwhelming amount 
of information, sometimes contradictory and sometimes 
impenetrable. While a challenge for the layperson, this 
information is also a formidable challenge for a scientist. 
Two initiatives at Baycrest seek to collect and organize this 
information in ways to make sense of the multiple factors 
that predict good brain health.

Tomas Paus, the Anne & Max Tanenbaum Chair in Population 
Neuroscience at the Rotman Research Institute, came to 
Baycrest a little more than two years ago to establish a 
research program in Population Neuroscience. This rapidly 
growing field does neuroscience on the scale of the human 
genome project and seeks to collect data from the brain and 
body as well as epigenetic and demographic information 
from very large samples of individuals. The intent is to merge 
these diverse data sets to increase understanding of the 
complicated biological interactions of brain and body  
and to determine how those interactions shape and are 
shaped by the environment. A complete understanding  
of such interactions requires a longitudinal study, but  
Dr. Paus has initiated a program that will do so virtually using 
a transgenerational design.3 The basic idea is that given the 
similar genetic and epigenetic factors within a family, it may 
be possible to get a handle on how those factors interact with 
brain and body physiology to predict health aging by testing 
families – children, parents, and grandparents. Dr. Paus has 
used a comparable approach in his other work focusing on 
maternal risk factors in early development,4 thus the brain-
body initiative is a natural evolution.

While data collection at the scale that Dr. Paus uses is key to 
helping us sift through the vast amount of information of 
what helps and hurts brain health, we are still faced with the 
problem of combining all these factors in a single platform 
to really appreciate their interplay. If we focus on the brain, 
the need is evident. Neuroscientists study the brain in pieces, 
in the sense that they may look at structure in one case and 
function in another, but it is difficult to understand how they 
work together, which is compounded by the multiple data 
sets acquired across patients, scanners, and sites. There needs 
to be a platform that can bring these data together to build 
a brain – a virtual brain to be precise. Over the past seven 
years, I have been leading an international effort to do just 
that. The Virtual Brain is essentially a software platform that 
can take structural and functional data and combine them in 
a computer simulation of a large-scale neural network.5 The 
Virtual Brain uses structural information from diffusion tensor 
imaging and tractography to define the connections between 
different parts of the brain. The functional data, whether EEG, 
fMRI, or both, then act as a template for the simulation to 
adjust the model parameters to best fit the data. For instance, 
it can rescale connection strength or transmission speed to 
better reproduce functional data. A salient part of this platform 
is that, because it is built from the same brain imaging data 
commonly acquired in hospitals and research centers, anyone’s 
brain, including a patient, can become the Virtual Brain. In the 
case that a patient’s brain is used, the fascinating potential is 
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to derive a model that produces the same deficits as seen in 
an actual patient. Moreover, we can use the Virtual Brain to 
explore how to modify the model so that it recovers function. 
While it may be a long way off, we are hopeful that the Virtual 
Brain, in concert with emerging neuroinformatics systems, 
will become a powerful clinical decision support system to 
guide therapeutic streams. This clinical application is clear, but 
what is also important to note is that the Virtual Brain brings 
the potential for understanding the important interactions 
between brain structure and function that cannot be achieved 
through empirical data collection alone.6 Considering the 
context of the large epigenetic data sets, such as those from 
Dr. Paus, the Virtual Brain becomes an ally for any scientist 
to pull disparate data sets together into a single platform to 
better appreciate their symphony.

Looking Ahead
I am quite excited about what we are working toward at 
Baycrest and that we and our partners, like our colleagues at 
Case, have a real chance to make an impact on brain health 
and aging. However, the key secret to the success comes not 
from any single initiative but from the fact that all of these 
initiatives arose because scientists and clinicians were willing 
to cross boundaries and work together toward the singular 
goal of making the journey of aging a successful one.

Randy McIntosh, PhD, reports no financial relationships with 
commercial interests relevant to the content of this article.
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Decline in cognition is a concern for individuals and societies as the 
world’s population continues to age. Innovative health systems are 
recognizing the significance of an integrated approach to health 
care, aiming for total-body as well as total-mind wellness.1 Brain 
health is a popular term that captures the importance of cognitive 
functions, such as learning and memory, in people’s lives, including 
their efforts to stay healthy. Increasingly, exercise is being seen as 
central to mind and body wellness.

Health care reform in the United States is demanding more of 
a focus on prevention and community health. Dementia and 
other forms of cognitive impairment are major public health 
concerns in individuals of all ages but particularly in elders due 
to fears of Alzheimer disease (AD). Yet AD is being reframed 
as a heterogeneous syndrome related to aging and requiring a 
deeper and broader understanding of the ecopsychosocial context 
surrounding individuals.

In this article, we review what we mean by brain health, discuss 
the role of physical activity and technology, describe a study that 
integrates exercise with computer- and television-based methods, 
and show how this approach is to be embedded in our evolving 
intergenerational family primary care practice.

Promoting Brain Health
Promoting brain health requires a multifaceted approach to keeping 
us cognitively and emotionally vital as we age. Keeping the mind/
brain engaged in activities that are both enjoyable and productive is 
essential. Contrary to negative attitudes about growing older, brain 
health can encourage a pro-aging attitude and lead to “positive 
aging.” Components such as physical activity, diet, and the social 
and natural environment have been shown in multidisciplinary 
research to have meaningful impacts on the aging process. 
Addressing mental health, a key aspect of brain health, means 
focusing on stress reduction and addressing disorders of mood. 
Specifically, during the increasingly frequent episodes of ecological 
and economic distress, maintaining an active and engaged mind 
can be vital for survival. From a broader perspective, global climate 
change and environmental pollution will present great challenges to 
even the prepared healthy brain.1

Anthropology and sociology have demonstrated that an additional 
feature of brain health involves maintaining life-long social 
engagement, especially by fostering intergenerational relationships. 
Quantitative and qualitative studies of intergenerational volunteering 
have shown noteworthy increases in quality of life even in the face 
of AD and dementia.2

the Role of Physical Activity
New neurobiological research in aging has focused on studying 
brain plasticity. As humans age, the hippocampus, a structure in 
the brain important for memory, slowly shrinks and contributes 
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to common problems in short-term memory. Physical 
activity may help prevent and even reverse such age-related 
hippocampal atrophy.3

A variety of mechanisms have been proposed to explain 
the effects of exercise. In animal models of stroke, one to 
two weeks of exercise enhanced neuroplasticity and long-
term recovery. At the molecular and genetic level, regular 
exercise leads to upregulation of genes, such as brain-derived 
neurotrophic factor (BDNF), which is concentrated in the 
hippocampus. Furthermore, upregulation of BDNF may 
contribute to neuroplasticity through the enhancement of 
cholinergic and other neurotransmitter systems. Genetic 
knockout animal models of BDNF demonstrate hippocampal-
related deficits in spatial memory and learning. Some have 
hypothesized that BDNF is implicated in AD pathology.4 
Clinical trials based on such approaches are being conducted 
at Case Western Reserve University and UH.

Information technology
The adoption of technology in medicine generally is apparent 
in areas such as imaging technology to electronic medical 
records. In the future, such digital technology will hopefully 
lead to improved geriatric care. Innovative brain health 
programs are using information technology to enhance brain 
function in many different ways. Many approaches are based 
on having individuals practice specific cognitive tasks in a 
repetitive fashion, such as sound discrimination or identifying 
visual stimuli. However, the positive effects of implementing 
this training in daily life and the long-term effects have not 
been adequately addressed in the scientific literature. The 
growth of this commercial marketplace exists in part as a 
response to a lag in new novel drug development by the 
pharmaceutical industry.5

The development of a rich efficacious digital toolkit is 
challenging. New strategies are recognizing that lifelong 
integrative approaches with cross-sector partnerships are 
essential. In order to promote such partnerships, virtual 

conferences and online summits are currently being used 
to bring together key stakeholders.6 Organizations such 
as SharpBrains are assisting companies and individuals to 
comprehend the applied neuroscience behind the brain 
fitness movement.6

As the field of brain health technology advances, developers 
and consumers should consider taking broad approaches 
toward brain health. The most effective programs will be those 
that promote social cognition and address meaningful individual 
and social challenges in purposeful and enjoyable ways.

Integrating Physical and Cognitive exercise with 
technology
In our work, we are evaluating technology to support an 
intergenerational cognitive and physical exercise program. 
The Microsoft Kinect is unique in that it fosters a social virtual 
environment in which individuals are able to control action 
on the screen with the movement of one’s own body. In our 
newly funded study, older adults (age > 65) will be screened 
based on cognitive tests (Montreal Cognitive Assessment) 
and will be recruited from Judson Smart Living, a local life-
case community. Adults will then be paired with elementary 
students (ages 12 – 15) from The Intergenerational School 
(TIS), a high-performing urban community school in 
Cleveland. Demographics for adult participants (age, gender, 
and prior activity level) will be obtained in order to draw 
correlates between changes in activity level after specific 
interventions. Three main groups will be formed, with two 
groups consisting of an intergenerational pair of participants 
and the third group consisting of a same generation pair of 
elders. Over 16 weeks, all groups will participate in hour-long 
Microsoft Kinect exercise sessions twice a month. One of the 
intergenerational pairs will engage in a cognitive and physical 
exercise and the other only cognitive. Our goal is to identify 
the relative contributions of the intergenerational pairing and 
the physical exercise component (Figures 1 and 2).

Figure 2: The Intergenerational School Titan basketball team had a 
successful initial season falling only to a bigger more experienced team in 
the finals. League MVP awards to individual players complemented great 
team work.

Figure 1: Outdoor exercise programs in our school’s Edible Forest  
Garden and other natural settings nearby are being coordinated  
with dance and other art forms as a part of our integrated brain  
health programs.
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All adult participants in the study will undergo formal 
pre- and post-neuropsychological testing that will help us 
to understand whether technology and intergenerational 
interventions have a synergistic effect on higher-level thinking 
(i.e., executive function, such as goal setting and planning). 
Neuropsychological research has demonstrated that executive 
function impacts overall daily performance in older adults. A 
sense of purpose and individual motivation are closely related 
to such executive functions.1

Furthermore, ethnographic methodology using semistructured 
interviews and short-answer narrative scenarios will be 
used to develop a qualitative data set. The new Spitz family 
research funding is supporting our study and the studies of 
other researchers at UH Neurological Institute to explore the 
scientific foundations of brain health.

InterWell: A Model Intergenerational Family 
Community-based Wellness and Brain Health Practice
Our evidence-based cognitive and physical exercise programs 
will eventually be incorporated into a model school-based 
health practice. InterWell (tentative name) will integrate 
the school curriculum with a health practice based at TIS. 
Its educational philosophy supports lifelong learning and 
spirited citizenship.1 Individual, family, and public health will 
be supported through a prevention-oriented primary care 
practice. We launched our efforts two years ago under the 
banner “Healthy Brains Healthy Communities.” The model is 
interprofessional as practitioners and concepts from nursing, 
medicine, and behavioral/mental health are unified. It is a 
client/patient/learner-centered approach with a focus on 
health coaching and self-management of chronic disease. 
It is “academic” in that it embeds research in practice with 
experiential and service learning.

Future Directions in Research and Practice
In the future, we hope to expand our programs to other sites, 
including other schools in Cleveland, through Breakthrough 
Schools, an organization representing high-performing 
charter schools, and through our partner in prompting 
innovation in public education, the Cleveland Metropolitan 
School District. For example, this past year we started the 
Near West Intergenerational School on the western side of 
Cleveland, branching off from our original school. We believe 
other health delivery sites, such as the Brain Health & Memory 
Center at UH Ahuja Medical Center, can apply the knowledge 
we learn about the value of intergenerational, cognitive, 
and physical exercise to clinical practice. Furthermore, it is 
anticipated that partnerships with long-term care facilities 
locally (e.g., Menorah Park in Cleveland) and internationally 
(e.g., Baycrest in Toronto) will allow us to develop 
elaborations of other models.

Finally, we will continue to expand the use of technology 
into other areas of brain health. Our ultimate goal is to 
produce immersive educational experiences that engage the 
community and the individual using a variety of integrated 
media platforms (so-called transmedia). We will use these 
technologies to support broader ecopsychosocial approaches 
to health rather than narrow biomedical pharmaceutical 
approaches. Teaching learners of all ages to think of nature 
and society as complex overlapping systems encourages 
intergenerative thinking, which in turn can have valuable 
effects on future generations.

Currently, we are using high-definition videoconferencing 
through collaboration with the Case Connection Zone, which 
promotes the use of broadband technology. Through this 
digital medium, we are piloting health coaching where the 
coach and the participant are located geographically distant 
from each other. We are also using such technologies in STEM 
(Science, Technology, Engineering, and Math) education to 
discuss ecosystems and global climate change.

Our most ambitious approaches involve using virtual reality 
to create conversation spaces for avatars of different ages 
to explore their relationships and to help create collective 
wisdom about the challenges of modern life. One such 
approach created with multimedia production team Startled 
Cat is called Wisdom Quest, which uses a narrative to create 
powerful learning experiences that translate action from 
virtual reality to the real world.

These efforts will expand our ideas about what constitutes 
healthy individuals and healthy communities and will 
hopefully contribute to the future of human survival  
and flourishing.

Peter Whitehouse, MD, PhD, is a speaker for Eisai Inc., though 
this relationship has not affected the content of this article, and 
the CME Program has determined there is no conflict of interest. 
Anitha Rao-Frisch, MD, reports no financial relationships with 
commercial interests relevant to the content of this article.



34  |  University Hospitals  •  Neurological Institute Journal  •  Summer 2012

References

1. Whitehouse PJ. Taking Brain Health to a Deeper and Broader Level. Neurol Instit J 
2010;3(1):17-23.

2. George DR, Singer ME. Intergenerational volunteering and quality of life for persons 
with mild to moderate dementia: results from a 5-month intervention study in the 
United States. Am J Geriatr Psychiatry 2011;19:392-396.

3. Gage FH, Zhao C, Praag HV. Exercise enhances learning and hippocampal 
neurogenesis in aged mice. J Neurosci 2005;25(3):8680-8685.

4. Cotman CW, Berchtold NC. Physical activity and the maintenance of cognition: 
learning from animal models. Alzheim Dement 2007;3(2):S30-S37.

5. George DR, Whitehouse PJ. Marketplace of memory: what the brain fitness 
technology industry says about us and how we can do better. Gerontologist 
2011;51(5):590-597.

6. Beaudoin LP, Fernandez A, Hansteen-Izora M, Morris ME, Steinerman JR, Whitehouse 
PJ. Meeting Report of 2011 SharpBrains Virtual Summit: Retooling Brain Health for 
the 21st Century. Available at: http://www.sharpbrains.com/summit. Accessed on 
March 19, 2012.

Acknowledgements: Thank you to the following 
collaborators for encouraging the spirit of brain health: 
Paula Ogrocki, Wendy Edlund, Zach Smith, Brett Joseph, 
Elizabeth Richmond, Cory Cronin, Vanessa Maier, Alan 
Lerner, Anthony Furlan, and George Kikano.

Authors

Anitha Rao-Frisch, MD
PGY-3 Neurology Resident
UH Neurological Institute
University Hospitals Case Medical Center
216-844-7602
Anitha.Raofrisch@UHhospitals.org

Peter Whitehouse, MD, PhD
Attending Physician
Department of Neurology
UH Neurological Institute
University Hospitals Case Medical Center
Professor, Departments of Neurology, Psychiatry, 
Neuroscience, Cognitive Science, Psychology, 
Nursing, Organizational Behavior, and History
Case Western Reserve University School of Medicine
216-464-6449
Peter.Whitehouse@Case.edu

Spitz Brain Health 
Innovation Fund

The Spitz Brain Health Innovation Fund 
supports initiatives and research to help 
advance the prevention, diagnosis, and 
treatment of brain disorders related to 
memory, executive function, and cognition. 
Broadly defined as the understanding 
and preservation of cognitive functioning 
in humans, innovative and collaborative 
initiatives promoting brain health are 
prioritized.

Mr. and Mrs. Spitz hope that future 
generations will benefit from the funding 
provided by the Spitz Brain Health 
Innovation Fund and the work done by the 
Spitz Scholars.

Spitz Scholars 2012
Jiri Safar
Xinglong Wang
Daniel Wesson
Hyoung-gon Lee
Peter Whitehouse and Anitha Rao-Frisch
Xin Qi
Yu Luo
Benjamin Walter and Martha Sajatovic
Mohamad Koubeissi
Wei Xiong
Curtis Tatsuoka
Anthony Jack



Summer 2012  •   Neurological Institute Journal  •  216-844-2724  •  UHhospitals.org/neuro  |  35

Introduction
Of the many people who sell brain health potions or programs, most 
have it wrong or at least incomplete. Considered in isolation, the 
concept of brain health is not really that important, but embedded in 
an integrative program of health, it becomes an essential component 
of a life plan. Most people are not actually concerned about the 
health of their organs individually. In fact, organ-specific health is 
a counterintuitive term since “health” derives from the Old English 
word for wholeness. When it comes to the brain, most people are 
more concerned about the quality of their thoughts and emotions 
(i.e., the products of the brain rather than the brain itself as a three-
pound gelatinous mass of energized nerve cells). We should be aiming 
for total-body as well as total-mind health. New findings of modern 
science support the infrequently held but common sense notion that 
taking care of one’s entire body will result in a healthier brain and 
improved abilities to think, feel, and act. Yet even total body health is 
not a deep and broad enough concept to encompass brain health for 
the future. We must determine what we need to be holistically healthy 
and how to succeed on this journey toward integrated health.

This article describes new programs emerging at University Hospitals 
Neurological Institute in collaboration with the community that  
take brain health to deeper and broader levels using a holistic 
approach. Any specific approach that works for an individual to 
enhance health in isolation is salutary but, in our view, an integrative 
approach is preferable.

What is Health?
So what do we mean by health itself? The World Health Organization 
defines health as not merely the absence of disease but as a state of 
complete physical, mental, and social well-being.1 In other words, a 
comprehensive view of health includes biological and psychosocial 
factors. Pills and procedures are not the only answer to staying well. 
Though staying healthy involves having access to good health care, 
other factors are equally important, if not more important. Those 
factors include one’s self-efficacy for health matters and living in a 
community that supports wellness in a sustainable way.

A person’s or a community’s adaptability or resilience also affects 
their wellness.2 Particularly in today’s tumultuous times with physical 
(climate change and weather weirding) and mental (deep recessions 
and job insecurity) forces that are unbalancing our individual and 
community lives, it is important to be able to respond to change  
and stress to remain healthy. As the principal organ of learning,  
the brain plays a critical role in our ability to adapt. Our own aging  
will be a more successful, productive, and positive process if we 
maintain our resilience.

taking Brain Health to a Deeper  
and Broader Level

By
Peter Whitehouse, MD, PhD



36  |  University Hospitals  •  Neurological Institute Journal  •  Summer 2012

What is Brain Health?
The brain is embedded in the system of interdependent 
organs, and keeping the entire system healthy is the best 
approach to living well. However, the brain plays a particularly 
important role as the organ that learns and allows its 
owner to think and act in the world. Hence, the essential 
manifestation of brain health is mental health. Here, we 
mean mental health not just in the sense of the absence 
of psychiatric disease but rather supporting the ability of 
our brain to maintain its role in managing and enhancing 
our lives. Therefore, we must maintain cognitive health 
by keeping the brain engaged in activities that are both 
enjoyable and productive. Much discussion is given to the 
nature of the “best” brain health activities, and data are 
sparse.3 Many people are trying to sell computer programs 
that exercise specific parts of our mental apparatus. Our view 
is that these programs may be helpful for those who enjoy 
them, but a more comprehensive view of enhancing cognition 
would include participating in multifaceted lifelong learning 
activities, particularly those that involve other people.4 Using 
the mind in social situations, particularly helping others, 
contributes to emotional well-being.5,6

Furthermore, the brain is about feeling and not just thinking. 
Being (brain) healthy means having a set of values that guides 
us to appropriate ethical behavior in our own lives and in 
the lives of others. All of us should be more attentive to 
the aspects of life that challenge our honesty and sense of 
integrity. Do we pay our taxes and support a just society, or 
do we look for every opportunity to benefit only ourselves? 
How much does the consumption and possession of material 
goods dominate our lives? Having well-reasoned and ethically 
sound positions on social issues will contribute to a healthier 
way of interacting with the world.

Some would consider these emotional and cognitive aspects 
of brain health linked to a superordinate category as spiritual 

health. For some, spiritual health is found in traditional 
religious forms of worship and, for others, in more secular 
though deep connections to other living creatures and nature 
itself. Regardless of one’s religious beliefs, this dimension 
has been demonstrated to be important to mental health. 
Though notoriously difficult to articulate, the most generally 
humanistic way to do so is to say that everyone needs a 
reason to want to keep healthy. What is one’s purpose in 
life?7 Answering this question can be particularly challenging 
for elders, in a world where so-called retirement is being 
reconceptualized and having multiple encore careers is 
becoming more common. Indeed, one might say that the 
whole concept of aging is being reinvented to reflect life-span 
perspectives. When do we start the aging process? Certainly, 
it doesn’t begin at 65 or even 85. Does it begin at birth or 
maybe in utero (Figure 1)?

Perhaps the most perverse attempt to reframe aging is by 
considering it a disease. “Cure aging and live forever” is the 
line of anti-aging proponents who sell their approaches to 
ridding one of the “disease” of aging. Whether it be human 
growth hormone and its analogues or some reptilian-related 
ointment, one needs to watch one’s pocketbook carefully 
when dealing with these facile vendors of false vitality.

These approaches are built on fear – the fear of growing old 
and dying. A program of brain health needs to challenge 
dominant perspectives that affect our brain aging. For 
example, we consider the dominant model of Alzheimer 
disease to be a myth.8 Most experts do not believe Alzheimer 
disease is a single condition, and many believe the brain 
aging processes we lump together as Alzheimer disease 
are intimately related to aging. Hence, creating a program 
of brain aging becomes a way of preventing dementia. 
Moreover, it challenges ideas that Alzheimer disease can be 
cured by simplistic notions of drug therapy.

Psychosocial
Factors

Political
EconomicsEnvironment

Learning

Genetics

Diet
Physical
Activity

Health Care

An Integrative Framework of Lifelong Brain Aging

Figure 1: Lifespan multicomponent model of brain health designed by Danny George and Peter Whitehouse.
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However, our pro-aging attitudes require attention to biology. 
Here, we find increasing evidence that regular exercise is 
helpful to brain function. As one aspect of biological health, 
an exercise program can take many forms, but it should take 
a form that is enjoyable to the individual (and to groups of 
individuals) and allow them to accomplish their program of 
physical activity. Those who find exercising in nature with 
other people to be enjoyable, for example, are more likely to 
maintain a program if it includes nature and other people.

The other aspect of biological health is nutrition. Many 
claims are made that nutritional formulations ranging from 
antioxidants to anti-inflammatory agents, vitamins, and 
other potions help brain health. Most evidence suggests that 
eating a healthy, balanced diet composed predominantly of 
fruits and vegetables and free of pesticides and other toxins 
is probably the best way to maintain brain health through 
nutrition. Some recommend a Mediterranean type of diet 
with predominantly white meat like chicken and fish and 
healthy fats like those from olive oil. Eating low on the food 
chain (or following a vegetarian diet) and avoiding excessive 
or perhaps any red meat seems ideal from both a health and 
an ecological perspective. Sometimes vitamin supplements 
may be necessary, but naturally occurring sources of these 
metabolic constituents are probably ecologically and 
nutritionally best.

What Should Brain Health Really Be and Become?
Following the advice to maintain mental and physical health 
is an important aspect of brain health (Table 1). However, 
the brain serves many functions, not the least of which is 
to guide our lives down a journey of purpose.7 Why do we 
want to be healthy? Why do we want our brains to work 
well? Presumably, it is because we have things we wish to 
accomplish in life.

This exploration of our purpose is perhaps the deepest layer 
of brain health. The most complex parts of the human brain 
are the frontal lobes and related regions that perform the so-
called executive functions. Every human being needs to have 
a set of goals and a plan to achieve those goals combined 
with a process to monitor progress toward their objectives. 
Paying attention to issues that are core to one’s life and 
avoiding unnecessary distractions are key components of brain 
health. Relaxation techniques, mindfulness, and meditation 

can assist this process as can guided imagery, which uses the 
imagination to visualize positive outcomes. Likewise, positive 
psychology concepts stress that focusing on strengths and 
affirming emotions is essential for enjoying a productive 
life. Another essential approach is narrative medicine, which 
recognizes that patients’ histories are key to not only diagnosis 
but treatment. For many, it is one’s life story that provides 
coherence and connection to others. Stories recount our past 
as we tell them in the present while wondering how to act in 
a way that creates our healthy future.

Executive functions are broad. Will, purpose, and meaning 
are associated with this set of complex human abilities. 
Importantly, the frontal lobe is intimately connected to 
portions of the brain that regulate emotions. These are some 
of the older parts of the brain that we share with our fellow 
animals. In a sense, the frontal lobe with its interconnected 
parts is the organ of wisdom that “decides” how to balance 
our motivations with our plan of action. It is simplistic to say 
that wisdom is located in any particular part of the brain and, 
in fact, one would be better served speaking of an embodied 
mind since our bodies, through hormones and other 
metabolic systems, can dramatically affect our thoughts and 
emotions. Another component of wisdom is to recognize the 
limitations of human thought since humility is a key aspect 
of wisdom. So, too, is compassion for self and others. The 
embodiment of brain reminds us to pursue the health of the 
entire body.

A Deeper Notion of Brain Health
We claim that our brain health initiatives and health 
practices should focus on the profound aspects that link the 
components of brain health by finding purpose and goals 
for our lives. This shift represents a deeper notion of brain 
health, with a holistic conception of what it means to be a 
healthy human being, and liberates us from a sole focus on 
the neurons and synapses that comprise our brains. It also has 
us attending to the ultimate limit, our own mortality. Ideally, 
everyone should contemplate their legacy – what do I want to 
leave as my accomplishments for future generations? When 
others remember us by our life stories, our social contribution 
extends beyond personal death. The deepest model of health 
should address an individual’s spiritual and religious beliefs, if 
he or she thinks of life’s meaning and purpose in those terms.

Sense of purpose

Social engagement

Cognitive activity

Physical exercise

Healthy diet

General body function, including sexual health

Self-efficacy

Sustainability

Integrative approach to health

table 1: Key elements of a Healthy Brain program

Places the player (i.e., the patient) first

Is relationship-based

Creates stories and images of positive outcomes

Is practiced by laypersons and the patients themselves

Is purpose driven and goal oriented but reflective

Takes incremental steps and plans long-term outcomes

Pursues continuous quality improvement

Allows access to expertise as needed, e.g., genetic risk

Values aesthetics and artistic expression

Is integrative-holistic

table 2: Features of Health Coaching
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the Broader Aspects of Brain Health
Having considered the depth of brain health, what do we 
mean by the broader aspects of cognitive wellness? These 
aspects of our brain health program link us to community. 
As a neurologist, I often say that we don’t think with 
just our brains; we, in fact, think with our entire bodies. 
However, what is not often appreciated is the importance 
of thinking with other people. Much of cognition is social. 
Even in physical solitude when reading a book or simply 
thinking about other people, we engage our thoughts with 
the thoughts that we imagine other people have. Especially 
in live conversation, we are thinking collectively (and often 
emoting together). The concepts of distributed intelligence 
and the wisdom of crowds capture the idea that we have a 
better chance of solving problems and creating opportunities 
together, though sometimes collective folly rather than group 
wisdom can result, depending on the circumstances.9

Guided imagery using the imagination to visualize positive 
outcomes can be very useful for some as can learning to 
relax or meditate. Positive psychology concepts, which 
stress that focusing on strengths and affirming emotions is 
essential for enjoying a productive life, may be helpful, too.

Let us remember that the health of our communities plays a 
large role in determining our individual health. Whether we 
eat healthy foods, exercise, or avoid contact with excessive 
amounts of pollution or neurotoxins depends in part on 
the structure of our built and natural environments. Social 
networking using information technology offers tremendous 
opportunities for enhancing our collective brain health. 
In fact, the creation of collective wisdom is critical to our 
adaptation and survival. No longer should we think of 
wisdom as the attribute of a few rare and often long dead 
people. Brain health recognizes that we are all wise at times 
(and foolish at others) to varying degrees, but together we 
can all grow wiser. The opportunities for fostering mutual 
brain health are great.

the Next Level of Brain Health
So far, we have considered deepening and broadening our 
conceptions of brain health, but are they related? Depth 
may appear orthogonal to breadth, but ultimately they may 
be the same dimension, the same next level of brain health. 
Whether we have a sense of purpose adequate to drive 
our brain health activities to a deeper level depends in part 
on what we wish to contribute to our communities. Many 
sages have said that we are healthy as a function of putting 
other people’s needs before our own.10 It is enlightened self-
interest to recognize that one’s own health depends on the 
health of other people, and one’s sense of purpose depends 
on connecting to the goals of other people. This broader 
notion of health that connects us as individuals to other 
human beings extends to the natural environment. In today’s 
world, we recognize that global climate change is leading 
to changes in weather patterns and disease epidemiology.2 
For instance, warming contributes to the redistribution of 
species that can cause infectious disease, and it affects global 
crop yields and access to water. Thus, we are going to have 
to be smarter and more committed to each other to survive 
not just as individuals and communities but as a species that 
shares ecosystems with other life forms.

How Are We Developing a Model Brain Health 
Program?
Putting the patient first is an overused and worn expression 
that often has roots in serving the marketing needs of health 
care organizations and professions rather than serving 
people. But the truth of the expression is emerging as we 
increase our focus on prevention and “behavior change” as 
ideas that are critical to maintaining and enhancing health. 
Health is so broad that it requires knowledge from a variety 
of fields, including medicine, nursing, social work, and 
psychology. Hence, our program of brain health will involve 
these core disciplines and others like activity-related therapies 
and nutrition. We are working with professionals in family 
medicine, neurology, nursing, and social work to develop our 
pathways to health. With UH Neurological Institute as the lead 
organization, the program hopes to form around partnerships 
with the Francis Payne Bolton School of Nursing, Fairhill 
Partners, and other programs at University Hospitals Case 
Medical Center and Case Western Reserve University as well 
as community organizations. As such, we plan to continue to 
integrate research and service learning experiences into our 
clinical and educational programs for students.

We plan to base one aspect of the practice in The 
Intergenerational School, a public school that addresses 
the educational needs of children, adults, and elders. An 
intergenerational health practice can focus on individual 
and community health as well as blend medical, health, and 
educational models of maintaining health.11 Such a school-
based health practice can enhance the role of the school nurse 
and participate in public health initiatives. Social workers will 
be involved to address family needs and community resource 
issues. Psychologists will be available to assist with assessment 
(clinical psychological and neuropsychological) and treatment 
(e.g., Cognitive Behavior Therapy).

Yet it is a new model of health coaching that we will 
incorporate that sends the strongest message about our 
philosophy of care (Table 2). A coach is a helper, but it is 
the player (the patient/client) who competes in the grand 
Olympic sport of life. The coach works by sharing expertise as 
needed, guiding experiences at different levels, and fostering 
skill development on the way to better performance. The 
mentoring relationship is key. It is the health life story and 
the mental images of success that the coach and player co-
construct that allow success. As in sports, health emerges 
from this relationship-based, narrative, holistic practice that 
is rich with the image of success. With appropriate expert 
input, health coaching can provide knowledge that ranges 
from genetic and environmental risk to incorporating so-
called complementary and alternative medicine practices. 
Though always aspiring to evidence-based best practices, 
an intergenerational practice recognizes the limits of purely 
data-driven decision making and values the wisdom of 
collective experience. Planning for the end of life will be 
appropriately considered earlier than is often the case in 
health care, as the sages tell us that embracing and planning 
for our own mortality and legacy can be a part of making life 
vital and purposeful.
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Putting Brain Health into Collective Action
In Cleveland, we launched our Healthy Brains and Healthy 
Communities Initiative with a keynote speech by Dr. David 
Satcher, the first African-American surgeon general of the 
United States and former head of the Centers for Disease 
Control (Figure 2). This distinguished graduate of Case 
Western Reserve University has been focusing on the health 
of children in schools. Our initiative is being conducted in 
partnership with other health care organizations as well as 
innovative learning schools. We believe that public schools are 
an important source of information for young people to begin 
on a path of brain health and to maintain lifelong learning as 
a value throughout their lives.

One leading school is The Intergenerational School (TIS), a 
high-performing, urban community school at Fairhill Center 
founded by Cathy Whitehouse, myself, and others.5 TIS is 
a charter school whose mission is to empower students 
of all ages to be lifelong learners and spirited citizens. 
We emphasize experiential learning through community 
service and create developmentally appropriate educational 
opportunities for children and elders with cognitive 
challenges. International, national, and regional recognition 
has followed as data and stories have demonstrated the value 
of the school. The school is an organizational innovation that 
improves public education for kids and creates opportunities 
for adults, especially elders, to find a meaningful place in 
the community and to develop a profound sense of legacy. 
Recently, we conducted quantitative (randomized controlled 
trial) and qualitative research demonstrating that the school 
has a positive impact on older volunteers from a local 
residential facility (Judson Smart Living Community) who 
have dementia.6 Hence, our school provides life-enhancing 
value for learners of all ages in the school, not just the 
approximately 200 urban children educated there.

We are expanding our brain health activities into the outdoors 
by working with The Nature Center at Shaker Lakes. Figure 
3 shows our award-winning Environmental Protection 
Agency project (http://www.epa.gov/aging/resources/
thesenseofwonder/2009/finalists.html) sharing what Rachel 
Carson called a sense of wonder about natural systems as we 
learn about them. Eventually, we hope to have an urban farm 
associated with our intergenerational brain health practice.

Conclusion
For 10 successful years, we have been prompting this deeper 
and broader conception of brain health, and we are now 
joining with like-minded schools, such as the Schools That 
Can network of high-performing urban schools committed 
to education of the public. The notion that public schools 
are a wellspring of energy for improving individual and 
community health is prompting the UH Neurological Institute 
to have one component of its Brain Health Program located 
in our school. As these programs unfold, we look forward 
to planned programs at University Hospitals Ahuja Medical 
Center and to making our contributions to the international 
conversation about brain health. Brain health, deeply and 
broadly conceived, is essential to who we are as individual 
mortal human beings, to what fosters a sense of belonging in 
our communities, and to how we will face the future ahead. 
Adding why to this equation is essential. As for where and 
when, the answer is here and now.

Peter Whitehouse, MD, PhD, is a speaker for Eisai Inc., though this 
relationship has not affected the content of this article, and the 
CME Program has determined there is no conflict of interest.

Figure 2: Launching Cleveland’s Healthy Brains Healthy 
Communities Initative on May 18, 2009, with Dr. David 
Satcher and leaders of local innovative schools and 
health-oriented community organizations, including 
(from left to right) Elizabeth Fiordalis (Cleveland Clinic 
Foundation), Mary Anne Vogel (St. Martin de Porres High 
School), Brian Driscal (The Urban School), Perry White 
(Citizens’ Academy), David Satcher (Morehouse School of 
Medicine), Catherine Whitehouse (The Intergenerational 
School), TJ McCallum (Case Western Reserve University), 
and David Wright (The Nature Center at Shaker Lakes). 
The conversation was moderated by Peter Whitehouse 
(UH Neurological Institute and Case Western Reserve 
University). Photo by Peter Whitehouse.
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Thieme Medical Publishers has completed production on the second edition 

of Surgery of the Craniovertebral Junction, a single volume book by  

experts in the field of intracranial and spinal surgery that includes an 

interactive DVD with detailed anatomy models and case examples, edited  

by Dr. Nicholas C. Bambakidis along with Curtis Dickman, Robert F. Spetzler, 

and Volker K.H. Sonntag.

The second edition offers updated chapters on endovascular surgery, 

endoscopic surgery, spinal surgery and instrumentation, minimally invasive 

treatment modalities, and nonsurgical options. The edition is of particular 

interest to neurosurgeons who perform both 

spinal and intracranial surgery. No comparable 

text is available.

Surgery of the Craniovertebral Junction 

features the following chapter authors from  

University Hospitals Case Medical 

Center: Nicholas C. Bambakidis, MD;  

Kristine Blackham, MD; David J. Hart, MD;  

Daniel P. Hsu, MD; Cliff A. Megerian, MD;  

Andrew E. Sloan, MD; sixth-year 

resident Alia Hdeib, MD; and recent 

graduate Yin C. Hu, MD.
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