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Human cognitive aging has been too long neglected and underappreciated for its critical importance to quality of life in 
old age. The articles in this session present novel approaches to improving cognitive function in normal aging persons 
with drugs and interventions that are based on findings in epidemiology, studies in aged animals, and in vitro research. In 
addition, since aging is the primary risk factor for Alzheimer's disease, these studies also have implications as interven-
tions for prevention and treatment. As a field of research, new knowledge regarding the causes and mechanisms of cogni-
tive aging are ripe for translation into human studies, with the application of this knowledge leading the development of 
interventions and therapeutics for the prevention of cognitive decline in old age and Alzheimer's disease.
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The articles in this final session of the Cognitive Aging 
Summit addressed novel approaches to improving the 

course of normal cognitive aging with drugs and interven-
tions derived from epidemiological evidence, research in 
aged animals and in vitro studies. They are among the most 
innovative strategies currently being studied in critical tests 
of efficacy in humans. It is noteworthy that, at least thus far, 
the drugs and interventions being evaluated in these trials 
appear to have few “side effects.” This is especially impor-
tant for treatments targeting “normal cognitive aging,” 
because they would need to be extremely safe (and effec-
tive) to receive the Food and Drug Administration (FDA) 
approval for long-term administration in a large population 
of essentially “normal” people. Additional constraints on 
drugs for this indication are likely to include ease of deliv-
ery (ie, oral availability) and low cost. We should also rec-
ognize the significant distinction between treatments aimed 
at “symptomatic” improvement for some of the mild defi-
cits of cognitive aging, versus “disease modifying” drugs 
that slow the course of a neurodegenerative process.

In the first presentation, Gallagher's work illustrated 
how current advances in basic research can be translated in 

clinical drug studies. Her program employs new knowledge 
regarding hippocampal circuits, memory formation, and the 
application of brain imaging techniques, notably functional 
magnetic resonance imaging (fMRI), in testing drugs for 
cognitive aging. The fMRI enables the study of drug effects 
on neuronal network activity in response to cognitive task 
demands, offering significant insight beyond structural 
MRI and metabolic imaging (eg, FDG-PETs). Gallagher's 
novel hypothesis postulates “overactivity” of selective hip-
pocampal circuits as a key contributor to memory impair-
ment in aging. Her therapeutic strategy involves dampening 
this excess activity in humans with amnestic mild cognitive 
impairment (aMCI) using an FDA-approved antiepileptic 
found to benefit memory at low doses in aged rats. The 
treatment hypothesis under investigation is that lowering 
dentate gyrus/CA3 hyperactivity, as determined by fMRI, 
will improve memory performance. Thus, her work opens 
new avenues in the use of functional neuroimaging for 
developing drugs to treat cognitive aging.

Executive function is critical to daily life, and signifi-
cant changes occur with aging that can affect independence 
and activities of daily living. There have been few, if any, 
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randomized human clinical trials in which executive func-
tion has been the primary outcome measure in a “cogni-
tively normal” aging population. In studies reviewed by van 
Dyck, guanfacine is being investigated for the treatment of 
prefrontal executive dysfunction in healthy aging. Although 
prefrontal cortical (PFC) cognitive dysfunction is a common 
feature of healthy aging, the challenges in developing inter-
ventions are significant, particularly given the complexity 
of PFC function. Aged monkeys have provided a valuable 
animal model for rational drug development, documenting 
that administration of the α2A-adrenoceptor agonist guan-
facine can substantially reverse age-related working mem-
ory deficits dependent on the PFC. The cognitive effects 
of this drug are now being investigated in healthy elderly 
humans. The study design is rather unique and sets the 
stage for future studies of pharmacological agents aimed at 
preferentially affecting executive function in aged popula-
tions. Clinical meaningfulness will be measured as second-
ary outcomes including the Clinical Global Impression of 
Change (CGIC), and a quality of life measure, the SF-36. 
Assessing effects on these measures is extremely important 
because it could have a significant impact on whether the 
FDA is likely to approve drugs for indications such as PFC-
mediated cognitive dysfunction in normal aging.

Behavioral and lifestyle interventions including diet, exer-
cise, and cognitive training are emerging as potentially pow-
erful strategies for promoting brain health. Studies in animal 
models offer the advantage over human research that dietary 
and behavioral conditions can be precisely controlled for pro-
longed periods, allowing the relative contributions of each 
intervention to be evaluated. The research program reviewed 
by Cotman takes advantage of a novel dog model (the bea-
gle) for their studies of a behavioral intervention for cognitive 
aging. Noteworthy features of this model are that, unlike many 
more common laboratory animals, beagles develop signifi-
cant brain amyloid deposition during aging, and they display 
a surprisingly rich repertoire of cognitive capacities. Cotman's 
group is examining the effectiveness of behavioral enrich-
ment (social, physical, and cognitive exercise), dietary sup-
plementation (antioxidants and mitochondrial cofactors), and 
combined intervention for ameliorating age-related cognitive 
decline. The initial findings underscore a number of key points 
in the study of lifestyle interventions. First, multifactorial 
interventions that address risk factors identified in laboratory 
and human epidemiological research are likely to be required. 
Second, demonstrating efficacy in humans will require the con-
vergence of data from animal models, epidemiological studies 
to identify the most critical variables to be studied in clinical 
trials. Research design will be crucial, and we will need novel 
approaches in clinical investigation in order to establish proof 
of concept evidence that human cognitive aging can be slowed 
or prevented by specific behavioral interventions.

In the final presentation of the session, Chapman outlined 
work using functional neuroimaging to study the influence of 
cognitive and physical training on “gist reasoning.” As noted 
previously, executive function declines with aging, and older 

persons change the way they make decisions, increasing the 
use of gist reasoning, possibly as a consequence of underly-
ing changes in processing speed and working memory capac-
ities. This shift toward gist reasoning can be adaptive, and 
Chapman suggests that brain and physical training may pro-
vide differential benefits. In addition, their goal is to enhance 
cognitively meaningful outcomes, including skills critical 
for everyday life, functions such as reasoning, problem solv-
ing, goal management, and other executive capacities and 
not simply to improve performance on isolated tasks/skills 
within the laboratory setting. Their ongoing work reinforces 
the view that interventions for cognitive aging must show 
“clinical meaningfulness”—a critical, but difficult, hurdle to 
overcome in cognitive aging research to date.

The Clinical Study as Experiment: Test of a 
Pivotal Hypothesis—Michela Gallagher

New tools are rapidly changing the landscape for discov-
ery in translational research. In particular, studies of com-
putational functions in large-scale networks in animals are 
making greater contact with the use of neuroimaging in 
humans to advance our understanding of both normal cog-
nition and clinical conditions. Here, we focused on the hip-
pocampal network, building on research in an animal model 
of age-related memory impairment to inform the use of fMRI 
in people with aMCI, a condition in which memory loss is 
greater than would be expected for a person's age. Parallels 
observed in this work, translating from animal to man, sug-
gest new ways to test hypotheses about the functional signifi-
cance of altered fMRI signals in neurocognitive aging.

As a background to the study of neurocognitive aging, 
great progress has been made in understanding the funda-
mental contribution of the medial temporal lobe to memory 
processes. Recordings from ensembles of single neurons 
in the brains of young laboratory rats have confirmed 
what computational models have predicted about the net-
work properties of cortical input into the dentate gyrus and 
CA3 (DG/CA3) subregions of the hippocampal formation. 
These components of the medial temporal lobe system are 
especially critical for encoding distinctive representations 
of experiences that share overlapping elements with prior 
memories. The generality of this network's properties has 
been extended to humans with the application of advanced 
neuroimaging tools. When high-resolution methods in 
fMRI were used to study the function of hippocampal sub-
regions, the first evidence was provided of a corresponding 
computation for DG/CA3 in the brains of young adults (1).

Our research has shown how this rapid and distinctive 
encoding of new information is lost in the aged hippocampus 
of rats with memory impairment. Rather than creating distinc-
tive representations, such aged rats retrieve prior representa-
tions, a process known as “pattern completion,” distinguishing 
it from “pattern separation.” Tied to the computational shift 
just described, CA3 neurons in aged animals with poor 
memory also exhibit excessive activity, that is, higher firing 
rates (2). This is not surprising because pattern completion is 
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mediated by excitatory autoassociative connections, whereby 
collaterals of the CA3 neurons synapse on many other CA3 
neurons, forming the majority of CA3 inputs. A shift in the 
balance between extrinsic cortical inputs that drive pattern 
separation and autoassociative control that mediates pattern 
completion could contribute to both elevating CA3 activity 
and preventing the encoding of new information.

Directly based on the dysfunctional properties of the DG/
CA3 network in studies of aged animals, fMRI was used to 
localize signals during performance of a task that taxes pat-
tern separation in patients with aMCI compared with age-
matched controls. Similar to aged rats with memory loss, 
greater activation within the hippocampal formation was 
restricted to the DG/CA3 in aMCI relative to the age-matched 
control group (3). Behavioral assessments using procedures 
like those in the fMRI task had earlier shown less pattern 
separation with a shift to pattern completion in elderly human 
subjects (3,4). In Stark et al. (3) that shift was further accen-
tuated in aMCI as indicated by a worsening performance in 
the scanning task relative to age-matched controls.

The corresponding localization of greater activation in con-
ditions of memory loss in both animals and humans is a strik-
ing finding. Changes in the underlying neural circuitry, which 
have been studied in great detail in aged animal models, sug-
gest that overactivity in this network is a dysfunctional condi-
tion. This idea was directly tested and supported by targeting 
excess activity in the CA3 region of aged rats with impair-
ment using methods that were found to benefit memory per-
formance (5). By contrast, signals of greater fMRI activation 
in the aging brain have often been viewed as serving a com-
pensatory function. In order to test the functional significance 
of increased hippocampal activation, research directly based 
on the animal model is now underway in aMCI using an FDA-
approved antiepileptic that was efficacious in aged rats at low 
doses. If increased activation serves a compensatory function, 
then treatments that lower the fMRI signal would be expected 
to worsen performance. On the other hand, if the condition in 
aMCI has computational consequences similar to that in aged 
rodent brain, then lowering DG/CA3 activity may improve 
memory performance. Thus, this translational approach could 
yield valuable insights into the functional significance of neu-
roimaging signals in a clinical setting.

Guanfacine for Prefrontal Executive 
Dysfunction in Healthy Aging—Christopher H. 
Van Dyck

Although PFC cognitive dysfunction is a characteristic 
and disabling feature of healthy aging (6,7), no treatment 
has been developed to date for the amelioration of these 
symptoms. Studies of monkeys have revealed PFC cognitive 
dysfunction with advancing age, associated with neuropatho-
logical and neurochemical changes in the PFC (8). Working 
memory deficits in aged monkeys are improved by the α2A-
adrenoceptor agonist guanfacine (9–12); however, the cog-
nitive effects of this drug have not yet been investigated in 
healthy elderly humans. The overarching objective of this 

project is to evaluate guanfacine as a treatment for PFC cog-
nitive dysfunction in elderly participants. This Pilot Clinical 
Trial aims to provide essential preliminary data that will 
advance the design of a subsequent full-scale clinical trial.

A working model of guanfacine's possible mechanism of 
action is shown in Figure  1. Guanfacine is thought to alter 
intracellular signaling events that regulate the strength of PFC 
working memory network connections. Working memory 
networks excite each other through connections on dendritic 
spines to keep information “in mind” (13). Recent research 
suggests that cAMP signaling weakens these network con-
nections by opening K+ channels on dendritic spines (14). 
Stimulation of α2A receptors by guanfacine inhibits cAMP 
production (15), closing K+ channels and strengthening net-
work connections (14). As cAMP signaling is elevated in 
the aged PFC (16), guanfacine may be especially helpful in 
strengthening PFC network connections in the aged. Recent 
physiological evidence shows that guanfacine can enhance 
PFC network firing in aged monkeys (Figure  2) (17). This 
work demonstrated a dramatic age-related decline in PFC neu-
ronal firing during working memory. Iontophoretic application 
of guanfacine onto aged PFC neurons significantly increased 
neuronal firing to more youthful levels.

The present study is the first to test whether guanfacine 
might similarly enhance PFC executive function in cogni-
tively normal elderly humans. In healthy young adults, sin-
gle doses of guanfacine have been associated with beneficial 
effects on computerized executive function tasks in one of 
two studies (18–20). However, based on primate studies, 
guanfacine should have its greatest effects in healthy older 
adults (12). Given the evidence that the most robust defi-
cits in executive function appear over age 75 (21,22), the 
major eligibility criteria include age ≥75 years; good gen-
eral physical health; and absence of dementia or MCI.

This is a randomized, double-blind placebo-controlled trial 
of guanfacine in which a total of 123 participants are rand-
omized to one of two dose levels of guanfacine (0.1 and 0.5 
mg) or placebo once daily for 12 weeks. Outcome measures 
are administered at 0, 6, and 12 weeks. The primary outcome 
measure is a composite Z-score from an executive function 
neuropsychological test battery. It includes four computerized 
tests from the CANTAB (23), as well as Stroop Interference, 
and Trailmaking Test B. Tests in this battery were selected 
to be (a) sensitive to aging; (b) sensitive to naturally occur-
ring PFC lesions; and (b) responsive to guanfacine or other 
α2A agonists in previous human trials. Secondary outcomes 
include the Clinical Global Impression of Change (CGIC) 
(24) and a quality of life measure, the SF-36 (25). This explor-
atory “proof of concept” study may provide the rationale for a 
subsequent full-scale clinical trial of guanfacine for age-asso-
ciated PFC-mediated cognitive dysfunction.

Behavioral and Dietary Strategies Synergize 
to Promote Successful Aging—Carl W. Cotman

Lifestyle interventions including diet, exercise, and cogni-
tive training are emerging as powerful strategies to promote 
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successful aging. However, the optimal interventions for 
enhancing cognition and maximizing the benefi ts to brain 
health are unknown. Studies in animal models have advan-
tages over human studies, in that dietary and behavioral 
conditions can be precisely controlled over prolonged peri-
ods, allowing the relative contributions of each intervention 
to be evaluated. While some such studies exist using rodents, 
few have been undertaken in higher animal models. We 
have used the aged canine (dog) to examine the effective-
ness of behavioral enrichment, dietary supplementation, or 
the combined intervention to counteract age-related cogni-
tive decline. We have discovered that behavioral enrichment 
or dietary supplementation each can improve cognition 
and that the combined intervention has synergistic bene-
fi ts on cognitive performance and counteracting age-related 
degenerative changes in the brain. 

 The aged canine is one of the best and most accessible 
animal models of brain aging that parallels many of the key 
features of human brain aging, including MCI and early 
 Alzheimer’s  disease ( 26 ). Like the aged human brain, the 

canine brain shows increased oxidative damage, mitochondrial 
dysfunction, selective neuron loss, decreased hippocampal 
neurogenesis, and accumulation of beta-amyloid (A β ) pa-
thology with age. The aged canine is a natural model of A β  
accumulation, as the canine and human A β  protein is 100% 
homologous ,   whereas  the APP sequences share 98% homol-
ogy. Indeed, the canine brain accumulates senile plaques with 
age and the accumulation of A β  1    –  42  and A β  1    –  40  progresses in a 
similar fashion to that occurring in the human brain. In parallel, 
oxidative damage and mitochondrial reactive oxygen species 
generation increase with age in the canine brain, similar to 
reports of oxidative damage in human brain in aging, MCI and 
most extensively in  Alzheimer’s disease . Rodent studies reveal 
that oxidative stress is one mechanism that increases A β  de-
position, which in turn, exacerbates oxidative stress. 

 Our research has pioneered the use of the canine to iden-
tify dietary or behavioral interventions to prevent or slow 
age-related cognitive decline. Notably, we have found that 
long-term dietary supplementation with cellular antioxidants 
(vitamins E, C, etc.) and mitochondrial cofactors ( α -lipoic acid 

   

 Figure 1.        Working model of intracellular signaling events that regulate the strength of PFC network connections.  A.  In the aged PFC, increased cAMP opens K +  
channels on spines, which weakens network connections. Examples of K +  channels: HCN= Hyperpolarization-activated Cyclic Nucleotide-gated channels; 
KCNQ=Kv.7 2/3/5 .  B.  Guanfacine treatment inhibits cAMP production, which strengthens network connections. (Adapted from Reference 17.)       
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and carnitine) (AOX), or behavioral enrichment with social, 
cognitive, and exercise components (ENR), can effectively 
improve cognitive performance and reduce brain pathology 
of aged canines ( 26 ). Cognition is improved on several tasks 
of executive function as well as in tasks of spatial learning 
and memory ( 27 ). In general, the combined intervention 
(AOX   +   ENR) resulted in greater cognitive improvement 
than either treatment alone. For example, in tasks of spatial 
memory, performance was enhanced the most with the 
combined intervention, with fi nal performance of the ENR/
AOX group similar to that of all animals at the start of 
the intervention (2 + years prior). Thus ,  the intervention 
 “ reversed ”  age-related cognitive decline. 

 These behavioral data provided the framework to next 
examine how these interventions affect cellular and molec-
ular processes in the brain associated with aging. We have 
demonstrated that these interventions counteract age-related 
neuron loss, declines in neurogenesis, oxidative damage, 
and A β  deposition, with some of these end   points being 
more responsive to the interventions and being more 

strongly correlated with cognitive function. In particular, 
the most robust effects of the interventions were on reducing 
mitochondrial  reactive oxygen species  generation, decreas-
ing protein oxidation, and inducing key antioxidant enzymes 
to counteract  reactive oxygen species  production and pre-
serve mitochondrial function. In addition, factors important 
for synaptic plasticity were upregulated with the interven-
tions, including brain-derived neurotrophic factor (BDNF), 
a key molecule that modulates learning and that declines with 
age. We found that BDNF mRNA levels were reduced in the 
temporal cortex in old cognitively impaired dogs compared 
 with  young dogs. Intervention in the aged dogs with AOX   +  
 ENR counteracted this decline, elevating BDNF mRNA over 
levels in untreated aged dogs, and approaching levels mea-
sured in the young group. Animals receiving either interven-
tion alone ENR displayed intermediate levels of BDNF mRNA 
( 28 ). Overall, the combined AOX   +   ENR treatment appeared 
to have additive or synergistic effects on several neurobiologi-
cal endpoints, including BDNF, oxidative damage, and A β  
load, and on preserving and improving cognitive function ( 26 ). 

   

 Figure 2.        Electrophysiological studies of PFC network fi ring in monkeys.  A.  Working memory-related PFC neuronal fi ring is markedly reduced with advancing 
age. Examples show representative individual neurons from young adult, middle-aged, and aged monkeys.  B.  Delay-related PFC neuronal fi ring rate as a function of 
age in monkeys. There is a highly signifi cant decline in fi ring rate with advancing age.  C.  Iontophoresis of guanfacine (bottom graph) onto PFC neurons restores 
memory-related fi ring in aged monkeys compared to control conditions (top graph). (Adapted from Reference 17.)       
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similar fashion to that occurring in the human brain. In parallel, 
oxidative damage and mitochondrial reactive oxygen species 
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reports of oxidative damage in human brain in aging, MCI and 
most extensively in  Alzheimer’s disease . Rodent studies reveal 
that oxidative stress is one mechanism that increases A β  de-
position, which in turn, exacerbates oxidative stress. 
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and carnitine) (AOX), or behavioral enrichment with social, 
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of executive function as well as in tasks of spatial learning 
and memory ( 27 ). In general, the combined intervention 
(AOX   +   ENR) resulted in greater cognitive improvement 
than either treatment alone. For example, in tasks of spatial 
memory, performance was enhanced the most with the 
combined intervention, with fi nal performance of the ENR/
AOX group similar to that of all animals at the start of 
the intervention (2 + years prior). Thus ,  the intervention 
 “ reversed ”  age-related cognitive decline. 
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and A β  deposition, with some of these end   points being 
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 Why are the effects of diet and behavioral enrichment 
synergistic? Declining mitochondrial function is often cited 
as one of the basic cellular events contributing to neuronal 
dysfunction with age. We found that the AOX diet counter-
acted age-related increases in mitochondrial  reactive oxygen 
species  generation and increased NADH-linked respiration, 
leading to improved mitochondrial function in the aged 
canine brain ( 29 ). We hypothesize that improved mito-
chondrial function is a signifi cant mechanism underlying 
improvements with the AOX diet. We further suggest that 
improved mitochondrial function with the AOX diet allows 
the aged brain to respond better to behavioral interventions 
than when mitochondria are partially dysfunctional. In other 
words, neurons with healthy mitochondria are more able 
to benefi t from ENR, a novel concept in the fi eld. Taken 
together, our fi ndings suggest that the AOX and ENR inter-
ventions may engage molecular mechanisms that enhance 
 “ cognitive reserve ” , allowing the aged brain to maintain 
intact cognitive abilities despite the presence of A β  and other 
pathologies in the aged brain.   

 E xercising  the M ind  and B ody : A ging  and B rain  
H ealth   —  Sandra Bond Chapman, Raksha Mudar, 
Elizabeth Bartz, Molly Keebler, Hanzhang Lu 
and John Hart 

 A major accomplishment of this century is the doubling 
of the human life span ( 30 ). However, a downside of greater 
life expectancy is increased risk of cognitive impairment in 
late life ( 31 , 32 ). Motivated by evidence that signifi cant 
potential exists to modify the structure and function of the 
aging human brain given intensive training ( 33  –  39 ), we are 
examining the cognitive gains and physical changes in the 
brain mediated by brain and physical training regimes. We 
incorporate a combination of cognitive testing, structural 
and functional brain imaging measures, and physical 
assessments as assessment tools. 

 In this synopsis, we briefl y discuss previous pilot data as 
well as the preliminary fi ndings from an ongoing randomized 
clinical trial of the differential and shared effects of  short-
 term, intensive higher-order gist reasoning training or physical 
exercise in seniors as compared  with  a group of wait-list con-
trols. The participants are between 60 and 75 years of age, are 
well screened to ensure normal cognitive function, and are 
established as non-exercisers prior to training.  

 Exercising the Mind 
 Gist reasoning represents the basis of the  brain-training  

regimen and is a higher-order cognitive function that entails 
ability to bind details to form abstracted gist meanings ( 40 , 41 ). 
Individuals typically remember the gist of the information 
better than specifi c details ( 42 , 43 ). Gist processing promotes 
deeper understanding of commonly encountered information ,  
and thus, is integral to everyday life skills. Three core 
cognitive capacities include strategic attention, integrated 

reasoning, and reasoning fl exibility, each of which are essen-
tial components of the gist reasoning training program ( 44 ). 
Brain training participants are encouraged to incorporate 
the strategies as habitual practice whether listening to their 
fi nancial advisor or physician, listening to news, reading a 
book, attending a lecture, to mention a few activities. 

 The brain exercise arm of the current randomized study is 
motivated by prior evidence from a feasibility study in 26 
normally aging seniors that showed benefi ts of short-term 
intensive training (ie,  8  hours in  1  month) not only on 
trained gist-reasoning function but also generalized benefi ts 
to untrained measures of executive function ( 44 ). Spe-
cifi cally ,  the gist reasoning training was associated with 
improved performance on measures of concept abstraction, 
cognitive switching, and verbal fl uency. 

 The  brain-training  group in the current randomized study 
is showing improvements similar to the feasibility study. 
The  brain- training group ( n    =   7) is manifesting signifi cant 
improvement in the trained areas of integrated reasoning 
with transfer effects on concept abstraction and verbal 
fl uency as compared  with  both the control group ( n    =   13) 
and the physical training group ( n    =   13) ( 45 ). We are inves-
tigating individual differences by examining the relation-
ship between the cognitive gains made and the brain changes 
observed. For example, we are asking whether high gist 
reasoners at baseline show reduced brain activation post 
training (perhaps implicating improved brain effi ciency) or 
whether low gist reasoners show increased brain activation 
post training. We are also documenting the maintenance of 
the gains at 6 weeks post training.   

 Exercising the Body 
 For the physical training, participants are seen an equivalent 

number of sessions as the  brain- training group (12 weeks). 
They work out with a trainer three times a week for 60 minutes 
at an intensity defi ned as 50 %   –  70% of VO 2  max for 12 weeks. 
Preliminary results from analyses of 13 participants as com-
pared  with  the control group reveal  three  signifi cant fi nd-
ings: increases in regional cerebral blood fl ow in the medial 
temporal lobe (a region linked to memory), concomitant 
cognitive increases in delayed memory function ,  and con-
cept abstraction ( 46 ). 

 The current research elucidates promising ways to lengthen 
and strengthen cognitive functions with aging and suggests 
that brain training of gist reasoning and physical training 
may add differential benefi ts. Our goal is to identify ways to 
enhance cognitive functions in meaningful ways, not simply 
achieve higher performances on isolated tasks/skills within 
laboratory settings. Ideally, the training regimens should 
improve cognitive skills critical for everyday life functions 
such as reasoning, problem solving, goal management ,  and 
other executive functions. The economic, social, and emo-
tional burden of cognitive impairment on society under-
scores the need to extend brain health expectancy, thereby 
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bridging the gap between brain health expectancy and life 
expectancy.    

 C oncluding  C omments  
 The cutting edge studies of drug and behavioral interven-

tions for cognitive aging presented in this fi nal session of 
the Cognitive Aging Summit have implications for the 
development of strategies to improve the symptoms and course 
of  Alzheimer’s  disease. The development of therapeutic 
interventions that address cognitive impairment associated 
with normal aging is also an active area of investigation. 
Indeed, an important clinical application of therapies for 
cognitive aging will likely prove to benefi t  Alzheimer’s 
disease , either symptomatically or through delaying 
progression. Despite the current focus on  “ anti-amyloid ”  
strategies as therapeutics for  Alzheimer’s  disease, the 
causes and mechanisms of human cognitive aging have 
been too long neglected and underappreciated for their critical 
importance to quality of life in old age, and to our under-
standing and development of therapeutics for  Alzheimer’s 
 disease.    
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 Why are the effects of diet and behavioral enrichment 
synergistic? Declining mitochondrial function is often cited 
as one of the basic cellular events contributing to neuronal 
dysfunction with age. We found that the AOX diet counter-
acted age-related increases in mitochondrial  reactive oxygen 
species  generation and increased NADH-linked respiration, 
leading to improved mitochondrial function in the aged 
canine brain ( 29 ). We hypothesize that improved mito-
chondrial function is a signifi cant mechanism underlying 
improvements with the AOX diet. We further suggest that 
improved mitochondrial function with the AOX diet allows 
the aged brain to respond better to behavioral interventions 
than when mitochondria are partially dysfunctional. In other 
words, neurons with healthy mitochondria are more able 
to benefi t from ENR, a novel concept in the fi eld. Taken 
together, our fi ndings suggest that the AOX and ENR inter-
ventions may engage molecular mechanisms that enhance 
 “ cognitive reserve ” , allowing the aged brain to maintain 
intact cognitive abilities despite the presence of A β  and other 
pathologies in the aged brain.   

 E xercising  the M ind  and B ody : A ging  and B rain  
H ealth   —  Sandra Bond Chapman, Raksha Mudar, 
Elizabeth Bartz, Molly Keebler, Hanzhang Lu 
and John Hart 

 A major accomplishment of this century is the doubling 
of the human life span ( 30 ). However, a downside of greater 
life expectancy is increased risk of cognitive impairment in 
late life ( 31 , 32 ). Motivated by evidence that signifi cant 
potential exists to modify the structure and function of the 
aging human brain given intensive training ( 33  –  39 ), we are 
examining the cognitive gains and physical changes in the 
brain mediated by brain and physical training regimes. We 
incorporate a combination of cognitive testing, structural 
and functional brain imaging measures, and physical 
assessments as assessment tools. 

 In this synopsis, we briefl y discuss previous pilot data as 
well as the preliminary fi ndings from an ongoing randomized 
clinical trial of the differential and shared effects of  short-
 term, intensive higher-order gist reasoning training or physical 
exercise in seniors as compared  with  a group of wait-list con-
trols. The participants are between 60 and 75 years of age, are 
well screened to ensure normal cognitive function, and are 
established as non-exercisers prior to training.  

 Exercising the Mind 
 Gist reasoning represents the basis of the  brain-training  

regimen and is a higher-order cognitive function that entails 
ability to bind details to form abstracted gist meanings ( 40 , 41 ). 
Individuals typically remember the gist of the information 
better than specifi c details ( 42 , 43 ). Gist processing promotes 
deeper understanding of commonly encountered information ,  
and thus, is integral to everyday life skills. Three core 
cognitive capacities include strategic attention, integrated 

reasoning, and reasoning fl exibility, each of which are essen-
tial components of the gist reasoning training program ( 44 ). 
Brain training participants are encouraged to incorporate 
the strategies as habitual practice whether listening to their 
fi nancial advisor or physician, listening to news, reading a 
book, attending a lecture, to mention a few activities. 

 The brain exercise arm of the current randomized study is 
motivated by prior evidence from a feasibility study in 26 
normally aging seniors that showed benefi ts of short-term 
intensive training (ie,  8  hours in  1  month) not only on 
trained gist-reasoning function but also generalized benefi ts 
to untrained measures of executive function ( 44 ). Spe-
cifi cally ,  the gist reasoning training was associated with 
improved performance on measures of concept abstraction, 
cognitive switching, and verbal fl uency. 

 The  brain-training  group in the current randomized study 
is showing improvements similar to the feasibility study. 
The  brain- training group ( n    =   7) is manifesting signifi cant 
improvement in the trained areas of integrated reasoning 
with transfer effects on concept abstraction and verbal 
fl uency as compared  with  both the control group ( n    =   13) 
and the physical training group ( n    =   13) ( 45 ). We are inves-
tigating individual differences by examining the relation-
ship between the cognitive gains made and the brain changes 
observed. For example, we are asking whether high gist 
reasoners at baseline show reduced brain activation post 
training (perhaps implicating improved brain effi ciency) or 
whether low gist reasoners show increased brain activation 
post training. We are also documenting the maintenance of 
the gains at 6 weeks post training.   

 Exercising the Body 
 For the physical training, participants are seen an equivalent 

number of sessions as the  brain- training group (12 weeks). 
They work out with a trainer three times a week for 60 minutes 
at an intensity defi ned as 50 %   –  70% of VO 2  max for 12 weeks. 
Preliminary results from analyses of 13 participants as com-
pared  with  the control group reveal  three  signifi cant fi nd-
ings: increases in regional cerebral blood fl ow in the medial 
temporal lobe (a region linked to memory), concomitant 
cognitive increases in delayed memory function ,  and con-
cept abstraction ( 46 ). 

 The current research elucidates promising ways to lengthen 
and strengthen cognitive functions with aging and suggests 
that brain training of gist reasoning and physical training 
may add differential benefi ts. Our goal is to identify ways to 
enhance cognitive functions in meaningful ways, not simply 
achieve higher performances on isolated tasks/skills within 
laboratory settings. Ideally, the training regimens should 
improve cognitive skills critical for everyday life functions 
such as reasoning, problem solving, goal management ,  and 
other executive functions. The economic, social, and emo-
tional burden of cognitive impairment on society under-
scores the need to extend brain health expectancy, thereby 
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bridging the gap between brain health expectancy and life 
expectancy.    

 C oncluding  C omments  
 The cutting edge studies of drug and behavioral interven-

tions for cognitive aging presented in this fi nal session of 
the Cognitive Aging Summit have implications for the 
development of strategies to improve the symptoms and course 
of  Alzheimer’s  disease. The development of therapeutic 
interventions that address cognitive impairment associated 
with normal aging is also an active area of investigation. 
Indeed, an important clinical application of therapies for 
cognitive aging will likely prove to benefi t  Alzheimer’s 
disease , either symptomatically or through delaying 
progression. Despite the current focus on  “ anti-amyloid ”  
strategies as therapeutics for  Alzheimer’s  disease, the 
causes and mechanisms of human cognitive aging have 
been too long neglected and underappreciated for their critical 
importance to quality of life in old age, and to our under-
standing and development of therapeutics for  Alzheimer’s 
 disease.    
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