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Learning Objectives

� Understanding of the manifestations and factors 
underlying cognitive and brain aging

� Become familiar with clinical-translational research on 
cognitive aging, including findings from studies 
incorporating neuroimaging and laboratory biomarker 
approaches

� Awareness of current interventions that are being 
investigated to enhance cognitive and functional 
abilities for successful aging in older adults



2

Topics to be discussed 

Part 1

� Research Mission and Description of the CAM-CTRP
� The concept of “successful” cognitive and brain aging 
� Epidemiological and developmental considerations  
� Biology of brain aging 
� Three possible underlying mechanisms (neurodegeneration, risk/etiological factors, epigenetics
� Multiple determinants of physical and cognitive frailty with advanced age
� Age-associated cognitive and brain changes with and without neurodegenerative disease
� Age-associated cognitive decline in the context of medical risk factors and etiologies, 
� Epigenetic Influences
� Psychosocial influences (e.g., heavy alcohol use) 

Part 2 

� Neurocognitive findings  
� Neuroimaging findings (Structural, Functional, Metabolic)
� Laboratory biomarker and epigenetic findings 
� Relationship to everyday activities and functional status 
� Interventions to optimize successful cognitive aging

CAM-CTRP MISSION

Answering the Need for Greater Understanding 
and Interventions for “Successful Aging”

� To conduct cutting-edge interdisciplinary clinical neuroscience and 
translational research on age-associated cognitive, behavioral and 
emotional functioning, factors that contribute to impairments and 
functional decline, and future avenues for intervention.

� Our long-term objective is to translate basic and clinical science 
discoveries into clinical applications in to slow, avert or restore age-related 
cognitive decline and memory loss.

Broad Objectives

� Achieve greater understanding of cognitive and brain characteristics and 
changes in successful aging

� Determine the contribution of specific risk factors, co-morbidities, and 
behaviors on cognitive aging

� Develop cognitive, neuroimaging and laboratory biomarkers 

� Develop, test, and implement interventions to slow, remediate, and delay 
cognitive decline in older adults in order to optimize successful aging
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Healthy vs. pathological cognitive aging

� What are the characteristics of “normal” cognitive aging? 

� How does it differ from pathological cognitive decline? 

� Do all cognitive functions eventually decline?

� Why are some functions spared from age-associated decline?

� Do certain cognitive function improve as people age? 

� What occurs as people reach very advanced age?

� What is the trajectory of cognitive changes in the very old? 

� Are these changes linked to specific brain changes?

The Aging Brain: Unresolved Questions   

� What distinguishes normal from pathological brain aging as people 
reach advanced age? 

� To what extent is AD pathophysiology involved in cognitive decline 
with advanced age? 

� What are the contribution of other systemic metabolic and vascular 
factors? 

� Is age-associated cognitive decline bound to occur due to apoptosis or 
other epigenetic mechanisms even in the absence of AD or vascular 
and metabolic disturbances? 

� Are certain structural and functional brain changes avoidable if other 
risk factors are not present?

Neuroimaging as a biomarker   

� How sensitive are structural and functional neuroimaging measures to these 
changes? 

� Do structural and functional MRI provide useful measures for predicting late-

life cognitive change? 

� Which measures are the best predictive biomarkers? 

� To what extent do vascular and metabolic factors contribute to these 

changes?

� Can cerebral blood flow and metabolic neuroimaging be useful in assessing 
these factors and predicting subsequent decline?
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Healthy vs. Pathological Cognitive Aging

� What are the characteristics of “normal” cognitive and brain aging? 

� How does it differ from pathological decline? 

� Do all cognitive functions eventually decline?

� Why are some functions spared from age-associated decline?

� Do certain cognitive function improve as people age? 

� What occurs as people reach very advanced age?

� What is the trajectory of cognitive changes in the very old? 

� Are these changes linked to specific brain changes?

� Contributions of modifiable systemic metabolic and vascular factors

� To what extent is cognitive aging genetically driven 

Epidemiological considerations

� Increasing proportion of older adults in US and world population

� Dramatic decrease in mortality for major diseases since 1950

� Increased prevalence of major cognitive disorder (i.e., dementia)

� Major public health and economic impact 

� Significant impact on families 
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Total world wide cost in 2010 = $600 billion; USA cost = $109 billion
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Developmental considerations

� Development often considered primarily from birth to adulthood 

� A lifespan perspective is necessary: Early, middle, late life changes

� Senescense (i.e., biological aging) is normal; occurs across the animal kingdom

� Biological and chronological age are correlated, but differ

� With senescense there is a breakdown in multiple body systems

� Multi-sensory loss

� Increased frailty  

� Increased disease prevalence (cardiovascular, CVD, cancer, etc.)

� Epigenetic changes occur

� Age-associated alterations in biological and pathophysiological processes

Biology of Aging

� Marked variation in lifespan across species

� Genetic influences

� Disease impact

� Environmental influences

� Behavioral influences 
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Marked variability among animals from the same family  

Telomere shortening  

With senescence there is a shortening of telomeres which provide 
indication of biological aging. Shortening occurs after multiple 
replications. elomerase is activated in most immortal cancer cells, 
since telomeres do not shorten when cancer cells divide. 

Aging: Metabolic Pathways

� Metabolic changes occur

� Mitochondrial alternations

� Oxidative stress

� Heat Shock Proteins: Aging biomarker  



9

Aging: Immunological pathways (inflammation)

� Immune system response changes with age

� Decrease in naïve T-cell production

� Fewer available memory T-cells

� Results less specificity of immune response

� Also inability to respond to new threats (e.g., viruses) 

� Inflammation is a direct response of immune response

� The brain was once thought to not have immune response

� Now evidence of neural inflammation 

� Altered glial and the cell responses with age    

Aging: Environment, Nutrition and Behavior

� Psychological stress is one form of biological stress
� Multiple forms of environmental stresses 
� Stress examples: (Radiation, chemical, war, poverty, etc.)
� Stress can affect brain development and subsequently function
� Links exist between environmental and biological stress

� Nutrition affects risk for various diseases 
� Evidence of caloric restriction and longevity
� Nutritional interventions may inhibit cognitive aging? 

� Overall activity level is significant
� Importance of physical exercise (Aerobic and Strength)
� Cognitive stimulation and engagement
� Social engagement
� Behaviors can have negative impact (e.g., smoking, conflict) 

•
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•

Cognitive Aging: Conceptual framework

•

Cognitive and 
Brain Aging 

Risk and Etiological 

Factors

Aging Processes

(apoptosis, genetics)
Neurodegenerative 

Disease

Age-associated neurodegeneration 

� Neurodegenerative diseases are most common at advanced age

� Considerable evidence that cognitive aging occurs in the absence of currently 
known neurodegenerative disease

� Currently Alzheimer’s disease is defined by brain β-amyloid deposition

� But brain β-amyloid does not occur in all older adults with cognitive aging

� Clinical/cognitive differences between AD vs. typical cognitive aging

� Differences in brain pathology and structural impact also exist 

� Despite these differences it is not clear whether eventually AD or other 
neurodegenerative pathology would eventually occur (> 100 yrs)

� Pre-clinical brain changes occur before obvious MCI or dementia

� Shifts in trajectory and types of cognitive deficit are important 
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Alzheimer’s vs. Typical Cognitive-Brain Aging

Cognitive Aging
• Slow trajectory

• Reduced learning efficiency

• Amnestic disturbance not present

• Cognitive slowing

• Psychomotor slowing

• Deficits: Executive, Attention, Working Memory

• Perceptual functions largely intact

• Language-semantics largely intact; reduced generation

• Some functions may be stronger: Knowledge, “wisdom”?

Brain Aging
• Minimal brain pathology

• Reduced synaptic connectivity 

• Subtle cortical volume loss  

• Cortical thickness not greatly reduced 

• Frontal cortex vulnerability

• Reduced white matter volume and integrity (DTI)

• Speed deficits often tied to WM changes

Alzheimer’s Disease
• Shift in trajectory of decline

• Marked amnestic disturbance

• Naming and other higher order language problems

• Speed, basic attention, other functions may be 
relatively preserved initially

• Functional/ADL decline

• Eventual worsening with profound global dysfunction

• Eventual development of aphasia, apraxia, etc.

• Reasoning markedly impaired with progression

Brain Abnormalities
• Significant brain pathology (amyloid, Tau)

• Specific molecular changes (e.g., protein folding)

• Reduced cortical thickness 

• Marked atrophy over time

• Ventricular enlargement

• Mesial temporal - hippocampal systems affected 

• Marked functional and cerebral metabolic alterations 
evident on multimodal MRI imaging and PET  

Cognitive Aging: Conceptual framework

•

Cognitive and 
Brain Aging 

Risk and Etiological 

Factors

Aging Processes

(apoptosis, genetics)
Neurodegenerative 

Disease

Risk and Etiological Factors

� Cardiovascular Disease

� Specific vascular risk factors: HTN, Lipids, etc

� Obesity – Diabetes

� HIV effects on the brain – Premature cognitive aging 

� Substance Abuse – ETOH, Smoking, etc.

* Age-associated worsening of cognitive dysfunction occurs in each of these examples



12

Cardiovascular disease

WMH Findings

� Extensive WMH observed on FLAIR MRI

� About ¼ of white matter on average 26.4%(10.2)

� Eight times the quantity in sample of elderly controls.
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WMH and Cognition

� Digit Symbol = .62

� Trail Making A = .54

� CFT-Copy = .48

� GPB-ND = .43

� DRS Total = .20

� HVLT Indices (.12-.26)

Cortical Volume and Cognition

� Digit Symbol = .32

� Trails A = .12

� DRS Total = .48

� BNT = .55

� HVLT Trial 3 = .42

Citicoline Study: SH and 
cognitive functioning

• All patients had significant quantities of 
SH as measured by FLAIR quantification

• SH volume was associated only with 
performance on measure of 
executive/attention functioning

• Specifically, SH related to speed of 
processing
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Citicoline: MRI Findings 
(cont.)

• SH did the relate to severity of memory, 
language, or visual integrative 
impairments

• SH did not relate to global intellectual 
capacity

• In contrast, Whole Brain Volume was 
strongly associated with various 
intellectual measures, Boston Naming, 
and a variety of learning/memory 
measures

CVD-Associated Brain 

Dysfunction in the Elderly

Study Aims
� To delineate the relationship between vascular factors 

contributing to cognitive dysfunction in the elderly

� To determine whether these factors interact in an 
additive or synergistic fashion
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OBJECTIVE: To prospectively investigate whether baseline findings on specific 
cardiovascular indices are predictive of subsequent rate of decline in Learning and 
Memory Recall and Attention-Executive-Psychomotor functioning in a cohort of 
ambulatory older adults with CVD

Model of CVD Effects in the Aging  Brain

Vascular studies
� Brachial artery response with and without 

nitroglycerine (ultrasound)

� Carotid thickness (ultrasound)

� Cardiac output/EF (echocardiogram)

� Serial BP (echocardiogram)
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Figure 1: Illustration of MRI method

Note: Yellow (3) = DEEPWMSA, Green 
(2) = PERIWMSA, and Red (1) = 
SUBWMSA

Factor Structure: Vascular Indices

� Component 1

� Cardiac Output .86

� Systolic Variability .76

� Component 2

� IMT Thickness .80

� Diastolic Var.    .68

� BAR .48 

Relationship among vascular 

indices and cognition
� Systolic BP variability and IMT thickness are two 

strongest correlates of cognitive performance

� Strength of relationship depends on measure 
examined (R = .46 to .72)

� Among two factors (Component 1) is most strongly 
associated with cognitive function

� Effects occur relative to attention/speed of 
processing measures
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Summary of Results
� Vascular function is primarily associated with 

attention and processing speed in the cohort

� Vascular function also is associated with structural 
brain changes (SH load)

� Both cardiac output and peripheral factors associated 
with vascular health and endothelial function appear 
important

Conclusions
� CVD affects the brain through a complex interaction of cardiac and 

peripheral endothelial vascular factors

� These factors appear to interact synergistically though additional 
modeling in necessary to better understand how this occurs

� These CVD effects are observed on both structural and functional brain 
measures 

� SH relates to CVD-associated cognitive function (particularly 
processing speed)

� Longitudinal analysis will be helpful in better understanding the 
temporal relationship among pathological vascular factors

Longitudinal Trajectories of Cognitive Decline 

among Older Adults with Cardiovascular Disease*

* Okonkwo, Cohen, et al., Cerebrovasc Dis 2010
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Cardiovascular disease

Cardiac output, blood pressure variability, and cognitive decline 

in geriatric cardiac patients 

RESULTS

� Cardiac output, systolic BP variability, and diastolic BP variability predicted 

decline in Attention-Executive-Psychomotor function.

� Lower CO, reduced variability in systolic BP, and increased variability in 
diastolic BP were associated with a faster rate of decline in Attention-
Executive-Psychomotor function. 

� Mean resting systolic and diastolic blood pressure did not predict decline in 
Attention-Executive-Psychomotor function. 

Cerebral Perfusion is Associated With White Matter Hyperintensities in Older 

Adults With Heart Failure
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Cardiac output, blood pressure variability, and cognitive decline 

in geriatric cardiac patients 

Verbal Memory Declines More Rapidly with Age 
in HIV Infected versus Uninfected Adults 

• In the current era of effective antiretroviral treatment, the number of older 
adults living with HIV is rapidly increasing. 

• This study investigated the combined influence of age and HIV infection on 
longitudinal changes in verbal and visuospatial learning and memory. 

• The interaction of HIV and age significantly predicted longitudinal change in 
verbal memory performance, as did HIV status, indicating that although the 
seropositive group declined more than the seronegative group overall, the rate of 
decline depended on age such that greater age was associated with a greater 
decline in this group. 

• This is the first longitudinal study focused on the effects of age and HIV on 
memory. Findings suggest that age and HIV interact to produce larger declines 
in verbal memory over time. Further research is needed to gain a greater 
understanding of the effects of HIV on the aging brain. 

Seider, et al. JCEN, 2014

HIV-Associated Neurocognitive Dysfunction as a 
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Time to Neurocognitive Impairment
NA->ADC>0.5

Among previously neuroasymptomatic individuals (N=167)

Conversion
13.6% in Y1
35.% in Y2
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Age Exacerbates HIV-Associated White Matter Abnormalities 

• Both HIV disease and advanced age have been associated with alterations to cerebral white matter, as 

measured with white matter hyperintensities (WMH) on fluid attenuated inversion recovery (FLAIR) 

magnetic resonance imaging (MRI), and more recently with diffusion tensor imaging (DTI). 

• This study investigates the combined effects of age and HIV serostatus on WMH and DTI measures, as 

well as the relationships between these white matter measures, in 88 HIV seropositive (HIV+) and 49 

seronegative (HIV-) individuals aged 23–79 years. 

• An age by HIV interaction was found indicating a significant association between WMH and older age in 

HIV+ participants only. Similarly, significant age by HIV interactions were found indicating stronger 

associations between older age and decreased FA in the posterior limbs of the internal capsules, cerebral 

peduncles, and anterior corona radiata in HIV+ vs. HIV- participants. 

• The interactive effects of HIV and age were stronger with respect to whole-brain WMH than for any of the 

FA measures. Among HIV+ participants, greater WMH and lower anterior corona radiata FA were 

associated with active hepatitis C virus infection, a history of AIDS, and higher current CD4 cell count. 

• Results indicate that age exacerbates HIV associated abnormalities of whole-brain WMH and fronto-

subcortical white matter integrity. 

Seider, et al. JNV, 2016
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Figure 1. Segmented T1-weighted axial slices showing volumes of interest, including cortical grey matter (red), 

cerebral white matter (white), caudate (light blue), putamen (pink), globus pallidus (dark blue), thalamus (green), 

hippocampus (yellow), amygdala (teal), and overall ventricles (shown unmasked).

MR Volumetric in HIV-Cytokine Analysis



24

Figure 1. Segmented T1-weighted axial slices showing volumes of interest, including cortical grey matter (red), 

cerebral white matter (white), caudate (light blue), putamen (pink), globus pallidus (dark blue), thalamus (green), 

hippocampus (yellow), amygdala (teal), and overall ventricles (shown unmasked).

Cohen, et JNV, 2011

MR Volumetric in HIV-Cytokine Analysis

Current Heavy Alcohol Consumption is Associated with Greater 

Cognitive Impairment in Older Adults with and without HIV

� The acute consumption of excessive quantities of alcohol causes well-recognized neurophysiological 
and cognitive alterations. As people reach advanced age, they are more prone to cognitive decline. To 
date, the interaction of current heavy alcohol [ETOH]) consumption and aging remains unclear. 

� This study tested the hypothesis that negative consequences of current heavy alcohol consumption 
on neurocognitive function are worse with advanced age. We also evaluated the relations between 
lifetime history of alcohol dependence and neurocognitive function 

� Heavy current EtOH consumption in older adults was associated with poorer global cognitive 
function, learning, memory, and motor function (ps < 0.05). 

� Lifetime history of alcohol dependence was associated with poorer function in the same 
neurocognitive domains, in addition to the attention/executive domain, irrespective of age (ps < 
0.05). 

� Heavy current alcohol consumption is associated with significant impairment in a number of 
neurocognitive domains, 

� History of alcohol dependence, even in the absence of heavy current alcohol use, is associated with 
lasting negative consequences for neurocognitive function. 

� HIV+ patients should similar effects of ETOH use.

Woods, et al., ACER, 2016
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Cognitive Aging: Conceptual framework

•

Cognitive and 
Brain Aging 

Risk and Etiological 

Factors

Aging Processes

(apoptosis, genetics)
Neurodegenerative 

Disease



26

Our current efforts to address the challenges 

of successful cognitive and brain aging

ACTIVE BRAIN  COHORT

� Community dwelling older adults

� No evidence of significant cognitive or functional decline 

� No evidence of primary amnestic disorder 

� Not meeting criteria for MCI (clinical history and screen) 

� No history of major medical problems (CVD, Stroke, etc.)

� Not Frail – Mobility WNL  

� Current sample consists of 155 participants

� Mean age = 76.6 + 12.3 yrs.

� Women = 60%

� MoCA (mean) = 26.5 + 3.2

NIH Toolbox: Cognitive
� NIH-funded development

� Battery of 9 cognitive tests assessing six cognitive 
domains

� Fluid Cognition
� Attention
� Executive Function
� Working Memory
� Processing Speed
� Episodic Memory

� Crystalized Cognition
� Language

� Norms for 8-85 years of age
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Neuroimaging Assessment
� Scout + parameter setup =~ 3 min

� Sensitivity Reference scan =~2.5 min

� MPRAGE  =~ 5 min x 2

� FLAIR =~ 3 min

� ASL =~ 5 min

� Phase contrast =~ 2min +1.5 min locator

� BOLD =~ 2 * 5 min resting state OR 18 min for Task 
+rest

� DTI = ~ 10 min 

� MRS =~  10 min/~1 ROI (Frontal and Parietal) 

NIH Toolbox: Cognitive Aging

Fluid Cognition Score* Crystalized Cognition 
Score

*p<.05

NIH-TB and MoCA

� MoCA = 26.2 + 2.3 (orientation, language, visual intact)

� Crystalized Cognitive = 123.5 + 5.3

� Fluid Cognitive = 99.6 + 10.3

� MoCA – NIH-TB Fluid strongly correlated

� MoCA – NIH-TB  Crystalized weakly correlated

� MoCA and MoCA-memory associated with TB-AVLT

� Multiple NIH-TB measuers relate to MoCA and MoCA
subdomains (Attention-Executive, Memory)
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ROIs in Analyses of Neuroimaging and Cognition 

� Hippocampus

� Entorhinal 

� Parahippocampal  

� Anterior Cingulate Cortex

� Insula

� Medial Temporal Cortex

� Thalamus

Brain volumes and age

Brain ROI Correlation
(by age)

Hippocampus* -.48

Parahippocampus* -.42

Entorhinal Cortex -.10

ACC * -.46

MTC * -.38

* p < .001  ACC = anterior cingulate; MTC = medial temporal cortex

Findings: Hippocampus and NIH-TB
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Overall cognitive functioning and brain volume

(R = .45) Beta

Age * -.32

ACC * .35

Parahippocampus* .32

* p < .01  ACC = anterior cingulate; MTC = medial temporal cortex

Fluid cognitive function and brain volume

(R = .53) Beta

Age * -.50

ACC * .35

Parahippocampus * .26

* p < .05  ACC = anterior cingulate

Crystalized cognitive function and brain volume

Brain ROI Beta

- -

* Neither age or brain volumes retained in the model (p > .20)
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Verbal learning (AVLT) as a function of brain volume

R = .53
Beta 

Entorhinal Cortex * .32

Age * -.36

Regions retained in regression model are shown (p <.01)

Visual memory and brain volume

(Picture Sequencing)

R = .45 Beta

Age ** -.35

Insula * .24

* p < .05; ** p < .01

Executive functioning (Sorting) and brain volume

R = .60 Beta

Age* -.48

Parahippocampus* .41

ACC .39

Insula * .30

Thalamus * .41
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Executive functioning (Sorting) and brain volume

R = .60 Beta

Age* -.48

Parahippocampus* .41

ACC .39

Insula * .30

Thalamus * .41

Attention-Executive function (Flanker Task) and brain volume

R = .36 Beta

Age* -.36

Parahippocampus* .34

Focus and Processing Speed (Coding) and brain volume

R = .60 Beta

Age* -.46

Hippocampus* .36

Thalamus * .49
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Visual Processing Speed (Pattern Comp.) and brain volume

R = .60 Beta

Age* -.30 

ACC * .50

Fusiform * .35

Parahippocampus * .32

Entorhinal Cortex * .30

Frontal metabolites (MRS) and brain volume

Beta

Hippocampus

NAA .50

Parahippocampus
NAA
Myo-inositol

.62
-.43

Entorhinal (NS) -

Summary 

� Age associated with reduced volume of the hippocampus, PC, 
and most other ROIs, but not EC volume

� EC volume but not PC volume significantly associated with 
verbal memory performance on AVLT.

� PC volume associated with performance on symbol coding, 
flanker task, and pattern comparison. 

� Frontal NAA concentrations (MRS) associated with PC and 
hippocampal volume, but not EC volume.

� Different relationships exist for EC, PC and other paralimbic-
associated regions relative to memory and other cognitive 
functions (NIH-TB) in the context of aging.  
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Cognitively Engaging Activity is Associated 

with Preserved Cortical and Subcortical Volumes

Seider, et al. Cognitively Engaging Activity Is Associated with Greater 
Cortical and Subcortical Volumes. Front Aging Neurosci 2016 

Summary of findings 
� Time spent on a daily basis engaged in cognitive tasks 

associated with cortical and subcortical volumes

� This relationship was not found for social or physical 
activities

� NIH-TB Fluid measures and CHAMPS cognitive 
activities were also significantly associated

� Social activity associated with verbal memory 
performance

� Physical function associated with caudate volume
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Frontal neural correlates of working 

memory performance in older adults

� Working memory is an executive memory process that allows transitional 
information to be held and manipulated temporarily in memory stores 
before being forgotten or encoded into long-term memory. 

� The current study aimed to determine the neural correlates of working 
memory decline in the frontal lobes by comparing cortical thickness and 
cortical surface area from two demographically matched groups with high 
versus low N-Back working memory performance (N=56). 

� High-resolution structural T1-weighted images (1mm isotropic voxels) were 
obtained on a 3T Philips MRI scanner. 

Default mode deactivation and cognitive function 

in older adults
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Results
� Compared to High performers, low performers exhibited 

significantly decreased cortical surface area in three frontal 
lobe regions lateralized to the right hemisphere: medial 
orbital frontal gyrus, inferior frontal gyrus, and superior 
frontal gyrus (FDR p<.05). 

� No significant differences in cortical thickness between 
groups, a proxy for neurodegenerative tissue loss. 

� Results suggest that decreases in cortical surface area (a 
proxy for brain structural integrity) in right frontal regions 
may underlie age-related decline of working memory 
function. 
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Frontal Gamma-Aminobutyric Acid Concentrations Are Associated With 

Cognitive Performance in Older Adults

• Gamma-aminobutyric acid (GABA), the brain's principal inhibitory neurotransmitter, has been 
associated with perceptual and attentional functioning. 

• Magnetic resonance spectroscopy (MRS) studies indicate decreasing GABA concentrations during 
adulthood. Whether these age-related decrements persist later in life and contribute to cognitive 
decline or differences in performance in the context of successful or typical cognitive aging. 

• Hypotheses. 1) Greater GABA concentrations in the frontal cortex would exhibit superior cognitive 
function; 2) Age-related reductions in cortical GABA concentrations continue into old age. 

• Methods. GABA concentrations in frontal and posterior midline cerebral regions were measured with 
Mescher-Garwood point-resolved spectroscopy (MEGA-PRESS) in 94 older adults without history or 
clinical evidence of MCI. (mean age, 73 years). MoCA assessed global cognitive status. 

• Results. Greater frontal GABA concentrations were associated with superior cognitive performance, 
even after  controlling for age, years of education, and brain atrophy. GABA concentrations in both 
frontal and posterior regions decreased as a function of age. 

• Both hypotheses supported: 1) Cognitive function (MoCA) is sensitive to cerebral GABA 
concentrations in the frontal cortex; GABA concentration in frontal and posterior regions decline in 
later life. 

• MRS may provide a clinically useful method for the assessment of normal and abnormal age-related 
cognitive changes and the associated physiological contributors.

Porges, et al., al.. Biological Psychiatry, 2017

Implications and research needs
� Compelling need for studies in advanced aging that 

adequately screen out early neurodegenerative disease 
and that expand on the findings presented today.

� Memory and visual functions need to be assessed in a 
more comprehensive manner

� Metabolic studies (MRS) of factors that influence age-
associated cognitive and brain changes 

� Support collaborative efforts between the CAM-CTRP 
and AMRL programs to inform and advance clinical-
translation in these areas. 

Where do we go from here?”

Answering the need for clinical translation 

research on successful cognitive  aging
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Brain age predicts mortality 

Cole, et al. Molecular Psychiatry, 2017

Note: This illustrates a novel neuroimaging biomarker that appears to provide 
an index of brain age relative to chronological age
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mRNA in Circulating Microvesicles as Biomarkers

for Age-Related Cognitive Decline 

� Community dwelling older individuals from the North Florida region were examined for health status 
and a comprehensive neuropsychological battery, including the Montreal Cognitive Assessment 
(MoCA), was performed on each participant. 

� A subpopulation (58 females and 39 males) met the criteria for age (60–89) and no evidence of mild 
cognitive impairment, with a MoCA score ≥23, and also had provided blood for analysis. MoCA scores 
were negatively correlated within the limited age range. 

� Extracellular microvesicles were isolated from the plasma and samples were found to be positive for 
the exosome marker CD63, with an enrichment of particles within the size range for exosomes. 
miRNA was extracted and examined using next generation sequencing with a stringent criterion 
(average of ≥10 counts per million reads) resulting in 117 miRNA for subsequent analysis. 
Characterization of expression confirmed pervious work concerning pattern of expression of miRNA 
in plasma. 

� Correlation analysis indicated that most of the miRNAs (74 miRNAs) were positively correlated with 
age (p <0.01). Multiple regression was employed to identify the relationship of miRNA expression and 
MoCA score, accounting for age. MoCA scores were negatively correlated with 13 miRNAs. 

� The pattern of expression for cognition-related miRNA did not match that previously described for 
Alzheimer’s disease. Enrichment analysis was employed to identify miRNA–gene interactions to 
reveal possible links to brain function. 

Rani A, et al.  Frontiers in Aging Neuroscience, 2017
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• McKnight Brain Aging Registry (MBAR)

• McKnight Clinical Intervention Core

• Augmenting Cognitive Training with tDCS (ACT)
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MBRF Brain Registry 

Cognitive and Neuroimaging Cores
� MBRF funded the four MBI institutes for an inter-

institute initiative to develop this registry

� The registry focuses on successful aging in people over 
the age of 84 (Kawas et al., one of the largest studies)

� There are currently limited normative data either with 
respect to cognitive or neuroimaging

� We expand the cognitive assessment described earlier 
and focus on different forms of memory and other 
cognitive functions

� We collect multimodal imaging across sites 

So What is Needed?

� Normative cognitive, neuroimaging, and biological data from people 

who have reached advanced without overt neurodegenerative disease 

� Cognitive data sensitive to individual cognitive domains and change in 

the very old

� Longitudinal measurement to enable examination of rates of change by 

domains

� Multimodal neuroimaging measures to characterize changes in brain 

structure and function, and cerebral hemodynamic and metabolic 

health. 

� Biological samples, including blood, obtained at each assessment for 

epigenetic and proteomic analyses relative to the neuroimaging and 

cognitive measures. 

A Paradigm Shift is Needed

• Rather than starting from the perspective of 
neurodegenerative disease, we propose to initially 
focus people who have successfully aged. By this we 
mean that they have survived to reach relatively 
advanced age in relatively good physical health, 
without significant cognitive or functional problems. 

• This will require being quite selective in our 
recruitment necessitating the involvement of the four 
MBI programs. 
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Lines of Research 

� Studies to identify potential biomarkers of 
cognitive aging from neuroimaging and biological 

� Studies focusing on the contribution of specific risk 

and etiological factors (e.g., comorbidities) to age-
associated cognitive decline.

� Studies of potential clinical Interventions to 
optimize successful cognitive aging

Cognitive, Neuroimaging, Laboratory 

Measures as Potential Biomarker   

� The CAM-CTRP routinely collects cognitive, 
neuroimaging, blood serum measures for analyses. 

� Neuroimaging focuses on structural, functional and 
cerebral metabolic brain measures, primarily from MRI? 

� We typically examine how cerebral metabolic factors 
relate to brain structure and function and also cognitive 
performance

� Which are the best predictive biomarkers? 

� Determine the contribution of vascular and metabolic 
factors? 

MBAR cohort

� An inter-institutional cohort consisting of successful agers

� Goal: Sample size of 200 across four MBI sites.

� People who have reached advanced age (75 – 90 years)

� No evidence of significant cognitive or functional decline 

� No history of major medical problems (CVD, Stroke, etc.)

� Well controlled vascular and metabolic risk factors

� .
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MRI Methods

Approach

� MPRAGE (T1)

� T2 – FLAIR

� Diffusion Weighted

� Diffusion Tensor 

� Perfusion (ASL)

� FMRI (BOLD)

� MRS (Spectroscopy)

Measurement

� Morphometry (Volume, 
Cortical thickness, etc.)

� Lesions, WMH

� Lesion Development

� WM coherence -integrity

� Cerebral blood flow

� Functional connectivity

� Metabolic abnormality 

Laboratory Biomarkers
� Proteomics and metabolomics 

� Cytokines-chemokines

� Growth factors 

� Metabolic (Insulin, Leptin, Gut-Liver peptides)

� Genomics 
� genetic 

� epigenetic

Cognitive Methods 

� Standard neuropsychological tests adapted for 
study of older adults.

� NIH Toolbox – tasks designed for use in clinical 
settings that are tablet based 

� Specialized measures for assessing memory in 
older adults

� Functional assessments – University of Miami MBI 
collaboration   
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Examples of research aimed at biomarker 

discovery and validation

� Free-Water Coefficient: index of extracellular inflammation

� Proton MRS: Cerebral metabolites of neuronal health and 
neuroimmune-inflammatory state

� GABA MRS: non-invasive measures of regional brain GABA, 
Glutamate and related transmitter implication in neural 
plasticity

� Phosphorus MRS: non-invasive measures to characterize 
metabolic energetics and mitochondrial function (ATP)

� Cerebral blood flow measures (ASL, CIN-PT (pulsitivity)

� Functional Neuroimaging: Dynamic Range Metric, studies of 
specific cognitive domains (semantics, visual)

MBRF Clinical Intervention Core
Interventions to enhance cognitive aging

� Cognitive and Behavioral (Cognitive Training) 

� Neuromodulation (tDCS, TMS, VNS)

� Pharmacological approaches antagonists

� Nutritional (Efficient Brain  Study)
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� Non-invasive brain stimulation
� Safe and painless

� Weak electrical current ~1-2mA 

� Static (DC) electrical fields alters 
neuronal resting membrane 
potential
� Alters neurons firing rate, NOT 

generating action potentials

� Enhances the neuroplastic
response of tissue

What is tDCS?

Cortical DC stimulation of rat

(Bindman et al., 1964)

� Passing current in/around neurons can alter neuronal behavior during/after 
stimulation (somatosensory stimulation in the rat)

Nitsche and Paulus, 2000

� Polarity-specific after-effect of tDCS measured by MEPs (ADM muscle)
� Motor cortex excitability changes outlasting stimulation duration after 5min at 1MA

� MEP amplitudes returned to baseline within 5 minutes
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tDCS applications
� Basic Science

� Explore Structure Function Relationships 

� Clinical Translational Applications

� Cognitive Aging

� Dependent on brain region of interest

� Depression

� 2-week F3/F4 application at 2mA

� Pain

� 2-week M1-SO application at 2mA

Cognitive Aging and tDCS
� Cognitive Domains Studied in Older Adults:

� Working memory Seo et al., 2011; Berryhill and Jones, 2012

� Verbal Episodic Memory Monenti et al., 2013; Sandrin et al., 2014

� Semantic Word Retrieval Meinzer et al., 2013; 2014

� Picture Naming Holland et al., 2011; Fertonani et al., 2014

� Object-Location Memory Floel et al., 2012

� Gambling Risk Boggio et al., 2010

� Error Awareness Harty et al., 2014

� Face Naming Ross et al., 2011

Cognitive Aging and tDCS
Domain d n studies

� Working memory .53 (n=2)

� Verbal Episodic Memory .67 (n=2)

� Semantic Word Retrieval .58 (n=2)

� Picture Naming .23 (n=2)

� Object-Location Memory 1.13 (n=1)

� Gambling Risk 2.5 (n=1)

� Error Awareness .57 (n=1)

� Face Naming .42 (n=1)
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What do we pair tDCS with?
� Cognitive Training?

Rebok et al., J Am Geriatr Soc. 2014

Phase III tDCS clinical trial

Study Design (n=360)

� 3-Month Cognitive Training (CT) Intervention

� Compared to an Active Education Training 
Control (TC)

� tDCS of Task-related Brain Regions during CT

� Compared to Sham tDCS

� Adaptive Trial Design

� Assessments

� Baseline

� 3 Months

� 12 Months
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Cognitive Training and Training Control

� PositScience BrainHQ

� 40min/day on 5 days/week

� 20 minutes/day on each cognitive modality 

� 200 min per week

� 1st 2 weeks in lab, thereafter:

� 160 min in-home 

� 40 min in-lab

� Training Modalities

� Attention and Processing Speed (UFOV)

� 4 Tasks

� Working Memory (N-Back Training)

� 4 Tasks

� Training Control

� 40 min Educational Nature Videos with                                   
Post-video response questions

� Same Duration and Interval as CT

Double Decision

Card Shark

Active and Sham tDCS

� Conventional 1x1 tDCS

� 5 x 7cm2 Electrodes

� 20 minutes active vs. 30 second sham (30s ramp)

� 2 mA

� tDCS Sessions

� 5 daily sessions for 2 weeks, once per week thereafter

Assessment Battery

� Multimodal Imaging

� Structural

� Functional

� N-Back

� UFOV

� Resting State

� Proton MRS (+GABA)

� FLAIR

� Functional Abilities

� UMiami Functional Abilities Battery

� ACTIVE IADL Questionnaire 

� ACTIVE Driving Questionnaire 

� Cognitive Training Performance

� Standardized Posit Measures

� Neurocognitive Battery

� Primary Outcome: NIH Toolbox (Fluid Cog)

� Dementia: MoCA & AD8

� Executive: Stroop, Trails Making Test A & B

� Working memory: PASAT, Digit Span, Letter-

Number Sequencing

� SOP: CALCAP, Symbol Digit Coding

� Memory: HVLT, BVMT

� Verbal: COWA, Animal Naming

� Mobility: 10-Meter Walk Test

� Quality of Life and Self-Reported Health 

Assessments

� SF-36 QOL

� PROMIS Measures
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Additional Measures
� Questionnaires:

� Co-Morbidities: Medical History

� Depression: Beck Depression Inventory - II (BDI2)

� Anxiety: State Trait Anxiety Inventory (STAI)

� Apathy: Starkstein Apathy Scale

� Social Isolation: UCLA Loneliness Scale

� Social Engagement: Lubben Social Network Scale - Revised

� Sleep Quality: Pittsburgh Sleep Quality Index (PSQI)

� Alcohol Use: AUDIT

� Drug Use: DAST-10

� Pain: Graded Chronic Pain Scale

Summary

� Promising preliminary results for the impact of 
tDCS on cognitive aging

� Definitive clinical trials underway: ACT

� ACT study currently enrolling participants!

Thank you

Questions?


