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What iIs Cognitive Reserve?

Brain Damage » Outcome

Reserve

Cognitive reserve may explain the disjunction
between the degree of brain damage and the
clinical manifestation of that damage.




Mechanisms underlying reserve

e Brain reserve:

— More neurons/synapses to lose

— Anatomic changes on the basis of experience
e Cognitive Reserve:

— Resilience/plasticity of cognitive networks in the
face of disruption

 Brain Maintenance:

— Direct effect of lifestyle/activities on aging/disease
pathology



Brain Reserve: Assoclation Between Head
Circumference and Alzheimer’ s Disease
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Schofield, et al, 1997



Brain Reserve Is Not So Simple

The literature suggests that exercise and
environmental stimulation can activate brain
plasticity mechanisms and remodel neuronal
circuitry in the brain.

They can increase:

 Vascularization (exercise)

* Neurogenesis In the dentate

 Brain volume/Cortical thickness

* Neuronal survival and resistance to brain insult

 Brain-derived neurotrophic factor (BDNF) --
benefits brain plasticity processes



Feature Review
Memory aging and brain maintenance

Lars Nyberg'%*’, Martin Lévden**®, Katrine Riklund'?, Ulman Lindenberger® and
Lars Backman®

» Relative lack of brain pathology is the
biggest contributor to heterogeneity of
cognitive aging

 Various lifestyle factors contribute
to resisting the advent of pathology

e |Ssues:
— Neuroprotective but not compensatory

— Unlike reserve, does not account for maintained
performance GIVEN pathology or brain
damage

Trends in Cognitive Sciences May 2012, Vaol. 16, Mo. 5



Can lifetime cognitive engagement
Impact amyloid development?

2.5-
2.0-
1.5-
1.0-
0.5-
0.0-

~0.5-

-1.0-

~1.5-

~2.0 . e

Past Cognitive Activity Score (Adjusted)

—-2.5 ™

_BD I I I I T I I I I T T
-20 -15 10 -05 00 05 10 15 20 25 30 35

Cortical ['1C] PiB Uptake (Adjusted)

Figure 1. Individuals with greater cognitive engagement show reduced
amyloid burden. Carbon 11-labeled Pittsburgh Compound B (["'C]PiB) in
cognitively normal older participants (x-axis) is inversely associated with
past cognitive activity (y-axis) (linear regression, p=-1.73 £ 0.47; P<<.001).
Both variables are residual values after correcting for age, sex, and years of
education.

Landau et al, Arch Neurol. Published online January 23, 2012



Advancing AD Pathology
e3>

Initiation Promoting Diagnosis Death
Factors Factors

Clinical
Symptoms
Appear
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Incident Dementia in The Washington

Heights Study
Incident Relative
Group N Cases Risk 95% Cl
Low Education 264 69 2.02 1.3-3.1
High Education 318 37 1
Low Occupation 327 71 2.25 1.3-3.8
High Occupation 201 17 1

Stern et al, JAMA 1994



Incidence of Dementia As A
Function of Past Leisure Activities

 Relative risk of incident dementia in high
vs. low leisure

— RR=0.59 (0.44-0.79)

o Same analysis, controlling for education
and occupation

— RR=0.62 (0.46-0.83)

Scarmeas et al, Neurology 2001



Outcome: (1 Incident Dementia

Study High activity Low activity OR Weight OR
(first-named author) (niN) (i) {95% Cl random) () {955 Cl random)
Education
Hebert { 1992) 347362 424149 —a 2.6 026 (0-16-0-44)
Pavkel (1994) 13/376 36/TR3 —a 1.8 074 (0:39-1-42)
Bickel (1994) T4 274230 e 11 068 (0-29-1-63)
Stem (1994) 377329 a9/264 — 31 0-36 (0-23-0-56)
Cobb (1995) 13872033 371267 —= 3.5 045 (0-31-40-67)
Person { 1996) 8786 236 —_— 12 070 (0-31-1-60)
Schmand {1997 59/949 031114 — 41 073 (0-52-1-02)
Ewvans (1997} 244312 T326 —- 23 (030 (01 9-0-500)
Elias { 2000) 597604 47/441 —= 34 091 (-61-1-36)
Ot ( 1999) 322386 AE/2601 — 32 051 {0-33-40-77)
Ganguli (20007 871736 112562 —a— 4.5 0-54 (0-40-0-73)
Scarmeas (2001 82/366 130y922 —-— 46 0-64 (0-48-0-85)
Qi (2001) 374536 11760 —-— 3.5 0-44 {0-30-0-65)
Fitzpatrick (2004 323/2598 1547764 - 57 0-56 (0-46-0-69)
Tuokko (2003) 63289 TU232 — = 3.5 0-54 {0-37-0-80)
Oceupation
Bickel (1994) 104153 244159 — = 14 (-39 (01 80-85)
Stem (1994 177201 T1/327 — 2.2 0-33 (0-19-40-58)
Paykel (1994) 20/454 2R/GR3 —a 21 108 (0-60-1-94)
Evans (1997} 224245 S0/284 — 24 046 (0-27-0-79)
Schmand (1997) 29/682 11171206 — 32 044 (0-25-0-67)
Schmand (1997) 36/668 111173 — 3.5 0.55 (0-37-0-81)
Jorm { 1998) TTR 686 - 0-7 0-55 (0-15—1-68)
Elias { 2000) 46/467 63607 o 34 004 (0-63—1-41)
Scarmeas (2001) 37425 12641013 —= 36 0-67 (0-46-0-99)
Helmer i 2001} 217281 37272669 —e 29 0-50 {0-32-40-79)
Anttila (2004) 217652 27/420 —a 21 0-48 (0-27-40-87)
Karp (2004 ) 52/574 49/339 —a 33 0-59 (0-39-0-89)
Premorbid 1Q
Schmand (1997) 62/1084 Q04979 —- 41 060 (0-43-0-54)
Elias { 2000) 237271 400271 — 22 0-54 (0-31-0-92)
Leisure activity
Fratiglioni { 2000) 129964 474239 —= 37 0-63 (0-44-0-91)
Scarmeas (2001 T7/891 130/88 1 —— 4.5 055 (0-41-40-74)
Wang (2002} 37/338 B6394 — 33 044 (0-20-0-67)
Verghese (2003) B4/382 40/87 — 22 0-33 (0-20-0-54)
Total (95% Cl) 173321456 2574/21468 * 1000 0-54 (0-45-0-59)
Test for heterogeneity 32=55-62, df=32, p=0-006
Test for overall effect z=—12-30, p=0-00001
01 02 1 5 10

Favours protective

Favours risk factor

Valenzuela &
Sachdev,
Psychological
Medicine, 2005



Literacy and memory decline In
non-demented elders
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Journal of the International Neuropsychological Soctety (2011), 17, 1039-1046.
Copyright © INS. Published by Cambridge University Press, 2011,
doi:10.1017/S1355617711001044

Education Does Not Slow Cognitive Decline with Aging:

12-Year Evidence frof VLS WHICAP
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Association of Education With Cognitive Decline in the
Washington Heights Study

A. Low Education
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Model-estimated cognitive trajectories for 76-year-old, White, non-

Hispanic Males born 1900-1909, recruited in 1992, with low (0-8
years) or high (9-20 years) education

A. Low Education

Cognitive

B=0.17 (0.02);

Education —=2®' J |[ncome

B. High Education

Cognitive

B=0.53 (0.03);

p<0.001

Education Income

Zahodne et al, Neuropsychology 2014
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AD Neuropathology



More rapid memory decline in AD patients
with higher educational attainment
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Bronx Aging Study
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Reserve, AD Pathology, and Clinical
Diagnosis
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Education and rCBF
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Controlling for clinical
disease severity, there Is an
Inverse relationship
between education and a
functional imaging proxy
for AD pathology

Stern et al, Ann Neurol 1992



Interaction of AD Pathology and Educatior

- Education * AD path = 0.088, p<.01

0
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Global Cognitive Function
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Summary Measure of AD Pathology

Bennett DA et al, Neurology 2003



Cognitive Reserve, Aging and AD

« Two Individuals who appear the same clinically,
whether demented of non-demented, can have
widely divergent levels of underlying age-related
neural changes or AD pathology.

» Thus, the clinical diagnosis of normal aging, MCI
or AD may be accompanied by very minimal
pathology or more than enough to meet
pathological criteria for AD.

* Measuring CR therefore becomes an important
component of diagnosing and characterizing aging
and dementia.




Current Study of the Neural Implementation of
Cognitive Reserve
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Current Directions: Moderated Mediation
Analyses

Cognitive
Reserve

Brain
Maintenance

CR
proxies

Steffener et al, PLoS ONE 2014



Areas with significant mediated
moderation
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Mediated Moderation
Sample Result
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Influence of Cognitive Reserve on
Strategy Selection in Normal Aging

100 two-digit by two-digit multiplication
problems were presented, e.g. 58 X 32

Participants were asked to choose the strategy
that would get them closest to the actual
product: rounding both digits up or both down

They solved the problem and stated their
strategy

Barulli el al, JINS 2013



Influence of Cognitive Reserve on
Strategy Selection in Normal Aging

e Older participants were significantly worse at
using the appropriate strategy than younger
participants, and had longer reaction times

 Elders with higher verbal 1Q chose the best
strategy more often than those with lower verbal
1Q; almost association with 1Q was seen in the
younger group

 This could suggest a relationship between CR and
strategy selection

Barulli el al, JINS 2013



Neural Implementation of CR
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How Would Reserve-based
Interventions Work?

Aging/AD Pathology = Clinical Disease
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Father’s
occupation

0.11 0.25
0.38

Cognition
at 8 years

0.20 0.45

Education
by 26 years

0.36

A 4

Own occupation
0.24 at 43 years 0.50

0.13

NART at 53

Richards, JCEN 2003



Conclusions

Epidemiologic and imaging evidence support
the concept of reserve

Reserve Is malleable: it is influenced by
aspects of experience In every stage of life

The concept of cognitive reserve Is applicable
to a wide range of conditions that impact on
brain function at all ages

Imaging studies can help clarify the neural
Implementation of reserve

Influencing reserve can delay or reverse the
effects of aging or brain pathology
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