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How Cognitive Reserve May Mediate 
Between AD Pathology and Clinical Expression

Stern Y, Neuropsychologia. 2009:47; 2015-2028



“It would appear that a certain 
amount of the change estimated by 
plaque count may be accommodated 
within the reserve capacity of the 
cerebrum without causing manifest 
intellectual impairment” (page 807).

Sir Bernard TomlinsonSir Martin Roth
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Decline on Cognitive Composite in 
Amyloid Positive Normal Elderly

Alzheimer’s & Dementia, 2017



What confers reserve or resilience?



Articles that came from Friday Harbor 2009



Articles that came from Friday Harbor 2009



Results from the Harvard Aging Brain Study



Measuring proxies of cognitive reserve
presented at AAIC 2017



Demographics
Overall (n=243)

Ab-
(n=182)

Ab+ 
(n=61)

Mean (SD) Mean (SD) Mean (SD) p value

Demographics
Age (years) 73.5 (6.3) 72.8 (5.9) 75.6 (5.5) .001

Gender (% Female) 60% 59% 61% .67

CDR = 0 100% 100% 100% -

PiB FLR DVR 1.16 (0.2) 1.06 (0.1) 1.45 (0.1) <.001

Ab (% high burden) 25% - - -

APOEe4 (% carrier) (n=235) 42% 18% 61% <.001

Cognitive reserve
Education (years) [6-20] 15.7 (3.1) 15.6 (3.1) 16.0 (2.6) .28

Occupational attainment [7-49] 19.1 (11.1) 18.7 (11.1) 20.06 (11.5) .42

Cognitive Activities [-2.2-2.6] 0.01 (3.2) 0.04 (0.9) -0.05 (0.9) .48

AMNART Verbal IQ [78-132] 120.6 (9.1) 120.2 (9.4) 121.8 (8.9) .23



Greater CR is related to greater functional connectivity

r(241) = 0.06, p =.31

r(241) = 0.16, p =.01

r(241) = 0.12, p =.05

r(241) = 0.15, p =.02r(241) = 0.21, p =.0009

r(241) = 0.13, p =.04



rs-fcMRI predicts cogntiive performance 

EstimateMOTOR*time = 0.23 (0.15), p =.14

EstimateDMN*time = 0.36 (0.12) , p =.0001

EstimateDORSAL ATTEN*time = 0.19 (0.16), p =.24

EstimateLeft CTRL*time = 0.42 (0.14), p =.002Estimate= 0.51 (0.15), p =.0008

EstimateSALIENCE*time = 0.34 (0.16), p =.03

+1SD rs-fcMRIMean rs-fcMRI-1SD rs-fcMRI

Right control Left control Default

MotorSalienceDorsal Attention

PA
CC

PA
CC

Time (years) Time (years) Time (years)



AMNART VIQ: strongest relationships with cognitive networks

Computed correlation used spearman-method with listwise-deletion



AMNART VIQ, not composite, subtly related to cognitive change

CR composite
-1 SD
Mean
-1 SD

-1 SD (IQ 111)
Mean (IQ 121)
-1 SD (IQ 130)

PA
CC

EstimateAMNART VIQ*time = 0.002 (0.0009), p =.05

Time (years) Time (years)

EstimateCR composite*time = -0.007 (0.01), p =.57

AMNART VIQ

Cognitive reserve composite AMNART Verbal IQ



Relationship of CR to Performance in Preclinical AD



DM Rentz, et al. Ann Neurol 2010; 
67:353-364.

β= 0.087, p= 0.027

β= 0.052, p= 0.2969

β= 0.208, p= 0.0002

β= 1.931, p= 0.014

Cognitive 
Performance is not 
related to Aβ but Is 
modified by 
Cognitive Reserve 

Cognitive 
Performance is 
Related to Aβ and 
Modified by CR on 
a challenging test 
only

Cognitive 
Performance vs. 
Precuneus Aβ Is 
Modified by 
Cognitive Reserve

Cognitive 
Performance vs. 
Precuneus Aβ is not 
modified by CR in 
Amyloid Positive

NC=66, AD= 17





Methods: Statistical Analysis
Demographics: Independent Sample T-Tests, Fisher’s Exact Tests explored 
differences between diagnostic groups

Multiple linear regression analyses: Across CN, MCI and AD subjects

Dependent Variable: MMSE
Predictors:  Age, Education, AMNART IQ, PIB DVR with cerebellar reference, 
T807 with cerebellar gray pons reference, Interaction of AMNART and PIB; 
Interaction of AMNART and T807 using 5 models:

Model 1 Model 2 Model 3 Model 4 Model 5

PIB-PET PiB-PET PiB-PET T807-PET

T807-PET T807-PET PIB*VIQ T807 * VIQ

All models controlled for age, education, AMNART IQ and clinical status: NC/MCI/AD



Cross-sectional Relationships with Amyloid, Tau and MMSE

Rentz, et al; Brain Imaging and Behavior (2017) 11:383-390



Cognitive Reserve Modifies Relationship with MMSE and Tau 
but not MMSE and Amyloid

Rentz, et al; Brain Imaging and Behavior (2017) 11:383-390



Model 4: CR modifies relation of Aβ 
and Performance on MMSE

Model 5: CR modifies relation of Tau 
and Performance on MMSE

Rentz, et al; Brain Imaging and Behavior
(2017) 11:383-390

β= 0.09, p= 0.093 β= 0.14, p= 0.003



Methods: Statistical Analysis
Demographics: Independent Sample T-Tests, Fisher’s Exact Tests explored 
differences between diagnostic groups

Multiple linear regression analyses: Across CN subjects only

Dependent Variable: MMSE
Predictors:  Age, Education, AMNART IQ, PIB DVR with cerebellar 
reference, T807 with cerebellar gray pons reference, Interaction of 
AMNART and PIB; Interaction of AMNART and T807 using 5 models:

Model 6 Model 7 Model 8 Model 9

PIB-PET PiB-PET T807-PET

T807-PET PIB*VIQ T807*VIQ

All models controlled for age, education, AMNART IQ



Cross-sectional Relationships with Amyloid, Tau and MMSE and 
Interaction with Cognitive Reserve in Cognitively Normal Only

Rentz, et al; Brain Imaging and Behavior (2017) 11:383-390



Sample Characteristics

• Analyses were completed on only those with T807 Tau Scans  N=186
• Longitudinal Follow-up was restricted to year prior to the T807 Tau Scan
• Mean follow-up = 2.72 years 
• Mean age= 75 (range 61 to 91 years)
• Aβ positive = 49; Aβ negative = 135
• CDR = 0; n= 167;  CDR = 0.5; n= 18 at their tau baseline
• Mean MMSE = 29.15; range = 24-30

Unpublished data



CR modifies Aβ & Tau burden on PACC over time

PIB*VIQ*Time β= 0.007 p= 0.09 T807*VIQ*Time β= 0.24 p= 0.010

High group- β= -0.12,  p= 0.001
Low group- β= -0.19,  p= 0.0014

High group- β= -0.34,  p= 0.0016
Low group- β= -0.65,  p= 0.0000

Unpublished data



Longitudinal effect of CR 



Summary
• The longitudinal analyses show that greater Aβ and IFT tau 

deposition is associated with worse cognitive performance over 
time but CR tends to modify that relationship.

• Again, higher IFT tau had a stronger and more direct association 
with poorer cognitive performance over time than Aβ burden.

• CR may exert an initial beneficial effect by reducing the 
detrimental consequences of Aβ and tau burden but loses its 
protective effect over time.



Case Presentation of High CR

10/20/2016





The Method: IQ-Adjustments
2SD below IQ of 130= 50th percentile
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Chi-Square Analysis:

• Fifty-five percent of those predicted to
decline subsequently met criteria for
MCI, whereas only ten percent of those
not predicted to decline went on to
meet MCI criteria (c2 = 9.7, p - 0.002).

Odds Ratio

• The odds of developing MCI in highly
intelligent elders predicted to decline
are 11.2 times greater than the odds of
developing MCI in those not predicted
to decline.

IQ-Adjusted Method Over Time



2009 %ile

MMSE 29 66th

Reasoning

FAS 67 99th

CAT 36 16th

CERAD
Learning 22 58th

Delayed 
Recall 6 23rd

Multiple
Choice 9 21st

FCSRT FR 24 <24

FCSRT CR 45 <44

NAMING
BNT 54 42nd

VFDT 32 88th

2010 %ile

27 5th

12 75th

62 99th

32 16th

23 70th

9 82nd

10 70th

17 <24

41 <44

53 32nd

31 79th

2012 %ile

27 5th

14 91st

77 99th

35 25th

22 58th

0 <1st

8 2nd

13 <24

39 <44

46 1st

32 88th

2015 %ile

25 1st

10 50th

31 37th

21 1st

11 <1st

0 <1st

7 <1st

2 <24

5 <44

30 <1st

31 79th

Impairment Range for ability is <50th percentile

72-year old physician and Entrepreneur- EIQ= 130 



10/20/2016

-3

-2

-1

0

1

2

3
2009 2010 2012 2015

Z-
SC

O
RE

 

Memory

Executive Function

Language

Visuospatial

Cognitive Performance of 72 y/o Physician 



Thank You! Thank you to our
Funding Sources:

NIA/ NIH
Alzheimer’s Association


