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* poorer cognitive performance 

* steeper cognitive decline across the lifespan  

  

* reduced brain volume in frontal and medial temporal 
lobes 

* lower brain glucose metabolism 

* altered task-related brain activation patterns: posterior-
to anterior shift  

* altered functional connectivity with hippocampus  
  



 

• higher IQs  
 (Yu et al 2000; Oria et al, 2005)  

• higher educational achievement  
 (Hubacek et al 2001; Taylor et al, 2011)  

• higher mental development index scores  
 (Wright et al, 2003) 

• superior verbal fluency and visual working memory 
 (Alexander et al, 2007) 

• higher vocabulary scores  
 (Acevedo et al, 2010) 

 

 



 

* superior verbal fluency and visual working memory 
 (Alexander et al, 2007) 

* better associative memory  
 (Mondadori et al, 2007) 

* better prospective memory, speed of processing, attention and 
verbal fluency  

 (Marchant et al, 2010) 

* better reasoning and arithmetic skills  
 (Schultz et al, 2008) 

* better spatial memory, object location memory  
 (Stening et al., 2016) 

 

 

 

 

  

 



e4 polymorphism confers a disadvantage from the outset  

- compensatory  activations/overactivation at specific sites in the 

brain attempt to counteract neurocognitive deficits  
(Cabeza et al, 2002; Reiman et al, 2009; Filippini et al, 2010)  

 

 

e4 polymorphism is associated with cognitive advantages in 
youth at the cost of disadvantages (eg. poorer ageing) in older 
adulthood  

- reflects structural differences/greater neural efficiency/increased 
functional connectivity 

(Han & Bondi 2008; Han & Tuminello, 2013) 

 

 …an example of antagonistic pleiotropy after Williams (1957) 

 “Selection of a gene that confers an advantage at one age and a 
disadvantage at another” 

 

 

 



 

 Cognitive assessment:  
Do young adult e4s outperform their e3 peers? 

 

 Brain Imaging: 
Can we see differences in brain structures and brain 
activation patterns between e4 and e3 young adults? 

 

 What changes at mid-age? 

 

 

 



healthy adult participants 

 young (18-28 yrs) mid-age (45-55 yrs) 

   e4+  e3/e3    e4+   e3/e3 

Cognitive Testing 
 
Verbal Fluency 
Subsequent 
memory 
Prospective 
memory  
Sustained attention 
Covert attention 
Dynamic scaling 
Perceptual load 
 
 Cognitive 
challenge battery 
 
 
 
 
 
 
 
 

 
 

 

Brain Imaging 
 
 Structural MRI 
 DTI +MT + qMT 
NODDI 

 
Functional MRI  
during selective 
cognitive tasks 

 
 





Validity effect =  
difference in reaction time 
to respond to validly cued 
vs invalidly cued targets 

 
Main effect of genotype 
F(3, 36) = 6.79, p< 0.01 
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Rusted et al, 2012  



 

  



Memory task 

*e4 show heightened activation in 
early visual cortical areas in 
response to visual stimuli 

 

*e4 show greater task-specific 
deactivation in medial frontal 
cortex (BA10) in response to 
prospective memory cues 

 

Attention task  

*e4 show heightened activation in 
precuneus bilaterally 

*.. and in right hippocampus 

 
 

 

all (p<0.05 FWE-corrected) 

 

 

 

 

Rusted et al, 2012 





*trend for higher grey matter 
volume in young e3 carriers 

 

*significantly higher white matter 
volume in young e4 carriers 
(p<0.001) 

 

*White matter volume correlated 
with task performance 

 

*DTI axon tract analyses: e4s had 
significantly increased axial 
diffusivity (index of neural 
efficiency) (p =0.011). 

 

 

 

 

 
 

Dowell et al, 2013, 2016 

 



 

 

*Young adult e4s do outperform e3s on some cognitive tasks 

 

*Significant structural differences are visible in young adult e4 
carriers 

 

*Significant differences in brain activations are visible between e4  
and e3 carriers 

 

*distinct patterns of neural recruitment in response to task 
demands 
 







 

Our Papers  

 

Cognitive task examined and reported 

Evans et al 

(2013b) 

 

No genotype differences in validity effect 

 

Evans et al 

(2014) 

Tendency for e4s to perform better than e3 peers on covert 

attention, sustained attention task, and more accurate but 

slower on prospective memory task 

Evans et al 

(2018) 

Subsequent memory task: No performance differences 

between genotypes 

Lancaster et al 

(2017a) 

Systematic review of mids literature: Nuanced deficits 

emerging by 5th decade 

Lancaster et al 

(2016) 

Small deficits emerging in error rates on Inhibition and 

prospective memory tasks 

Lancaster et al 

(2017b) 

No genotype differences on dynamic scaling and perceptual 

capacity tasks: sustained performance relative to e3s 

*



 

 



 
 

*attention task: 

 

 

 

 

 

*memory task: 

 

 

 

 

 

 
Evans et al,  2014 



Parietal regions 

e3 mids > e3 youngs 

 

e4s did not show 
these increases 

 
 

 

 

left IPC: p = 0.021 FWE-
corrected 

left SPL: p = 0.004 FWE-
corrected 

Evans et al,  2014 



left superior parietal:  

*mid e4s < young e4s 

 

 

 

 

left inferior frontal gyrus:  

*mid e4s > young e4s 
 

Evans et al,  2014 

 
p = 0.018 FWE-corrected 

after SVC for bilateral SPL 

 

 

 

 

 

 

 

p = 0.034 FWE-corrected 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

*No correlations with performance 

 

 

 

Dowell et al, 2016 



BLOOD-BRAIN BARRIER PERMEABILITY IN MID AGE  

 Assess whether apoe4 

status is associated 

with blood-brain 

barrier leakage and 

other subtle 

structural brain 

changes in mid age 

and how this relates 

to  

 cognition (attention 

& memory). 

 

 To correlate findings 

with blood 

biomarkers. 

Factors to be 

measured 

(+E4 vs -E4)  

Aim Methods 

PHASE 1  

Recruiting healthy mid-age 

adults (42-59) for genotyping. 

 

PHASE 2  

1. Blood sample: 

 a. Kidney function (for 

eligibility: Gd contrast agent)  

 b. Inflammatory markers in 

Blood and Serum.  

 c. Full blood count 

 (for haemoglobin &  ferritin 

levels)  

2. Memory & Attention tasks              

(verbal fluency, prospective 

memory, switching &  reaction 

time, Memory word list and 

PRMQ). 

 

PHASE 3  

70 minutes 3T MRI scan 

including Gd contrast agent.  

Alruwais et al, in prep 



 

*Evidence for evidence for cognitive, functional and structural   
differences in young and mid-age e4 carriers compared to their e3 peers 

 

 Subtle structural and functional differences visible between e4 and e3 
carriers 

 a pattern of neural change over 2nd to 5th decade that looks like 
accelerated ageing in the e4s from an initial position of advantage 

 

*enhanced neural efficiency in youth, distinct patterns of neural 
recruitment in response to task demands 

*neural  compensatory strategies normally employed in response to 
ageing become exhausted at an earlier age in e4+ 

*evidence for neurogenesis as a compensatory response in mid-age 



A
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Morris et al. 2011 
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Age 7 Birth Age 11 Age 16 Age 46 Age 50 

Controlled for: early-life cognitive ability (maths and reading ability at age 16), sex, socioeconomic position at birth 

Social 

Leisure 

Creative/ 

procedural 

Cognitive/ 

creative 

Social 

Parental 

involvement  

Physical 

Semantic 

fluency 

Immediate 

memory 

Delayed 

memory 

Processing 

speed 

Early-life 

activities: 
Mid-life activities: 

Mid-life cognitive 

performance: 

.07** 

ε4+ = .22*** 

Only ε4+ carriers show positive associations between lifetime 
social activities and cognitive function at age 50 

Atkinson et al, in prep 
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adapted from Muller et al., 2014 

APOE4 

? 

* identify and target modifiable lifestyle factors 

* retard or halt APOE-induced neurodegeneration  



Of Molecules, Mice and Men: understanding apolipoprotein 
E effects across the lifespan 
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structure ApoE4> ApoE3 
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PhD 2. APOE4 Lifespan 
memory/behaviour (mouse) 

Apo 
E2 

Apo 
E3 

Apo 
E4 

PhD 1. Cognitive 

outcomes across the 

lifespan: the brightest 

candle? 

ApoE3 ApoE4 

Directors: 
Prof Jenny Rusted 
Prof Louise Serpell 

PhD 3. Brain cell 
networks and their 
function (in vitro) 

PhD 5. APOE4, pericyte 

vulnerability and brain 

hypoxia (in mouse) 

PhD 6. Brain 

connectivity changes 

in AD: impact of 

ApoE4 and 

environment 

PhD 7. APOE4 

effects on 

synaptic 

activity 

PhD 8. Imaging 

spatial memory 

in young APOE4 

carriers 
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