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• Investigates the impact of dietary components and HRT on 
cognitive health and dementia risk

• Focuses on molecular & physiological basis for interactive 
impact of menopause & APOE4 genotype on health outcomes

• Leads Norwich Institute of Healthy Ageing (NIHA)
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• 944,000 cases UK

• 16.5% of mortality women

• 8.7% of mortality men 

• 1/14 over 65y
• 1/6 over 80y
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Dementia…..

• Higher age-standardised 
prevalence in women
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(WHO, 2021)



• Higher age-standardised rates in females likely to 
in part due to the greater penetrance of the APOE4 
genotype

• APOE4 is the most important common genetic 
determinant of cognitive decline and dementia risk

• Predictive not prognostic 



13/06/2023

APOE genotype explained

Liver (80-90%), brain and macrophages

E2/E2 E2/E3 E2/E4 E3/E3 E3/E4 E4/E4
1% 12% 2% 63% 20% 2%

Amino acid differences
112             158

APOE2 Cys             Cys

APOE3 Cys             Arg

APOE4 Arg             Arg

rs7412

rs429358



APOE genotype and longevity

• APOE4 is associated with reduced longevity and is termed a ‘frailty’ genotype

• APOE4 allele frequency nonagenarians 6.8% vs. 12.7% in matched controls (55-75y)

• OR to become a nonagenarian 0.48 (95% CI 0.42-0.55) in APOE4 vs non-APOE4



Reiman EM et al,  Nature Communication 2020; 

APOE genotype and Alzheimer’s Disease (AD)

Ward A et al., Neuroepidemiology 2012
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APOE genotype and Alzheimer’s Disease (AD)
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APOE genotype, odds ratio (OR, 95% CI) and average 
age of onset of Alzheimer's Disease (AD)

E3/E3, OR 1.0, 84y
E3/E4, OR 4.3, 76y
E4/E4, OR 15.6, 68y

E4/E4

E3/E4

E3/E3

APOE4 carriers
• 20-25% general population 
• 50-75% AD 
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The incidence and penetrance of APOE4 varies globally



Liu CC et al., Nat Rev Neurol. 2013

APOE4 genotype and neurophysiological function

Neuroinflammation

Neurogenesis



Liu CC et al., Nat Rev Neurol. 2013

APOE4 genotype and 
neurophysiological function



Deming Y et al., Acta Neuropathol. 2017

APOE4 genotype and neuropathology
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omega-3 fatty acids: the basics

SACN (Department of Health, UK), AHA (US)

• ~500mg or 1g EPA/DHA per day for CVD 
primary and secondary prevention

• 2 portions of fish per week with one oily 



Brain tissue (and in particular synaptic region) is enriched in the n-
3 fatty acid, DHA

Martinsen A et al., 
FASEB 2019

Synaptic membrane lipids up to 40% DHA

Arterburn LM et al., AJCN, 2006



The effect of age, sex and APOE4 on brain DHA levels

Martinsen A, Minihane et al. FASEB 2019



Oxylipins and the resolution of inflammation

Schulze, Minihane, Saleh and Riserus, Lancet Endocrin 2020



Oxylipins mediate brain neuroinflammation

Schulze, Minihane, Saleh and Riserus, Lancet Endocrin 2020; Saleh R, Minihane AM et al., Frontiers in Nutrition, 2021



The effect APOE4 on brain oxylipins

Martinsen A, Minihane et al. FASEB 2019



APOE4 genotype 
and cognition 
penetrance 
affected by sex
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APOE4 genotype and cognition penetrance affected by sex



Summary so far

• Two thirds of those living with dementia are female

• APOE4 females (12% population, 40-50% of AD) a high risk 
group with earlier onset, who may particularly benefit from 
intervention

• The affects of APOE4 are pleiotropic with altered brain DHA 
concentrations and metabolism likely to be a contributing factor

• What interventions?



Lancet Commission Report: Modifiable risk 
factors for AD

*

*

*

*

*



Lifestyle score:
• Non-smoking, 
• ≥150 min/week physical activity, 
• light to moderate alcohol consumption, 
• high-quality diet
• late-life cognitive activities

Score 4-5 vs 0-1 = HR 0.40, (95% CI 0.28–0.56) for AD

Increase score by 1 = HR 0.73, (95% CI 0.66–0.80) for AD



Lancet Commission 1:  2017



The Mediterranean Diet

Murphy and Minihane, BJN 2022



• Olive oil main cooking fat
• How much olive oil, � 4 tablespoons per day 
• Vegetables, � 2 servings per day 
• Fruit, � 3 portions per day 
• Meat, < 1 portion per day 
• Eat more poultry than red meat
• Fish/shellfish, � 3 portions per week 
• Butter, margarine, cream, < 1 portion per day
• Legumes, � 3 portions per week 
• Nuts, � 3 portions per week 
• Tomato/onion/garlic/olive oil sauce, � 2 portions per week
• W ine, > 7 < 14 units per week
• Sweet drinks, < 1 per day
• Cakes/confectionaries, < 3 portions per week
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Mediterranean dietary pattern (MDP) brain atrophy and neuropathology

MDP adherence, cross-sectional/longitudinal

• ↑ total brain, total gray matter, total white matter volume, mediotemporal and dentate gyrial 
volumes and cortical thickness (Luciano M et al, 2017; Staubo SC et al., 2017; Ballarini T et al., 2021; Gu Y et al., 2015; 
Karstens AJ et al., 2019; Zhang J et al., 2023)

• ↓ PiB-PET deposition in AD-affected regions (Berti V et al., Neurology 2018; Vassilaki M et al., 2018)

• ↑ FDG-PET glucose metabolism and higher (Berti V et al., Neurology 2018)

• CSF ↑ β-amyloid42/40, ↓  pTau181, and modulated the association between CSF β-
amyloid42/40/ pTau181 and atrophy (Ballarini T et al., 2021)
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• No polygenic risk score or APOE genotype * 
MDP interaction

• No education attainment * MDP interaction

• No one dietary component drove the impact of 
the MDP



MedEx (2018-2021), AppleTree (2019-2024)

UK Nutrition Research Partnership (UK NRP) Collaborative 
Awards
(NuBrain, 2019-2023)



RESULTS: Neurocognitive Test Battery

P1 = p-value for ANCOVA (dependent variable= value at 24 
weeks; independent variables= treatment group, baseline 
value, study site and baseline BMI).

P2 = p-value for contrast 1: Control v. (MD + MDPA) 

P3 = p-value for contrast 2: MD v. MDPA 

P1 <0.01
P2 <0.01
P3 =0.06



2021

The Finnish Geriatric 
Intervention Study to Prevent 
Cognitive Impairment and 
Disability (FINGER) 





Prospective cohort study evidence is highly supportive of cognitive benefits 
of n-3 fatty acids, particularly DHA

Hosseini M et al., 2020; Pontifex, Vauzour and Minihane, 2018; Conquer JA et al., 2000; Schaefer E et al., 2006, Lopez LB et al., 2011; Tan 
ZS et al., 2012. Yassine H et al., 2016; Fraser T et al., 2010; Zhang Y et al., 2016, Zhang Y et al., 2016 and 2018; Coughlan G et al., 2021

0.1-0.2g DHA per day is associated with: 
ü Improved performance on a range of cognitive tests including memory and executive function 
ü 30-40% reduced risk of Alzheimer’s Disease risk and deaths
ü Higher total and hippocampal brain volume 

Evidence of greater benefits in females



APOE4 affects brain EPA and DHA uptake following intervention



Summary so far
• Mediterranean diet and MIND diets associated 

with improved cognition, lower AD risk, and 
effective in APOE4

• APOE4 lower DHA (omega-3) status

• In APOE4 higher dose of DHA and earlier long 
term intervention are recommended 
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Hormone changes throughout life



Cognitive decline

DeathBirth

Menopause and the menopausal transition (MT)

MT

44y                  51y             



Brinton D et al., 2016



Menopause, brain fog, 
long term cognition 
and HRT • Concentration 

• Memory
• Verbal fluency

• Sleep
• Mood/depression
• Anxiety



Menopause and 
cognition
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What is the effect of menopause on cognition, brain fatty acids 
profiles and synaptic function according to APOE genotype

Pontifex M, Minihane et al. FASEB 2021, Nutrients 2022



Poll 3
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What is in HRT?

• Oestrogen
• Progesterone
• Testosterone 

• Oral
• Transdermal (Skin patch, Gel, Spray)
• Vaginal

• Natural/body identical
• Synthetic
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HRT and cognition, dementia

• Early observation studies -> HRT could be protective against dementia (Yaffe K 
et al., JAMA 1998; Mills , Faull and Kwakowsky, Int J Med 2023) 

• Clinical trials results -> inconsistent/null/harmful (WHIMS, Schumaker S et al., JAMA 2004: 
KEEPS, Gleason CE et al., PloS Medicine 2015; ELITE, Henderson VW et al., Neurology 2016)

• Effect of age of HRT use?
• Effect of APOE genotype?



• total n= 1906, women= 1178, 55.9% 
• Cognition
• Brain MRI

Key findings

• HRT is associated with improved RBANS delayed 
memory index in APOE4 only

• HRT use is associated with larger (6-10%) medial 
temporal lobe (MTL volumes) in APOE4 only

• Earlier HRT intervention is associated with larger 
hippocampal volume in APOE4 only



Saleh et al. Alzheimer’s Research & Therapy, 2023



HRT, APOE, cognition and brain volume

T3





Summary final part
• Perimenopause is associated with neurocognitive 

disturbances. Longer term impact on 
neurocognitive decline?

• Perimenopause window of intervention opportunity 
in women to reduce life-long risk of dementia

• Indication APOE4 more susceptible to 
menopause?

• Early HRT may have some cognitive benefits in 
APOE4. Confirmation in RCT needed



Glasgow University, UK
Muriel Caslake, Chris Packard et al.

Newcastle University, UK
• John Mather, Peter Curtis (now UEA) et al. 

University of Southampton, UK
Philip Calder, Elizabeth Miles et al., 

UEA, Norwich, UK
Anneloes Martinsen, Matthew Pontifex, Rasha Saleh, David Vauzour

University of Reading, UK
Virtu Calabuig-Navarro, Esti Olano-Martin, Andrew 
Carvalho-Wells, Christine Williams, Kim Jackson, Julie 
Lovegrove, 

CANN Collaborators 
UEA: David Vauzour, Aedín Cassidy (now QUB), Rachel Gillings, Michael Irvine, 
North Carolina, US: Colin Kay
KCL, London: Kim Min, Cristina Legido-Quigley 
Melbourne, Australia: Andrew Scholey, David White, Rebecca King 
University of Illinois, US: Hilary Schwarb, Neal J Cohen, 



a.minihane@uea.ac.uk

@ProfAMMinihane 

mailto:a.minihane@uea.ac.uk
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When is HRT not recommended_NICE 2022

• Breast cancer
• Other oestrogen-dependent cancer
• Thromboembolism
• Untreated endometrial hyperplasia
• Angina, heart attack, stroke
• Blood clotting disorder
• Liver disease

Prescribe with caution
• Diabetes mellitus (increased risk of heart disease)
• Risk of venous thromboembolism
• History of endometrial hyperplasia
• Migraine and migraine-like headaches
• Increased risk of breast cancer
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Use this contact information 
if you have additional questions
from today’s webinar
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Anne Marie Minihane, Phd,
Professor Of Nutrigenetics
Email: a.minihane@uea.ac.uk 
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Thank you for listening!

■ a.minihane@uea.ac.uk


