
Sex Differences in AD biomarker progression: 
the role of APOE

Beth Mormino, PhD
Assistant Professor
Department of Neurology & Neurological Sciences
Stanford School of Medicine

34th Annual Southern California Alzheimer’s Disease Research Conference
August 25th, 2023



Disclosures

• Funding: NIH and Alzheimer’s Association
• Paid consultant to Eli Lilly, Roche, Neurotrack

2



Objectives

• Classify the major biomarkers for assessing dementia etiology.

• Identify the relationship between APOE genotypes and AD 
biomarkers.

• Describe findings of differential biomarker progression among men 
and women at risk for dementia.
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Biomarkers for common etiologies associated with dementia
Clinical Diagnosis Etiology Biomarkers

Alzheimer’s disease

Amyloid plaques & Tau tangles

PET, CSF, Plasma

Dementia with Lewy bodies 
(& Parkinson’s with dementia)

Alpha-synuclein/Lewy bodies

CSF (Seed Amplification Assay)

Vascular dementia

Vascular Injury

MRI

LATE

TDP-43
In development; need validation



Alzheimer’s Disease Amyloid/Tau/Neurodegeneration 
Research Framework  

Amyloid Tau Neuronal
Degeneration

Clinically Unimpaired (CU)

à Can measure with cerebrospinal 
fluid (CSF) via lumbar puncture

Neuronal 
Dysfunction

Mild Cognitive 
Impairment (MCI)

Dementia

In Vivo 
Biomarkers

A T T

à Can measure with plasma via 
blood draw



Alzheimer’s Disease Amyloid/Tau/Neurodegeneration 
Research Framework  

Amyloid Tau Neuronal
Degeneration

Clinically Unimpaired (CU)

FDA Approved Amyloid PET
2012: Florbetapir (Amyvid)

2013: Flutemetamol (Vizamyl)
2014: Florbetaben (Neuroceq)

Neuronal 
Dysfunction

Mild Cognitive 
Impairment (MCI)

Dementia

A T T

FDA Approved Tau PET
2020: Flortaucipir FDA approved (Tauvid)



AD Plasma Biomarkers

Janelidze 2022 



Beach 2021 

Co-Etiology is Common

Younes & Mormino 2023 

Person-specific profiles

à Capturing AD etiologies in isolation is a 
limitation of current biomarker research and 
interpretation of biomarkers in clinic 
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APOE genotype is a strong predictor of AD dementia risk

Farrer 1998
Clinically Unimpaired AD Dementia

Reiman 2020
(ADGC Path Confirmed Data)
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APOE is strong predictor of amyloid-positivity

Jansen 2022
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APOE Effects on Tau

Tau

Reduced Tau 
Clearance in APOE4+ 

> APOE4-

Shi 2017

Amyloid DementiaAPOE



àDoes APOE contribute to this variability?

Global Amyloid~Voxelwise Tau

TauAmyloid DementiaAPOE



APOE effects on regional tau PET among Amyloid+ individuals
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Additional APOE Effects among Amyloid- : Blood Brain Barrier

Montagne 2020



Amyloid Tau Neuro
Degeneration

Clinically Unimpaired (CU)

Neuro 
Dysfunction

Mild Cognitive 
Impairment (MCI)

Dementia

T

APOE 
Effects

Microglial Pathways

Blood Brain Integrity
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Neu 2017 JAMA Neurology

Greater risk of AD in women with APOE4+ women



Buckley 2020

Greater tau pathology in women



Buckley 2020

Greater decline in women with risk factor

Higher Tau PET levels



Differential progression in women and men?

Amyloid Tau DementiaAPOE
4>3>2

Women

Men

???
Co-pathology
Lifestyle



Neu 2017

Risk profiles change at older ages

Farrer 1998

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 360;22 nejm.org may 28, 20092306

derlying neuropathological findings varies with 
age within this population-based cohort of brain 
donors. Our study confirms earlier reports of con-
siderable overlap in the burden of neuropathologi-
cal features of Alzheimer’s disease between groups 
of the oldest old persons with dementia and those 
without dementia.10,19,20 In those dying without 
dementia, we confirm that the burden of Alzhei-
mer’s-type disease in the population increases with 
increasing age at death.12,21 In contrast, cortical 
atrophy remains strongly associated with demen-
tia in all age groups.

The use of the primary care system registry of 
the United Kingdom ensured that the entire popu-
lation in the areas chosen, including persons liv-
ing in institutions, served as the basis for selec-
tion of the sample. The response rate at baseline 

was high, and all follow-up activity was assessed 
for potential bias due to attrition.22 The response 
rate among those who agreed to brain donation 
was high, considering the sensitive nature of this 
work, and has been scrutinized to exclude bias.10 
The selection of persons to be interviewed for 
assessment of dementia, from whom the donor 
cohort was derived, was weighted toward the cog-
nitively impaired, but no further bias in the do-
nation process has been detected. Abrupt termi-
nal decline could potentially affect our findings, 
but the diagnostic method makes it unlikely that 
this would have led to an inaccurate diagnosis of 
dementia. The 30 respondents for whom the di-
agnosis of dementia was doubtful were excluded 
from the analysis. The method for diagnosing de-
mentia has been validated and is used widely in 
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Figure 1. Modeled and Observed Prevalence of Moderate or Severe Pathological Lesions According to Age. 

Persons who died with dementia (yellow) are compared with those who died without dementia (blue). Filled sym-
bols represent the observed prevalence of moderate or severe pathological lesions, and I bars show the 95% confi-
dence intervals. The solid and broken lines represent modeled prevalence values.
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Savva 2009

Tau TanglesAPOE APOE risk in 
Women 



Summary
• Robust PET and biofluid biomarkers for assessing Alzheimer’s disease etiology.

• Current missing biomarkers to capture other common age-related etiologies.

• APOE genotype influences multiple components of the Alzheimer’s disease 
cascade.

• Increased risk of AD dementia in women may be mediated by APOE genotype 
and/or elevated tau burden.

• Need to integrate multiple factors to understand disease progression and 
underlying mechanisms in humans (sex, age, co-pathologies).
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Limitations with generalizability

Farrer 1998



FDA approved F18 Amyloid PET tracers

Aβ- Aβ+

Landau 2015

Aβ- Aβ+

Mountz 2015

Florbetapir (Amyvid)
2012

Flutemetamol (Vizamyl)
2013

Florbetaben (Neuroceq)
2014

Aβ- Aβ+

C11
PIB

F18
tracer

Villemagne 2012

àF18 tracers highly correlated with postmortem amyloid neuritic plaques 
(moderate/frequent).

(First research amyloid scans=2004)



Tau Ligand Timeline
• 2013: T807/AV1451/Flortaucipir publication

• 2014: T808 publication (àGTP-1) 

• 2016: THK5351 publication

• 2017: THK5351 MAO-B binding discovered

• 2016/17: First MK6240 scans

• 2017: First PI2620 scans presented

• 2020: First JNJ scans presented

• 2020: Flortaucipir FDA approved (Tauvid)

MK6240: HAI 2017

PI2620: ADPD 2017



Additional APOE Effects among Amyloid- : Microglia gene expression

Serrano-Pozo 2021

“microglia-APOE cluster” 
phagocytosis & proinflammatory genes


