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Modifiable and Non-modifiable Risk Factors for
Late Onset Sporadic Alzheimer’s disease

Sex plays a role

Advanced
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Genetics:
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Cognitive
B v/ Training

Lancet Commission Made with biorender.com

Menopause is an inflection point of aging
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Perimenopause as a neurological
transi

S Journal of Reproductive Immunology !

Menopause is an inflection point of

age-related immune changes in
women

Female-Specific Risk Factors for Late Onset Sporadic
Alzheimer’s disease ,i\ ,#i

2/3 AD Patients

Menstruation

Hormonal Advanced
Contraceptives
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Female Specific Factors
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Pregnancy History
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What is menopause?
* 12 months after your last period
» Perimenopause and Postmenopause

» Perimenopause can last 2-10 years

Symptoms of Menopausal Transition — average duration >7 years!

Menopause and Aging
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2. Symptoms
3. Duration of perimenopause -
i »mmmumd\__/

Figure from Gravelsins and Galea (2025).
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Many Types of Menopauses

* Menopause Type
* Menopause Age
* Perimenopause length

Menopause  * Symptoms (number,
severity)
Menstruation
Hormonal
e
7 Therapy
Hormonal
contraceptives
Pregnancy
history
-

How does the age of menopause affect
different cognition domains in females?

—! Cognitive Tests

Episodic Memory Composite
Age at Menopause Event Based Prospective Memory Test
Time Based Prospective Memory Test

Executive Functions <

Composite
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Mental Alternation Test
Controlled Oral Word Association Test
Animal Fluency Test

Puri, Gravelsins, Wood Alexander,..Rabin,

Murphy, Galea,2025,Neurology Created in biorender

Earlier Menopause is a Brain Aging
Inflection Point

Tau pathology

DVR, 1.18; Centiloids, 20

Inferior temporal tau SUVR
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Coughlan et al., 2023

Dementia Risk
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Canadian Longitudinal Study of Aging
e
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[variable |
clsa élcv

Age 60.50 (10.25)

Eilte ongiurinae cradenns s e villssemont earslofEdicaion L9520}
Body Mass Index 27.55 (5.87)
Age of Menopause 50.50 (4.25)
APOEe4 Allele - Non Carrier(n) 4703

Comprehensive dataset Carrier(n) 1587

contains 30,097 individuals Missing(n) 961
Performed a variety of
cognitive tests, physical
assessments, medical histories

Is menopause linked to impaired cognition?

YES

T T Mo oy
Cognition in perimenopause
the effect of transition stage
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NO

Life

Menopause, Brain Anatomy, Cognition and
Alzhelmer's Disease

MAYBE?

Neurology

=-q .
Associations Between Age at Menopause, Vascular
Risk, and 3-Year Cognitive Change in the Canadian
Longitudinal Study on Aging

Earlier age of menopause is associated with
reduced performance across memory domains

Executive Functions Composite
Episodic Memory Composite

Z-score +95% CI
Z-score + 95% C1
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Age at menopause (years)
APOE ed Alleles ~— Carrier — Non Carrier

Puri, Gravelsins, Wood Alexander,..Rabin, Murphy,
Galea,2025,Neurology
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Female Specific Factors

D=z Pregnancy alters brain health

Changes increase in decrease in increase in
aftqr psychiatric brain aging Alzheimer's

proghancy. diseases
SHORT TERM MIDDLE AGE OLDER AGE

Reviewed in: Galea, Qiu, Duarte-Guterman, Curr Opin Physiol (2018); Barha and Galea, 2017
Nature Neuroscience; Puri, Richard and Galea, Trends in Neuroscience (2023)

Earlier age of menopause and a higher number of
biological children is associated with reduced
executive functions

Episodic Memory Composite Executive Functions Composite
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brain aging Alzheimer's

v

A A
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WHATS GOING ON?

Reviewed in: Galea, Qiu, Duarte-Guterman, Curr Opin Physiol (2018); Barl
Nature Neurosciel

and Galea, 2017
e, Puri, Richard and Galea, Trends in Neuroscience (2023)

What affects Menopause Outcomes?

It depends on these factors:

F il ®

Cardiovascular

Genotype Brain Symptoms Ethnicity
Region !
A
‘Vasomotor
Duration/Age Symptoms Menopause Type

Many Types of Pregnancies

Menopause
Menstruation

Hormonal

\r T+ Py

Hormonal
contraceptives
Pregnancy
history * Age of First
* Number of Pregnancies
-~  Fetal Sex

* Timing between pregnancies
= Gestational Disorder

Menopause Symptoms are Varied
* 20-60 symptoms

* Highly variable! (regular periods, irregular periods)

Table 1.
+ Vaginal changes (dry, wet)
Dry eyes! s T |
« Tinnitus e
« Painful Intercourse gl::rleaxxd,rn‘m‘rvnn w2
scientific reports %

oFeN Clustering of > 145,000 symptom
logs reveals distinct pre, peri, and
menopausal phenotypes
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Loss of Estrogens: How could it cause
so many symptoms? ERs everywhere
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Figure from Gravelsins and Galea {2025). Modified
from Rocca et al., {2018)

Does Menopausal Hormone Therapy
Influence Cognition?

Reduced Risk Increased Risk

)
Association between menopausal hormone|
neurodegenerative diseases: Implications f | Menopausal hormone therapy and dementia:
hokmgna tharapy, nationwide, nested case-control study

Revearch

“HT was associated with

“Menopausal hormone
reduced risk of all NDDs, iti

therapy was p

No association

Use of menopausal hormone therapy and risk of
dementia: nested case-controlled studies using.
QResearch and CPRD databases

“...no increased risks of

including AD and
dementia...”

associated with
development of all cause
dementia and Alzheimer’s
disease...”

ping
overall.”

Hot flashes and night sweats (vasomotor
symptoms) reduce brain health

White Matter Hyperintensities

Episodic Memory

Everyday Cognition
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Maki et al., (2008) Crockford et al., (2025 Thurston et al., (2016, 2023)

Many Hormone Therapies

Menopause
Menstruation

Hormonal

\/ Therapy

Hormonal
contraceptives
Pregnancy
history
-~

* Type

* Route of Administration

* Age of Initiation related
to Menopause

 Dose

* Duration

* Cyclic vs continuous

What reduces Vasomotor Symptoms?

Approved NK3-Receptor
Antagonist for V. t.
Symptoms

Figure 2. Adjusted mean number of vasomotor symptoms
per day, by study group.

—+—Black Cohosh
= Multbotanical

& Multbotanical + soy
Hormone Therapy_,_

—o—Placebo

Basele  3mo  Gmo  12mo

Newton et al., (2006)

: THE SOCIETY OF @ The
(e )unsnrm_‘mm vt Menopause
GYNAECOLOGISTS s
Gk CARADA— Society

s ACOG Menopausal hormone

therapy is the most effective
e Tor
symptoms

Ye et al., (2022)

Menopausal Hormone Therapy: Why not as
widely prescribed? Misinterpretations and bad

study design

Criticisms
Critical Window
Healthy Cell Bias

MHT Type

4m== Premarin
50% estrone (E1)

351
304
- 60%
2
E *1  reductionin
H 15 prescription of MHT
jomen’s Health Initiative Study
s
1570 1980 1990 2000 2010

Year

3% estradiol (E2)
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Not All Estrogens Are Equal Why Would Route of Administration
3 ok Matter?
a Premenopause Postmenopause
700 s
17B-estradiol (E,) ORAL TRANSDERMAL
&0 | . More potent (greater
affinity
s00 125 to ER) - -
- Predominate in younger P
“m ° women 5 .- o
Enzymatic Enzymatic B2
300 75 breskdown | breakdown
200 \W 5 resa.. Chemical “toesi.. Chemical
—e—Estradiol \\ . Less potent (low affinity to breakdown breakdown
10 —xn »s| ER) ¢
S TPt TS Srar e el ST A ' zgﬁg?'nate in older Ef::z:g‘::" [Does MHT route of administration affect cognition'% 2
o et
i Gravelsins & Galea, (2025) BJPsych
Rannevik et al., Maturitas ,1995

M pED Does Estradiol-based MHT Have Domain-Specific

. . ition?
Different Estrogens, Different Effects Effects on Cognition?

Not all estrogens work the same—
some support brain health, others do the opposite. Route of Administration o
Episodic Memory
Oral  Transdermal Yol Composite
Different types
of estrogens

Estrone (E1) HPC

JT ‘ Do — EZ[E“ t- Exei:utiveFunclion

1 l Composite

Cisa eicv Tir

4 Memory \

Estradiol (E2) oy HPC
Neuroplasticity

c Test
and Stroop T

Puri, Gravelsins, Wood Alexander, ..., Rabin, Galea, (2025); Neurology

He

MHT Type MHT Type
Lost in Translation? Transdermal E2 was associated with improved episodic
: memory
* Human to rodent Episodic Memory Composite Executive Functions Composite
Subcutaneous oral s T P
Menopausa Hormons Therapy L
- W : z
-~ Ea v T
3 ) g
B s o+ 1 i
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Does Estrone vs Estradiol Have Domain-
Specific Effects on Cognition?

Route of Administration

Oral  Transdermal
Episodic Memory
- - Composite
EZ[ [: & Rey Auditory Verbal

o Learning Measures

&

Executive Function

Across regions, E2 is beneficial for e4 carriers

clsa élcv

" ez

* Never used MHT

* Previously used MHT

(

Composite

Choice Reaction Time Test
and Stroop Task Measures
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G ' Perovi¢ et al. (in prep)
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« No MHT = Esiadiol

CLSA MHT Groups

E2 E1
n None E2 Oral E1 Oral Past Use
Variable ) Transdermal > Transdermal - 'S Overall
(N=4218) (N228) (N=76) (N=48) (N=100)  (N=1823)
Age (years) 636+9.2 624+79 627483 656+7.6 633+90 684+7.7 | 64.9%9.0
Education (vears) | 14.8+26 15526 153+26 156425 151+28 14625 | 14826
Vascular Risk Score |  0.3+0.2 02:02 02:02 02%02 02:02  03:02 0.3+0.2
Age at Menopause | 50.5+4.3 50.8+4.1 49.2+49 50.6+42 48.0:49 49550 | 50245
Age at MHT Initiation NA 53.1£56 50552 53.9%6.1 "°488:52 "°50.2:55| 505+56
Time Since a
heseed 134 £10.1 15£88 13.4%89 149:89 153:102 18987 | 147:10.0
#Biological Children| 1.9+ 1.4 18+1.2 16+13  17+12 1812 2013 19£13
MHT Duration NA 927173 116£88 %6357 131:99 "°656+57 | 6365
POC, n (%) 250 (5.9%) 8 (3.5%) 0(0.0%)  0(0.0%)  5(50%)  66(3.6%) | 329 (5.1%)
licois) f,,zf“"’“"' N | 2604 (69.5%) 170 (80.6%) 58 (77.3%) 36 (81.8%) 70 (74.5%) 1080 (66.1%) | 4108 (69.2%)

avs Never, p<0.05

Are Estrogens Neuroprotective?

It depends on these factors:

& s
y &
¥ =
-
Dose Brain Progestogen Sociocultural
Region Type Add On Context
. B o
Route of Number of
Genotype Duration/Timing  Heaithy Cell Bias e . i

¢ vs E1 transdermal, p < 0.05
b vs E2 transdermal, p <0.05 d vs E2 oral, p < 0.05
evs E1oral, p<0.05

MHT History, Type and Route Have Domain-
Specific Effects

r

Executive Functions

7 Episodic Memory

,IIIII

R I T TP
E2 E1 E2 E1

Z-score + SEM, Better Performance

Covariates: education, age at testing, age of menopause, vascular risk score

Gravelsins, Puri, Perovi¢, ..., Galea (in prep)

Interpreting Null Effects of Estradiol on

Cogni

ion in Randomized Trials

KEEPS-Cogs
Gleason et al., (2015)

Conclusions

MHT gt

y ol 0-CEE. but not

risk profiles.

ELITE-Cogs
Henderson et al., (2016)

Conclusions:

menopase.

Yaffe et al., (2006)

Conclusion #ostim
‘effect on change in cognitive function of in

i treatment wi

ransdermal estradiol for 2 years had 1o
e aver 2 years of troatment.
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Contextualizing RCTs

Review of 55 MHT randomized control studies (ongoing analysis) Setraoiivens

Only 5.5% include APOE4 as predictor

' Mateja
Perovi¢

Perovié et al. (in prep)

We need to make sure women are heard

Self-Censorship and Fear of Dismissal
. ’ pr——
58% pe 51% B
0 [t 0 [Fepiishai
carefully consider
=t 397 Bt

worry about not being heard
55 ‘y ‘when discussing their health
Gl it their doctor

WOMEN'S (o0t cuuuag 5

Review of 55 MHT randomized control studies reveals lack of reproductive variable
reporting (ongoing analysis)

Reproductive History

Callection -

- . Assessment Tools
Menopausal Symptom

Collection

PeroviC

Are your menopausal symptoms bothering
you?

VIEWPONT Vol 1, s 1, e, sy 2025
Is it time to revisit the recommendations for initiation of menopausal
hormone therapy?

‘Sasha Taylor, MBBS® - Prof Susan R Davis, MBBS & ° B

“Estrogen is the most effective treatment available to

relieve p of " Casper
2025, UpToDate

Self-Reported Reasons for MHT Reflect Diverse
Menopausal Symptoms

Gravelsins, Perovic, ..., Galea (in prep)

“Felt depressed,
thought | was dying”

“If 1 don’t take it, get fluid
retention ->
buzzing in the head ->
headaches”

“Menopausal dry
eyes”

“to prevent diabetic
“For health mucus attack

membranes / to prevent “corrected high blood

pressure”

The impact of insufficient menopause education

U.S. OB/GYN Residency

m e WHAT YOU BONT KNOW ABOUT

WOMEN ISALOT.
| ( s
X
k r&n

Feel prepared
‘to support
menopausal

patients

540,000

‘Workdays lost annually




Building a Predictive Calculator for Alzheimer’s Disease Risk for
Women, based on individual “hormone history”

Unbiased
Clustering of Machine Female Specific
input variables Learning Model Factors

UK Biobank, ADNI,

C “C. o flf Female Y e Create g
ROS/MAP/MARS, s of female- s |
WRAP, Ontario e e spleclﬁc a |
Health, Partnership tn(az;c‘;mc = >
i fLE = = Alzheimer’s < Mateja
Disease g Perovié
Data Harmonisation, measures 5
Clustering, and Risk across the =N
Dimensionality Factors, databases 2
Reduction

Alzheimer’s
Disease Measures

leap’

2026-03-31

Conclusions ‘f. 3
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Menopause is an important inflection point for Aging

Embrace complexity: Precision Medicine (not one size fits all): Heterogeneity

matters (HT type, menopause type, pregnancy type)

Study Women+!

camh wemenmind

[ned Rxiv

What gets Funded Shapes What We Know:
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