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Lifecourse perspective and dementia

- Changes in the brain may occur decades prior to a
dementia diagnosis

- Direct effect: Early-life exposures impact brain
development affecting late-life cognition

: Early-life exposures affect adult and late-
life circumstances, which in turn affect late-life cognition

TN

eXposure,,, j mediator, ;i Dementia

Common lifecourse models:
Accumulation model

SES —> SES,igie — > SES,er.ite. — > Dementia

~

early life

SES=socioeconomic status




Common lifecourse models:
Early-life critical period model

SE Searly life SE Smid life > SESlater- life

N

Dementia

Common lifecourse models:
Pathway model

SESearly life SESmid e > SESlater— life —> Dementia
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EDUCATION

Study %
[+] OR (95% C1) Weight
Aizheimer's disease 1
Beard a51 1 0.89 (0.5, 1. 43
mnﬂ(‘l‘;‘;]’ +. i&gﬂ!. ﬂg 451
Cobb a53 (1995) —— 1.36(0.96,1.89) 4.87
Evans a% (1997) | 3.28(200,537) 428
Zhang a55 (1998) ——— 229(157,336) 463
Geerlings a56 (1999) —— 280(1.75,446) 438
Launcr a57 (1999) — 140(1.12,1.74) 519
Letenneur 58 (2000) - 174(1.40,217) 519
He (1st survey) 253" (2000) | —= 338(223,514) 456
He (2nd survey) a5 (2000) | —— 320(1.99,513) 435
Kawas a50 (2000) —_— 071034, 148 335
Gatz a20" (2001) —%—————— 277(089,686) 217
Qi a1 (2001) j—— 321(197,524) 429
Karp 862 (2004) —— 1 0.29{0.16,052) 384
Yip 463 (2006) | 1.26 (0.96, 1.64) 506
McDowell 64" (2007) ] - 3.53(3116,4.63) 525
Subtotal (I-squared = 90.3%, p = 0.000) <= 182(1.36, 244) 7042
Lindsay a65 (1997} = 244(1.60,372) 454
‘Yang 266 (2007) A 275(189,450) 429
McDoweil 264" (2007) | —e— 295(214,407) 4%
Subtotal (I-squared = 0.0%, p= 0.778) | <> 275(219,345 1373

'
Dementia in general :
Sehmand a39" (1997) —%— 186(1.32,263) 482
Solfrizzi 857 (2004) —_— 131038, 455 197
PNgandu 268 (2007) —— 177 (091,341) 365
Fusanen as$ (2011) = 129117, 143) 542
Subtoal (l-squared = 35.1%, p = 0.195) ol 147 (117, 1.86) 1586
Overall (-equared = B9.7%, p = 0.000) <P 1.88 (1.51,234)  100.00
NOTE: Weights are from sandom effects H ;

=2 1 10
(Meng and D’Arcy, 2012
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Association of primary lifetime occupational cognitive
complexity and cognitive decline in a diverse cohort: Results
from the KHANDLE study

KHANDLE

Kaiser Healthy Aging and Diverse Life Experiences Yenee Soh, ScD

(Soh et al, 2023)
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Association of primary lifetime occupational cognitive
complexity and cognitive decline in a diverse cohort: Results
from the KHANDLE study

* More occupational complexity with data associated executive and

semantic memory.

(z-8: )] icted Verbal Episodic Memory (z-Score) Predicted Semantic Memory (z-Score)
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3 0e % 04 g 04
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505 o 305
2 ] 7 3 k-] [ 7 5 £ [ 7 3
Time (Years Since Baseline) 2 Time (Years Since Baseline) Time (Years Since Baseline)

Occupational Complexity Tertiles  Lowest Complexity = Medium Complexity = Highest Complexity

(Soh et al, 2023)
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Association of primary lifetime occupational cognitive
complexity and cognitive decline in a diverse cohort: Results
from the KHANDLE study

More occupational complexity with people was associated with
executive function, verbal episodic memory, and semantic
memory.

s icted Verbal ic Memory (z-Score) ict ic Memory (z-Score)

r
Predicted Semantic Wemory (z-Score)

Predicied Execuiive Fi

3

T 3 3 z 3 ] 7 z
Time (Years Since Baseline) Time (Years Since Baseline) Time (Years Since Baseline)

Oceupational Complexity Tertiles = Lowest Complexity =1 Medium Complexity = Highest Complexity

(Soh et al, 2023)
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Association of primary lifetime occupational cognitive
complexity and cognitive decline in a diverse cohort: Results

from the KHANDLE study

* No evidence of associations were found for occupational
complexity with things and baseline cognition or rate of decline.

(z-S¢ ] i Verbal ic Memeory (z-Score) Predicted Semantic Memory (z-Score)
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Occupation & Dementia

2
g > Level of cognitive stimulation
e —Low ---Medium -=---
S 20
g P for difference <0.001
2 15
°
B
8 10
o
=
S s
=
s
R —
3 50 35 60 65
Age (years)

Cognitive No of participants at risk
stimulation (No with dementia) by age group
Low

14797 (32) 16 489 (100) 5528 (181) 557 (43)
Medium

26743 (53) 29078 (172) 8577 (280) 777 (63)
High

15406 (23) 16863 (71) 4559 (100) 369 (25)

(Kivimaki et al, 2021)
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( Cognitive stimulation Total Dementia Incidence Hazard ratio Hazard ratio
——— No No per 10 000 5% C 95%Ch
Education  Atwork person years

Low Low 55540 768 8.1 * I 1.00
Low High 14005 138 59 —e— 0.80 (0.66 to 0.97)
High Low 24984 162 4.1 —— 0.73(0.61t0 0.89
High High 13367 75 3.5 >— | 063 (0.49 to 0.82)
s 1 j
Reduced Increased
risk risk

Education & Occupation

(Kivimaki et al, 2021)
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Occupational complexity as mediator

Occupational

Education . —— > Incident dementia
complexity

126

Survival time Ratio

Total effect

(Hyun et al, 2022)
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Occupational complexity as mediator

Occupational

Education . Incident dementia
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Total effect Natural direct
effect (Hyun et al, 2022)
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Occupational complexity as mediator

Occupational

; Incident dementia
complexity

Education——

Survival time Ratio
o
®

Total effect Natural direct Natural indirect
effect effect
(Hyun et al, 2022)
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Occupational complexity as mediator

Occupational

; Incident dementia
complexity

Education——

28% mediated

164 ------ -

Survival time Ratio
o
®

Total effect Natural direct Natural indirect
effect effect
(Hyun et al, 2022)
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Vascular risk factors & health

behaviors as mediators

Vascular factors &

Education —— health behaviors — Incident dementia

(Liu et al, 2023)

21

/" "7
Vascular risk factors & health

behaviors as mediators

Vascular factors &

Education —— health behaviors — Incident dementia

* % mediated by vascular factors: 11% to 25%
« Similar results when include health behavior factors

Relevant mechanisms may vary by exposure level

(Liu et al, 2023)
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Timing

* In one’s lifecourse

Predicted Executive Function (z-Score) Predicted Verbal Episodic Memory (z-Score)

08 70
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02| 02
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7 3 3 5 T p
Time (Years Sincs Baseline) Time (Years Since Basaline) \
Yenee Soh, ScD
Sl Low H Lator-L e = High
Educational Attainment Change Group Hgn L (Soh et al, 2023)
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Timing
* In one’s lifecourse

* In history
 Definition of exposures may change over time
» Historical and persistent structural biases

24
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r——————//—/// +/" ;"]
Timing
* In one’s lifecourse

* In history
 Definition of exposures may change over time
» Historical and persistent structural biases
* For example: legally segregated schools prior to 1954

» May effect distribution of negative exposure and
diminishing returns on the effect protective factors for

marginalized population

25

PLACE MATTERS
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Birth in trle Stroke Belt and Dementia

L

\]

Cumulative incidence of dementia by
birth in high stroke mortality state*

1 Blacas ACaume Demanta 40
044-0M2

oo
.0 -110
[ REIBEE"Y
[__EEIERYC

Born in an HSMS

Odds ratios for all-cause dementia-
related mortality in 2000 among
Black Adults by birth state compared
to the national average (Glymour et al, 2011)

Born outside an HSMS
10

Cumulative Incidence of Dementia, %

T T T T T T T T T T T T T T T T
70 72 74 76 78 80 82 84 86 88 90
Age, y

*conditional on survival free of dementia until age 65;
HSMS=High stroke mortality state (Gilsanz et al, 2017)

27

ST \ Y | Study of Healthy Aging
)i in African Americans

Cardiovascular Risk Factor .
Cognitive Assessment

Measurement
|
I LI | 1
| 1964-1996 2020-2021 2021-2022
Birthplace aaly g
Multiphasic Health Checkups Wave 2 Wave 3
| ) | )
1 1
Age Range: 12-56 Age Range: 53-95

Participants
resided in CA by
1980s

Stroke Belt included: AL, AR, FL, GA,
KY, LA, MS, NC, SC, TN, TX

f,r
Kristen George, PhD
(George et al, 2021)
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Stroke belt birth state and late-life cognition

I
0 0.03 0.03

03 030 4028
-0.37 -0.36

Basic SES CcvD SES+CVI1 Basic SES cvD SES+CV[1 Basic SES cvD SES+CV[1

Executive Function Verbal Episodic Memory Semantic Memory

Ref: Born Elsewhere

(George et al, 2021)

29
Community level SES
Community level /W Later_tl_ife
SESEarly life SESMid to late life cognition
Individual level Individual level
SESEarly life SESMid life
Rachel Peterson, PhD
(Peterson et al, 2023)
30
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]
Community level SES

b=-0.16 (95% CI = -0.30, -0.03)

) "\ Later life
ConS1IrEnSun|ty level Community level Semantic
Early life SESid 1o ate life Memory

b=-0.14 (95% CI = -0.22, -0.04)

(Peterson et al, 2023)
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METHODOLOGICAL CHALLENGES
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Accumulation model

N

SESearly life SESmid ife T > SESlater- life —> Dementia

~

33

]
Late study start bias

Unknown SES gttt — > SES,r.ie. ——> Dementia

~

Study start

34

17



Late study start bias
SEm" Early life critical period
SES iy e SES miaire SESyuer. iy ——> Dementia Pathway model

35

Late study start bias
e — . " Early life critical period
Unknown SES s SESp e ——> Dementia Pathway model
36
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Underlying causal structure matters

Causal structure=accumulation
* Inflated mid- and late-life effects because early life exposure
confounds late life exposure
» But mid-and late-life estimates still only partially captured the
effects of early-life exposure.
» Simulation: lifetime effect underestimated by 27%

Unknown SESpigue = SES. e —> Dementia

e S

(Gilsanz et al, 2022)

37
Underlying causal structure matters
Causal structure= early life critical period
* Inflated mid- and late-life effects because early life exposure
confounds late life exposure
» But mid-and late-life estimates still only partially captured the
effects of early-life exposure.
» Simulation: lifetime effect underestimated by 82%
SESay ure SESamte SESuier: tiis Dementia
(Gilsanz et al, 2022)
38
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Underlying causal structure matters

Causal structure=pathway model
* Direct effects of mid-and late-life were estimated correctly even in a
model without information on early-life exposure
» Simulation: The estimated lifetime effect was minimally biased.

Unknown —> SES e — > SESperie — Dementia

(Gilsanz et al, 2022)
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]
Study designs

- Birth and early-life cohorts
- Prospectively collected early life exposures
- Require a lot of resources (including time)

- Birth cohort examples: Lothian Birth Cohort 1936,
Helsinki Birth Cohort, 946 British national birth cohort
study

- Early-life cohorts: Wisconsin Longitudinal Study

Q Q

Created by Adrien Coquet for Noun Project

40
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Study designs

- Electronic health records and cohort within integrated

health system

- Prospectively collected data from electronic health
records, reduced participant burden, repeated

measures

- Varying follow-up, everyone has health insurance,
possible concerns about generalizability and selection

bias

41

KHANDLE

Kaiser Healthy Aging and Diverse Life Experiences

Timing of data collection

1964

1996

2017

2021 2026

|

i

!

Multiphasic Health
Checkup (MHC)

+  Midlife SES
*  Workplace exposure
+ Midlife health indicators

= BMI

+ Blood pressure
+ Cholesterol level
+ Diabetes

+  Smoking status

Electronic Medical Records
(EMR)

*  Late-life comorbidities and
treatments
* Diabetes
*  Heart failure
* Acute myocardial
infraction
+  Stroke
* Hypertension
* Anti-hypertensives

Kaiser Healthy Aging and Diverse
Life Experience (KHANDLE) study
Cycle 1

* 1,712 enrolled participants
» Cognitive outcomes

* SENAS
* Normal cognition, MCI, or
ADRD

= Brain imaging (vascular injury,

neurodegeneration)

* Childhood and late-life SES
* Psychosocial measures

Kaiser Healthy Aging and Diverse Life

* Recruit an additional 500
participants

* Repeat cognitive outcomes

* Repeat brain imaging

* Brain donation

* Late-life SES

* Late-life psychosocial measures

Experience (KHANDLE) study
Cycle 2

NIA R01 AG052132 (MPIs: Whitmer, Gilsanz, Glymour, Mayeda)

42
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Study designs

- Ask and/or Link
- About early life exposures
- About where they lived, worked, and went to school

- Link to administrative records (e.g. census, education
quality, environmental exposures)

- Concerns about measurement error,
selection bias

Croated by lham Fitrotul Hayat
from Noun Project
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KHANDLE

Kaiser Healthy Aging and Diverse Life Experiences

Timing of data collection

1964 1996

2017 2021 2026

| [

Electronic Medical Records

| [

Kaiser Healthy Aging and Diverse Kaiser Healthy Aging and Diverse Life

Multiphasic Health

(EMR) Life Experience (KHANDLE) study Experience (KHANDLE) study
Checkup IMHC) Cycle1 Cydle 2
i = Late-life comorbidities and
* Midiife SES treatments - 1,712 enrolled participants «  Recruit an additional 500
' Wuﬂ_(place EXpasre = Diabetes « Cognitive outcomes participants
= Midlife health indicators = . 1 3
= Heart failure SENAS Repeat cognitive outcomes
* BMI = Acute myocardial * Normal cognition, MCI, or * Repeat brain imaging
+  Blood pressure 5 e b 5 ;
infraction ADRD Brain donation
* iCholesteral lavel *  Stroke * Brain imaging (vascular injury, *  Late-life SES

+ Diabetes
«  Smoking status

* Late-life psychosocial measures
* Childhood and late-life SES
= _Poychiosocial Measures
Residential history

pel ion
= Anti-hypertensives

Linkages based on location data: education quality, census, environmental exposuresl

NIA R01 AG052132 (MPIs: Whitmer, Gilsanz, Glymour, Mayeda)

44
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The Who, Where, When, & How Matter

Mechanisms

Population

Exposure
effect

45

The Who, Where, When, & How Matter

Population

Specificity matters

Exposure effect

46
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Thank you!

KHANDLE, STAR, & LA90 study participants!

KPNC Division of Research Funding from NIA:
Charles Quesenberry, Molly LaPoint, Yenee Soh, R01AG052132 (MPIs: Whitmer, Gilsanz, Glymour, Mayeda)
Cognitive Health Research Team members R01AG050782 (MPIs: Whitmer, Gilsanz)

UC Davis

. . R01AG066132 (PI: Gilsanz)
Rachel Whitmer, Kristen George, Dan Mungas, RO1AG067199 (PI: Gilsanz)

Charles DeCarli, Brittany Dugger
Boston University

Maria Glymour
UC Los Angeles

Elizabeth Rose Mayeda
UC Irvine

Maria Corrada, Claudia Kawas
UC San Francisco

Tanisha Hill-Jarrett, Marilyn Thomas, Claudia Kawas
Rush University

Lisa Barnes, Crystal Glover
University of Montana

Rachel Peterson

(

R01AG056519 (MPIs: Whitmer, Gilsanz, Corrada)
(
(
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