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Life-Course Disparities in Dementia Risk: Disentangling the Contributions of

Socioeconomic Status and Vascular Risk Factors

Abstract

Disproportionately high risk of dementia among racial and ethnic minorities in the U.S.
has been attributed to life-course exposures to adverse conditions such as lower educational
attainment, and prevention strategies have often focused on optimizing lifestyle risk factors such
as diet and physical activity in order to modify key vascular risk factors. However, there are gaps
in our understanding of when and how these disparities arise. Most studies have not considered
additional disparities in early-life education quality, and whether achieving optimal levels of
these risk factors may be less effective in populations with social vulnerability due to structural
barriers to attaining or maintaining health. Furthermore, early-life divergence of dementia risk
among those with different education levels may render midlife lifestyle modifications
insufficient in reducing dementia risk. In this dissertation, we aimed to describe the components
of racial disparities in dementia risk related to the educational experience and assess the extent to
which educational disparities in dementia risk operate through mid-life vascular risk factors and
lifestyle.

In Chapter 1, we conducted a literature review to assess whether and how measures of
educational attainment and quality are utilized in the development of norms for standard
cognitive screening measures. We identified estimates of relationships between race, education

quality and dementia, and calculated the adjusted association between race and dementia had
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education quality been equalized between Black and White participants. In Chapter 2, we
assessed the relationship between education and dementia among all participants and among
those with incident stroke in a cohort of 13,368 Black and White older adults in four U.S.
communities, then tested whether there is substantial mediation of the relationship between
educational attainment and dementia by mid-life vascular risk factors. Finally, we used the same
methods and data source in Chapter 3 to assess whether midlife diet quality and physical
activity are associated with dementia risk differentially by educational attainment and whether
they mediate the relationship between education and dementia.

We found that present studies are limited in their consideration of education quality and
that if education quality were equalized across groups by race, without changing disparities in
attainment, racial disparities in dementia would be reduced by about half. We further
demonstrated that better diet quality in midlife is associated with lower dementia risk only
among those with very high educational attainment, and that while a substantial proportion of the
relationship between education and dementia risk was mediated through mid-life vascular risk
factors, modification of risk factors is unlikely to fully address the large educational disparities in
dementia risk. Future work should seek to consistently incorporate education quality in order to
better understand the sources of disparities and to identify the etiologic windows over the life-
course when lifestyle modifications may be effective. Prevention efforts must also address
disparities in socioeconomic resources leading to divergent early-life educational experiences

and other structural determinants of mid-life vascular risk factors.
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ABSTRACT

Background: Higher risk of dementia among racial/ethnic minorities compared to White
populations in the U.S. has been attributed to life-course exposures to adverse conditions such as
lower educational attainment, but most studies have not considered additional disparities in
education quality. We sought to determine the extent to which disparities in dementia would be
reduced had different racial groups received the same quality of education, with no change to
present disparities in educational attainment.

Methods: We conducted a literature review to assess whether and how measures of educational
attainment and quality are utilized in the development of norms for standard cognitive screening
measures. In a separate search of the literature, we identified estimates of relationships between
race, education quality and dementia; and calculated the adjusted association between race and
dementia had education quality been equalized between Black and White participants.

Results: Most norms for cognitive measures included educational attainment, but few addressed
quality. Our search identified relevant parameter estimates: 44.3% of Black participants and
10.5% of White participants had “limited literacy” (<9 grade reading level, a potential marker
of poor education quality), which was associated with a 53% greater hazard of dementia
compared with “adequate literacy” (=9" grade reading level) after adjusting for educational
attainment. Applying these parameters to a hazard ratio of 1.37 (95%CI: 1.12,1.67) for the risk of
dementia comparing Black to White participants, we obtained an adjusted hazard ratio of 1.17
(0.96,1.43), a 54% reduction.

Discussion: Present studies are limited in their consideration of education quality. Our work

using available measures from the literature suggests that if education quality were equalized



across groups by race, without changing disparities in attainment, racial disparities in dementia
would be reduced by about half. Future work should seek to consistently incorporate education

quality in order to better understand the sources of disparities.



INTRODUCTION

Higher risk of mild cognitive impairment (MCI) and dementia among racial/ethnic minority
populations as compared to non-Hispanic White populations in the United States (U.S.) has been
well-documented in the literature."? This relationship may be partially explained by disparities in
educational experiences, one of the most consistent and robust predictors of cognitive and

physical health.>**

Education is hypothesized to impact cognitive health through improved labor
market opportunities, knowledge and skill building, healthy behaviors via school-based
resources, and access to advantaged social networks over the lifecourse.® In addition to
“downstream” consequences such as fewer occupational opportunities’ and a lack of access to
medical care®, fewer years of education is also associated with worse performance on cognitive
testing.”'"

Racial/ethnic minority populations have lower levels of educational attainment on
average compared to White populations'' and experience substantial barriers in obtaining high-
quality education. This can be linked to the lasting impact of policies and practices that
collectively uphold structural racism, including government-sanctioned residential segregation
and disinvestment in schools (among other public services) particularly in historically redlined or
legally segregated areas in the U.S.*'*'* Moreover, racial residential segregation itself—rooted
in racist housing and education policies—is associated with worse cognition in later life,
potentially functioning through chronic stress and/or depression induced by repeated exposure to
adverse social and environmental experiences such as interpersonal discrimination.'*'> Allostatic

load due to “toxic stress” from experiencing discrimination based on race has been found to be

associated with greater decline in late-life memory trajectory'®, and any benefit to cognitive



reserve from obtaining education was nearly absent among those who experience everyday
discrimination.'’

Returning to the discussion of racial disparities in the educational experience, studies
have shown that White individuals experience greater benefits from educational attainment
compared to Black individuals in terms of all-cause mortality'® and self-reported health.'” This
points to racial disparities even after obtaining comparable “levels” or years of formal education
and, potentially, disparities in the quality of education received. Research further suggests that
higher education quality is associated with better cognitive functioning and cognitive
trajectories””*'; previous studies that have adjusted for literacy, a potential indicator of early
education quality, found attenuated differences in late-life cognition comparing racial/ethnic
minorities to White older adults.** Thus, worse late-life cognition among minoritized populations
reflect “mutually reinforcing systems™" including structural barriers to obtaining education
(particularly high-quality education), downstream consequences of low educational attainment or
poor education quality related to cognitive reserve and adult socioeconomic opportunities, as
well as the deleterious impact of experiencing discrimination due to race, among other diverging
mid-life experiences.” In the extant literature, however, many studies of cognition adjust for

2526 16 account for educational

educational attainment™® or use education-standardized norms
differences between racial/ethnic groups, while few studies additionally take into account the
quality of education. This may leave unexamined many considerable mechanisms via which
education influences racial/ethnic disparities in dementia.

Our study has two complementary aims. First, as we are aware of no other

comprehensive review of how research studies of race and cognition operationalize education,

we aim to document how education is operationalized in studies that developed norms for



standard cognitive screening measures among older adults and specifically whether education
quality in addition to attainment is considered. We hypothesize that few studies of race and
cognition would account for education quality, thus motivating a formal sensitivity analysis to
assess the potential impact of unmeasured education quality on observed differences by race in
dementia risk. In our second aim, we will examine the extent to which disparities in dementia
incidence would be eliminated if education quality were equalized across racial groups, while
holding constant educational attainment. We hypothesize that equalizing the quality of
education, without changing educational attainment, would potentially eliminate a significant

proportion of the racial disparities in dementia risk.

METHODS

To achieve our two complementary aims, we 1) reviewed the literature to describe how
educational attainment and education quality are operationalized in studies of diverse older
adults in the U.S. that developed normative data for cognition; then 2) identified relevant
parameter estimates from the literature for use in a formal sensitivity analysis to evaluate the role

of education quality in explaining the relationship between race and dementia risk.

Literature review

For our literature review, we searched PubMed and PsychINFO for studies that developed norms
for standard cognitive screening measures in diverse populations of older adults in the U.S. using
the search terms in Table 1.1. We included studies published before December 31, 2021 with

participants who were community-dwelling, over the age of 45, and from at least two racial or



ethnic groups. Among the included studies, we extracted any available information on study

population demographics (age, sex, race/ethnicity) as well as if and how education attainment

and quality were determined.

Table 1.1 Search terms for literature review

PubMed

PsycINFO

Search Terms

(cogniti*[title] OR dementia[tiab]
OR Alzheimer*[tiab]) AND
education AND

((white[tiab] OR Caucasian*[tiab])
AND (“non-white[tiab] OR
Black*[tiab] OR “African
American*”[tiab] OR
Hispanic*[tiab] OR latina*[tiab]
OR latino*[tiab] OR latinx*[tiab]
OR “Mexican American*”[tiab]
OR Asian*[tiab] OR “Pacific
Islander*’[tiab] OR “Native
American*”[tiab] OR “Alaskan
Native*”[tiab] OR “Alaska
Native*”[tiab] OR “American
Indian*”[tiab] OR “Native
Hawaiian*”[tiab] OR
indigenous[tiab] OR indian[tiab]))
AND

(elder*[tiab] OR “older*”’[tiab] OR
geriatric[tiab] OR senior*[tiab] OR
ageing[tiab] OR retire*[tiab] OR
aging[tiab] OR "Aged"[Mesh] OR
"Aged, 80 and over"[Mesh])

AND (“United States” OR “United
States of America” OR American*
OR “USA” OR “U.S.A.” OR
“U.S.”) AND norm*

(AB(cogniti*) OR TI(cogniti*) OR AB(dementia)
OR TI(dementia) OR AB(Alzheimer*) OR
TI(Alzheimer*)) AND (AB(education) OR
TI(education)) AND (AB(Elder*) OR AB(old) OR
AB(older) OR AB("Aged") OR AB("Aged, 80 and
over”) OR TI(Elder*) OR TI(old) OR TI(older) OR
TI("Aged") OR TI("Aged, 80 and over”)) AND
(AB(adult) OR TI(adult)) AND (AB(non-white*)
OR AB(Asian*) OR AB(Indian) OR AB(Black*)
OR AB(African-American*) OR AB(“African
American”) OR AB(“African Americans”) OR
AB(Hispanic*) OR AB(Latin*) OR AB(Latina*)
OR AB(latino*) OR AB(latinx) OR AB(“Native
American*”’) OR AB(Polynesian*) OR
AB(Alaskan native*) OR AB(Arab*) OR
AB(“people of color”) OR AB(POC) OR
AB(BIPOC) OR AB(racial minority) OR
AB(“visible minority”) OR AB(“people of colour”)
OR AB(indigenous) OR AB(race) OR AB(racial)
OR AB(ethnic) OR AB(culture*) OR TI(non-
white*) OR TI(Asian*) OR TI(Indian) OR
TI(Black*) OR TI(African-American*) OR
TI(“African American”) OR TI(Hispanic*) OR
TI(Latin*) OR TI(Latina*) OR TI(latino*) OR
TI(latinx) OR TI(*“Native American*”’) OR
TI(Polynesian*) OR TI(Alaskan native*) OR
TI(Arab*) OR TI(“people of color”) OR TI(POC)
OR TI(BIPOC) OR TI(racial minority) OR
TI(*“visible minority”) OR TI(“people of colour™)
OR TI(indigenous) OR TI(race) OR TI(racial) OR
TI(ethnic) OR TI(culture*)) AND (“United States”
OR “United States of America” OR “USA” OR
“U.S.A.” OR “U.S.”) AND norm*

Exclusion Criteria

Dissertations and conference abstracts, non-English language articles

Sensitivity Analysis Framework

Following our review of the literature, we conducted a formal sensitivity analysis to examine the

extent to which disparities in dementia incidence would be eliminated if education quality were




equalized across racial groups, while holding constant educational attainment. Our sensitivity
analysis used a framework developed by VanderWeele & Robinson®’ to assess causal
relationships between race, socioeconomic context, and health outcomes. In this approach,
processes leading to racial discrimination are viewed as common causes of race and
socioeconomic context. In appropriately adjusted models, covariate coefficients correspond to
the effects of these variables on the outcome; the coefficient for race can be interpreted as the
health inequality that would remain if the distribution of other covariates across racial groups
were set equal to those of the reference group (i.e., setting the confounders for each person to

levels randomly chosen from the reference group distribution).

Unmeasured social/structural factors
(e.g., parental SES)

Race (subjective
perception of race and
lived experience)

/

Figure 1.1. Relationship between race, education quality and dementia. P represents the processes giving rise to
differences by race in education quality, including historical segregation, present-day systems and institutions that
perpetuate racial discrimination as well as individual perceptions of race.

Early education quality

. . . Dementia
(literacy, student-to-teacher ratio)

We applied this framework specifically to the context of race, early education quality,
and dementia, as illustrated in Figure 1.1: P represents the processes giving rise to differences
by race in education quality, including historical segregation, present-day systems and
institutions that perpetuate racial discrimination, and individual perceptions of race leading to
interpersonal racism. This process also gives rise to inequalities in education quality, which are

associated with dementia risk.”® Thus, the arrow between P and race represents the relationship



between racial discrimination and lower quality of education. This causal structure leads to
unmeasured confounding in the relationship between race—which we define to include
subjective perception by others as well as lived experience as a member of a particular racial
group—and dementia, in which there is a non-causal path through P and education quality.
While adjusting for P would block the open non-causal pathway (i.e., adjust for unmeasured
confounding) between race and dementia, P is difficult to measure. An alternative solution is to
adjust for education quality, which blocks this non-causal pathway as well as a causal pathway
between race and dementia (i.e., race = education quality = dementia). Under this alternative
solution, findings from our analysis allow us to estimate the proportion of racial disparities in
dementia that would be eliminated if education quality were equalized between racial groups.

For simplicity, we limited our analysis to comparisons between Black and White participants.

Extraction of Parameter Values

To parameterize our sensitivity analysis, we identified relevant estimates of the relationships
between race, education quality and dementia primarily in a separate literature search of studies
examining the relationship between education quality (in any form) and dementia risk among
diverse populations. This search used the same terms as the above-mentioned literature review,
but without limiting the search to only studies of normative data. The parameters that we
identified for the sensitivity analysis are as follows: 1) the proportions of White and Black
participants with low education quality (pw and ps, respectively), 2) the association between
race and incident dementia risk (HRyace-dementia), and 3) the association between education quality

and incident dementia risk (HREdQ-dementia) (Table 1.2).



Table 1.2 Definition of parameters used for sensitivity analysis

Parameter Definition Source of extracted
estimate(s)
Pw Proportion of White participants with low education quality Kaup et al., 2013
www.NCES.gov
P Proportion of Black participants with low education quality Sisco et al., 2015
HRE4-dementia Hazard of dementia for participants with low education Kaup et al., 2013
quality compared to participants with adequate education Yaffe et al., 2013

quality; low education quality defined as either <9™ grade
reading level, inadequate literacy according to the National
Center for Education Statistics, or having a student-teacher
ratio greater than or equal to 29.

HR ace-dementia Hazard of dementia for Black participants compared to Yaffe et al., 2013
White participants Shadlen et al., 2006

We identified only one study, the Health, Aging and Body Composition (Health ABC)
Study, in which all parameters required for our sensitivity analysis were available. Health ABC
is a prospective cohort study of older adults without dementia at enrollment from zip code areas
surrounding Memphis, Tennessee and Pittsburgh, Pennsylvania. The outcome of interest,
dementia, was adjudicated by an expert committee using any of the following definitions: 1) >1.5
standard deviations of decline in the Modified Mini Mental State Examination (3MS)* score
(from the participant's baseline to the most recent visit) compared with the mean change in 3MS
score in participants of the same race, 2) having dementia as a primary or secondary diagnosis at
admission on hospital records and a 3MS score below 90 (a standard cutoff for diagnosing
dementia), or 3) a prescription for a dementia medication.” “Likely dementia” was defined
similarly, only without the requirement for a 3MS score below 90 in those with an admission
diagnosis. Education quality was parameterized as low vs. high education quality, and low
education quality was defined as <9 grade reading level.”®
To evaluate the impact on our estimates of parameter values from other studies, we

extracted estimates for pw and pg from the National Center for Education Statistics (NCES)*'

and the Health and Retirement Study”'; “low education quality” was defined as having a student-
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teacher ratio of 29 or greater (HRS)*' or a literacy score reflecting “no more than the most simple
and concrete literacy skills” (NCES).”' We additionally extracted an estimate of HRace-dementia

from the Cardiovascular Health Study32. Only Health ABC had available estimates for HRgao-

dementiae«

Sensitivity Analysis Equation
We applied these parameter values to the sensitivity analysis equation developed by
VanderWeele®*~* to calculate the hazard of dementia comparing Black to White participants
adjusted for education quality; in other words, the extent to which racial disparities in dementia
risk would be eliminated if education quality were equalized across groups:
HRace-dementia (adjusted for EAQ) =

HR;ace-dementia / [(1 + (HREdQ-dementia— 1)*PB)/(1 + (HREdQ-dementia— 1)*pw)]
The above equation estimates a corrected hazard ratio estimate of the inequality in dementia risk
between Black and White participants by dividing the observed inequality by the bias factor on
the hazard ratio scale for the effect of the unmeasured, binary confounder (here, education
quality) on dementia risk, accounting for the prevalence of education quality in each group.” We
repeated this process for each of the HR acc-dementia €Stimates (including the point estimate and
95% confidence interval [CI]) identified from the literature, using every combination of the other

available parameters.
Necessary Assumptions for Sensitivity Analysis

VanderWeele & Robinson (2014) and VanderWeele (2013) discussed the limitations of such an

approach to sensitivity analysis. This approach assumes that the coefficient(s) for our mediator,

11



early education quality, corresponds to the effect of this variable on dementia risk and there is no
unmeasured confounding of this relationship. The analog of no unmeasured exposure-outcome
confounding (race and dementia risk) is not required in this framework as we do not
conceptualize an intervention on our exposure, race, but rather are interested in capturing a

2

“mediated racial inequality measure”.”’ We assume consistency in potential outcomes when
setting education quality according to the distribution observed in the white population and
positivity across the distributions of education quality, as well as no model misspecification.
Finally, in the sensitivity analysis equation, we rely on simplifying assumptions that our
unmeasured variable (education quality) is binary and that our outcome is “relatively rare” such

that the hazard ratio is approximately collapsible and the difference method adopted here is valid

. . . . 33
given our confounding and modeling assumptions.

RESULTS

Literature review: operationalization of education

In our literature search, we identified 12 eligible studies that developed norms for measures of
global cognition, which were published between 1999-2021. Multiple studies generated norms
for performance on the Mini Mental State Examination (MMSE)* or a modified version (n=2)
and on the Montreal Cognitive Assessment (MoCA?*®; n=3), which are two common instruments
for measuring global cognition. We found that in 10 out of 12 studies, educational attainment
was operationalized as a categorical (e.g. <9 years, 9-11 years, 12 years, 13-15 years, 16+ years)
variable. One study binarized educational attainment (0-13 years, >13 years)’® and one used a

continuous variable (years).”” Overall, only one study adjusted for education quality, using the

12



continuous reading score from the Wide Range Achievement Test (WRAT-3)’® as a proxy for

literacy>® (Table 1.3).

Table 1.3 Educational classification and use among studies that developed norms for standard cognitive screening
measures with multiple race/ethnicity groups (N=12)

Title First author | Study population Measure of Educational Education
(Year) age, sex, cognition attainment quality
race/ethnicity (N) (mean years of
education if
available)

Normative data | Rossetti Mean age 50.3 Montreal Cognitive | <12 years, 12 N/A
for the Montreal | (2011) years; 60% female; | Assessment years, >12 years
Cognitive 34% White, 52% (MoCA)
Assessment African American,
(MoCA) in a 11% Hispanic, 2%
population- other (N=2653)
based sample
Normative Ryan (2019) | Mean age 74 years; | Modified Mini- <9 years, 9-11 N/A
performance of 47.1% White, Mental State years, 12 years,
healthy older 39.1% African- Examination 13-15 years,
individuals on American, 13.8% (3MS) 16+ years
the Modified Hispanic/Latino; (mean years of
Mini-Mental 56% female education: 12)
State (3MS) (N=2291)
examination

according to
ethno-racial
group, gender,

age, and

education level

Effects of age, Snitz (2009) | Mean age 77.2 Animal fluency 0-8 years, 9-12 | N/A
gender, years; 65.2% task, Indiana years, 13+ years
education and female; 28.1% University Token (mean years of

race on two African American, | Test education: 12.2)

tests of 71.9% White

language ability (N=1885)

in community-

based older

adults

Re-evaluation Guayara- Mean age 79 Test of Practical 0-13 years, >13 | N/A
of psychometric | Quinn years; 68% female; | Judgment years (mean

evidence and (2021) 30% years education:
update of Black/African- 15)

normative data American, 8%

for the Test of Hispanic, 62%

Practical White (N=348)

Judgment

*Demographic and sample size information only includes U.S. participants who participated in the study

13



Table 1.3 (continued)

Neuropsycholo | La Rue Age range 65-97 Fuld Object 0-6 years, 7-9 N/A
gical (1999) years; 46.8% Memory years, 10-12
performance of female; 45% Evaluation, Digit years, >12 years
Hispanic and Hispanic, 55% Span, category
non-Hispanic non-Hispanic white | naming, clock
older adults: an (N=797) drawing, Color
epidemiologic Trails
survey
Performance of | Patton Mean age 72; 50% | Repeatable Battery | Less than 8th N/A
cognitively (2003) African American, | for the Assessment | grade, some
normal African 50% White; 62% of high school,
Americans on males (n=100) Neuropsychologica | completed high
the RBANS in 1 Status school, some
community college,
dwelling older completed
adults college, some
graduate school,
completed
graduate school
Geriatric Jefferson Mean age 71.9 Boston Naming Less than high | Average
performance on | (2007) years; 66.2% Test school, some WRAT-3
an abbreviated female; 12.4% college, college | vs. above-
version of the African Americans, grad, less than average
Boston naming 87.6% White grad degree,
test (N=219)" graduate degree
Norms for letter | Gladsjo Mean age 52 years; | Letter and 0-11 years, 12- | N/A
and category (1999) 47% female; 53% Category Fluency 15 years, 16+
fluency: White, 47% years (mean
demographic African American years of
corrections for (N=768) education: 14)
age, education,
and ethnicity
Demographicall | Casaletto Mean age 49.1; NIH Toolbox Years N/A
y Corrected (2015) 63.1% female; Cognition Battery (continuous)
Normative 61.5% White,
Standards for 14.8% African
the English American, 9.6%
Version of the Hispanic (N=1038)
NIH Toolbox
Cognition
Battery
Normative data | Schneider Mean age 71.9; Delayed Word < High school, | N/A
for 8 (2015) 62.6% female; Recall Test, high
neuropsycholog 44.9% Black, Logical Memory, school/GED/vo
ical tests in 55.1% White Word Fluency cational school,
older blacks and (N=712) Test, Animal college or
whites from the Naming, Trail graduate/profes
atherosclerosis Making Test Part sional school
risk in A&B, Digit
communities Symbol

(ARIC) study

Substitution Test

Demographic and sample size information only includes cognitively normal participants who participated in the

study
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Table 1.3 (continued)

normative data
for the Montreal

the systolic
blood pressure
intervention
trial

White, 27.4%
Black, 9.5%

or GED, post-
high school or

Cognitive Hispanic (N=5338) some college,
Assessment college
(MoCA): graduate or
Results from higher

Normative Menon Mean age 61.9 Mini Mental State | 8-13 years, 14+ | N/A
performance on | (2012) years; 68.7% Examination years (mean

the executive female; 43% (MMSE) years of

clock drawing Hispanic, 57% education: 10.9)

task in a multi- non-Hispanic

ethnic bilingual White (N=445)

cohort: a project

FRONTIER

study

Robust Sachs Mean age 66.9 Montreal Cognitive | Less than high | N/A
demographicall | (2021) years; 35.7% Assessment school, high
y-adjusted female; 63.1% (MoCA) school graduate

Sensitivity analysis

To obtain race-specific proportions of low education quality (pw and pg for White and Black
participants, respectively), we operationalized education quality as a binary variable (low
education quality vs. adequate education quality) using different definitions from Kaup et al.>®,
Sisco et al.”, and the NCES.*' In Kaup et al.*®, low education quality was defined based on
achieving limited literacy (i.e., <9"™ grade reading level) as discussed previously. Using this cut-
point, 44.3% of Black participants and 10.5% of White participants had “limited literacy” and
thus low quality. Sisco et al.>' defined low education quality as having a student-teacher ratio of
29 or greater (Black: 71%; White: 33%). The NCES’' defined low education quality as having
below-basic literacy, i.e. “having no more than the most simple and concrete literacy skills,”
which includes being unable to locate “easily identifiable information in short, commonplace

prose texts,” locate “easily identifiable information and follow written instructions in simple

documents,” or search “a short, simple text to find out what a patient is allowed to drink before a
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medical test”; being unable to locate numbers and “[use] them to perform simple quantitative
operations (primarily addition)” or add the amounts on a bank deposit slip; or being unable to
sign a form (Black: 24%; White: 7%).

Next, we obtained estimates for the association between education quality and dementia
(HREgdQ-dementia) from Health ABC, which, as noted above, defined education quality as <9
grade reading level. These estimates were HR=1.53 (95% CI: 1.17, 2.00) from Kaup et al.'® and
HR=1.70 (95% CI: 1.41, 2.00) from Yaffe et al.*® We also obtained estimates for the association
between race and dementia (HRace-dementia) from Health ABC?® and the Cardiovascular Health
Study (CHS)*, which were HR=1.37 (95% CI: 1.12, 1.67) and HR=2.0 (95% CI: 1.43, 2.74),

respectively (Table 1.4).

Table 1.4 Sensitivity analysis parameter estimates from the literature for relationships between education quality,
race, and dementia

Race Spee(;::lizzt[l’(l)'::lz;:::iil;s of low HREdQ-dementia HRrace-dementia (95%CI)
Kaup et al., 2013 (Health ABC) Kaup et al., 2013 (Health ABC) Shadlen et al., 2006 (CHS):
EdQ: limited literacy, <9™ grade Risk of likely dementia® Adjusted for education,

reading level Adjusted for age, sex, race, comorbidities, APOE4
ps= 0.443 education, income HR;ce-dementia (95% CI): 2.00
pw=0.104 HRg4q-dementia (95%CI): 1.53 (1.43, 2.74)
(1.17, 2.00)
www.NCES.gov Yaffe et al., 2013 (Health ABC):
EdQ: below-basic literacy in 2003' Adjusted for demographics,
ps=0.24 Yaffe et al., 2013 (Health ABC) APOE4, comorbidities, lifestyle
pw=0.07 Risk of incident dementia HR;ce-dementia (95%CI): 1.37
Adjusted for: N/A (1.12, 1.67)
Sisco et al., 2015 (HRS) HREdQ-dementia (95%CI): 1.70
EdQ: student-teacher ratio >29 (141, 2.05)
ps=0.711
pw= 0.329

'Defined as “having no more than the most simple and concrete literacy skills”, which includes being unable to
locate “easily identifiable information in short, commonplace prose texts”, locate “easily identifiable information
and follow written instructions in simple documents”, or search “a short, simple text to find out what a patient is
allowed to drink before a medical test”; being unable to locate numbers “using them to perform simple quantitative
operations (primarily addition)” or add the amounts on a bank deposit slip; or being unable to sign a form
(nces.ed.gov/naal/pdf/2006470 1.pdf)

*Likely dementia define as “if any of the following criteria were met: (a) record of a hospitalization with dementia
listed as a primary or secondary diagnosis, determined through Health ABC adjudication to reflect a chronic,
progressive decline rather than an acute change (eg, delirium), (b) a documented prescription for dementia
medication, or (c) > 1.5 SD decline in 3MS score from participants’ baseline to last visit compared with the mean
3MS change exhibited by their race-matched peers within the cohort.”

*Only included participants with <10 years of educational attainment.
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Table 1.5 shows the results of calculations for HRace-dementia With every combination of
the parameters in Table 1.4. HRsce-dementia Was attenuated in every combination. Using HRgq4o-
dementia from Kaup et al.* (i.e., education quality defined according to high and low literacy using
below 9™ grade reading level), HRace-dementia (risk of likely dementia for Black compared to
White participants) adjusted for age, sex, race, education, and income was attenuated from 1.37
(95% CI: 1.12, 1.67) to 1.17 (95% CI: 0.96, 1.43), an attenuation of 54% (i.e., from 37% excess
risk to 17% excess risk). The percent attenuation ranged from 29% to 68% based on

specifications of the education quality-dementia and race-dementia relationships.

Table 1.5 EdQ-adjusted relationship between race and dementia using different combinations of parameter estimates

from the literature

Race-specific . 1 Percent
proportions of HRE4Q-dementia HR 2 (95%CT) EI(_lIQR-AdJuStéd attenuated’
low education (95%CTI) race-dementia ¢ (Jg%e/dé"f)" ta from EdQ-
quality ’ Adjustment
2.0(1.43,2.74)
1.53 (1.17, 2.00) Adjusted for education, o
EdQ = Limited comorbidities, APOE4 Ao (122 2:350) 220
literacy (<9™ grade (Shadlen et al., CHS)
ding level) (Health
reacing :];8 (Hea 137 (1.12, 1.67)
_ ] ; Adjusted for age, sex
pp=0.443 Risk of likely 2% M
pw=0.104 dementia; adjusted for AECID, B L h15t01jy aif
age, sex, race stroke or myocardial
T9418) = Diatiias] o duca’tion ,incor’ne infarction, hypertension, | 1.17 (0.96, 1.43)* 54%
literacy (<9™ (Kaup et al., Health diabetes, dgpressmn,
grade reading ABC) current smoking, alcohol
level) (Kaup et use, physical activity
al.; Health ABC) (Yaffe et al., Health ABC)
N 1.70 (1.41, 2.05)
EdQ = Limited 2.0 (1.43,2.74) 1.64 (1.17,2.24) 36%
literacy (<9™ grade
reading level) (Health
ABC)
derﬁ‘esnl‘ti‘j:;z‘%ﬁe q 137 (1.12, 1.67) 1.12 (0.92, 1.37)* 67.6%
(Yaffe et al., Health
ABC)

lEquation used: HRrace-dementia, adjusted for U~ HRrace-dementia/ [(1+(HREdQ—dementia'1)*pB)/(1+(HREdQ-dementia'1)*pW)];
where pg = proportion of Black participants with low EdQ; pw=proportion of White participants with low EdQ;

definition of low EdQ specified for each estimate
*Percent attenuation defined according to percent attenuation in excess risk (HR-1/HR) from the unadjusted to the

EdQ-Adjusted HR

*Confidence interval crosses HR=1

17




Table 1.5 (continued

ps=0.24 2.0 (1.43,2.74) 1.84 (1.32,2.52) 16%
pw=0.07 1.53 (1.17, 2.00)
137 (1.12, 1.67) 1.26 (1.03, 1.54) 29.7%
EdQ = Below- 2.0 (1.43,2.74) 1.80 (1.28, 2.46) 20%
basic literacy 1.70 (1.41, 2.05)
(NCES)® 137 (1.12, 1.67) 1.23 (1.01, 1.50) 37.8%
ps=0.711 2.0 (1.43,2.74) 1.71 (1.22, 2.34) 29%
pw=0.329 1.53 (1.17, 2.00)
137 (1.12, 1.67) 1.17 (0.96, 1.42)* 54%
EdQ = Student-
teacher ratio >29 2.0 (1.43,2.74) 1.64 (1.17,2.25) 36%
(Sisco et al., 1.70 (1.41, 2.05)
HRS) 137 (1.12, 1.67) 1.13 (0.92, 1.37)* 64.8%

*Defined as “no more than the most simple and concrete literacy skills” in the domains of prose, document and
quantitative literacy in 2003 (nces.ed.gov/naal/pdf/2006470 1.pdf)
*Confidence interval crosses HR=1

Using HRg4q-dementia from NCES®' (i.e., education quality defined according to below-
basic literacy), HR race-dementia (risk of likely dementia for Black compared to White participants)
adjusted for age, sex, race, education, and income was attenuated from 1.37 (95% CI: 1.12, 1.67)
to 1.23 (95% CI: 1.01, 1.50), an attenuation of 37.8% (i.e., from 37% excess risk to 23% excess
risk). This percent attenuation ranged from 16% to 38% based on specifications of the education
quality-dementia relationship as well as the race-dementia relationships.

Finally, when using HRg4q-dementia from Sisco et al.*’ (i.e., education quality defined
according to student teacher ratio=>29), HR 1ace-dementia (risk of likely dementia for Black compared
to White participants) adjusted for age, sex, race, education, and income was attenuated from
1.37 (95% CI: 1.12, 1.67) to 1.13 (95% CI: 0.92, 1.37), an attenuation of 65% (i.e., from 37%
excess risk to 13% excess risk); percent attenuation ranged from 29% to 65% based on

specifications of the education quality-dementia and race-dementia relationships.
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DISCUSSION

In this study, we examined the extant literature to evaluate the utilization and operationalization
of education measures (attainment and quality) to account for differences in measured cognition
between racial/ethnic groups in the United States. Noting a paucity of work adequately
incorporating measures of education quality, we performed a sensitivity analysis to quantify the
potential reduction or elimination of racial disparities in dementia risk that resulted from making
the quality of education comparable between groups, without changing present disparities in
educational attainment. Our findings suggest that U.S. Black versus White population disparities
in dementia risk would be consistently attenuated after equalizing education quality (i.e., setting
the distribution of education quality among Black participants to be that observed among White
participants), allowing for variation in the parameter estimates of values identified in the extant
literature. While additional research is needed to confirm this finding and to quantify the impact
of early-life education quality on dementia risk, our results add support to the critical need to
address educational inequality for reasons of public health as well as social justice.

In the literature, education is operationalized as a quantitative, categorical variable in
most studies that developed norms for standard cognitive screening measures. Few studies
accounted for or operationalized education quality. Studies that developed normative data
sources by age and educational attainment generally only considered categorized education level,

with the same norms applied across racial/ethnic groups.>>***’

While this is problematic due to
the socioeconomic context-specific nature of educational attainment that often differs by

racial/ethnic group, there are also issues with developing normative data by race.*' Race-specific

norms of cognition may obscure underlying factors contributing to between-group discrepancies,
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which creates barriers to measuring racial disparities and may imply that underlying differences
are biological rather than socially constructed.* Developing norms for cognitive testing that
consider education guality may contribute to more valid cognitive testing overall and for
minority populations in particular. Such norms will provide additional information about the
historical context that contribute to poor education quality for many Black Americans, including
racist housing and education policies (e.g. redlining and legalized school segregation) with
effects that continue to manifest in present-day structural racism.

Previous work has hypothesized that measures of education quality such as literacy are a
more accurate reflection of the overall educational experience than years of educational
attainment, and that differences in the quality of education greatly contribute to racial and ethnic
disparities in late-life cognitive decline®'. Manly et al.** found that after matching Black and
White older adults on years of educational attainment, adjusting for WRAT-3 significantly
reduced (i.e. attenuated to the null) racial differences in scores for nearly all cognitive tests. This
is consistent with findings from our sensitivity analysis showing that equalizing education
quality between groups would significantly attenuate the observed racial disparities in dementia
risk, even after accounting for differences in educational attainment. We further expanded on the
work by Manly et al.”* with the inclusion of a process measure (student-teacher ratio) as well as
an outcome measure (9" grade literacy, literacy score), and provided a range of estimates for the
extent to which racial disparities in dementia risk could potentially be attenuated after accounting
for these measures of education quality. While the latter measure, limited literacy, is likely the
consequence of both education quality and attainment along with broader social factors in early-
life, it generally reflects a fundamental failure of the education system. Historical and present-

day racial discrimination on a systemic level, such as geographic disparities in education quality
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due to racial segregation and economic factors, and on an individual level, such as differential
treatment of children according to ascribed racial identity43, perpetuate stark disparities in the
access and receipt of high-quality education. In the same study””, the authors noted the
importance of not perpetuating the fallacy that residual racial disparities in test performance are
due to biological differences; and thus, the need to quantify the substantial proportion of the
racial disparities that can be attributed to the educational experience beyond years of educational
attainment. In any event, addressing disparities in education quality in addition to or
independently of educational attainment is critical to understanding and mitigating health
disparities. Future work is critically needed to elucidate the complex relationships among race,
educational attainment and quality, and dementia risk.

Our study has several limitations related to our intentionally simplified conceptual model
described in Figure 1.1. There are likely mechanisms contributing to observed disparities not
captured in our model, including subsequent employment opportunities, adulthood
socioeconomic status and other sources of unmeasured confounding. Since we sought to
determine the effect of education quality on the relationship between race and dementia beyond
that of educational attainment, our conceptual model does not take into account the substantial
impact of education quality on attainment.** As a result, the full attenuation of the relationship
between race and dementia may be greater than what we estimated, had we included the impact
of education quality on educational attainment in our model. Further, the necessary use of broad
comparison groups, Black versus White, may obscure significant heterogeneity within groups
and fail to capture disparities in other U.S. racial or ethnic groups. For example, the comparison
was not able to not address differences in dementia incidence between foreign-born versus U.S.-

born minorities previously identified in the literature.> Future research should aim to assess the
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proportion eliminated in racial or ethnic disparities in dementia risk among other minority groups
in the U.S., although this would first require estimates of the association between education
quality and dementia risk in these populations.

There are several additional limitations due to potential violations of the assumptions for
the sensitivity analysis method. First, there was a minor violation of the rare disease assumption,
as approximately 18% of the participants in Health ABC developed dementia over follow-up.”
However, Health ABC was the only study in which all key parameter estimates were available,
and the only study that provided an estimate of the association between education quality (with
literacy as a proxy) and dementia. Second, potential unmeasured confounding in the studies
providing our parameter estimates for HRace-dementia and HREdQ-dementia WOuld have violated the
assumption that the estimates used in the sensitivity analysis are unconfounded. The studies from
which we obtained hazard ratio estimates for the sensitivity analysis did not take into account
potential birth cohort effects and geographical variation, such as legalized racial segregation
during formal schooling experienced by earlier birth cohorts, which may be a source of
significant unmeasured confounding in the relationship between race and dementia (HR4ce-
dementia).4 We also acknowledge that while racial disparities in dementia risk documented in the
literature may be biased due to differences in literacy that increase the risk of falsely diagnosing
MCI or dementia in minority populations,” the use of race-specific criteria for dementia
adjudication in Health ABC may have in fact underestimated the risk of dementia for Black
compared to White participants. A larger estimate for HRace-dementia 10 the sensitivity analysis
may have yielded a smaller proportion of disparities eliminated. Finally, there was likely
unmeasured confounding of the education quality and dementia relationship (HRE4Q-dementia) from

the literature by early childhood experiences or cognitive development. These factors may also
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be a source of measurement error for education quality, as low literacy may be a poor proxy for
poor education quality for participants whose low score on literacy tests are partly or fully due to
early deprivation in nutrition, lack of familial support, or other adverse exposures in the early
developmental period (i.e. reasons not directly related to low education quality). Even if none of
the assumptions were violated, it is important to note that our analysis only captures the
proportion of racial inequality in dementia risk due to the particular measure of education quality
that was used in each iteration of the sensitivity analysis (e.g. student-to-teacher ratio or 9" grade
literacy, but not both). Thus, as stated previously, we interpret our results with caution and
suggest that education quality may be an underexamined but considerable contributor to
inequalities in dementia risk.

Given the significant burden of dementia in the United States and the disproportionate
risk among racial/ethnic minorities, there is ample reason to explore the important role of
education quality in reducing disparities in cognitive aging. Not accounting for education quality
in studies of cognitive decline and dementia among racially diverse populations of older adults
perpetuates the lack of information on how to address these disparities. Measuring and
operationalizing education quality in addition to educational attainment will enhance our
understanding of the relationships between race, education, and dementia, which is particularly
important for the development of normative data on cognition that considers early-life
socioeconomic context. Developing practical interventions to reduce racial disparities in health

outcomes, rather than documenting them, has been discussed at length in the literature.*¢*®

4950 and more

However, policy efforts aimed at reducing these disparities have not been effective,
specific targeting of domains where socioeconomic and racial/ethnic disparities arise may be

needed. For example, changes in schooling and education structure may be able to significantly
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improve early educational achievement among students in low-income areas’', which is likely a
downstream effect of improving education quality as well as attainment. Finally, literature
focusing on disparities in cognition by race/ethnicity without the acknowledgement of broader
social and societal contexts places focus on factors that are non-modifiable by late-life, such as
educational attainment and employment opportunities, and risks reinforcing fallacious biological
essentialism. These historically constructed, systemically unequal opportunites for racial and
ethnic minorities in the U.S. lead to stark disparities in life-course health outcomes. In order to
take actionable and concrete steps to address the disproportionate burden of dementia among
racial and ethnic minorities, it may be more useful to shift the paradigm to instead study critical
periods for modifiable social factors across the life-course and develop interventions to redress

extant inequalities among older adults.
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ABSTRACT

INTRODUCTION: Lower educational attainment is associated with higher burden of vascular
risk factors in mid-life and higher risk of dementia in late life. We aim to understand the causal
mechanism through which vascular risk factors potentially mediate the relationship between
education and dementia.

METHODS: In a cohort of 13,368 Black and White older adults in four U.S. communities, we
assessed the relationship between education and dementia among all participants and among
those with incident stroke. Multivariable Cox models were adjusted for age, race-center, sex,
APOE &4 genotype, and family history of cardiovascular disease. Causal mediation models were
used to assess mediation by mid-life systolic blood pressure, fasting blood glucose, body mass
index and smoking.

RESULTS: Participants with less education had worse vascular profiles at mid-life. More
education was associated with 8-44% lower risk of dementia compared to grade school-level
education in a dose-response pattern, while there was no evidence of an association between
education and post-stroke dementia. Up to 25% of the association between education and
dementia was mediated through mid-life vascular risk factors. A similar proportion was mediated
when considering mid-life diet and physical activity as additional mediators.
INTERPRETATION: While a substantial proportion of the relationship between education and
dementia risk was mediated through mid-life vascular risk factors, modification of risk factors is
unlikely to fully address the large educational disparities in dementia risk. Prevention efforts
must also address disparities in socioeconomic resources leading to divergent early-life

educational experiences and other structural determinants of mid-life vascular risk factors.
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INTRODUCTION

Many pathways have been proposed to explain the inverse association between educational
attainment and dementia®’, such as greater cognitive reserve conferred by more education that
improves cognitive test performance and increases the time elapsed between pathologic onset
and dementia diagnosis.”’ Educational attainment is also an important index of socioeconomic
status, and its association with vascular risk factors®"®* is likely due to limited access to a variety
of social, cultural and financial resources. Disparities in educational attainment in the United
States is rooted in racist historical policies on housing and schooling, as well as stigma and
institutional barriers experienced by racial and ethnic minorities in the educational setting.®’
Important downstream effects of high educational attainment include exposure to privileged
social networks with norms that involve health-promoting behaviors64, access to medical care65,
and better occupational opportunities®®. These factors cumulatively provide the resources and
opportunities to develop the health literacy necessary for carrying out behaviors to maintain
health. Disparities in access to these health-promoting resources give rise to substantial variation
in key vascular risk factors in mid-life, such as hypertension and diabetes, which are strongly

associated with the risk of dementia in late-life.%”®®

In this hypothesized causal pathway, higher
education leads to better mid-life vascular risk factors, which then leads to lower risk of

dementia.
Several considerations inform this hypothesized causal mechanism. Prior studies in the

Atherosclerosis Risk in Communities (ARIC) Study have shown that while more education is not

associated with less change in cognitive performance from mid- to late life® after adjusting for
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vascular risk factors, higher systolic blood pressure at mid-life is associated with greater
cognitive decline.” If vascular risk factors are, in fact, important mediators in the former
association, any potential relationship between education and the rate of cognitive decline may
be obscured due to adjusting for mediators. Further, if cognitive decline begins earlier for those
with low educational attainment, it would suggest an even earlier etiologic window of
modification for vascular risk factors in order to meaningfully lower dementia risk in later life.
This is supported by evidence that vascular risk factors in early adulthood, including systolic
blood pressure (SBP), diabetic status, body mass index (BMI) and smoking’', are associated with
risk of dementia, suggesting that any potential intervention may need to take place earlier than
mid-life. Prevention strategies for dementia largely focus on the control of vascular risk factors

at mid-life through changes in diet and physical activity, "

and successful implementation of
these strategies requires an understanding of the causal mechanism through which educational

attainment and vascular risk factors jointly contribute to the overall risk of dementia.

Using data from ARIC, we aim to establish whether vascular risk factors in mid-life are a key
mechanism through which higher educational attainment leads to lower dementia risk. We will
first assess mediation of the relationship between educational attainment and dementia by mid-
life SBP, fasting blood glucose (FBG), BMI and of smoking. Since we may expect education to
have less of a key role in dementia risk among stroke survivors, a group of individuals with
uniformly elevated vascular risk’*”, we additionally aim to determine whether lower educational

attainment is associated with higher risk of dementia among those with incident stroke.
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METHODS

Participants

The ARIC Study recruited 15,792 participants aged 45 to 64 years from field centers in 4 US
communities (Washington County, Maryland; Forsyth County, North Carolina; Jackson,
Mississippi; and Minneapolis suburbs, Minnesota).”® The baseline examination (Visit 1, i.e.
“mid-life””) took place from 1987 to 1989, where demographic characteristics and medical
history were ascertained using a questionnaire administered by trained interviewers. Follow-up
examinations occurred at approximately 3-year intervals through the 1990s: 1990 to 1992 (Visit
2), 1993 to 1995 (Visit 3), 1996 to 1998 (Visit 4). Additional follow-up visits occurred in 2011 to
2013 (Visit 5), 2016 to 2017 (Visit 6), and 2018 to 2019 (Visit 7). Each in-person visit involved
administering questionnaires, clinical examination, and collection of blood and urine specimens.
Additionally, participants were contacted by telephone annually from enrollment and
semiannually since 2012. Hospital records were abstracted for adjudication of clinical
cardiovascular events, followed by informant interviews after a participant’s death. The study
was approved by the institutional review boards at Johns Hopkins University, Wake Forest
University, University of Mississippi Medical Center, and the University of Minnesota. Written

informed consent was obtained from all participants as well as proxies when required.

For this analysis, we included Black participants from Forsyth County and Jackson and White
participants from Forsyth County, Minneapolis and Washington County without prevalent
dementia at Visit 1 (n=15,688; 1 participant excluded due to prevalent dementia). We then

excluded participants whose level of education was unknown (n=26); were missing data on
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vascular risk factors (n=431), diet or physical activity (n=432), or APOE &4 genotype (n=576);
and those who did not provide consent for their DNA data to be used (n=864). A total of 13,368
participants were included in the main analysis. Among these participants, 1127 (8.4%) had an

incident stroke during follow-up and were included in the post-stroke dementia analysis (Figure

2.1).
15,792 participants at ARIC baseline
48 participants who are not Black or White
> 55 Black participants from Minneapolis or
Washington County
15,688 Black or White participants
from included race-centers
(Black participants from Forsyth
County or Jackson; White participants
from Forsyth County, Minneapolis or
Washington County)
26 missing educational attainment
431 missing V1 vascular risk factors
423 missing V1 diet or physical activity
576 missing APOE information
v 864 did not provide consent for DNA
13,368 participants with complete data
on covariates
A

1127 participants with 12,241 participants without

incident stroke > 365 days incident stroke > 365 days

before dementia diagnosis before dementia diagnosis

Figure 2.1. Study participant flowchart

Variables
Age at Visit 1, sex, race, educational attainment and family history of cardiovascular disease

(CVD) were self-reported at Visit 1. Family history of CVD includes either parent’s history of
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diabetes, stroke, coronary heart disease (CHD), or premature family history of CHD (onset at
<55 years of age). Age at stroke was determined using the time elapsed between Visit 1 and the
date of the stroke event. Educational attainment was categorized in five levels: grade school,
high school without graduation, high school graduate or equivalent (includes vocational school),
college with or without graduation, and graduate or professional school. APOE &4 genotype was
defined using single-nucleotide polymorphisms rs429358 and rs7412 and categorized as 0, 1 or 2

&4 alleles.”’

SBP was measured using a standardized Hawksley random-zero sphygmomanometer during
three visits, averaging the second and third readings to obtain the final value. Hypertension was
defined as having systolic blood pressure >140mmHg, diastolic blood pressure >90mmHg, or
use of antihypertensive medications. FBG was measured using the hexokinase/glucose-6-
phosphate dehydrogenase method with blood collected from participants after 8 hours of fasting.
Diabetes was defined as fasting glucose level > 126mg/dL, non-fasting glucose level > 200
mg/dL, self-reported physician-diagnosis of diabetes, or use of diabetes medication in the past 4
weeks. Body mass index was calculated as measured weight in kilograms divided by height in
meters squared. Among current and former smokers, packs smoked per day was obtained by
asking participants how many cigarettes they usually smoked per day and multiplying this
number by the duration of smoking in years to obtain pack-years.”® We additionally used
measures of adherence to diet and physical activity guidelines to supplement the data on vascular
risk factors. Adherence to recommendations from the 2015-2020 U.S. Dietary Guidelines for
Americans’ at Visit 1 was measured using the Healthy Eating Index 2015 (HEI-2015), which

was calculated from participants’ responses to the 66-item semi-quantitative food frequency
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questionnaire™ and coded as low (range: 34.6, 65.2), middle (range: 65.2, 73.4), or high (range:
73.4, 96.2). Leisure-time moderate-to-vigorous intensity physical activity (MVPA) at Visit 1 was
measured using participants’ self-reported questionnaire responses on the duration and frequency
spent in each of up to 4 leisure-time activities® > and categorized as none (0 minutes/week),

middle (1-149 min-wk™") or high (>150 min-wk™).*

Dementia and stroke

Dementia cases were ascertained based on expert adjudication using data from cognitive
evaluations and informant interviews at Visits 5, 6, and 7, each, as well as other methods to
identify cases in the cohort who did not attend the visits.** All participants seen at these visits
completed an extensive neuropsychological battery, and for those participants in this subset with
evidence of any cognitive decline on cognitive testing, as well as a random sample consisting of
10% of those outside the subset, an informant interview was additionally conducted using the
modified Clinical Dementia Rating (CDR)* and the Functional Activities Questionnaire
(FAQ); Participants seen in person at these visits were identified as mild cognitive impairment
or dementia based on a computer algorithm with subsequent expert adjudication using the full
history of neuropsychological testing plus these informant interviews, as previously described
and based on standardized criteria.** For individuals who did not attend one of the in-person
visits, additional dementia cases were ascertained using the modified Telephone Interview for
Cognitive Status®’ as well as via informant interviews based on the CDR and FAQ and the Eight-
item Informant Interview to Differentiate Aging and Dementia (AD-8).** Cases were also
ascertained by surveillance based on a discharge hospitalization ICD-9 or death certificate code

(290.0, 290.1, 290.2, 290.3, 290.4, 290.9, 294.1, 294.2, 294.8, 294.9, 331.0, 331.1, 331.2, 331.8,
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and 331.9) from the date of the last participant contact up to the most recent follow-up. Strokes
were ascertained through annual follow-up phone calls to study participants or proxies,
surveillance of discharges from local hospitals, and death certificates, with expert adjudication of

stroke events.®*”’

Post-stroke dementia was defined among those who were diagnosed with
dementia at least one year after the incident stroke date. This is a conservative definition that

aims to avoid false diagnoses due to transient acute changes after a stroke.

Statistical analysis

We described differences in age at Visit 1, age at stroke, sex, race-center, APOE €4 genotype,
family history of CVD, and mid-life vascular risk factors by educational attainment. If the
participant was not diagnosed with dementia, the censoring date was based on the date of death
or the last available follow-up assessment; surveillance records are available up to December 31,
2019. Cause-specific Cox regression models estimated hazard ratios (HRs) and 95% confidence
intervals (Cls) for incident dementia by educational attainment. Time-to-event for dementia in
the entire cohort was defined as Visit 1 to incident dementia, and the Cox model was adjusted for
age at Visit 1, sex, race-center, APOE &4 genotype, and family history of CVD. The analysis for
post-stroke dementia included only the participants with incident stroke (n=1127), defining time-
to-event as time from stroke to incident dementia and adjusting for age at stroke instead of age at
Visit 1. We conducted a sensitivity analysis for post-stroke dementia without using the 365-day

lag between the date of incident stroke and dementia diagnosis (n=1167).

In both models, we did not include any covariates that temporally follow educational attainment,

such as marital status and employment status, since they are potentially on the causal pathway
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between education and incident dementia. We assessed and verified the proportional hazards
assumption by visual inspection of the Kaplan-Meier plot and by adding an interaction term

between educational attainment and the natural logarithm of the time-to-event variable.

Causal mediation analysis

Using a regression-based method developed by Huang and Yang’', we conducted causal time-to-
event mediation to determine the extent to which mid-life (i.e. Visit 1) vascular risk factors
(SBP, FBG, BMI and pack-years of smoking) mediate the relationship between educational
attainment and incident dementia. This method builds on the work by VanderWeele’* on single
causal mediation with Cox proportional hazards models by applying the conjugacy property of
the normal distribution to multiple mediation. The usage of this method requires the necessary

assumptions of no unmeasured confounding, positivity and consistency.

Since all mediators were continuous, mediator models were constructed using linear regressions.
The outcome model was a Cox proportional hazards model with time-to-dementia as the
outcome. Models compared each educational attainment level to the lowest level (grade school).
All models included coefficients for education, age, sex, race-center, APOE &4 genotype, and
family history of CVD. We assessed SBP, FBG, BMI, and smoking as the primary mediators of
interest; we additionally included diet and physical activity as mediators in a sensitivity analysis
to determine whether any proportion of the relationship mediated by lifestyle factors was not

captured by the vascular risk factors.
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For each mediator, we multiplied the coefficient for the mediator in the outcome model and the
coefficient for education in the mediator model; then summed up this product for each mediator
to get the natural indirect effect, interpreted as the risk of dementia for someone with risk factor
values under their actual education level compared to if their risk factors took on the value of
what they would have been if they had grade school-level education (i.e. the reference level of
the exposure). The proportion mediated was calculated by dividing the natural indirect effect by
the total effect of education on dementia, the latter of which is obtained from the multivariable-
adjusted Cox regression model. Confidence intervals were calculated using 1) multivariate
normal distributions generated using the means and standard deviations of the coefficients for
education and the mediators in the outcome model, and 2) normal distribution vectors generated

using the means and standard deviations for the education coefficient in the mediator model.”!

Mediation analyses were conducted using R statistical package version 1.3. All other analyses

were conducted using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Participant Characteristics

Among the 13,368 baseline participants, the mean follow-up time from Visit 1 was 22.8 years
(SD: 8.3), with 20.0% of the cohort developing incident dementia over 22.8 years of follow-up.
All demographic variables and vascular risk factors differed by educational attainment.
Participants with lower educational attainment were older and more likely to be female or Black,

have 2 copies of the APOE ¢4 allele, or have worse vascular risk profiles at baseline (Table 2.1).
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Table 2.1 Participant characteristics by educational attainment (N=13,368)

High school High school | Some college Graduate
All Grade . or
Mean (SD) or N . . without graduate or | or graduated .
Participants School . a professional
(%) (n=13,368) (n=1264) graduation equivalent college school
(n=1839) (n=5502) (n=3459) (n=1304)
Age (V1) 54.3 (5.8) 57.5(4.9) 54.9 (5.7) 54.0 (5.7) 53.6 (5.8) 53.2(5.7)
Sex, Female 7262 (54.3%) | 578 (45.7%) | 1094 (59.5%) | 3277 (59.6%) | 1769 (51.1%) | 544 (41.7%)
Race, Black 3311 (24.8%) | 667 (52.8%) | 715 (38.9%) 946 (17.2%) 572 (16.5%) | 411 (31.5%)
Race-center
Black, Forsyth 402 (3.0%) 49 (3.9%) 75 (4.1%) 144 (2.6%) 97 (2.8%) 37 (2.8%)
White, Forsyth 3120 (23.3%) | 196 (15.5%) | 321 (17.5%) 1332 (24.2%) 958 (27.7%) | 313 (24.0%)
Black, Jackson 2909 (21.8%) | 618 (48.9%) | 618 (34.8%) 802 (14.6%) 475 (13.7%) | 374 (28.7%)

White, 3493 (26.1%) 61 (4.8%) 156 (8.5%) 1639 (29.8%) | 1293 (37.4%) | 344 (26.4%)
Minneapolis 3444 (25.8%) | 340 (26.9%) | 647 (35.2%) 1585 (28.8%) | 636 (18.4%) | 236 (18.1%)
White, Wash. Cty.
Family history of 1150 (8.6%) 65 (5.1%) 173 (9.4%) 500 (9.1%) 318 (9.2%) 94 (7.2%)
CVD
APOE &4 allele
22/23/33 9260 (69.3%) | 837 (66.2%) | 1242 (67.5%) | 3875 (70.4%) | 2394 (69.2%) | 912 (69.9%)
24 /34 3755 (28.1%) | 396 (31.3%) | 533 (28.9%) 1490 (27.1%) | 968 (28.0%) | 368 (28.2%)
44 353 (2.6%) 31 (2.5%) 64 (3.5%) 137 (2.5%) 97 (2.8%) 24 (1.8%)
Hypertension (V1) | 4626 (34.8%) | 666 (52.9%) | 786 (42.0%) 1800 (32.9%) | 1004 (29.1%) | 370 (28.5%)
SBP (mmHg) 121.2 (18.9) | 128.8(20.8) | 124.5(19.9) 120.6 (18.5) 118.6 (17.5) | 118.2(17.9)
Diabetes (V1) 1597 (12.0%) | 269 (21.4%) | 314 (17.1%) 602 (11.0%) 298 (8.6%) 114 (8.8%)
FBG (mmol/L) 6.1 (2.3) 6.7 (3.1 6.4 (2.7) 6.0 (2.2) 5.8 (1.8) 5.8 (1.7)
BMI, kg/m” (V1) 27.7 (5.3) 29.0 (5.9) 28.7(5.9) 27.5(5.3) 27.1 (4.9 27.0 (4.6)
Smoking, 100 3.3(4.4) 4.5(5.6) 39@.7) 334.3) 3.04.1) 2.0 (3.5)
pack-years (V1)
HEI-2015, raw 69.2 (9.4) 66.0 (9.7) 67.1(9.3) 69.0 (9.4) 70.7 (8.9) 71.8 (9.0)
score' (V1)
MVPA, 131.4 (155.3) | 81.0(130.7) | 91.5(135.0) 129.3 (155.2) | 159.3 (158.9) 170.8
minutes/week? (168.2)
(VD)
Incident 2681 (20.1%) | 346 (27.4%) | 427 (23.2%) 1073 (19.5%) | 607 (17.6%) | 228 (17.5%)
Dementia’
Died without
dementia 5683 (42.5%) | 752 (59.5%) | 947 (51.5%) | 2279 (41.4%) | 1287 (37.2%) | 418 (32.1%)

diagnosis (V7)

V1: Visit 1. FBG: fasting blood glucose. SBP: systolic blood pressure.

'HEI-2015 score range: 34.6 — 96.2 (possible range: 0 — 100)
*MVPA score range in study population: 0 — 994 minutes/week

*Cumulative incidence over the course of follow-up

Among the 1127 participants with incident stroke, the mean time from Visit 1 to time of stroke

was 14.4 years (SD: 8.1) and the mean time from stroke to incident dementia, death or censoring

was 6.5 years (SD: 6.4). The cumulative incidence of dementia among those with incident stroke

was 23.2% over 6.5 years of follow-up and did not vary by educational attainment, in contrast to
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the substantial differences by educational attainment that was observed in the full cohort. Across

all educational attainment groups, those with incident stroke had higher average SBP and FBG

and lower average BMI and pack-years smoked compared to the full cohort, although similar

risk factor patterns by educational attainment were observed (Table 2.2).

Table 2.2 Participant characteristics by educational attainment amon,

those with an incident stroke (N=1127)

High school | High school S Rt
Mean (SD) or N A l ! Grade without graduate or college or or
Participants School . q graduated | professional
(%) _ _ graduation equivalent
(n=1127) (n=163) (n=186) (n=447) college school
(n=244) (n=87)
Age (Visit 1) 55.5(5.6) 57.1 (4.7) 55.1 (5.8) 55.2 (5.6) 55.5(5.8) 55.4 (5.6)
Sex, Female 573 (50.8%) | 65 (39.9%) 114 (61.3%) | 251(56.2%) | 114 (46.7%) | 29 (33.3%)
Race, Black 381 (33.8%) | 102 (62.6%) | 91 (48.9%) 102 (22.8%) | 59 (24.2%) 27 (31.0%)
Race-center
Black, Forsyth 163 (14.5%) 5(3.1%) 11 (5.9%) 14 (3.1%) 5(2.1%) 2 (2.3%)
White, Forsyth 186 (16.5%) | 23 (14.1%) 23 (12.4%) 102 (22.8%) | 51 (20.9%) 17 (19.5%)
Black, Jackson 447 (39.7%) | 97 (59.5%) 80 (43.0%) 88 (19.7%) 54 (22.1%) 25 (28.7%)
White, Minneapolis | 244 (21.6%) 5(3.1%) 15 (8.1%) 114 (25.5%) | 85 (34.8%) 19 (21.8%)
White, Wash. Cty. 87 (7.7%) 33 (20.2%) 57 (30.6%) 129 (28.9%) | 49 (20.1%) 24 (27.6%)
Family history of 111 (9.9%) 9 (5.5%) 17 (9.1%) 49 (11.0%) 30 (12.3%) 6 (6.9%)
CVD
APOE ¢4 alleles
0(22/23/33) 776 (68.9%) | 112 (68.7%) | 122 (65.6%) | 320 (71.6%) | 162 (66.4%) | 60 (69.0%)
1(24/34) 330 (29.3%) | 49 (30.1%) 59 (31.7%) 119 (26.6%) | 77 (31.6%) 26 (29.9%)
2 (44) 21 (1.9%) 2 (1.2%) 5 (2.7%) 8 (1.8%) 5 (2.0%) 1 (1.1%)
Hypertension (V1) 567 (50.6%) | 105 (64.8%) | 100 (54.1%) | 199 (44.8%) | 125 (51.4%) | 38 (43.7%)
SBP (mmHg) 128.4 (21.5) | 137.2(23.0) | 128.9(21.2) | 125.9(20.5) | 127.8 (21.9) | 124.6 (18.1)
Diabetes (V1) 246 (21.9%) | 54 (33.3%) 47 (25.4%) 96 (21.5%) 36 (14.8% 13 (14.9%)
FBG (mmol/L) 6.7 (3.2) 7.5(3.7) 7.0 (3.6) 6.7 (3.1) 6.4 (3.0) 6.2 (2.1)
BMI, kg/m” (V1) 28.4 (5.5) 29.1 (5.6) 29.1 (5.8) 28.3 (5.7) 27.8 (5.2) 27.5 (4.7)
Smoking, 100 3.7 (4.7) 4.6 (5.2) 4.1(5.2) 3.5(4.4) 3.8 (4.7) 2.3 (3.9
pack-years (V1)
HEI-2015 score’ 68.2 (9.5) 64.3 (10.0) 67.8 (9.0) 68.4 (9.5) 69.7 (9.0) 71.5(9.4)
MVPA 119.4 75.8 (133.5) | 98.0 (146.1) 123.1 140.4 168.5
(minutes/week) (150.3) (148.9) (150.8) (169.5)
Incident dementia® 261 (23.2%) | 36 (22.1%) 43 (23.1%) 106 (23.7%) | 54 (22.1%) 22 (25.3%)
Died without 653 (57.9%) | 115(70.1%) | 123 (66.1%) | 238 (53.2%) | 139 (57.0%) | 38 (43.7%)

dementia diagnosis
V7

V1: Visit 1. FBG: fasting blood glucose. SBP: systolic blood pressure.

'HEI-2015 score range: 37.8 — 94.2 (possible range: 0 — 100)
*MVPA score range in study population: 0 — 828 minutes/week

*Cumulative incidence over the course of follow-up

37




Education and Dementia

In the full cohort, 2682 (20.0%) participants developed dementia by the end of follow-up. The
cumulative incidence of dementia was highest for those with the lowest level of education. The
unadjusted incidences of dementia for the lowest to the highest level of education were as
follows: 14.7 cases per 1000 person-years (grade school), 11.1 cases per 1000 person-years (high
school without graduation), 8.4 cases per 1000 person-years (high school graduate or
equivalent), 7.3 cases per 1000 person-years (some college or college graduate), and 7.0 cases
per 1000 person-years (graduate or professional school). A dose-response gradient was observed
for education and multivariable-adjusted risk of dementia. Compared to participants with grade
school-level education, participants with high school-level education (without graduation) had
8% lower risk of dementia (HR=0.92, 95%CI: 0.80, 1.06; p=0.25), while those with graduate or
professional school-level education had 44% lower risk of dementia (HR=0.56; 95% CI: 0.48,

0.67; p<0.0001) (Table 2.3).

Table 2.3. Cox proportional hazards regression for dementia (vs. no dementia) and post-stroke dementia (vs.
incident stroke without subsequent dementia)

Dementia’ Post-Stroke Dementia®
(n=13,368; events=2682) (n=1127; events=261)
HR (95%CI) P-value HR (95%CI) P-value
Education (ref: Grade school)

High school without graduation 0.92 (0.80, 1.06) 0.25 0.94 (0.59, 1.49) 0.78
High school graduate or equivalent 0.72 (0.64, 0.82) <0.0001 1.01 (0.66, 1.54) 0.96
Some college or graduated college 0.63 (0.55, 0.73) <0.0001 0.88 (0.56, 1.37) 0.56
Graduate or professional school 0.56 (0.48, 0.67) <0.0001 0.64 (0.38, 1.11) 0.11

'Time-to-event defined as Visit 1 (baseline) to incident dementia; model

includes educational attainment, age at Visit 1, sex, race-center, APOE &4

genotype, and family history of CVD.

*Time-to-event defined as time of stroke to incident dementia; model includes educational attainment, age at stroke,
sex, race-center, APOE &4 genotype, and family history of CVD.

Among participants with incident stroke (n=1127), 261 (23.2%) developed dementia by the end
of follow-up. The unadjusted incidences of post-stroke dementia (with time of stroke as baseline)

for the lowest to the highest level of education were 34.5 cases per 1000 person-years (grade

38



school), 36.7 cases per 1000 person-years (high school without graduation), 37.2 cases per 1000
person-years (high school graduate or equivalent), 35.0 cases per 1000 person-years (some
college or college graduate), and 32.7 cases per 1000 person-years (graduate or professional
school). Having graduate or professional school-level education was associated with a 36%
lower risk of post-stroke dementia (HR=0.64; 95% CI: 0.38, 1.11; p=0.11) compared to having
grade school-level education, although the association was not statistically significant (Table
2.3). A sensitivity analysis without the 365-day lag with 40 additional cases of dementia

(n=1167) yielded similar results (not shown).

Mediation by Vascular Risk Factors

In multiple mediation models, mid-life vascular risk factors cumulatively mediated 11.1% to
25.4% of the association between education and dementia. The proportions mediated when
comparing those with grade school-level education to each of the higher levels were as follows:
11.1% (high school without graduation), 15.7% (high school graduate or equivalent), 20.0%
(college with or without graduation), and 25.4% (graduate or professional school). Larger
proportions were mediated when comparing education levels with greater differences (e.g. the
largest proportion was mediated when comparing graduate or professional school vs. grade
school). Slightly larger proportions were mediated by BMI and smoking, compared to SBP and
FBG, and similar proportions were mediated by each vascular risk factor across comparisons by

educational attainment (Table 2.4).
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Table 2.4 Multiple mediation by systolic blood pressure (SBP), fasting blood glucose (FBG), body mass index
(BMI) and pack-years of smoking

HR (95%CI) High school High school Graduate or
Grade . Some college or .
School w1th01{t grad.uate or graduated college professional
graduation equivalent school
Total effect REF 0.52 (0.42, 0.62) 0.68 (0.59, 0.78) 0.62 (0.53,0.73) 0.51 (0.42, 0.62)
NDE REF 0.61 (0.50,0.74) 0.72 (0.63, 0.83) 0.69 (0.58, 0.81) 0.61 (0.50,0.74)
NIE
SBP REF 0.97 (0.94, 0.99) 0.99 (0.98, 1.00) 0.98 (0.97, 1.00) 0.97 (0.94, 0.99)
FBG 0.95 (0.93,0.98) 0.98 (0.97, 0.99) 0.97 (0.95, 0.99) 0.96 (0.93,0.98)
BMI 0.97 (0.94, 0.99) 0.99 (0.98, 1.00) 0.98 (0.97, 1.00) 0.97 (0.94, 0.99)
Smoking 0.95 (0.90, 0.99) 0.97 (0.96, 0.99) 0.97 (0.95, 0.99) 0.95 (0.90, 0.99)
Percent
mediated'
Total REF 11.1% 15.7% 20.0% 25.4%
(6.7%, 39.7%) (11.8%, 24.0%) (14.9%, 30.5%) (19.3%, 25.4%)
SBP 2.5% 2.0% 3.5% 5.2%
(-8.6%, 4.9%) (0.4, 3.3%) (1.4%, 5.1%) (1.7%, 7.6%)
FBG 2.8% 4.9% 6.3% 6.9%
(-7.3%, 5.1%) (2.5%, 6.4%) (4.2%, 7.9%) (4.2%, 8.9%)
BMI 4.6% 2.0% 3.3% 5.0%
(1.4%, 6.3%) (0.1%, 3.3%) (1.3%, 4.9%) (1.1%, 7.6%)
Smoking 1.1% 6.9% 6.8% 8.3%
(-12.1%, 3.6%) (5.5%, 8.1%) (4.1%, 8.6%) (2.9%, 11.7%)

NDE: Natural Direct Effect. NIE: Natural Indirect Effect.
All models are adjusted for age at Visit 1, sex, race-center, APOE4, family history of CVD
'Percent mediated out of total effect for each mediator was calculated as the sum of the natural log of HRs for the
mediators divided by the natural log of the HR for the total effect. Total percent mediated was calculated by

summing up the percent mediated for each mediator.

In multiple mediation models with vascular risk factors in addition to diet and physical activity
as mediators, the proportions mediated when comparing those with grade school-level education
to each of the higher levels were 10.7% (high school without graduation), 20.6% (high school
graduate or equivalent), 26.1% (college with or without graduation), and 24.0% (graduate or
professional school) (Table 2.5).

Overall, the range of proportions mediated were similar in mediation models with only
vascular risk factors compared to mediation models with vascular risk factors in addition to diet
and physical activity (Table 2.6), although the trend of increasing proportions mediated with

greater differences in the education levels compared was not observed for the latter.
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Table 2.5 Multiple mediation by vascular risk factors and lifestyle factors

HR (95%CI) Grade High school High school Some college or Graduate or
School without graduate or graduated professional
graduation equivalent college school
Total effect REF 0.84 (0.70,0.95) | 0.68(0.59,0.78) | 0.63(0.53,0.73) | 0.51(0.42,0.62)
NDE REF 0.83 (0.72,0.97) | 0.74 (0.64,0.85) | 0.71(0.60,0.83) | 0.60(0.49, 0.74)
NIE
SBP REF 0.99 (0.98,1.00) | 0.99(0.98,1.00) | 0.98 (0.97,1.00) | 0.97 (0.94, 0.99)
FBG 0.99 (0.98,1.00) | 0.98(0.97,0.99) | 0.97(0.95,0.99) | 0.96 (0.93, 0.98)
BMI 0.99 (0.98,1.00) | 0.99(0.98,1.00) | 0.99(0.97,1.00) | 0.97 (0.94, 0.99)
Smoking 1.00 (0.99,1.01) | 0.97(0.96,0.99) | 0.97(0.95,0.99) | 0.94 (0.90, 0.99)
HEI-2015 1.00 (0.99,1.01) | 1.00(0.98,1.01) | 1.00(0.97,1.03) | 1.00 (0.94, 1.06)
MVPA 1.00 (0.99,1.01) | 0.98(0.97,1.00) | 0.97(0.95,1.00) | 1.01 (0.97,1.05)
Percent
mediated'
Total REF 10.7% 20.6% 26.1% 24.0%
(6.4%, 38.2%) (15.0%, 32.4%) | (18.7%,41.0%) | (16.7%,36.9%)
SBP 2.5% 2.1% 3.5% 5.1%
(-8.7%, 4.9%) (3.3%, 0.4%) (1.3%, 5.1%) (1.6%, 7.6%)
FBG 2.7% 5.0% ( 6.6% 6.8%
(-7.3%, 5.0%) 2.6%, 6.5%) (4.5%, 8.2%) (4.1%, 8.9%)
BMI 4.5% 1.8% 3.1% 5.1%
(1.3%, 6.2%) (-0.1%, 3.2%) (1.0%, 4.6%) (1.2%, 7.7%)
Smoking 1.1% 6.8% 6.7% 8.4%
(-12.2%, 3.7%) (5.4%, 8.0%) (3.9%, 8.6%) (3.0%, 11.8%)
HEI-2015 -0.8% 0.8% 0.4% 0.1%
(2.1%, -20.3%) (-5.6%, 3.8%) (-10.3%, 5.6%) (-12.3%, 7.0%)
MVPA 0.6% 4.1% 5.8% -1.6%
(-10.2%, 2.6%) (1.0%, 5.9%) (1.2%, 8.4%) (-10.6%, 3.3%)

NDE: Natural Direct Effect. NIE: Natural Indirect Effect.

All models are adjusted for age at Visit 1, sex, race-center, APOE4, family history of CVD

'Percent mediated out of total effect for each mediator was calculated as the sum of the natural log of HRs for
the mediators divided by the natural log of the HR for the total effect. Total percent mediated was calculated
by summing up the percent mediated for each mediator.

Table 2.6 Range of proportions mediated by vascular risk factors with vs. without lifestyle factors

Mediators

Range of proportions mediated

SBP, FBG, BMI, smoking

11.1% — 25.4%

SBP, FBG, BMI, smoking, HEI-2015, MVPA

10.7% — 26.1%

SBP: systolic blood pressure. FBG: fasting blood glucose. BMI: body mass index. HEI-2015: Healthy Eating
Index-2015. MVPA: moderate-to-vigorous physical activity
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DISCUSSION

In this multicenter, community-based cohort study with Black and White participants, up to 25%
of the association between education and dementia was mediated through mid-life SBP, FBG,
BMI and smoking. We assessed vascular risk factors at mid-life due to their previously-
established strong associations with dementia risk, although we acknowledge that the proportion
mediated by vascular risk factors over the life-course may be higher due to the increasing
prevalence of diabetes and hypertension after middle age. Our findings suggest that while a
significant proportion of the educational differences in dementia risk may be mitigated through
modification of mid-life vascular risk factors, this is unlikely to fully address the large disparities
in dementia risk. We also found that the effect of education on dementia risk in the post-stroke
setting, where vascular risk is uniformly elevated, is less clear, which also suggests that much of
education’s role may be through changes in vascular risk particularly at an earlier stage in the
life-course. Further research is needed on other pathways through which lower educational
attainment leads to higher dementia risk in order to inform the development of equitable

prevention strategies.

Our study considered educational attainment but not education quality, which was measured
using the Wide Range Achievement Test (WRAT-3) in ARIC but was not used in this analysis
due to high missingness (N=5015; 37.5% non-missing). However, education quality should be
considered in addition to attainment when both are available. Early-life literacy likely leads to
better mid-life health literacy, which provides the conditions for one to seek out and engage in

health behaviors, suggesting that it may be important to consider the contribution of education
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quality especially when measuring racial disparities in dementia. Racial and ethnic minorities
experience systematic discrimination in the school system and subsequently lower quality of
educational experience, and are exposed to increased levels of stress that manifest biologically as
worse vascular risk profiles in mid-life. Experiencing discrimination at both the interpersonal
and systemic levels contribute to chronic stress, which has been linked to poor vascular health by
increasing the allostatic load, with downstream effects such as increased levels of cortisol and
higher BML” Accordingly, the relationship between education quality and cardiovascular
health may be differential by race”, and as such, the mediated relationship between education
quality and dementia risk may differ from that of educational attainment and dementia especially
when considering the substantial racial disparities in dementia risk and the important role of
quality in explaining this disparity. These questions can be answered in future studies with

available and complete data on educational attainment as well as quality.

We observed that higher proportions of the association between education and dementia was
mediated through vascular risk factors when comparing educational attainment groups with the
greatest difference — for example, comparing those with graduate or professional school-level
education with those with have only had grade school-level education. Smaller proportions were
mediated when comparing adjacent levels of educational attainment. This is likely due to a
combination of the following: 1) little change in mid-life vascular risk factors with only a small
increase in educational attainment, and 2) little change in the risk of dementia with only a small
improvement in mid-life vascular risk factors. Importantly, a substantial proportion of the
association between educational attainment and dementia risk was nof mediated by the vascular

risk factors that were included in the current study. This is consistent with the notion that
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educational differences in dementia risk are the result of perhaps many other pathways; for
example, some studies have postulated that education confers greater cognitive reserve and
increases the time elapsed from onset of neuropathologic burden to evident cognitive decline.”’
However, other studies found that higher educational attainment did not change the association
between pathology and rate of decline’, and was unrelated to the rate of overall cognitive
decline” or terminal cognitive decline prior to death.'” On balance, our findings suggest that
modification of vascular risk factors would effectively reduce but not eliminate the differences in

dementia risk by educational attainment.

Including lifestyle factors as mediators in addition to the vascular risk factors did not
substantially change the proportion mediated for any of the comparisons, suggesting that little to
none of the educational difference in dementia risk can be explained by mid-life lifestyle factors
above and beyond what was already mediated by vascular risk factors. While some randomized

controlled trials have shown that optimal diet or increased physical activity may improve

101,102 103,104

cognition , these lifestyle changes serve to modify the vascular risk factors that are
strongly associated with dementia risk and any mediating effect captured by mid-life diet of
physical activity is likely already included in the mediating effect of vascular risk factors. Future
studies should further explore the etiologic window of modification for lifestyle and vascular risk
factors. For example, early-life diet and physical activity are likely closely linked to household
socioeconomic status as well as access to other early-life resources that may influence life-course
vascular risk factors in addition to key periods of brain development. As such, early-life lifestyle

factors may mediate a substantial proportion of the relationship between education and dementia

risk, independent of any changes in vascular risk factors.
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Among those who had an incident stroke, who had a substantially higher burden of vascular risk
factors compared to the general population, the unadjusted incidences of dementia was similar
for each level of educational attainment. The lack of a clear protective effect of higher education
in the post-stroke setting contrasts with the pattern seen in the overall population, where a dose-
response pattern was observed. Controlling vascular risk factors is likely important in preserving

75 Those with an incident stroke had higher levels of the risk

cognition after a stroke event.
factors that were assessed in the mediation analysis, thus providing an opportunity to assess
whether the relationship between education to dementia is different in this subset of the
population. If the effect of education on dementia were not at all mediated through changes in
vascular risk factors, we would hypothesize that the effect in a high-risk stroke population would
be similar to its effect in the overall population. In contrast, because we found that education has
a less strong effect on dementia in the high-risk and post-stroke setting, our results support the

notion that a large proportion of relationship between education and dementia is cumulatively

mediated through life-course vascular risk factors.

This study has several strengths and limitations. The ARIC study enrolled a population of Black
and White adults residing in four different communities, and it has protocol-defined surveillance
of dementia, stroke and mid-life vascular risk factors over several decades. Dementia
ascertainment was done using direct diagnosis or adjudication, diagnosis by interview with
proxy, as well as hospitalization and death certificate codes, which allowed for comprehensive
inclusion of potential cases through detailed evaluation. However, there may be unmeasured

confounding for exposure-outcome and mediator-outcome relationships, potentially violating
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assumptions necessary for the causal mediation analysis. Specifically, early childhood nutrition,
family environment, and in-utero exposures likely confound the relationships between
educational attainment and dementia as well as vascular risk factors and dementia. These
variables were not available in ARIC, and thus present a potential limitation to our analysis.
Furthermore, about 10% of the Black participants were excluded due to not providing consent
for use of DNA data while only 5% of White participants were excluded for this reason,
indicating differential missingness by race. This can likely be attributed to feelings of mistrust
towards academic and scientific institutions, particularly among Black Americans regarding the

105-108 . L.
While missingness was

use of DNA data, as a result of historical and present day injustices.
not differential by educational attainment levels, it should nevertheless be noted that a significant

exclusion was made likely due to reasons of inequity.

Among other potential explanations for the association between education and dementia is the
role of socially constrained factors such as access to healthcare resources and knowledge of
behaviors that are advantageous for one’s health and well-being. The implications of these
findings are especially important when considering that prevention efforts have thus far focused

7473104 Lather than addressing socioeconomic

on modifying vascular and lifestyle risk factors
disparities. In order to identify opportunities for intervention and prevention, it is important to
consider which risk factors are realistically modifiable, given what is known about structural
barriers to health behavior change. Developing and employing comprehensive, individualized
interventions that are equally accessible across socioeconomic groups merits consideration. The

first step to establishing such interventions is to understand whether lifestyle modification for

risk factor control is possible under different socioeconomic contexts, such as whether an

46



intervention would work in a particular community with limited access to financial or medical
resources. Additionally, efforts to maximize educational opportunities may also be important for
improving brain health in late life. Shifting the paradigm to studying indicators of socioeconomic
status that explain disparities in dementia will provide actionable and concrete steps for

addressing this significant public health burden.

47



Chapter 3: Educational disparities in dementia prevention: Do diet and physical activity

strategies benefit everyone?

Chelsea Liu', Yuan Ma', Albert Hofman', Melinda C. Power?, Priya Palta’, Casey M. Rebholz4,
James R. Pike’, Thomas Mosley®, A. Richey Sharrett*, M. Maria Glymour’, Rebecca F.

Gottesman®

'Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston,
Massachusetts, USA

*Department of Epidemiology, George Washington University Milken Institute School of Public
Health, Washington, DC, USA

’Departments of Medicine and Epidemiology, Columbia University Irving Medical Center, New
York, NY, USA.

4Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD, USA

>Gillings School of Global Public Health, University of North Carolina at Chapel Hill, Chapel
Hill, NC, USA

Department of Medicine, University of Mississippi Medical Center, Jackson, Mississippi, USA
"Department of Epidemiology and Biostatistics, University of California, San Francisco, San
Francisco, CA, USA

*National Institute of Neurological Disorders and Stroke Intramural Research Program,

Bethesda, Maryland, USA

48



ABSTRACT

Background: Dementia prevention has largely focused on modifiable risk factors such as diet
and physical activity. However, achieving optimal levels of either may be less effective in
populations with social vulnerability, such as those with low educational attainment, due to
structural barriers to attaining or maintaining health. Furthermore, early-life divergence of
dementia risk among those with different education levels may render midlife lifestyle
modifications insufficient in reducing dementia risk.

Objective: To determine whether midlife diet quality and physical activity 1) are associated with
dementia risk differentially by educational attainment; and 2) mediate the relationship between
education and dementia.

Design: Prospective cohort study.

Setting: The community-based Atherosclerosis Risk in Communities Study.

Participants: 13,368 Black and White older adults aged 45-64 at baseline (1987-1989).
Measurements: Midlife diet quality and moderate-to-vigorous physical activity (MVPA) were
measured using the Healthy Eating Index-2015 (HEI-2015) and the Modified Baecke Physical
Activity Questionnaire, respectively. Dementia was ascertained by clinical diagnosis, expert
adjudication, telephone assessment, informant interview, or surveillance of hospitalization and
death records.

Results: Higher HEI-2015 was associated with lower risk of dementia only among those with
graduate or professional school-level education. No differences by educational attainment were
observed in the association between MVPA score and dementia. There was no evidence of

substantial mediation by HEI-2015 or MVPA.
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Limitations: Diet and physical activity are imprecisely measured.

Conclusions: Better diet quality in midlife is associated with lower dementia risk only among
those with higher educational attainment. More work is needed to determine whether diet-related
interventions may ameliorate disparities in dementia risk, and to identify the etiologic windows

over the life-course when these modifications may be effective.
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INTRODUCTION

Interventions for dementia prevention have largely focused on modifying proximal risk factors
such as blood pressure and body mass index (BMI) through lifestyle changes, in particular diet

72,73

and physical activity.””"” These strategies are informed by prior research showing that higher

101,109,110 111,112

levels of physical activity and higher diet quality are associated with slower rates
of cognitive decline or reduced dementia risk. However, these studies have not considered the
role of structural and socioeconomic disparities, which are important factors in disease
occurrence' ', on modifying risk factors at the individual level for cognitive decline and
dementia risk.

The social and built environment affect health behavior through various pathways,
generating stark disparities in access to high-quality, healthy food as well as having space to
safely and frequently engage in physical activity. Diet quality is the lowest among those with low

education quality and from food-insecure households and neighborhoods' ">

, and attending
schools with inadequate sports facilitates is associated with a lower likelihood of physical
activity participation in adulthood."'” Furthermore, social relationships are implicated in health

behaviors.''®

Health behaviors are more common within privileged social networks, such as
networks with high educational attainment.®* These structural factors supersede the effect of
modifying individual-level risk factors. As such, achieving optimal diet or physical activity
levels may be less effective for preventing dementia in populations with social vulnerability due
to structural barriers to attaining or maintaining health.

Among indicators of socioeconomic status (SES), education is a unique risk factor for

dementia. Higher educational attainment has consistently been associated with lower risk of
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%% an observation that may be explained in multiple ways. In addition to being a

dementia
proxy for higher SES, educational attainment is hypothesized to be a major causal risk factor for
dementia, through a pathway involving increased cognitive reserve that allows individuals to
maintain cognitive function despite pathological brain changes and therefore may delay the

"% Those with high educational attainment may also have access to

appearance of symptoms.
healthcare and financial resources to adopt healthy behaviors, and are often less likely to be
physically inactive or have a poor diet.”' This leads to a better vascular risk in midlife and
subsequently lower risk of developing dementia later on.®”’

Given the multiple pathways through which educational attainment influences both
lifestyle risk factors and life-course dementia risk, further investigation is needed to understand
whether the impact of lifestyle factors on dementia risk varies substantially by educational
attainment. Specifically, it is unclear whether achieving ideal diet and physical activity levels
would be associated with lower dementia risk for only participants who are less vulnerable due
to higher educational attainment. Other indicators of SES, such as race and geographic residence,
may additionally shed light on where effect heterogeneity may arise. Given that differences in
educational attainment occur in early life and that high vascular risk at as early as age 36 is
associated with elevated risk of dementia’', it is additionally important to consider whether
attempts to modify midlife diet and physical activity can still be effective for lowering dementia
risk.

In this study, we aimed to understand the role of educational attainment in the association
between midlife lifestyle factors and risk of incident dementia over 30 years. We hypothesized
that higher diet quality and higher levels of moderate-to-vigorous physical activity at midlife are

more strongly associated with lower risk of incident dementia among those with higher

52



educational attainment, compared to those at lower levels of educational attainment. As the
current evidence on the etiologic window for lowering dementia risk via lifestyle modification is
mixed, we further hypothesized that educational disparities in dementia risk are mediated

through variations in midlife diet quality or physical activity.

METHODS

Study Population
The ARIC Study recruited 15,792 participants aged 45-64 years from four communities:
Washington County, Maryland; Forsyth County, North Carolina; Jackson, Mississippi; and
selected Minneapolis suburbs, Minnesota.”® Examinations to date included 1987 to 1989 (Visit 1;
baseline), 1990 to 1992 (Visit 2), 1993 to 1995 (Visit 3), 1996 to 1998 (Visit 4), 2011 to 2013
(Visit 5), 2016 to 2017 (Visit 6), and 2018 to 2019 (Visit 7). Demographic characteristics and
medical history were ascertained at the baseline visit using a questionnaire administered by
trained interviewers. Study personnel additionally conducted clinical examinations and collected
blood and urine specimens at each visit. The study was approved by the institutional review
boards at Johns Hopkins University, University of North Carolina at Chapel Hill, Wake Forest
University, University of Mississippi Medical Center, and the University of Minnesota. Written
informed consent was obtained from all participants as well as proxies when required.

Of the 15,792 participants, we included those who did not report prevalent dementia at
Visit 1 from five race-center groups (Black participants from Forsyth County and Jackson and

White participants from Forsyth County, Minneapolis and Washington County) (n=15,688), who
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consented to the use of DNA data for assessment of APOE &4 and had available data on

education, Visit 1 vascular risk factors, diet and physical activity (n=13,368) (Figure 2.1).

15,792 participants at ARIC baseline

48 participants who are not Black or White
55 Black participants from Minneapolis or
Washington County

v

v
15,688 Black or White participants
from included race-centers
(Black participants from Forsyth
County or Jackson; White participants
from Forsyth County, Minneapolis or

Washington County)
26 missing educational attainment
431 missing V1 vascular risk factors
423 missing V1 diet or physical activity
576 missing APOE information
v 864 did not provide consent for DNA

13,368 participants with complete data
on covariates

Figure 3.1 Study inclusion criteria

Socioeconomic Status

Indicators of SES included educational attainment and race-center. Educational attainment was
measured in categories with five levels: grade school, high school without graduation, high
school graduate or equivalent, college with or without graduation, and graduate or professional
school. We used the most granular categorization of educational attainment available in order to
assess the presence of an education gradient in the lifestyle factor-dementia relationship. Race-
center is a variable defined by race and ARIC field center: Black participants in Forsyth County
(NC), White participants in Forsyth County (NC), Black participants in Jackson (MS), White
participants in Minneapolis (MN), and White participants in Washington County (MD). This

variable was stratified by race and center due to differential distribution of participants by race
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across the five field centers. We described participant characteristics by race-center, including
educational attainment, family income at Visit 1, HEI-2015, MVPA and cumulative incidence of
dementia. Income was self-reported using eight categories: <$5000, $5000-$7999, $8000-

$11,999, $12,000-$15,999, $16,000-$24,999, $25,000-$34,999, $35,000-$49,999, and >$50,000.

Diet and Physical Activity

We measured moderate-to-vigorous intensity physical activity (MVPA) at Visit 1 using
participants’ self-reported questionnaire responses from the Modified Baecke Physical Activity
Questionnaire on the duration and frequency spent in sport, leisure or work activities categorized

as having the metabolic equivalent of task (MET) values of >3 in the past year.*"**

Participants
who report 0 minutes/week of MVPA were categorized as having “no MVPA”. The remaining
participants were categorized as having middle (1-149 min-wk™') or high (>150 min-wk™")
MVPA according to distribution-based categories described in prior research.*> We used the
Healthy Eating Index 2015 (HEI-2015), which was previously found to be associated with
dementia risk in ARIC'", as a measure of overall diet quality at Visit 1. The HEI-2015 was
calculated from participants’ responses to the 66-item semi-quantitative food frequency
questionnaire®, in which trained interviewers asked participants how often they consumed food
items of a given portion size in the previous year. The energy intake and total nutrient intake
were calculated using data from the U.S. Department of Agriculture. The HEI-2015 score ranges
from 0-100, and reflects how well participants adhered to recommendations from the 2015-2020
U.S. Dietary Guidelines for Americans.” We categorized scores into tertiles corresponding to

low (range: 34.559, 65.217), middle (range: 65.218, 73.421), or high (range: 73.423, 96.230) diet

quality.
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Covariates

Age at Visit 1, sex, race, educational attainment and family history of cardiovascular disease
(CVD) were self-reported at Visit 1. APOE &4 genotype was categorized as carriers (1 or 2 &4
alleles) or noncarriers (0 €4 alleles). Vascular risk factors at Visit 1 include systolic blood
pressure, fasting blood glucose, BMI and smoking. SBP was measured using a standardized
Hawksley random-zero sphygmomanometer during three visits, averaging the second and third
readings, and FBG (after 8 hours of fasting) was measured using the hexokinase/glucose-6-
phosphate dehydrogenase method. Pack-years was obtained by multiplying packs smoked per

day multiplied by the duration of smoking in years.

Dementia Ascertainment

The primary outcome of interest was incident dementia. Dementia cases included those seen in
clinic and adjudicated by the ARIC expert panel as having dementia (Visit 5-7), those
determined by telephone assessment or informant interview, as well as those who were
determined to have dementia by surveillance based on a discharge hospitalization ICD-9 or death
certificate code (290.0, 290.1, 290.2, 290.3, 290.4, 290.9, 294.1, 294.2, 294.8, 294.9, 331.0,
331.1,331.2,331.8, and 331.9).84 Follow-up time accumulated from Visit 1 (1987-1989) to Visit
7 (2018-2019). For the Jackson, MS field center, information on hospitalizations is available up

to 2017.

Statistical Analysis
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Main Analysis. We used cause-specific Cox proportional hazards models to estimate the

hazard ratio (HR) and corresponding 95% confidence intervals (95%CI) for the risk of dementia
comparing each of the two higher levels of diet quality (1 or 2) to the lowest level (0) as the
reference category, adjusted for age, sex, APOE &4 genotype status, race-center, family history
of CVD, Visit 1 vascular risk factors (hypertension, diabetes, BMI, pack-years of smoking),
educational attainment, and MVPA. We repeated this process with MVPA, adjusting for diet
quality instead of MVPA in the above-mentioned list of covariates. Proportional hazards were
assessed by visual inspection of cumulative incidence plots and verified by testing for the
presence of an interaction term between time-to-event and diet quality or MVPA in each
regression model.

We estimated the association between each lifestyle factor and dementia after stratifying by
five categories of educational attainment (grade school, high school without graduation, high
school graduate or equivalent, college with or without graduation, and graduate or professional
school). Models were adjusted for the same covariates as above with the exception of
educational attainment. In our sensitivity analyses, we stratified the study population by race-
center instead of educational attainment.

Competing Risk of Death. Competing risk of death was assessed using inverse

probability of censoring weighted Cox regression models. Censoring was defined as dementia-
free death. The probability of being censored was modeled with all covariates included in Cox
regression models. Participants were weighted by the inverse of their respective probabilities to
create a pseudopopulation, to which the standard Cox regression was applied.

Mediation. We used a regression-based causal mediation method”'* to estimate the

proportion of disparity in dementia risk that could be eliminated if participants with grade
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school-level educational attainment had the same distribution of diet quality score as participants
with each of the 4 higher levels of educational attainment; we repeated this with MVPA as the
mediator. Mediator models were constructed using linear regressions and compared each level of
educational attainment to the lowest level, adjusting for age, sex, race-center, APOE &4 genotype
(carrier vs. non-carrier), family history of CVD, and vascular risk factors at Visit 1 (SBP, FBG,
BMI, smoking). Cox proportional hazards for the risk of dementia was used for outcome models
and included coefficients for all aforementioned confounders in addition to the mediators (diet
quality and MVPA). Sensitivity analyses were conducted without adjusting for vascular risk
factors, which are hypothesized to be on the causal pathway.

Analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC) and R

statistical package version 1.3.

RESULTS

On average, participants were 54.3 years of age (SD: 5.8) at Visit 1, and were followed for an
average of 22.7 years (SD: 8.3) (Table 3.1). About half were female and one-quarter were Black.
Higher educational attainment was associated with a lower burden of vascular risk factors at
Visit 1, including a lower prevalence of hypertension and diabetes as well as lower mean BMI
and pack-years of smoking. Higher educational attainment was also associated with lower
cumulative incidence of dementia and dementia-free death. Overall, a higher proportion of
participants with higher levels of educational attainment had high (favorable) diet quality and

high MVPA (Figure 3.2).

58



Table 3.1 Participant characteristics by educational attainment

High school

Some college

Graduate or

All Grade High school .
Mean (SD) or N (%) | Participants School wio grad, | Braduateor | orgraduated | professional
(n=13,368) (n=1264) (n=1839) equiv. college school
’ (n=5502) (n=3459) (n=1304)
Age (Visit 1) 54.3 (5.8) 57.5(4.9) 54.9 (5.7) 54.0 (5.7) 53.6 (5.8) 53.2 (5.7)
Sex, Female 7262 (54.3%) | 578 (45.7%) | 1094 (59.5%) | 3277 (59.6%) | 1769 (51.1%) | 544 (41.7%)
Race, Black 3311 (24.8%) | 667 (52.8%) | 715(38.9%) | 946 (17.2%) | 572 (16.5%) | 411 (31.5%)
Race-center
Black, Forsyth 402 (3.0%) 49 (3.9%) 75 (4.1%) 144 (2.6%) 97 (2.8%) 37 (2.8%)
White, Forsyth 3120 (23.3%) | 196 (15.5%) | 321 (17.5%) | 1332 (24.2%) | 958 (27.7%) | 313 (24.0%)
Black, Jackson 2909 (21.8%) | 618 (48.9%) | 618 (34.8%) 802 (14.6%) | 475 (13.7%) | 374 (28.7%)
White, Minneapolis | 3493 (26.1%) 61 (4.8%) 156 (8.5%) 1639 (29.8%) | 1293 (37.4%) | 344 (26.4%)
White, Wash. Cty. | 3444 (25.8%) | 340 (26.9%) | 647 (35.2%) | 1585 (28.8%) | 636 (18.4%) | 236 (18.1%)
Family history of 1150 (8.6%) 65 (5.1%) 173 (9.4%) 500 (9.1%) 318 (9.2%) 94 (7.2%)
CVD'
APOE ¢4 allele
22/23/33 9260 (69.3%) | 837 (66.2%) | 1242 (67.5%) | 3875 (70.4%) | 2394 (69.2%) | 912 (69.9%)
24 /34 3755 (28.1%) | 396 (31.3%) | 533 (28.9%) | 1490 (27.1%) | 968 (28.0%) | 368 (28.2%)
44 353 (2.6%) 31 (2.5%) 64 (3.5%) 137 (2.5%) 97 (2.8%) 24 (1.8%)
Hypertension (V1) 4626 (34.8%) | 666 (52.9%) | 786 (42.0%) | 1800 (32.9%) | 1004 (29.1%) | 370 (28.5%)
SBP (mmHg) 121.2 (18.9) 128.8 (20.8) 124.5 (19.9) 120.6 (18.5) 118.6 (17.5) 118.2 (17.9)
Diabetes (V1) 1597 (12.0%) | 269 (21.4%) | 314 (17.1%) | 602 (11.0%) 298 (8.6%) 114 (8.8%)
FBG (mmol/L) 6.1 (2.3) 6.7 (3.1) 6.4 (2.7) 6.0 (2.2) 5.8 (1.8) 5.8 (1.7)
BMI, kg/m” (V1) 27.7 (5.3) 29.0 (5.9) 28.7 (5.9) 27.5(5.3) 27.1(4.9) 27.0 (4.6)
Smoking, 100 pack- 3.3 (4.4) 4.5 (5.6) 39@4.7) 3.3(4.3) 3.0(4.1) 2.0 (3.5)
years (V1)
HEI-2015, raw 69.2 (9.4) 66.0 (9.7) 67.1(9.3) 69.0 (9.4) 70.7 (8.9) 71.8 (9.0)
score” (V1) 4456 (33.3%) | 577 (45.7%) | 794 (43.2%) | 1872 (34.0%) | 912 (26.4%) | 301 (23.1%)
Low (0) 4456 (33.3%) | 392 (31.0%) | 583 (31.7%) | 1844 (33.5%) | 1213 (35.1%) | 424 (32.5%)
Middle (1) 4456 (33.3%) | 295(23.3%) | 462 (25.1%) | 1786 (32.5%) | 1334 (38.6%) | 579 (44.4%)
High (2)
MVPA, 131.4 (155.3) | 81.0(130.7) 91.5(135.0) | 129.3(155.2) | 159.3 (158.9) 170.8
minutes/week® (V1) | 5091 (38.1%) | 743 (58.8%) | 956 (52.0%) | 2099 (38.2%) | 948 (27.4%) (168.2)
None (0) 3366 (25.2%) | 235(18.6%) | 409 (22.2%) | 1452 (26.4%) | 930 (26.9%) | 345 (26.5%)
Middle (1) 4911 (36.7%) | 286 (22.6%) | 474 (25.8%) | 1951 (35.5%) | 1581 (45.7%) | 340 (26.1%)
High (2) 619 (47.5%)
Dementia
(cumulative 2681 (20.1%) | 346 (27.4%) | 427 (23.2%) | 1073 (19.5%) | 607 (17.6%) | 228 (17.5%)
incidence)
Died without
dementia diagnosis 5683 (42.5%) | 752 (59.5%) | 947 (51.5%) | 2279 (41.4%) | 1287 (37.2%) | 418 (32.1%)

V)

'Includes either parent’s history of diabetes, stroke, coronary heart disease (CHD), or premature family history of
CHD (<55 years of age)
*HEI-2015 score range: 34.6 — 96.2 (possible range: 0 — 100)

*MVPA score range in study population: 0 — 994 minutes/week
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Figure 3.2 Distribution of HEI-2015 tertiles (top) and MVPA categories
(bottom) by educational attainment
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In multivariable-adjusted analyses, higher diet quality and higher MVPA were associated

with lower dementia risk (Table 3.2). When stratifying by educational attainment without

accounting for competing risk of death, higher diet quality was associated with lower dementia

risk only for those with graduate or professional-level education. No marked differences in

associations between MVPA and dementia were observed across educational attainment strata

(Figure 3.2). When accounting for competing risk of death in the Cox regression model,

estimated HRs for those with graduate or professional-level education did not change

substantially (Table 3.2).

Table 3.2 Cox proportional hazards models for the risk of dementia by HEI-2015 and MVPA

High school High school | Some college | Graduate or
All Grade . q
o4 without graduate or | or graduated | professional
Participants School . c
(n=13,368) (n=1264) graiiuatlon equ_lvalent cgllege sEhool
(n=1839) (n=5502) (n=3459) (n=1304)
HR(95%CI) from Cox Proportional Hazards (PH) Model
HEI-2015
Low (0) REF REF REF REF REF REF
Mid (1) 0.90 (0.82, 1.08 (0.84, 1.05 (0.83, 0.92 (0.78, 0.79 (0.63, 0.52 (0.36,
0.99)* 1.38) 1.32) 1.07) 0.99)* 0.77)*
High (2) 0.97 (0.88, 0.92 1.13 (0.88, 0.95 (0.82, 0.93 (0.76, 0.67 (0.47,
1.07) (0.69,1.24) 1.44) 1.12) 1.15) 0.95)*
MVPA
None (0) REF REF REF REF REF REF
Mid (1) 0.93 (0.84, 0.92 (0.69, 1.09 (0.86, 0.87 (0.74, 0.95 (0.76, 0.93 (0.62,
1.03) 1.23) 1.39) 1.02) 1.18) 1.40)
High (2) 0.89 (0.81, 1.00 (0.76, 0.97 (0.76, 0.82 (0.71, 0.81 (0.66, 1.19 (0.85,
0.97)* 1.31) 1.23) 0.95) 1.00) 1.66)
HR(95%CI) from Cox PH with Competing Risk of Death (IPCW)
HEI-2015
Low (0) REF REF REF REF REF REF
Mid (1) 0.95 (0.87, 1.29 (1.06, 0.97 (0.79, 0.76 (0.67, 1.11 (0.90, 0.47 (0.32,
1.03) 1.57)* 1.19) 0.87)* 1.36) 0.67)*
High (2) 1.08 (0.99, 1.25 (1.00, 1.24 (1.01, 0.83 (0.72, 1.39 (1.14, 0.61 (0.43,
1.18) 1.55)* 1.52)* 0.95)* 1.70)* 0.86)*
MVPA
None (0) REF REF REF REF REF REF
Mid (1) 0.92 (0.84, 0.79 (0.62, 1.54 (1.27, 0.80 (0.69, 0.88 (0.72, 0.96 (0.64,
1.00) 1.00) 1.87)* 0.92)* 1.08) 1.43)
High (2) 0.74 (0.68, 0.71 (0.57, 1.00 (0.81, 0.65 (0.57, 0.64 (0.53, 1.24 (0.90,
0.80)* 0.89)* 1.23) 0.74)* 0.77)* 1.72)
*p<0.05

IPCW = inverse probability censoring weights (estimated using probability of dementia-free death)
All models adjusted for age, gender, race-center, family history of CVD, APOE &4 allele, and V1

vascular risk factors (SBP, fasting glucose, BMI, and pack-years of smoking); model for “All
Participants” additionally adjusted for educational attainment
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There was no evidence of mediation by diet quality or MVPA (Table 3.3). Findings were

similar in mediation models that did not adjust for vascular risk factors.

Table 3.3 Multiple mediation of the relationship between education and dementia by diet quality (HEI-2015) and

hysical activity (MVPA)

HR (95%CD) | o

School

High school
without
graduation

High school
graduate or
equivalent

Some college or
graduated college

Graduate or
professional
school

Total effect’ REF

0.83 (0.72, 0.97)

0.72 (0.63, 0.83)

0.69 (0.58, 0.81)

0.61 (0.50, 0.74)

NDE? REF

0.83 (0.72, 0.97)

0.73 (0.64, 0.85)

0.71 (0.60, 0.83)

0.60 (0.49, 0.74)

NIE®
HEI-2015 REF
MVPA

1.00 (1.00, 1.01)
1.00 (0.99, 1.01)

1.00 (0.98, 1.01)
0.98 (0.97, 1.00)

1.00 (0.97, 1.03)
0.97 (0.95, 1.00)

1.00 (0.94, 1.06)
1.01 (0.97, 1.05)

Percent

mediated*
Total REF
HEI-2015

MVPA

-0.2%
(-0.03%, -0.2%)
-0.9%
(-33.3%, 2.2%)
-0.7%
(-16.7%, 2.8%)

5.8%
(3.7%, 11.1%)
0.9%
(-7.3%, 4.3%)
4.9%
(1.3%, 6.7%)

7.8%
(4.6%, 15.6%)
0.5%
(-14.7%, 6.6%)
7.3%
(1.8%, 9.9%

2.0%
(-3.2%, 0.8%)
~0%
(-19.3%, 8.7%)
2.2%
(-16.7%, 4.1%)

NDE: Natural Direct Effect. NIE: Natural Indirect Effect.

All models are adjusted for age at Visit 1, sex, race-center, APOE4, family history of CVD, and V1 vascular risk
factors (SBP, fasting glucose, BMI, and pack-years of smoking)

'Total effect is the effect of each education level compared to the reference (grade school) on dementia, adjusted for

confounders and mediators

*NDE is the effect of education on dementia that is nor mediated by HEI-2015 or MVPA (i.e. “direct” effect)
’NIE is the effect of education on dementia that is mediated by HEI-2015 or MVPA
*Percent mediated out of total effect for each mediator was calculated as the sum of the natural log of HRs for the
mediators divided by the natural log of the HR for the total effect. Total percent mediated was calculated by

summing up the percent mediated for each mediator.

Black participants at Forsyth, NC and Jackson, MS had lower educational attainment and

family income compared to White participants at all field centers. No substantial difference in

the mean or distribution of HEI-2015 scores was observed between groups stratified by race and

center (i.e. “race-center”’). White participants at all centers had higher mean MVPA compared to

Black participants at all centers. No clear pattern by field center and race was observed for the

relationship between diet and dementia. There was a statistically significant lower risk of

dementia for both Black and White participants at the Forsyth, NC site, while no significant
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variation by field center was observed for the relationship between diet and dementia (Table

3.4).
Table 3.4 Participant characteristics and multivariable-adjusted dementia risk by race-center
Black - White - Black - Min“;ll::;f)olis W?slﬁgnegton
Forsyth, NC | Forsyth, NC Jackson, MS ’
(N =402) (N = 3120) (N =2909) MN County, MD
(N =3493) (N =3444)

Participant characteristics

Educational attainment
Grade school 49 (12.2%) 196 (6.3%) 618 (21.2%) 61 (1.8%) 340 (9.9%)
High school w/o grad 75 (18.7%) 321 (10.3%) 640 (22.0%) 156 (4.5%) 647 (18.8%)
High school grad/equiv | 144 (35.8%) | 1332 (42.7%) | 802 (27.6%) 1639 (46.9%) 1585 (46.0%)
College 97 (24.1%) 958 (30.7%) 475 (16.3%) 1293 (37.0%) 636 (18.5%)
Graduate or prof school 37 (9.2%) 313 (10.0%) 374 (12.9%) 344 (9.9%) 236 (6.9%)

Family income (1987-

1989)' 49 (12.9%) 46 (1.5%) 462 (17.7%) 7 (0.2%) 81 (2.4%)
<§5000 35 (9.2%) 62 (2.1%) 301 (11.6%) 17 (0.5%) 100 (3.0%)
$5000-$7999 36 (9.5%) 102 (3.4%) 345 (13.2%) 57 (1.7%) 189 (5.6%)
$8000-$11,999 34 (8.9%) 186 (6.2%) 333 (12.8%) 99 (3.0%) 257 (7.7%)
$12,000-$15,999 73 (19.2%) 408 (13.7%) 464 (17.8%) 347 (10.5%) 589 (17.5%)

$16,000-$24,999
$25,000-$34,999

57 (15.0%)
59 (15.5%)

578 (19.4%)
586 (19.6%)

308 (11.8%)
228 (8.8%)

578 (17.5%)
891 (27.0%)

762 (22.7%)
717 (21.4%)

$35,000-$49,999 38 (10.0%) 1016 (34.1%) 164 (6.3%) 1300 (39.4%) 663 (19.7%)
>$50,000

HEI-2015, mean raw

score (SD) 70.6 (9.0) 70.5 (9.5) 68.3 (8.9) 70.0 (9.3) 67.7 (9.7)
Low (0) 115 (28.6%) 878 (28.1%) 1035 (35.6%) 1041 (29.8%) 1387 (40.3%)
Middle (1) 134 (33.3%) | 1009 (32.3%) | 1056 (36.3%) 1168 (33.4%) 1089 (31.6%)
High (2) 153 (38.1%) | 1233 (39.5%) 818 (28.1%) 1284 (36.8%) 968 (28.1%)

MVPA, mean

minutes/week (SD) 107.9 (134.3) | 154.1 (165.7) 76.8 (131.2) 158.6 (153.0) 132.0 (157.0)
None (0) 154 (38.3%) 967 (31.0%) 1761 (60.5%) 901 (25.8%) 1308 (38.0%)
Middle (1) 130 (32.3%) 839 (26.9%) 530 (18.2%) 986 (28.2%) 881 (25.6%)
High (2) 118 (29.4%) | 1314 (42.1%) 618 (21.2%) 1606 (46.0%) 1255 (36.4%)

Cumulative incidence of
dementia

88 (21.9%)

577 (18.5%)

658 (22.6%)

621 (17.8%)

737 (21.4%)

Multivariable-adjusted HR (95%CI) of dementia by HEI-2015 and M VPA®

HEI-2015 (ref: low)

Middle (1) 1.16 0.91 0.89 0.93 0.84
(0.61,2.22) (0.72, 1.15) (0.74, 1.07) (0.75, 1.15) (0.70, 1.01)

High (2) 1.27 0.91 0.96 0.97 1.07
(0.66, 2.45) (0.72, 1.13) (0.78, 1.17) (0.79, 1.20) (0.89, 1.29)

MVPA (ref: low)

Middle (1) 1.00 0.79 1.00 0.89 0.95
(0.59, 1.69) (0.63, 0.99)* (0.81, 1.24) (0.71, 1.10) (0.79, 1.14)

High (2) 0.52 0.85 0.97 0.88 0.84
(0.29, 0.93)* (0.69, 1.03) (0.80, 1.19) (0.72, 1.08) (0.70, 1.00)

'N missing for income: 21 (Black — Forsyth), 136 (White — Forsyth), 304 (Black — Jackson), 197 (White —
Minneapolis), 86 (White — Washington County)
*All models adjusted for age, gender, educational attainment, family history of CVD, APOE &4 allele, and Visit 1

vascular risk factors (SBP, FBG, pack-years of smoking, BMI)

*p<0.05
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DISCUSSION

In this study of 13,368 Black and White older adults across 4 U.S. communities, we found that
higher diet quality was associated with a lower risk of dementia, but only among those with
graduate or professional school-level education even after accounting for the competing risk of
death. Additionally, little to none of the association between higher educational attainment and
lower dementia risk was mediated through midlife diet quality or physical activity. Our findings
suggest that interventions involving diet or physical activity may not be universally effective at
reducing dementia risk if implemented at midlife or among those without very high levels of
educational attainment.

Studies of diet and cognitive health have yielded inconsistent findings. Studies in the ARIC
study have shown that a Western diet and a prudent diet were not associated with cognitive
decline among those without dementia'*’, while adherence to dietary guidelines using HEI-2015

" Other observational studies found that

was associated with cognitive decline'*' and dementia.
higher diet quality is associated with slower cognitive decline. In the Memory and Aging Project,
the top tertile of the MIND diet score was associated with the slowest rate of cognitive decline
over approximately 5 years in a sample of U.S. older adults; notably, only 10% were racial or
ethnic minorities.''>'** Another study from a population-based sample in the U.K. found that diet
quality at midlife was not associated with subsequent dementia risk.'* This may be attributable
to varying dietary exposures (e.g., Western diet vs. MIND diet) and how they are quantified,
varying covariate adjustment (e.g., some studies do not adjust for total energy intake or total
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nutrient intake ), or heterogeneity by demographic subgroups. The latter was observed in the

present study.
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An assessment of our overall study population suggests that better dietary quality at midlife
was associated with lower risk of incident dementia. However, the magnitude of the association
was smaller for those with lower levels of educational attainment compared to higher levels of
educational attainment. These findings are likely due to social and material conditions arising
from historical injustices relating to race, class and education that substantially influence
dementia risk beyond the impact of modifiable risk factors. Prior research has shown that
resource-related stressors in midlife are associated with higher risk of dementia, especially for
those with high school-level education or less.'*” This may be especially relevant for dietary
intake, since access to healthy food varies by neighborhood'* and relates to many factors
beyond what an individual could modify. Furthermore, prior studies have hypothesized that
health behaviors with higher cognitive complexity are more often attained among those with

higher education.'*’

The HEI-2015 score reflects adherence to guidelines, which may involve
cognitively complex tasks such as being able to read nutritional labels.

Our findings suggest that there are is a confluence of factors that are stronger determinants
of dementia risk than individual risk factor modification via lifestyle. In other words, the
relationship between higher educational attainment and lower dementia risk is mediated through
pathways other than health behaviors related to diet or physical activity, which is consistent with
our findings in the mediation analysis. This further suggests that considering diet quality or
physical activity in midlife, defined as 45-64 in ARIC, may be too late for modifying midlife
vascular risk such as hypertension, diabetes, BMI and smoking, which is consistent with prior
research showing that elevated vascular risk as early as age 36 is associated with elevated risk of

dementia.”' It follows that the etiologic window for lowering dementia risk via lifestyle strategies

may be earlier than ages 45-64, and consequently, midlife interventions involving diet quality or
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physical activity for preventing dementia may be insufficient. Our findings further support the
need for interventions to reduce vascular risk in early adulthood, particularly for those with low
educational attainment.

Effect heterogeneity in dementia prevention may also be attributable to factors that
determine one’s SES throughout early-life and midlife, such as geographic location. However,
we did not observe any patterns in the relationship of diet and dementia between race-center
groups. There may be within-center variation by factors other than race (e.g. zip code-level
density of grocery stores) that is not reflected in the analysis stratified by race-center.
Alternatively, the lack of difference may be due to effects in opposite directions. Some studies
have found greater benefit of education on physical health for those with low childhood SES'*®,
but these same participants may experience more structural barriers to health. Lastly, we
observed that better adherence to physical activity guidelines was associated with lower
dementia risk for Black and White participants at the Forsyth, NC field center, but not any of the
other centers, suggesting that participants at various field centers with the same MVPA score
may be engaging in different types of physical activity that differentially affect cognition. One
study showed that moderate-intensity aerobic exercise can reverse the loss of hippocampal
volume, with correlations between improvements in VO, max and the amount of volume
increase'”’, and a systematic review and meta-analysis found that resistance activities may yield

the most benefit for slowing cognitive decline among patients with dementia'*’

. Finally, the
amount and type of moderate-to-vigorous physical activity and its effect on dementia risk may be
a proxy for built environment characteristics such as urban design, walkability, and green
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space. ° On balance, some aspect of the built environment may be responsible for the benefit

derived from physical activity. Future studies should investigate whether the types of activities,
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corresponding changes in the brain, and characteristics of the built environment may mediate the
relationship between physical activity and dementia.

Our study has several limitations. Diet and physical activity are imprecisely measured,
particularly since they are both self-reported and may differ by educational attainment. In
particular, there may have been misclassification of lifestyle factors by cognitive status for those
at lower levels of educational attainment due to cognitive demands for completing the food
frequency questionnaire and physical activity questionnaire. Our analyses use lifestyle factors
measured in midlife; without complete follow-up data on diet and physical activity throughout
midlife and late-life, we cannot establish causation using methods that account for time-varying
confounding and exposure-confounder feedback. Furthermore, there may be unmeasured
confounders of the relationship between lifestyle and dementia, such as healthcare utilization,
which is also downstream of educational attainment; this would violate several causal mediation
assumptions’” and may lead to potential bias in estimating the proportion mediated. This was
mitigated through sensitivity analyses that adjusted for levels of Visit 1 vascular risk factors, a
proxy for healthcare utilization in midlife. Lastly, it should be noted that the analysis stratified by
race-center has lower power due to smaller samples within some stratum—particularly for Black
participants in Forsyth, NC—and these findings should be interpreted with caution.

Despite evidence that lifestyle modifications may be able to reduce dementia risk, more
work is needed to identify the etiologic windows critical to various stages of disease during
which these modifications may be effective. Future research should aim to elucidate the sources
of disparities in the rate of cognitive decline as well as intermediate pathological markers of
dementia such as cerebral small vessel disease. Furthermore, questions remain as to whether

these strategies are equitable; high adherence to dietary guidelines appears to be associated with
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lower dementia risk only those with graduate or professional-level education, which is less than
13% of the U.S. population'**, and more work is needed to ensure that future interventions are
effective and feasible for individuals who lack access to resources to attain or maintain health.
Given the substantial financial, ethical and feasibility considerations associated with conducting
randomized controlled trials, leveraging observational data with measurements of lifestyle and
vascular risk factors at midlife as well as rigorous ascertainment of dementia will be key to

answering these questions.
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