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STRUCTURED ABSTRACT

INTRODUCTION: Education is correlated with late-life cognition, but association is weaker
among African Americans. The extent to which exposure to discrimination and depressive
symptoms attenuates the education-cognition link has not been investigated.

METHODS: Study of Healthy Aging in African Americans participants (n=764; average age 69
years) completed the Spanish and English Neuropsychological Assessment Scales. We assessed
everyday and major lifetime discrimination and depressive symptoms as mediators of education
effects on cognition using G-estimation with measurement error corrections.

RESULTS: Education was correlated with greater major lifetime and everyday discrimination
but lower depressive symptoms. Accounting for discrimination and depressive symptoms slightly
reduced the estimated effect of education on cognition. The estimated total effect of graduate
education (vs <bachelor’s) was 0.66 (95% CI:0.62,0.68), and the direct effect not mediated by
discrimination or depressive symptoms was 0.60 (95% CI:0.43,0.76).
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DISCUSSION: Education has robust effects on late life cognition after controlling multiple
mediating pathways and offsetting mechanisms.
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1 BACKGROUND

The positive effects of education on later-life cognition are robustly documented.t:2
Although many possible mechanisms have been posited, none have conclusively

been established.34 Some research shows that the health benefits of education are
attenuated among African American adults compared to other racial/ethnic groups.>-6
African Americans may reap diminished returns to education, if systemic racism

reduces the socioeconomic benefits of educational credentials (e.g., income) or because
education increases exposure to psychosocial stressors, such as interpersonal racism or
discrimination.”-12 In African American populations, discrimination, e.g., has been linked
to several adverse health effects in older adulthood, including high blood pressure,13 higher
mortality risk,14 high C-reactive protein levels!®, poor quality-of-lifel6, and short telomere
length.1” However, the extent to which exposure to discrimination attenuates the education-
cognition link has not been investigated.

The possible role of increased exposure to interpersonal psychosocial stress can be

tested as a mechanism that accounts for the attenuated effect of education on cognition.

For example, higher levels of self-reported experiences of everyday and major lifetime
discrimination have been associated with poorer cognitive test performance (i.e., lower
episodic memory and perceptual speed),18 lower subjective cognitive function,19 worse
depressive symptoms,29-21 and faster memory decline,?? in addition to cardiovascular

risk factors and outcomes associated with cognitive impairment13, Despite the existing
theoretical and empirical support, no prior studies have attempted to quantify how the effects
of education on psychosocial stressors may have downstream consequences for later-life
cognition among African Americans.

Using data from the Study of Healthy Aging in African Americans (STAR), this analysis
evaluated whether the effect of education on cognitive performance was partially mediated
by the constructs of discrimination (i.e., everyday and major life) and depressive symptoms
in a community-dwelling cohort of middle-aged and older African American adults. To
assess the association between education and later-life cognitive function, we used a
lifecourse perspective,23 reflected in our conceptual model (Figure 1). We hypothesized
that increased education in early-life might expose African American adults to more
interpersonal discrimination, potentially inducing worse depressive symptoms and cognition
in late life. Such a pathway would offset the beneficial effect of education on cognition

via other mechanisms (i.e., the direct effect of education not mediated by psychosocial risk
factors).’
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2 METHODS

2.1 Participants

The STAR cohort includes 764 community-dwelling older African American adults residing
in the San Francisco Bay area of California, primarily the cities of Oakland and Richmond.
STAR aims to evaluate how lifecourse vascular and sociocultural factors influence the
trajectory of cognitive aging and burden of cognitive impairment among African Americans.
Individuals eligible for STAR were long-term members of Kaiser Permanente Northern
California, an integrated healthcare delivery system, who identified as African American,
were age 50 years or older on January 1, 2018, and had previously participated in Kaiser
Permanente multiphasic health checkup exams between 1964-1985. Stratified random
sampling by age and educational attainment was used to recruit approximately equal
proportions of participants ages 50-64 and 65 and older (range 53-95 years). Exclusion
criteria included electronic medical record diagnosis of dementia or other neurodegenerative
diseases (frontotemporal dementia, Lewy body disease, Pick’s disease, Parkinson’s disease
with dementia, Huntington’s disease) and presence of health conditions that would impede
participation in study interviews (defined by hospice activity in the past 12 months, history
of severe chronic obstructive pulmonary disease in the past 6 months, congestive heart
failure hospitalizations in the past 6 months, and history of end-stage renal disease or
dialysis in the past 12 months). The STAR cohort was approved by the human subjects
review boards at Kaiser Permanente Northern California and the University of California
Davis; all participants provided informed consent.

2.2 Measures

2.2.1 Educational attainment—Educational attainment was self-reported as the
highest level of school completed for credit and categorized for the current analyses as:
those with less than a bachelor’s degree (including those with high school education or
less or a GED credential); a bachelor’s degree; or a graduate degree (i.e., master’s or
professional).

2.2.2 Cognitive functioning outcomes—Cognition was assessed during in-person
interviews with the Spanish and English Neuropsychological Assessment Scales
(SENAS).2* The SENAS is a battery of cognitive tests with evidence of construct validity
across racial/ethnic and linguistically diverse groups.2425 Language administration (English
or Spanish) was determined with an algorithm that considered both preferred language
and everyday language usage in several settings (e.g., language at home, language outside
the home, listening to radio or television, and language for reading). We considered three
SENAS domains: verbal episodic memory, semantic memory, and executive function. A
multi-trial word-list learning test was employed to derive scores on the verbal episodic
memory domain. The semantic memory measure is a composite of verbal (object naming)
and nonverbal (picture association) tasks that are strongly correlated. The executive
function composite comprises category fluency, phonemic (letter) fluency, and working
memory (digit span backward, list sorting) tasks.28 Our primary outcome was the z-score
standardization of the average across the three domain-specific z-scores (we refer to this
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as composite later-life cognition). We also consider each of the domain-specific z-scores as
secondary outcomes.

2.2.3 Mediators

2.2.3.1 Major lifetime discrimination: The major lifetime discrimination scale was
developed to measure perceived unfair treatment instances in consequential (major) life
events (e.g., housing, the labor market, and education).?” Instances of major lifetime
discrimination involve self-reported experiences such as being unfairly denied a bank loan
or job promotion. The nine dichotomous (yes/no) items for major lifetime discrimination
are reported in Appendix Table A.1. We allowed for any attribution of major lifetime
discrimination (e.g., gender or race). The Cronbach’s alpha for the nine items in this sample
was 0.74.

2.2.3.2 Everyday discrimination: The nine-item everyday discrimination scale assessed
participants’ self-reported frequency of being treated unfairly in everyday situations.2” The
measure has been validated in previous samples of older adult populations.1® Respondents
indicated how often they experienced each of nine instances of discrimination. The nine
instances or items are reported in Appendix Table A.1. Everyday discrimination was
measured using a 6-point Likert response scale (1=Never; 2=Less than once a year; 3=A

few times a year; 4=A few times a month; 5=At least once a week; 6=Almost every day). We
allowed for any attribution of everyday discrimination (e.g., gender or race). The Cronbach’s
alpha for the nine items in this sample was 0.88.

2.2.3.3 Depression: The eight items on the Patient-Reported Outcomes Measurement
Information System (PROMIS) depression measure assessed participants’ frequency of self-
reported negative moods, views of self-worth, and social cognition, as well as positive
affect and engagement over the past 7 days (Appendix Table A.1), which we refer to as
“recent depressive symptoms”.28 PROMIS measures were validated as part of a National
Institutes of Health (NIH) roadmap program to promote the clinical use of patient-reported
outcomes.28: 29 Depression was measured using a 5-point Likert response scale (1=Never;
2=Rarely; 3=Sometimes; 4=0ften; 5=Always). The Cronbach’s alpha for the eight items
was 0.91.

2.2.4 Early- and Late-life Confounders—The confounders were selected as factors
that may have influenced the exposure/mediators (educational attainment, discrimination,
or depression) and the outcome (cognitive test performance). We distinguished between
early-life confounders, which would not likely have been influenced by education, and
later-life confounders, which may have been influenced by education. The early-life
confounders included age, gender, self-reported childhood financial status (pretty well off,
above average, and poor or it varied), maternal education (0-12 years, some college or
associate’s, bachelor’s degree, and master’s or professional degree), paternal education
(0-12 years, some college or associate’s, bachelor’s degree, and master’s or professional
degree), maternal employment (employed mostly full-time and employed mostly part-time
or not employed), and paternal employment (employed mostly full-time and employed
mostly part-time or not employed).
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The late-life confounders in this study included alcohol consumption (In the last three
months, on the days you drink, about how many drinks do you have? -- no alcohol, 1-2
drinks, 3 or more drinks), marital status (currently married, not currently married), income
worry — (“how often do you worry about not meeting your expenses with your current
income?” -- always or often, sometimes or never), income worry in the past 30 days (always
or often, sometimes or never), and income range (assessed in 13 categories, recoded to the
midpoint and natural logged). The highest income category [150K and over] was coded as
$156,744, which is 0.2 standard deviations above 150K using the standard deviation of the
remaining 12 categories. We used both income worry and income worry in the past 30 days
because the former represents a more general concern about financial burden, whereas the
latter represents a more recent or temporary concern.

2.3 Statistical analyses

Descriptive analyses were conducted to compare the prevalence of discrimination and
depressive symptoms by level of educational attainment. We evaluated discrimination
and depressive symptoms as potential mediators of the education-cognition association.
Evaluating multiple mediators requires specifying a temporal sequence. We assumed a
temporal order consistent with Figure 1: early-life confounders influenced both education
and late-life confounders; education influenced late-life confounders; major lifetime
discrimination preceded everyday discrimination and recent depressive symptoms; and
everyday discrimination preceded recent depressive symptoms.

In four separate models, one for each of the cognitive outcomes (i.e., composite later-

life cognition, verbal episodic memory, semantic memory, or executive function), we
adjusted for potential early-life and late-life confounders using a two-stage G-estimation
approach that allows for latent variable measurement error correction.3? G-estimation3!
(explained in more detail below) enabled us to correctly account for exposure-induced

or post-exposure confounding, i.e., confounders of the mediator-outcome association that
may have been influenced by exposure.30 Here, the late-life confounders are potentially
influenced by education and may confound the relationship between the psychosocial
mediators and cognitive outcomes. Traditional or standard regression methods, including
traditional structural equation modeling with latent variables, cannot adjust correctly for
post-exposure confounding and may result in substantial bias.30-32 Measurement error in
the mediators is another potential bias. We corrected for measurement error in the everyday
discrimination and depression measures using Fuller’s method, a “method-of-moments”
approach to parameter estimation in linear regression models with error in either dependent
or independent variables.3° In this approach, we assumed a reflective measurement model33
for the everyday discrimination and depression measures. We did not treat major lifetime
discrimination with a reflective measurement model but instead assumed a formative
measurement model.33 The rationale for the latter decision is that we preferred treating
experiences of major lifetime discrimination as an index without including measurement
errors.

We first used linear regression to estimate the total effect of education on later-life cognition.
We then used a two-stage G-estimation approach with latent everyday discrimination and
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depression measures to estimate the controlled direct effect (CDE) of education on cognition
if the discrimination and depression measures were set to their sample averages. In the

first stage, Bartlett factor scores are computed using confirmatory factor analysis.3* In

the second stage, the method estimates potential outcomes for cognition by sequentially
backing out the estimated effects of late-life confounders, mediators, early-life confounders,
and education. Each of these estimated effects (e.g., the effect of discrimination on
cognition, Bgiscrimination) 1S €stimated with linear regression using Fuller’s method that
accounts for measurement errors in latent everyday discrimination and depression.3° The
potential cognitive outcome setting any exposure, mediator, or confounder variable to

zero is then estimated for each individual 7by subtracting the product of the regression
coefficient and individual 7's actual value of the variable from individual /s actual cognition
(e.g., cognition;-Pgiscrimination *discrimination;). Using this technique successively, we can
calculate the potential cognitive outcomes for any combination of exposures and mediators
while controlling for confounders. The direct effects of education on cognition are estimated
by comparing the average values of the potential outcomes expected if education took
different values, but the psychosocial mediators were held to the sample average. See
supplemental materials for further information on the two-stage G-estimation (section I and
I1) as well as additional tables (section Il1).

Percentile bootstrap confidence intervals (CIs) were constructed using 2000 resamples with
replacement.3®> Modification of the direct effect of education by gender, everyday or major-
life discrimination, or depressive symptoms was evaluated, but none of the interactions
were statistically significant. Therefore, we omitted these interactions from the respective
outcome models. Lastly, we used predictive mean matching3® to impute missing data

as part of the 2000 bootstrap samples. We used the median of the 2000 bootstrapped
parameter estimates for our OLS point estimates.3” We also computed the correlations
between education, the psychosocial mediators, and the cognitive outcomes. All analyses
were conducted using R 4.1.0.38 Code is provided in the supplemental materials (section
V).

3 RESULTS

3.1 Participant characteristics

Participants (N = 764) were a mean age of 68.9 years (SD = 8.9); 65.3% had less than

a bachelor’s degree; and 68.3% were female (Table 1). Both everyday discrimination and
major lifetime discrimination z-scores were lowest among participants with less than a
bachelor’s degree compared to those with more education. Depression z-scores scores were
highest on average among those with less than a bachelor’s degree. Those with less than

a bachelor’s degree averaged the lowest later-life scores on composite cognition, verbal
episodic memory, semantic memory, and executive function. For descriptive statistics on the
imputed bootstrap samples and information on missing data patterns see the supplemental
materials (Appendix Table A.2).
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3.2 Correlations of exposure, mediators, and cognitive outcomes

Education was correlated with better cognitive outcomes and fewer depressive symptoms.
However,education was correlated with more experiences of major lifetime discrimination
and everyday discrimination (Appendix Table A.3). Depressive symptoms were negatively
associated with all the later-life cognition outcomes. Major lifetime discrimination and
everyday discrimination were both associated with higher depressive symptoms and with
higher cognition on each of the cognitive outcomes (i.e., verbal memory, semantic memory,
and executive function).

3.2 Education, psychosocial stress, and cognition

The estimated total effect of completing a Bachelor’s or Graduate degree (versus less than
a bachelor’s degree) was substantial and positive for later-life cognition overall (Bzachesor's
= 0.47 [95% CI: 0.44, 0.49]; BGraduate = 0.66 [95% CI: 0.62, 0.68] (Table 2, Panel A).
Associations were positive for each domain: verbal episodic memory (8gachefors = 0.28
[95% CI: 0.25, 0.30]; Baraguate = 0.33 [95% CI: 0.30, 0.35]), semantic memory (Bgachelor's
=0.38 [95% CI: 0.35, 0.40]; Bgraduate = 0.56 [95% CI: 0.53, 0.60]), and executive function
(BBachetors = 0.49 [95% CI: 0.47, 0.50]; Baraguate = 0.71 [95% CI: 0.69, 0.74]).

We next estimated the effect of educational attainment on each of the psychosocial stressors
hypothesized as mediators (Table 2, Panel B) and the effects of the mediators on one
another. Both bachelor’s degree completion and graduate education (compared to less than
a bachelor’s degree) were estimated to substantially increase exposure to major lifetime
discrimination (Bgachesors = 0.24 [95% CI: 0.20, 0.35]; Baraguare = 0.38 [95% Cl: 0.23,
0.42]). Both bachelor’s degree completion and graduate education (compared with less than
a bachelor’s degree) were estimated to decrease exposure to everyday discrimination, albeit
the results for bachelor’s were not statistically significant (8gace/0rs= —0.02 [95% CI:

- 0.05, 0.01]; Baraduate = —0.09 [95% CI: —0.013, —-0.04]). The estimated direct effect of
educational attainment on depressive symptoms was negative and substantial (Bgacrelors =
-0.18 [95% CI: —0.22, —0.14]; Braduate = —0.39 [95% CI: —0.44, -0.32]). Major lifetime
discrimination was estimated to increase depressive symptoms (Busgjorc ife = 0.21 [95% CI:
0.19, 0.22]) and similar results were observed for everyday discrimination (Bgyeryqzy = 0.33
[95% CI: 0.32, 0.35]).

When major lifetime discrimination, everyday discrimination, and depression levels were
set to their sample means, the estimated CDE of Bachelor’s or Graduate degree completion
(versus less than a bachelor’s degree) on later-life cognition was positive and substantial
(Table 2, Panel C), especially for a Graduate degree (Bgacresors = 0.42 [95% ClI: 0.26, 0.58];
BGraduate = 0.60 [95% Cl: 0.43, 0.76]; ). There were similarly positive and substantial CDEs
of education on verbal episodic memory (Bgacrerors = 0.26 [95% CI: 0.07, 0.44]; Bcaduate
=0.29 [95% CI: 0.12, 0.47]), semantic memory (Bgacheiors = 0.34 [95% CI: 0.18, 0.51];
BGraduate = 0.52 [95% Cl: 0.34, 0.70]), and executive function (Bgacresors = 0.45 [95% CI:
0.29, 0.61]; Biraduate = 0.65 [95% CI: 0.49, 0.81]). Complete results for the early-life and
late-life confounders can be found in the supplemental materials (Appendix Table A.4).
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4 DISCUSSION

In this sample of middle-aged and older African American adults, higher educational
attainment predicted better later-life cognition, verbal episodic memory, semantic memory,
and executive function. The results imply that more education is better for later life
cognition. Education was correlated with higher exposure to major lifetime discrimination
and everyday discrimination,but lower depressive symptoms. If discrimination and
depression were held to the sample mean, the CDE of attaining a bachelor’s or graduate
degree on cognitive functioning was estimated as less than the total effect of bachelor’s

or graduate education for each of the cognition outcomes. These results indicate that

the psychosocial stressors may partially mediate the relationship between education and
later-life cognition, with education triggering multiple pathways to later-life cognition.
However, the Cls for the CDEs are large and contained the point estimates for the total
effect suggesting education effects are substantial and may not be explained by carefully
evaluated mediators and confounders in this sample. For example, study participants were
long-term members of Kaiser Permanente, and this may have some impact on their later life
cognition. Further investigation is needed.

Few studies have evaluated the association between education and discrimination, but

our results are consistent with the limited evidence among individuals from racial/ethnic
minority groups; greater education is associated with higher levels of self-reported
experiences of discrimination.”:8:39:40 Research in the Health and Retirement Study

(HRS) did not find that education was associated with differences in experiences of
discrimination, but this analysis included predominantly White individuals.?2 Research
evaluating discrimination in health care settings in HRS found that higher SES protected
White and Latino individuals from experiences of discrimination but had little benefit

for Black respondents.#! Two studies suggested that education increases exposure to
interpersonal discrimination for African Americans, Mexican, and Asian Americans.8:39

In this context, both attaining higher education and reaping the socioeconomic benefits of
education may expose minority group members to more interpersonal discrimination and
require effortful coping as described by the “John Henryism” hypothesis (i.e., high levels of
effort and coping are needed for African Americans to overcome interpersonal stressors).”12
As suggested by some, highly educated African Americans challenge historical and existing
racial hierarchies, and such status challenges may be met with racial hostility by individuals
seeking to preserve those hierarchies.42-44

The substantial psychological effort and stress triggered by discrimination encountered

by minoritized individuals — especially when accumulated across the lifecourse — may

have adverse cognitive consequences.” More attention needs to be paid to what has
anecdotally been referred to as the “paradox” of education for African Americans (i.e.,
educational attainment is a key to socioeconomic mobility but also entails increased
exposure to interpersonal stressors).*>47 In our sample, individuals who reported higher
levels of major lifetime discrimination averaged better later-life cognition (see Table 2,

panel C). This association is both inconsistent and consistent with prior evidence on the
harms of interpersonal discrimination, for example, evidence that greater levels of everyday
discrimination are associated with lower baseline memory and faster memory decline among
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participants aged 51 and older in HRS.%2 In the KHANDLE cohort, for which participants
were recruited from the same health care system as the current STAR cohort, experiences
of major lifetime discrimination were also found to be associated with higher cognitive test
scores among Black participants but not Asian, White, or Latino participants.*8

One explanation for this unexpected association is that this study's major lifetime
discrimination measure is so tightly linked with education and socioeconomic status

among African Americans that associations are confounded. If African American people
encountered major discriminatory events because of their pursuit of resources that enhanced
their health: i.e., in the course of securing health-promoting job opportunities, health care,
or housing, older African American people experienced severe discrimination, the harms of
discrimination may be offset by the advantages of the other resources. Another possibility
is that the discrimination measures are not measuring the same experiences for people with
different educational levels. For instance, if the major lifetime discrimination measure over-
estimates discrimination (formative here) for college degree participants and under-estimates
it for non-degree college degree participants, then observed score differences may not
accurately reflect true differences in the quantity being measured.*?

The G-estimation methods are premised on the correct specification of the mediator and
outcome models. Misspecification of either the outcome or mediator model may bias
results. These methods are based on an assumed temporal order, which cannot be confirmed
without repeated measures across the lifecourse. We used validated self-reported measures
of interpersonal discrimination, but individuals could not report on covert discriminatory
actions that may have adversely affected them. Thus, our measures of discrimination likely
underestimate actual experiences. Likewise, our study did not directly evaluate the role

of structural racism (e.g., policies and processes which restrict access to critical health-
promoting resources such as education based on race), and interpretation of our results
requires consideration of the intersection of structural and interpersonal racism. As for

any observational study, our models assume that there are no unmeasured confounders of
education and cognition or the mediators and cognition.

Despite these limitations, this study has several strengths elaborating potential mechanisms
by which education may influence later-life cognition. Our findings show that among

this cohort of older African Americans, education may have increased exposure to
discrimination but the overall estimated effect of education, even accounting for
discrimination and depression mechanisms, was large and beneficial. Our work is part

of emerging literature painting a more nuanced picture of educational experiences and
cognitive outcomes in old age. The G-estimation method in this study, which allows

for measurement error corrections while correctly accounting for complex time-varying
confounding, is new and has not yet been widely implemented in practice. Our study is

the first application related to social determinants of cognitive aging. This study provides a
novel demonstration of G-estimation methods that can correct for measurement error with
latent variables and allow for possible feedback between exposures of interest (in this study,
education) and early and late-life confounders.
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RESEARCH IN CONTEXT

Systematic review: Literature was reviewed using traditional sources (e.g.,
PubMed). Because few studies have examined the contribution of education
to cognition mediated by psychosocial stressors in African American adults,
research describing relationships among education, cognition, discrimination,
or depression in African American adults was used to inform hypotheses in
this study.

Interpretation: Our findings suggest that education may influence late life
cognition through multiple mechanisms. Some mechanisms, such as increased
exposure to discrimination, may be harmful even though the overall estimated
effect of education is beneficial.

Future directions: Additional studies are warranted that examine the
lifecourse factors contributing to racial disparities in late life cognitive
outcomes, evaluating more comprehensive characterizations of educational
experiences and dementia risk, and the intersection of structural and
interpersonal racism on protective factors including how psychosocial stress
affects brain integrity or cognitive reserve in older African American adults.
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Early Lifo Late Life Confounders
Confounders
Education Cognition

Early Life Confounders

. Age

*  Gender Major Lifetime

*  Growing up finance Discrimination

*  Maternal education

* Paternal education

+  Matemal employment

+ Paternal employment Everyday
Discrimination

Late Life Confounders

*  Alcohol volume

*  Marital status Depression

+  Income range

+  Income worry

+ Income worry last 30 days

Figure 1. A lifecourse model for cognition in later-life
Note. Squares indicate manifest variables, whereas ovals represent latent variables. The

model shown here is for a cognition outcome of interest (i.e., either composite later-life
cognition, verbal episodic memory, semantic memory, or executive function).
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Table 1

Descriptive statistics stratified by education and for the entire STAR sample

< Bachelor’s Bachelor’s Graduate Whole Sample
n=499(65.31%) n=131(17.14%) n=134(17.54%) (n=764)

Continuous Variables Mean(SD) Mean(SD) Mean(SD) Mean(SD)
Age in years 68.9 (8.93) 66.7 (8.08) 70.0 (8.63) 68.7(8.78)
Income Range (logarithmic units) 10.9 (0.68) 11.2 (0.60) 11.4 (0.51) 11.1 (0.67)
Later-life Cognition Z-Score -0.23(0.98) 0.40 (0.86) 0.45 (0.93) 0.00 (1.00)
Verbal Episodic Memory Z-Score -0.13 (0.98) 0.30(1.01) 0.18 (1.00) 0.00 (1.00)
Semantic Memory Z-Score -0.19 (1.01) 0.28 (0.80) 0.43 (0.96) 0.00 (1.00)
Executive Function Z-Score -0.24 (0.97) 0.41 (0.87) 0.48 (0.93) 0.00 (1.00)
Depression Z-Score 0.06 (1.05) -0.04 (0.84) -0.16 (0.93) 0.00 (1.00)
Major Lifetime Discrimination Z-Score -0.13 (0.96) 0.21 (1.00) 0.25 (1.07) 0.00 (1.00)
Everyday Discrimination Z-Score -0.03 (1.00) 0.10 (0.98) 0.00 (1.02) 0.00 (1.00)
Categorical Variables
Gender n (%) n (%) n (%) n (%)

Female 337 (44.1) 97 (12.7) 88 (11.5) 522 (68.3)

Male 162 (21.2) 34 (4.5) 46 (6.0) 242 (31.7)
Growing-up Financial Position

Pretty well off 49 (6.4) 8 (1.1) 20 (2.6) 77 (10.1)

About average 270 (35.3) 86 (11.3) 73 (9.6) 429 (56.2)

Poor or It varied 169 (22.1) 36 (4.7) 39(5.1) 244 (31.9)
Maternal Education

0-12 Years 291 (38.1) 80 (10.5) 68 (8.9) 439 (57.5)

Some college/Associate’s 78 (10.2) 27 (3.5) 25(3.3) 130 (17.0)

Bachelor’s 29 (3.8) 11(1.4) 20 (2.6) 60 (7.9)

Master’s or Professional 8(1.1) 6 (0.80) 13(1.7) 27 (3.5)
Paternal Education

0-12 Years 276 (36.2) 81 (10.6) 74 (9.7) 431 (56.4)

Some college/Associate’s 47 (6.2) 15 (2.0) 16 (2.1) 78 (10.2)

Bachelor’s 15 (2.0) 8(1.1) 15 (2.0) 38 (5.0)

Master’s or Professional 11(1.4) 8(1.1) 14 (1.8) 33(4.3)
Maternal Employment

Mostly Full-Time 249 (32.6) 76 (10.0) 76 (10.0) 401 (52.5)

Mostly Part-Time or Not Employed 234 (30.6) 53 (6.9) 55 (7.2) 342 (44.8)
Paternal Employment

Mostly Full-Time 427 (55.9) 118 (15.5) 124 (16.2) 669 (87.6)

Mostly Part-Time or Not Employed 22 (2.9) 3(0.4) 3(0.4) 28 (3.7)
Worry About Meeting Expenses

Always or Often 65 (8.5) 12 (1.6) 11 (1.4) 88 (11.5)

Sometimes or Never 399 (52.2) 118 (15.5) 121 (15.8) 638 (83.5)
Worry About Meeting Expenses- Past 30 Days

All or Nearly all the time 310 (40.6) 78 (10.2) 96 (12.6) 484 (63.4)

Alzheimers Dement. Author manuscript; available in PMC 2024 July 01.

Page 15



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Cintron et al.
< Bachelor’s Bachelor’s Graduate Whole Sample
Nn=499(65.31%) n=131(17.14%) n=134(17.54%) (n=764)
Sometimes, Hardly ever, or Never 158 (20.7) 52 (6.8) 35 (4.6) 245 (32.1)
Currently Married
Yes 173 (22.6) 45 (5.9) 63 (8.3) 281 (36.8)
No 311 (40.71) 84 (11.0.99) 69 (9.0) 464 (60.7)
Alcohol Volume Past 3 Months
None 232 (30.4) 51 (6.7) 50 (6.5) 333 (43.59)
1-2 drinks on days drinking 226 (29.6) 66 (8.6) 77 (10.1) 369 (48.3)
3 or more drinks on days drinking 35 (4.6) 13 (1.7) 7(0.9) 55(7.2)

Note. SD - Standard deviation.
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Table 2

Estimated total effect of educational attainment on cognitive outcomes and controlled direct effect of
education on cognitive outcomes not mediated by depressive symptoms or everyday or major lifetime
discrimination (N = 764)

Panel A: Estimated Total Effect of Education on Cognitive Outcomes™

Composite Verbal Episodic Semantic Memory Executive

Cognition Memory Function

B (95% CI) B (95% ClI) B (95% CI) B (95% CI)
<Bachelor’s REF REF REF REF
Bachelor’s 0.47(0.44,0.49) 0.28(0.25,0.30) 0.38(0.35,0.40) 0.49(0.47,0.50)
Graduate 0.66(0.62,0.68) 0.33(0.30,0.35) 0.56(0.53,0.60) 0.71(0.69,0.74)

Panel B: Estimated Effect of Education on the Psychosocial Stressors”

Major Lifetime Everyday Depression
Discrimination Discrimination
B (95% ClI) B (95% ClI) B (95% ClI)

<Bachelor’s REF REF REF
Bachelor’s 0.24(0.20,0.35)  -0.02(-0.05,0.01)  -0.18(-0.22,~0.14)
Graduate 0.38(0.23,0.42)  —0.09(-0.13,-0.04) -0.39(-0.44,-0.32)
Major Lifetime Discrimination 0.51(0.49,0.52) 0.21(0.19,0.22)
Everyday Discrimination 0.33(0.32,0.35)

Panel C: Controlled Direct Effect of Education on CognitionJr

Composite Verbal Episodic ~ Semantic Memory Executive

Cognition Memory Function

B (95% ClI) B (95% ClI) B (95% ClI) B (95% ClI)
<Bachelor’s REF REF REF REF
Bachelor’s 0.42(0.26,0.58) 0.26(0.07,0.44) 0.34(0.18,0.51) 0.45(0.29,0.61)
Graduate 0.60(0.43,0.76) 0.29(0.12,0.47) 0.52(0.34,0.70) 0.65(0.49,0.81)
Major Lifetime Discrimination 0.11(0.04,0.17) 0.03(-0.05,0.10) 0.13(0.06,0.02) 0.10(0.03,0.17)
Everyday Discrimination -0.01(-0.09,0.07)  0.04(-0.05,0.12))  -0.04(-0.13,0.05)  —0.02(-0.10,0.06)
Depression -0.06(-0.14,0.01)  -0.08(-0.15,0.00)  0.00(-0.09,0.09)  -0.08(-0.16,~0.01)

Note.

*

-- after controlling for early-life confounders.

I after two-stage g-estimation including early-life and late life confounders. Everyday discrimination and depression are measured as latent
variables.
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