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Abstract

INTRODUCTION: We examined whether educational attainment differentially contributes to

cognitive reserve (CR) across race/ethnicity.

METHODS: 1553 non-Hispanic Whites (Whites), non-Hispanic Blacks (Blacks), and Hispanics in
the Washington Heights/Inwood Columbia Aging Project (WHICAP) completed structural
magnetic resonance imaging. Mixture growth curve modeling was used to examine whether the
effect of brain integrity indicators (hippocampal volume, cortical thickness, and white matter
hyperintensity volumes [WMH]) on memory and language trajectories was modified by

education across racial/ethnic groups.

RESULTS: Higher educational attainment attenuated the negative impact of WMH burden on
memory (=-0.03; 99% CI:- 0.071, -0.002) and language decline ($=-0.024; 99% CI:- 0.044, -
0.004), as well as the impact of cortical thinning on level of language performance for Whites,

but not for Blacks or Hispanics.

DISCUSSION: Educational attainment does not contribute to CR similarly across racial/ethnic

groups.
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1. Background

Studies of neurodegeneration and biomarkers among patients with Alzheimer’s disease
(AD) have revealed substantial heterogeneity in the association between levels of cognitive
function for a given level of neurodegeneration [1, 2]. The theory of cognitive reserve (CR) has
been proposed as a way to explain these clinicopathologic discrepancies [3-6]. CR refers to
intraindividual characteristics that preserve cognitive function in the presence of diminished
brain integrity associated with diseases of aging [7]. Studies suggest that life-course
experiences, such as education, contribute to the development of CR [8]. For instance, more
years of education is associated with lower dementia risk and delayed age of dementia onset
[9]. However, the majority of CR studies have largely been focused on non-Hispanic White
(White) samples. Given the historical differences in access and quality of education across
racial/ethnic groups, it is unclear whether education contributes to CR comparably across
racial/ethnic groups [10]. Accurate characterization and quantification of CR across
racially/ethnically diverse older adults may lead to identification of modifiable life-course

factors that could increase CR and delay the onset and progression of AD.

Evaluation of CR involves examining whether a proxy measure of CR (i.e., years of
education) modifies the relationship between an indicator of brain integrity (i.e., neuroimaging
markers of hippocampal volume, cortical thickness, or degree of white matter hyperintensity
[WMH] burden) and a cognitive or clinical outcome [8]. However, there is some evidence that
the relationship between brain integrity and cognition differs by racial/ethnic group [11],

suggesting racial/ethnic differences in the neurobiological substrates that underlie cognitive
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impairment. As a result, there may be racial/ethnic variation in moderation of the relationship

of cognitive outcomes to specific brain integrity indicators.

The purpose of this study was to examine whether education contributes to CR, by
oderating the relationship between indicators of brain integrity and cognitive trajectories,
similarly across racial/ethnic groups. As illustrated in Figure 1, we hypothesized that indicators
of brain integrity (hippocampal volume, cortical thickness, and WMH volume), would
differentially relate to level and change in cognition across Black, Hispanic, and White older
adults (“a” path). Given historical racial/ethnic inequalities in quality of education, the
contribution of years of education to CR is likely reduced for racial/ethnic minorities (“b” path)
[12]. Thus, we hypothesized that among Whites, education would contribute to CR by providing
a buffer against the effects of reduced brain integrity on level and change in cognition (“c” path).
We focus only on years of education in this study because it is the most frequently used proxy of
CR [13] in the literature. It was not the goal of this study to provide comprehensive examination

of other potential life-course contributors to CR.

2. Methods

2.1. Participants

The 1,553 participants in this sample were community-living Medicare recipients 65
years and older recruited from northern Manhattan to participate in the Washington Heights-
Inwood Columbia Aging Project (WHICAP) (see Tang et al., 2001 for study procedures and a
detailed description of the larger WHICAP sample). Recruitment occurred in three waves: 1992
(N=2126), 1999 (N=2180), and 2009 (N=2128). Participants completed a baseline cognitive

assessment, in English or Spanish (based on language preference), and were followed up at 18-
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to 24-month intervals for up to 25 years. This study was approved by Institutional Review

Boards at Columbia University Medical Center. Written informed consent was obtained.

A subset of 761 participants from the 1992/1999 cohorts and 879 participants from the
009 cohort, who were free of dementia at their prior visit, underwent structural magnetic
resonance imaging (MRI). Participants were excluded from the current analyses if they (1) self-
reported a primary race/ethnicity other than White, Black, or Hispanic (N=32), or (2) were
missing data on education, the brain integrity variables of interest, or all cognitive test
performance data (N=55). Comparing the subset of 1,553 participants included in the current
sample to the entire WHICAP sample, participants in the current study were younger at their
initial enrollment (73.7 versus 77.4), had higher average education (11.39 versus 9.33), higher
baseline memory (0.47 versus 0.03 on a standardized composite score) and language scores
(0.58 versus 0.02), were less likely to be a woman (63.7% versus 69.0%), and more likely to
remain cognitively unimpaired throughout the study (87.1% versus 74.0%). A detailed

description of sampling procedures is provided in Figure 2.

2.2. Measures

2.2.1. Predictors: Measures of Brain Integrity

All magnetic resonance images were obtained from scanners at Columbia University
Medical Center. Imaging from the 1992 /1999 cohorts was obtained from 2005 to 2007 ona 1.5
Tesla (T) Philips Intera scanner, while a 3.0T Philips Achieva scanner was used from 2011 to

2014 to collect data from the 2009 cohort.

Total intracranial volume (ICV) and total hippocampal volume (across hemispheres) were
derived from T1-weighted images (repetition time=20ms, echo time=2.1ms, field of view

240cm, 256 x 160 matrix, 1.3mm slice thickness). Raw total hippocampal volume was
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standardized and corrected for ICV via regression path in the latent variable model described

below.

A cortical thickness composite was created using FreeSurfer (version 5.1 for the 1992/1999
horts and version 6.0 for the 2009 cohort) T1-weighted images. The composite included the
following nine “AD signature” regions, averaged across hemisphere [15]: rostral medial
temporal lobe, angular gyrus, inferior frontal lobe, inferior temporal lobe, temporal pole,
precuneus, supramarginal gyrus, superior parietal lobe, and superior frontal lobe. Cortical

thickness was averaged across regions and standardized.

Total WMH volumes were acquired from T2-weighted fluid-attenuated inversion recovery
(FLAIR) images using previously described procedures (repetition time=11,000ms, echo time
144.0ms, inversion time 2,800, field of view 25cm, 2 nex, 256 x 192 matrix with 3mm slice
thickness) [16]. To facilitate interpretation of effects in a single model, indicators of brain
integrity were either standardized to be on the same scale or reverse coded (i.e., larger values
indicate more brain integrity). Values for WMH volumes were reversed with higher values
reflecting lower WMH burden/more brain integrity and then log-transformed to normalize their

distribution.

2.2.2.  Outcomes: Neuropsychological Measures

Memory and language composites were derived from a previously published confirmatory
factor analysis (CFA) that determined that memory and language were the two cognitive
domains captured by the WHICAP neuropsychological battery [17]. These composite scores are
invariant across racial/ethnic groups [18] and across English and Spanish-speakers[17].
Memory was assessed by the immediate, delayed, and recognition trials from the Selective

Reminding Test (SRT) [19]. Language was assessed via confrontation naming, letter and
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category fluency, verbal abstract reasoning, repetition, and comprehension. Each cognitive
variable was converted to standardized scores using means and standard deviations from the
entire WHICAP sample at baseline. Composite scores were computed by averaging the

standardized scores within each of the cognitive domains on each occasion.

2.2.3. Moderators: Race/Ethnicity & Years of Education

Self-reported race/ethnicity was classified based on the 1990 U.S. Census guidelines. The
highest self-reported completed grade of school was used as an indicator of years of educational

attainment.

2.2.4. Covariates

Although participants were asked whether they are male or female, we will use the term
“sex/gender” because it is unknown whether participants actually reported their sex or their
gender [20]. A binary variable was created to indicate participation in either imaging sample

(0=2005, 1=2011).

2.3.  Statistical Analyses

2.3.1. General modeling approach

Cognitive trajectories for the two domains (memory, language) were characterized by
estimating two separate known-class mixture models, with race/ethnicity as the known-class
grouping variable. This known grouping variable is incorporated into these models as a
moderator variable, allowing model parameters to vary as a function of membership in the
identified groups. Time scores were created and centered at the study visit at which the
neuroimaging data were collected, indicating the amount of time (in years from the scan) that

each respondent participated in sessions before and after their scan. Thus, intercepts indicate
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cognitive performance at the time of scan and slopes indicate the average rate of decline
throughout the study. We then used joint modeling, which combines a latent growth model with
a survival model, to account for the influence of differential attrition due to death on cognitive
trajectories. The hazard function from the survival model was regressed on growth trajectories,
predictors, moderators, and interaction terms and allowed to vary across racial/ethnic groups.
For all analyses, missing data were handled using full information maximum likelihood. Both p-
values and confidence intervals were used to determine statistical significance [21]. To decrease
the likelihood of Type I error due to multiple comparisons we used a p-value of .001 (or 99%

confidence interval).

2.3.2. Estimated models

First, we estimated unconditional known-class joint mixture models (i.e., included no
covariates) and racial/ethnic differences in intercept and slope were examined using the “Model

Constraint” option in Mplus.

Next, two separate conditional known-class joint mixture models (one model per
cognitive domain), which included covariates, were estimated. We used a single indicator latent
variable to adjust hippocampal volume for head size (ICV) and identify the effect of
hippocampal volume on cognitive outcomes independent of any confounding effect of ICV on
those outcomes. WMH volume and cortical thickness were not adjusted for ICV or modeled
through a latent variable. Years of education was included in these models and centered at 11
years. Sex/gender and imaging cohort indicators were also included and centered at 0.5 for
intercept and slope. Age was not included in these models because its effects on cognition were
entirely mediated by the brain variables. Similar findings have been reported [22]. Brain

integrity variables, education, and covariates were regressed on the intercept (current
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performance) and slope (rate of decline) for memory and language trajectory models and

allowed to vary across racial/ethnic groups.

Finally, we re-estimated the two conditional models to include interaction terms for
ch education by brain integrity variable combination on each growth factor (e.g., education x
WMH volume on current performance, education x WMH volume on rate of decline, etc.,). A total
of 6 interaction terms were specified for each of the two conditional models and effects were

allowed to vary across racial/ethnic groups.

2.3.3. Sensitivity analyses

A series of sensitivity analyses were conducted to determine whether racial/ethnic
differences in the distribution of educational attainment influenced our findings. For example, it
is possible that differences in the protective effects of education may be due to an over-
representation of higher levels of educational attainment in Whites. The two previously
described conditional mixture models were estimated in: 1) a subgroup of participants with less
than 16 years of education; 2) a subgroup of Whites and Blacks matched for years of education
(White and Hispanic participants were not matched due to the small number of White
participants at the lower end of the education distribution); and 3) a subgroup of Whites and
Blacks with greater than 12 years of education. To further clarify our findings, we conducted
additional analyses to determine if moderation by years of education differs across levels of
education, by replacing the continuous education variable with two linear splines to capture
change from 0 through 11 years of education, as well as from 12 through 20 years of education.
Finally, because we combined two imaging subsamples who were examined at different stages
in our longitudinal study, we examined whether patterns of association differed across the 2005

and 2011 imaging samples. The original conditional mixture models were refit to include
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education x imaging sample, imaging sample x brain integrity, education x brain integrity
interaction terms, as well as a 3-way education x brain integrity x imaging sample interaction

term.

Results

3.1.  Participant Characteristics

Participant characteristics are presented in Table 1. Hispanic participants were older
when neuroimaging data was collected and completed fewer years of education compared with
White and Black participants. Diagnostic status upon neuroimaging data collection also varied
across racial/ethnic groups, with Whites more likely to be classified as cognitively normal

(X2=8.56, p=0.01).

Average time in the study from baseline assessment was 6.64 years and average time
from baseline to when neuroimaging data were collected was 3.86 years. Study attrition due to

death or non-death drop-out is presented in Supplementary Figure 1.

3.2, Associations Between Education, Brain Integrity, and Memory/Language Trajectories

Results from the conditional models are presented in Supplementary Table 1. Larger
hippocampal volume was associated with higher current performance and less decline across all
groups and cognitive domains. However, the relationship between hippocampal volume and
language decline was stronger for Whites compared with Blacks (§=0.068 [0.007, 0.141]. Larger
WMH volume was associated with lower current memory and language performance for Blacks,
but not Hispanics or Whites. Cortical thickness was positively associated with current memory

and language performance for Whites and Hispanics, but not for Blacks.
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We examined whether parameter estimates differed between the current sample and
the larger WHICAP sample by conducting multiple-group conditional models that did not
include the brain integrity variables, within each racial/ethnic group (Supplementary Table 2).
The relationship between education and memory and language growth parameters were similar

across the current and larger samples within each racial/ethnic group.

3.3.  Interactions Between Education and Brain Integrity Measures on Cognitive Trajectories

As shown in Figure 3 and Table 2, the relationship between WMH volume and memory
and language decline was weaker for Whites with higher education than in Whites with lower
education (education x WMH volume interaction for decline in memory, $=-0.032 [-0.071, -
0.002], and language, $=-0.024 [-0.044, -0.004]), but this was not seen among Blacks or

Hispanics.

Similarly, higher education buffered the negative impact of cortical thinning on current
language performance for Whites (Figure 4; education x cortical thickness interaction for level
of language performance, $=-0.020 [-0.039, -0.002]). No reliable interactions between education
and brain integrity measures were noted for Blacks or Hispanics. Results did not change when

individuals with MCI and incident dementia were excluded from the analyses.

Results did not change when we performed sensitivity analyses in individuals with less
than 16 years of education, more than 12 years of education, and the education-matched
subsample. Interactions with linear splines did not reach statistical significance in either model,
suggesting that the cognitive benefit provided by an additional year of education is similar
across education levels (i.e., for whites going from 9 to 10 years of education provides

approximately the same benefit as going from 15 to 16 years).
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Sensitivity analyses comparing the two non-overlapping imaging sub-samples found no
reliable imaging group x brain integrity or imaging group x education interactions, suggesting
the relationships between education, brain integrity, and cognitive trajectories do not differ
across imaging samples. Additionally, no reliable 3-way interactions were observed, suggesting

that observed education x brain integrity interactions are equivalent across imaging samples.

4. Discussion

We hypothesized that among Whites, but not Blacks or Hispanics, educational attainment
would contribute to CR by providing a buffer against the effects of depleted brain integrity on
cognitive trajectories. This was supported: more years of education buffered the negative
impact of larger WMH volumes on memory and language decline and cortical thinning on
current language performance for Whites but not for Blacks or Hispanics. We also found that the
relationship of brain integrity indicators to cognitive function differed across race/ethnicity,
replicating and expanding on prior work in this cohort [11]. Specifically, WMH volume was
more strongly associated with memory and language performance for Blacks than among other
racial/ethnic groups; cortical thickness was a stronger predictor of language performance for
Whites and Hispanics than for Blacks; and the relationship between hippocampal volume and

language decline was stronger for Whites compared with Blacks.

Prior research suggests that educational attainment may contribute to CR by changing
dendritic and synaptic complexity or overall brain plasticity [23, 24]. Several studies have
demonstrated the contribution of education to CR [7, 25-28] in predominantly White samples,
or in diverse samples where race/ethnicity is treated as a confounding variable. These studies
did not consider racial/ethnic patterns in school quality [12]. Most Black older adults in the U.S.

were born and raised in the South [29], where Jim Crow laws enforced segregation and limited
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opportunities such as education, health care, housing, and the labor market [30]. Across all US
States, before and after Brown v. Board, racist policies and residential segregation forced Black
children to attend under-funded schools that had large student/teacher ratios, shorter term
length, lower teacher salaries, and inadequate budgets for supplies and school buildings [31]. As
a result of these structural inequalities in school opportunities, returns to education, such as
literacy skills, are lower on average among African Americans than among Whites [32, 33].
Older Caribbean-born Hispanics who grew up outside of the U.S., also had fewer opportunities

to attend school and/or receive a poor quality of education [34-38].

Education is differentially associated with entry into various adult opportunities that
might contribute to CR across racial/ethnic groups. Racism in the labor market has served to
counteract the benefits of schooling for Black Americans. For example, Black men continue to
have lower employment rates than White men across education levels [39], suggests that, for
Blacks, years of education is a poorer indicator of experiences related to CR during adulthood. It
is also possible that the modifying effect of education on brain integrity is altered by
psychosocial factors associated with poorer cognitive test performance, including stress

associated with institutional racism and discrimination [40].

Our results are not attributable to higher average education among Whites. Sensitivity
analyses demonstrated that education provides CR for Whites, but not Blacks, when 1)
evaluating a subgroup of Whites and Blacks matched for years of education, 2) restricting both
groups to have less than 16 years of education, and 3) restricting analyses to those with more
than 12 years of education. Further, there was no evidence that the moderation provided by an

additional year of education among Whites differed across levels of education.
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While no reliable brain by education interactions were demonstrated for the Hispanic
group, there was a trend toward significance for the education x cortical thickness interaction
on language decline. Rather than buffer the negative impact of cortical thinning, higher
education worsened the effect of cortical thinning on language decline. Similar patterns have
been reported in recent literature [7, 27]. One possible interpretation is that education is
protective at higher levels of brain integrity, but when brain integrity is depleted, more
education is detrimental [7]. Other socio-cultural factors, such as degree of bilingualism, might

also affect the relationship between cortical thickness and cognitive outcomes [41].

While educational attainment represents an important early-life experience, its effect on
late-life cognitive trajectories is likely mediated by a host of protective factors. Perhaps other
early-life experiences [42] (e.g., literacy, childhood socioeconomic status, neighborhood factors)
better promote these protective mediators among Blacks and Hispanics. CR is challenging to
study because there are no direct measures, it is a hypothetical construct [43]. Future research
needs not only to identify the multiple life-course factors that underlie this construct but also

ensure that proxies for CR are relevant across racial/ethnic groups.

The sample was recruited from northern Manhattan residents, which is a limitation for
national generalizability. Selective participation in imaging data collection may also limit
generalizability. Whites in the 2005 imaging sample had higher rates of incident dementia and
MCI than White WHICAP participants who did not receive imaging. This might explain why
racial/ethnic differences in rate of decline were inconsistent with previous work in the larger
WHICAP sample showing steeper rates of memory and language decline in Hispanics compared
with Whites [44]. However, the relationship between growth parameters and educational
attainment was similar for the current sample and larger WHICAP sample within each

racial/ethnic group. We did not include age as a covariate because it was entirely mediated by
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the brain variables, therefore, the associations with the brain measures might also be

understood as associations with age.

There are also several differences between the 2005 and 2011 imaging samples,

cluding the 2005 sample being less educated, older, and more likely to be cognitively

Ipt

impaired. The use of two different MRI scanners (1.5T in the 2005 sample and 3.0T in the 2011
sample) and FreeSurfer versions (5.1 for the 2005 sample and 6.0 for the 2011 sample) may
have led to increased variability in derived brain integrity estimates, particularly for
hippocampal volume [45, 46]. However, relationships between education, brain integrity, and
cognitive trajectories were not reliably different between the two imaging samples. A recent
cross-sectional study in this WHICAP sample [26] demonstrated differences between the
imaging samples in the moderating effects of education. Conflicting results may be due to the
current study accounting for differential attrition due to death. Not accounting for such
selection processes can lead to inflated estimates of the relationship between cognitive

trajectories and education [47].

Our main finding was that years of education contributed to CR only among Whites, but
not among Blacks and Hispanics. Previous studies have controlled for race/ethnicity rather than
examined differences between groups. As our findings suggest, such an approach ignores
racial/ethnic variability in factors thought to influence CR and likely overestimates the
contribution of education to reserve for racial/ethnic minorities. Explicit examination of
racial/ethnic differences provides a more accurate understanding of the life-course factors that
contribute to CR and may lead to identification of factors that may narrow racial/ethnic

inequalities in onset and progression of AD.
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Figure 1. Schematic Representation of Conceptual Framework
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Figure 2. Schematic Representation of Derived Imaging Sample
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Figure 3. Education x WMH Volume Interactions on Decline in Memory and Language
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Figure 4. Education x Cortical Thickness Interactions on Level and Decline in Language
Performance Across Racial/Ethnic Groups. The panel on the left shows that, for Whites the
lationship between cortical thickness and current level of language functioning was weaker
among those with higher education (16 years) than among those with lower education (8 years
and 12 years). For Blacks and Hispanics (middle and right panels), the relationship between

cortical thickness and language level and decline was similar across education levels.

Black Hispanic
1.00
=-0.001 [-0.017, 0.016] B=0.005 [-0.005, 0.016]
075 -
0
R .
0.50 _'*__.-a-""—- s
r ] -i- J I c
oo 4 s - — 4 E
025 ye ek
f=-0.020 [-0.039, -0.002] } _E -y
o 0.00 I_____,___E——“‘_ Education
g —8— G years
jg - -de- 12 years
I
B=-0.007 [-0.021, 0.006] B=0.013 [-0.002,0.028] _| & 16 years
0o i

i
=
ra

) jo sy sbemay

i
=
i

B=-0.009 [-0.030, 0.013]

-15D 050 +15D 15D 050 +1'SD -1SD 05D +1'SD
Cortical Thickness

This article is protected by copyright. All rights reserved.



Author Manuscri

Cognitive Reserve and Race/Ethnicity 27

Table 1. Characteristics of Study Participants

White Black Hispanic
Group

Characteristics (N =416) (N =547) (N =590) Differencesc

ge at Baseline, Mean (SD) 73.88 (5.6) 73.66 (5.7) 73.74 (5.2) W=B=H
Age at Scan, Mean (SD) 77.15 (6.5) 77.06 (6.7) 78.43 (6.3) W=B<H
Years of Education, Mean (SD)  14.72 (3.4) 12.86 (3.5) 7.70 (4.4) W>B>H
Women, No (%) 232 (56) 361 (66) 397 (67) W<B=H
2005 Scan Sample, No (%)= 203 (49) 261 (48) 283 (48) W=B=H
Years in Study, Mean (SD) 7.08 (4.6) 7.04 (4.9) 7.89 (5.7) W=B=H
Diagnosis at Baseline, No (%)

Normal 350 (84) 432 (79) 436 (74) W>B>H
(I\I\;I[gg Cognitive Impairment 66 (16) 115 (21) 154 (35)
Diagnosis at Scan, No (%)

Normal 338 (81) 408 (74) 435 (74) W>B=H
(I\I\;I[gg Cognitive Impairment 75 (18) 119 (22) 110 (19)

Dementia 3(1) 20 (4) 45 (7)
Brain Indicators, Mean (SD)
Vﬁfi‘;ied Hippocampal 169 (99)  -095(1.02)  -031(96) Ws>B=H

Cortical Thickness 2.59 (.12) 2.55(.113) 2.58 (.112) W=H>B
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WMH Volumeb 118 (.82)
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-123(1.02)  .030(1.09) W=H<B

P

Abbreviations: W, White; B, Black; H, Hispanic; WMH, White Matter Hyperintensities; SD,

standard deviation; No, number.

almaging data was obtained from the 2005 imag
aging sample on a 3.0T scanner.

ing sample on a 1.5T scanner and from the 2011

YWMH Volume values are reversed, with smaller values indicating less brain integrity (more

WMH burden.

¢p <.05 as determined by Tukey’s HSD multiple-comparisons between racial/ethnic groups.

Table 2. Interaction Effects (99% Confidence Intervals) of Education and Brain Integrity on Level and
Rate of Decline for Memory and Language by Race/Ethnicity

Memory Model Language Model

White Black Hispanic White Black Hispanic
Level on
Education x -.012 (-.049, -.019 (- -006 (- -.016(-.038, -.006(-.035, .000 (-.014,
Hippocampal Vol. .024) .058,.019)  .027,.015) .007) .023) .014)
Education x Cortical -.005 (-.030, .004 (- .003(- -.020(-.039,- -.001 (-.017, .005 (-.005,
Thickness .020) .021,.024)  .009,.016) .002)2 .016) .016)
Education x WMH -.005 (-.033, -.003 (- .000 (- .006 (-.012, -.006(-.024, -.001(-
Volume .023) .024,.018) .018,.018) .023) .011) .012,.011)
Rate of Decline on
Education x .010 (-.043, .005 (- -.004 (-.042, .012(-.029, .003(-.014, .002 (-.019,
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Hippocampal Vol. .064) .035,.045) .034) .054) .019) .022)

Education x Cortical ~ -.006 (-.046, -0.008 (- .015(-.016, -.009 (-.030, -.007 (-.021, .013 (-.002,
Thickness .034) .031,.015) .045) .013) .006) .028)

Education x WMH -032(-07,-  .002(-  -.003(-.034, -.024 (-.044,- .002(-.012, -.001 (-
olume .002)a .025,.028) .027) .004)a 015)  .021,.019)

Abbreviations: WMH, White Matter Hyperintensities.

ap <.001.

Research in Context

SYSTEMATIC REVIEW: Literature was reviewed using traditional sources (e.g., PsycINFO,
PubMed). Since few known studies have examined the contribution of education to cognitive
reserve (CR) across racial/ethnic groups, research describing educational and socio-cultural
differences between racial/ethnic groups, as well as a review of the literature on CR, were used

to inform hypotheses in the current study.

INTERPRETATION: Our findings suggest that the contribution of education to cognitive reserve

is not commensurate across racial/ethnic groups.

FUTURE DIRECTIONS: This study takes an important first step understanding the life-course
factors that contribute to CR. Additional studies are warranted to further understand the
drivers of racial inequalities in dementia. Examples include: (a) accurately identifying the
multiple life-course factors that underlie CR; (b) racial/ethnic differences in the relationship
between contributors to CR and longitudinal changes in brain integrity across diagnostic
categories; and (c) investigating the potential for racial/ethnic-specific factors, that increase CR,

to delay the onset and progression of dementia.
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