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Abstract

INTRODUCTION: Educational attainment is associated with late life cognitive performance and
dementia; few studies have examined diverse racial/ethnic groups to assess whether the association
differs by race/ethnicity.

METHODS: We investigated whether the association between educational attainment and
cognition differed between White, Black, Asian, and Latino participants in the Kaiser Healthy
Aging and Diverse Life Experiences study (n=1,348). Covariate-adjusted multivariable linear
regression models examined domains of verbal episodic memory, semantic memory, and executive
functioning.

RESULTS: We observed significant effect heterogeneity by race/ethnicity only for verbal
episodic memory (p=0.0198), for which any schooling between high school and college was
beneficial for White, Asian, and Black participants, but not Latino participants. We found no
evidence of heterogeneity for semantic memory or executive function.

DISCUSSION: With the exception of Latino performance on verbal episodic memory, more
education consistently predicted better cognitive scores to a similar extent across racial/ethnic
groups, despite likely heterogeneous educational and social experiences.
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Introduction

Education is associated with later-life cognitive performance and subsequent dementia risk.
1.2 Most prior research conceptualizes education assuming that the suggested causal benefits
of education are consistent across demographic subgroups.3# Recent studies have
highlighted social patterning of health-related benefits from education in subgroups, such as
racial/ethnic classifications.>:6 However, to our knowledge, no prior studies have examined
differential returns of education for cognitive outcomes. Further, the literature on differential
returns of education has not included Asians or Latinos, who may have had distinct
educational and resulting downstream experiences.

Identifying differences in the effects of education across racial/ethnic groups is critical for
understanding drivers of disparities in late-life cognitive performance. Some research has
hypothesized the concept of resource substitution, which posits that additional education
may differentially benefit structurally disadvantaged individuals. The resource substitution
hypothesis implies that education compensates for decreased access to other resources such
as power and earnings available to advantaged groups. The resource substitution hypothesis
implies that racial minorities, due to structural disadvantage, would benefit more from
increased education than non-Latino whites benefit.”:8

Opportunity constraints may however lead to the opposite pattern, in which degree
attainment delivers fewer benefits for racial/ethnic minorities in the US compared to non-
Latino Whites. Such decreased benefits may arise from differences in educational content, as
current older adults were likely to have attended at least some schooling during periods of
legal racial segregation,® or from structural or interpersonal racism preventing racial/ethnic
minorities from fully reaping the advantages of additional education1®. For example, racial/
ethnic minorities who attain higher education may face barriers in the labor market when
they seek positions commensurate with their education, as evidenced by research
highlighting increased exposure to interpersonal racism with increases in educational
attainment for Black individuals.11:12 This hypothesis has been supported by studies
showing that at equal levels of education, Black and White Americans differ in earnings and
occupational outcomes.13 Such findings have been expanded to highlight disadvantages for
Latino and Asian men with limited English proficiency.14-16

The resource substitution and opportunity constraints hypotheses have opposite implications
for the potential differential effects of education on late life cognition across racial/ethnic
groups. Despite the significant scientific attention to race and education as predictors of
demential, many studies investigating racial/ethnic subgroups focus on independent
influences of race and education in ethnically homogenous populations or compare just two
racial/ethnic groups. This study was conducted to evaluate whether the estimated benefit of
educational degree attainment for cognition differed by race/ethnicity within in a diverse
sample of Latino, Asian, Black, and White community-residing older adults. We
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hypothesized that the effect of education on cognition would be attenuated for Black, Asian,
and Latino participants compared to White participants.

Methods

2.1 Study Population

We used baseline data from the Kaiser Healthy Aging and Diverse Life Experiences
(KHANDLE) cohort, comprised of community-dwelling older adults residing in the San
Francisco Bay Area. KHANDLE aims to evaluate how race/ethnicity and lifecourse health
and sociocultural factors influence late-life brain health and cognitive decline. Individuals
eligible for KHANDLE were long-term members of Kaiser Permanente Northern California
(KPNC) over the age of 65 on January 1, 2017, who previously participated in the Kaiser
Permanente multiphasic health checkups (MHC) between 1964-1973 or 1977-1985 and had
no prior diagnoses of dementia at enrollment. A total of 1,712 individuals were enrolled at
baseline with efforts to recruit approximately equal proportions of Asian, Black, Latino,
White participants and overrepresentation of individuals with lower levels of educational
attainment. Participants were excluded from the analytic sample if they reported
immigrating after the age of 14 to restrict the sample to those who would have likely
attended high school in the US (n=339 or 19.57% of the total baseline sample), given the
likelihood that educational experiences in other countries were not comparable to those in
the US. Further exclusions include those who reported only Native American Indian or
Alaska Native ancestry or were missing/refused to report race/ethnicity (n=4), missing
education (n=1, refused), missing place of birth (n=1), missing any of the cognitive
measures (n=18), or withdrawn from the study for a final analytic sample of 1,348.

2.2 Measures

Education—Education was self-reported at baseline as years attained if less than a high
school degree was obtained, and as highest level of degree attainment if the participant
completed schooling past the completion of high school (some college, associate degree,
bachelor’s degree, master’s degree, or doctoral degree). Completion of the general education
diploma (GED; n=46) or high school diploma and/or certifications were also obtained. For
the primary exposure of educational degree attainment, individuals with any degree
attainment less than some college were categorized as “High school or less” regardless of
whether a diploma was obtained, due to the percentage of participants with less than a high
school degree being too small for independent comparisons. Bachelor’s, master’s, and
doctoral degrees were collapsed into a single category for a total of four operationalized
levels of educational attainment (1. High school degree or less, 2. Some college; 3.
Associate degree; 4. College degree or more).

Race/Ethnicity Assignment—Participants were recruited using their Kaiser Permanente
health record classification of race, henceforth called participant primary enrollment race/
ethnicity. Race/ethnicity was also self-reported at KHANDLE enrollment, in which
participants self-reported racial/ethnic group (White, Black, Asian, Latino, Native
American) and any of 24 ethnicities in addition to an open field write-in category. Fractional
assignment was used to account for multiracial individuals in our sample (6.30% of the
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overall sample). For those reporting multiple responses for race or ethnicity, all recorded
responses related to race/ethnicity were reviewed. Those marking multiple ethnicities within
the same major racial/ethnic group (i.e. Chinese and Filipino as both Asian ethnic groups)
were categorized as single race. For those reporting multiple ethnicities across major racial/
ethnic groups, duplicate observations were created for each additionally reported racial/
ethnic group of that individual and were assigned a weight of 1 divided by the number of
reported racial/ethnic groups. As a result, an individual reporting two racial/ethnic groups
would contribute equally to each reported racial/ethnic group. Fractional assignment using
equal fractions has been previously shown to be a reasonable bridging method to link single-
and multi-race responses across national US census waves.1” An indicator reflecting
reporting two or more racial/ethnic groups was also included in all models to account for the
experiences of multiracial individuals as being distinct from those reporting a single race/
ethnicity.

Cognitive Measurements—Three cognitive domains (verbal episodic memory, semantic
memory, and executive functioning) were derived from the Spanish and English
Neuropsychological Assessment Scales (SENAS), which was given to all participants at
baseline in their preferred language (English or Spanish). The SENAS is a battery of
cognitive tests that has previously undergone extensive development for valid comparisons
of cognitive change across racial/ethnic and linguistically diverse groups.1® Verbal episodic
memory composite scores were derived from a multitrial word-list-learning test. Semantic
memory composite scores were derived from verbal (object-naming) and nonverbal (picture
association) tests. Executive function composite scores were obtained using component tasks
of category fluency, phonemic (letter) fluency, and working memory (digit-span backward,
visual-span backward, list sorting). Details of the administration procedures, development,
and psychometric characteristics have been extensively described in previous publications.
18,19 Each domain was z-standardized using the full baseline sample mean and standard
deviation to represent standard deviation units.

Covariates—Demographic covariates included age, gender, nativity, and parental (both
maternal and paternal) education. Age was calculated as time of baseline interview date
from participant date of birth, obtained from Kaiser Permanente medical record data, and
was centered at the age of 75. Gender, nativity, and parental education were reported by
participants in baseline surveys. Gender was considered as self-reported male or female —
those who stated “other” or “refused” had values for biologic sex imputed from Kaiser
Permanente medical records. Place of birth was categorized as US census geographic region
(Midwest, Northeast, South, West) or foreign born and having moved prior to high school
age of entry. Parental education was reported as years of education or unknown and was
categorized into a measure of (1) less than high school verses (2) high school degree or
higher or (3) missing/unknown/no parental figure, considered separately for both maternal
and paternal education.

2.3 Statistical Analysis

Linear regression models using generalized estimating equations with an identity link were
used to estimate the effect of education on cognitive performance by race using weights to
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account for the fractional assignment of racial/ethnic groups. Cognitive performance was
assessed separately for each domain as a function of educational attainment. Pooled models
including indicators for each racial/ethnic group and interactions between each race/
ethnicity and education (as a categorical variable) were used to evaluate whether education-
cognition associations differed significantly by race/ethnicity based on significance of an
overall F-test for the interaction term. In the interest of transparency and fostering future
meta-analyses, we report race/ethnic specific effect estimates for all outcomes but interpret
differences as substantively important only if the F-test for racial/ethnic effect heterogeneity
in educational categories overall was statistically significant (P<.05) for each domain. All
models were adjusted for age (linear), gender, maternal and paternal education, and place of
birth (US Census region or foreign-born migrated prior to age 14). In sensitivity analyses,
we estimated models (1) restricting only to the US born participants and (2) using the
summary race/ethnicity variable rather than the fractional assignment of race/ethnicity.

3. Results

The average age of the sample was 75.8 years (standard deviation [SD]=6.9; Table 1). The
majority of the sample was female (59.8%), with the highest percentage female participant
distribution highest for Black (67.8%) participants. Maternal and paternal educational
attainment of a high school degree or more were similar for Latino (maternal: 36.2%;
paternal: 38.0%) and Asian participants (maternal: 48.6%; paternal: 49.8%), while Black
(maternal: 45.8%; paternal: 30.0%) and White (maternal: 72.8%; paternal: 63.7%)
participants on average reported a higher proportion of mothers compared to fathers with a
high school degree.

Figure 1 shows the distribution of educational attainment among KHANDLE participants by
race. Bachelor’s degree completion or more was most common among Asian participants
(65.7%), followed by White (59.4%), Latino (38.4%), and Black (34.7%) participants.
Latino participants had the largest proportion reporting their education as high school degree
or less (27.9%), followed by Black (22.3%), White (15.1%), and Asian (11.6%) participants.

We first evaluated whether the association of education with each cognitive domain differed
by race/ethnicity (Supplementary Table Al). We found no evidence for racial/ethnic
heterogeneities in associations between education and semantic memory (XZ(Q) p-value:
0.42) or executive functioning (p-value=0.14), but did find evidence of effect heterogeneity
for education and verbal episodic memory (X2(9) p-value= 0.02). In race-stratified models
for verbal episodic memory (fully-adjusted associations in Figure 2 and Supplementary
Table A2), the association with Bachelor’s degree completion (compared to HS only) was
largest for Asian participants (B = 0.58 (95% CI: 0.23, 0.93; p<0.01)) and similar for White
(B = 0.46; 95% CI: 0.24, 0.69; p<0.01) and Black (B = 0.44; 95% CI: 0.22, 0.66; p<0.01)
participants. For Latino participants, there was no association between completion of a
Bachelor’s degree and verbal episodic memory (B = 0.11; 95% ClI: -0.17, 0.39; p=0.55).
Patterns were similar for the associations of some college and Associate degree completion
with verbal episodic memory: generally graded associations of more education with better
scores except among Latino participants, for whom the association was flat.
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Because there was no evidence of racial/ethnic effect heterogeneity for executive function
(Figure 3 and Supplementary Table A2) or semantic memory (Figure 4 and Supplementary
Table A2), we consider the pooled results the best estimates (Supplementary Table Al). In
pooled analyses, attainment of a college degree was associated in a graded fashion with
semantic memory (some college B = 0.27, 95% CI: 0.15, 0.39; associate degree B = 0.33,
95% CI: 0.19. 0.46; college degree or higher B = 0.44, 95% CI: 0.32, 0.55) and executive
functioning (some college B = 0.30, 95% CI: 0.18, 0.43; associate degree B = 0.30, 95% ClI:
0.15. 0.45; college degree or higher B = 0.60, 95% CI: 0.48, 0.72). Evidence for
heterogeneous effects of education by race remained unchanged in sensitivity analyses
restricting to US born only (Supplementary Table A3) and using primary enrollment race
only in place of fractional assignment (Supplementary Table A4).

4. Discussion

In the first US study to date providing direct comparison of the US educational attainment
gradient in cognitive test scores for Whites, Blacks, Asian-Americans, and Latino elderly
adults, we found overall consistency for executive function and semantic memory. For verbal
episodic memory, we found that among Latino adults more education was not associated
with better performance. For Whites, Blacks, and Asian Americans, education level
predicted verbal episodic memory in a graded fashion. Heterogeneities in effect estimates for
semantic memory and executive function between racial/ethnic groups were generally small
and consistent with chance, with a pattern of better performance with more education
observed for all racial/ethnic groups.

Given the small heterogeneities in effects of educational degree attainment across racial/
ethnic groups, our results fail to support both the opportunity constraint and resource
substitution hypotheses as both imply substantial effect heterogeneity. Of note, the observed
patterns of educational attainment offering lower benefit in Latinos for verbal episodic
memory align with the opportunity constraint hypothesis, suggesting that at similar levels of
attainment, Latinos benefit less than other racial/ethnic groups. However, this explanation is
weak as it does not hold across the other SENAS domains. It is also possible that this
domain is especially sensitive to linguistic differences for Latino participants as participants
were given the option of completing the SENAS in Spanish language, but is not available in
languages other than Spanish and English. Though further research is needed, we do not
think foreign education prior to high school is a likely major driver of the difference in
cognitive outcomes among Latinos as the percentage of participants foreign-born was low
and adjusted for in analyses.

To our knowledge, this study is the first to compare the effects of educational degree
attainment on late-life cognition across the four most common racial/ethnic groups in the
US. Few studies have been able to formally examine potential modification of the effect of
education on cognition by race/ethnicity.2% The few available studies evaluating this relied
on pooled methods combining multiple cohorts to increase diversity. This approach is an
important strategy in the context of limited research diversity but between-study differences
may bias results.21 Our sample is recruited from long-term Kaiser Permanente Northern
California health plan members. Health plan members are generally representative of the
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catchment area, though with underrepresentation at extreme tails of the income distribution,
and Kaiser members are likely to have similar residential stability and access to healthcare
throughout adult life, regardless of race/ethnicity.2223 Furthermore, our study findings were
strengthened by restriction to only participants who attended at minimum high school in the
US, and the majority of individuals across all racial/ethnic groups were US born. Though
this exclusion of foreign-educated individuals may affect generalizability of our findings to
the population of the Kaiser catchment area, this restriction allowed us to maintain
consistency in our exposure of US educational attainment between racial/ethnic groups.

Furthermore, this is the first study to evaluate cognitive outcomes in later life for individuals
who completed some college or an associate degree but did not attain a bachelor’s degree.
Approximately one third (32.0%) of the KHANDLE sample reported their highest level of
schooling as some college with no degree or as an associate degree, similar to Bureau of
Labor Statistics reports that 27% of the US adult population overall had some college with
no degree or had completed an associate degree only as of 2016.24 Given the high
prevalence of this educational category, it is important to evaluate the apparent cognitive
benefits in later life. This is particularly pertinent in evidence on racial/ethnic disparities in
cognitive aging considering previously shown evidence that racial/ethnic minorities are more
likely than Whites to begin college but not complete a bachelor’s degree.2526 Associate
degrees are known to improve earnings,2’+28 but our results are the first evidence on whether
they are associated with an advantage in cognitive function in late life. We found that
associate degrees predicted higher cognitive outcomes for Asian American and Black
respondents for most outcomes and for Latinos for semantic memory.

The relationship between education and dementia varies between studies,! likely driven by
inconsistencies in the educational experience of individuals. Such differential returns have
been studied extensively in relation to economic outcomes such as lifecourse earnings and
selection into higher education.8-2% However, racial differences in the beneficial effects of
education have received little attention in the health literature, with most investigations
focusing on mortality or risk behaviors such as smoking.5¢:39 Numerous mechanisms have
been proposed for the health benefits of education, including labor market benefits of
additional credential (degree) attainment, increased time in formal education leading to
increased cognitive skills and engagement, access to more advantageous social networks,
and beneficial delayed entry into the workforce.31-33 Further complicating our
understanding of the relationship are differences in the individual educational experience,
such as those arising from school quality. School quality has been linked to racial/ethnic
disparities in a number of health outcomes including late-life cognitive performance and
current older adults were likely to have attended a large portion of their schooling during a

time when segregated schools were standard, directly affecting the quality of their schooling.
34-36

Our findings come with a number of limitations. While fractional assignment allowed for the
contribution of individuals to multiple racial categories, it allocates equal proportions to each
race which may not accurately reflect an individual’s racial/ethnic identity and lived
experiences. However, this allocation of racial categorization also allowed us to consider
participants’ full racial/ethnic identity without assuming an individual’s primary identified
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race, and the inclusion of an indicator for mixed race individuals was used to account for the
experiences of multiracial individuals as being distinct from single-race individuals.37-38 We
could not examine cognitive decline or dementia in this baseline sample, as KHANDLE
participants were required to be free of prior diagnoses of dementia at baseline. Wave 2 of
data collection is currently ongoing, and future research will be able to examine these
outcomes longitudinally as well as leverage KPNC MHC and medical record data from
midlife for the investigation of potential mediating pathways. Our results should be
interpreted considering the potential issues of unmeasured confounding present in
observational data, as this study utilizes self-reported measures of education and other
covariates. However we do not feel that this is a major concern, as previous research has
shown that the effects of education in observational studies are similar to the estimated
effects in quasi-experimental studies.3940

To our knowledge, this is the first ever study including the four largest racial/ethnic groups
in the US allowing for direct comparisons of educational attainment in the US.
Investigations on potential effect heterogeneity in cognition and subsequent dementia risk
between racial/ethnic subgroups in diverse cohorts is crucial for understanding drivers of
heath disparities. We found evidence that the effect of education for late-life memory
differed across racial/ethnic groups in only one comparison: performance of Latino
participants on verbal episodic memory. It remains unclear whether these differences result
from differences in the classroom experience and educational quality or subsequent
opportunities resulting from degree attainment. The degree of consistency between effects is
somewhat surprising but encouraging news for generalizing results across racial/ethnic
groups. Important next steps include evaluating these associations longitudinally and in
larger samples and disentangling why education has such robust associations with cognition
across racial/ethnic groups with heterogeneous educational and social experiences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure2.
Associations between educational degree attainment and verbal episodic memory in race/

ethnicity stratified models. Each coefficient is for the specified level of education in that
racial/ethnic group compared to HS degree or less for the same racial/ethnic group.
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Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2021 June 04.




Page 15

Engetal.

Author Manuscript

%000 0 %9L'G2 65 %8T'¥ 81 %6T'E 8 %0€°9 S8 Oe PN
%86'GT 0L %6872 LS %LSVE  6VT  %06'SC 9 %8T'ST  TYE umouxun/pasnyey
%0LEY 6L  %66'LE /8 %e6'6Z 62T %086y  SZT  %96'Gk 029 BIOIN 10 SH
%ZE 02 68 %ZT'LE S8 %SE'SE ST %O0EVT 9 %8.'87  88¢E SH Ueys ssa
uo1eanp3 Jeulsled
%0507 oy %82'GT Ge %LE'8T 6. %ISET 65 %S9l 6TC umouXun/pasnyay
%eBTL  BIE  %KT9E €8 %I8Sy 6T  %I98y 22T weres  TeL 80N 10 SH
%L9°9T €L %ly8y  TIT  %I8SE  ¥ST  %68'LZ 0L %vE0E 60 SH ey ssa
uoledNp3 |eulale|n
%6LY 2 %6LTT 1z %6L°C 14 %EL'IT v %LG°L 201 uiog ubralod
%6LvS O w08€. 69T  %IS9Z  vIT  %O0T'9. 16T  9%.625  #IL 5
%BET6 o %559 ST %065 /S %6E7 9 %652 8IE ynos
%rZ €T 85 A ar %607 6 %66 9 %I1E9 58 IseayrioN
%1087 6/ %297 9 %188 8 %6€T 9 %.56 62T 1SampINy
wlZG6  LTv  %IZ88 20z  %bhi6 6T  %.ZE€8 602  %IST6  Lval Luogsn
aoe|dymig
%9E"65 092 %EY'8E 88 %S9'vE 67T %vL'G9 GoT %TT 6 299 1ayBiy 1o 9a163p 863]100
%9€'6 134 %6LTT 1z %88+T 9 %LE'8 12 %SETT  €ST aa1Bep 81810055y
%TZ9T L %ES'TT 0§ %rT'8Z  TZT  WWEVT 9 %290z 8L (e3460p ou) abs] |00 dWOS
%L0°'ST 99 %G6°L2 9 %EE'TT 9% %SG TT 62 %26'8T  SGC $s9] 10 321630 SH
uoneasnp3y
%69Zy 8T  %IKSy  ¥OT  %60Z€  8ET  %c0Sy  €TT  %8ZOr  €bS 3B
wI€LS  TSZ  W6SYS G2 WI6L9 262 %B6YS  BET  %6L6G 908 a[eweo
19pus
TT'L T€°9L €r'9 €'l 859 ve'6L L v0'9L 98'9 08'GL by
%/AS N/UBIN  %/aS N/UBW  %/3dS NUBN  %/AdS N/USN  %/AasS  N/USW
(8er=u) (6z2=v) (0er=v) (152=V) _
AYM oue oe|g Uesy 8ve'T=u
e A0

aoey Arewlid

Author Manuscript

‘TalqeL

"So1IS11819R.IRY2 21ydeiBowapoIdos auljaseq

Author Manuscript

Author Manuscript

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2021 June 04.



Page 16

Engetal.

(a1dwies auijaseq ||ny 01 pazipJepuels-z) SHUN UOHEBIASP plepuels uj

+

3HYAA 10 ‘ouneT joe|g ‘ueisy 4o A1oBe1ed suo uey atow Burniodai-y1es

J]

1S9 PUR ‘YINOS ‘1SEBYLION ISSMPIIAl S8PN|oUl UIog SN
¥

“UOIIRIASD PJBPURIS ‘dS 1aquInuU ‘N :UONRIABIGAY

S0'T 290
9.0 €L0
0T 870

S8°0 ¢00 180 veo-
7] LE0 180 87'0-
160 60'0- €6°0 €T°0-

¢80 900
€80 €10
€07 9T'0

860 10 Buiuonoun4 aAnNoax3

S6°0 LT0 AKlows dnuewss

66°0 €00 AKiowsa|A 21posidg [eqlap
Hmm_oom SVN3S

%/dS  N/UeBIN

%/AS  N/UBSIN  %/aS  N/ueiN

%/as  N/uesiN

%/AS  N/ueBIN

(8ev=U)
31IUM

(622=u) (osp=u)

oulren

oe|d

(TS2=u)
uesy

aoey Arewlid

8reT=u
e PAO

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2021 June 04.



	Abstract
	Introduction
	Methods
	Study Population
	Measures
	Education
	Race/Ethnicity Assignment
	Cognitive Measurements
	Covariates

	Statistical Analysis

	Results
	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.

