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Abstract

INTRODUCTION:Few studies have examined the relationship between education and

cognition among the oldest–old.

METHODS: Cognitive assessments were conducted biannually for 803 participants

(62.6% women) of LifeAfter90, a longitudinal study of individuals ≥ 90 years old. Gen-

der differences in associations between education (< high school, high school, some

college, and ≥ college) and cognition (verbal episodic memory, semantic memory, and

executive function) were examined at baseline and longitudinally using linear mixed

models.

RESULTS:Higher education levels were associated with better cognitive performance

at baseline for bothmen andwomen. College completionwasmore strongly associated

with better baseline executive function among women. Education-cognition associa-

tions for baseline verbal episodicmemory and baseline semanticmemory did not differ

by gender. Educationwasnot associatedwith adecline in anydomain-specific cognitive

scores, regardless of gender.

DISCUSSION: Education is associated with cognitive function among the oldest–old

and varies by gender and cognitive domain at baseline but not over time.

KEYWORDS

aging, cognition, cognitive function, disparity, education, gender

Highlights

∙ In the oldest–old, higher education was associated with better cognitive function.

∙ College completionwasmore strongly associatedwith executive function inwomen.

∙ Education was not associated with cognitive decline after age 90 regardless of

gender.

∙ Improving education could decrease gaps in cognitive level among older individuals.
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2 LAM ET AL.

1 BACKGROUND

Educational attainment is one of the strongest determinants of cogni-

tive function in later life.1–3 General population data consistently show

that lower educational attainment is associated with poorer cognitive

functioning and a greater risk of dementia in older age.1–4 Further,

given that women have historically had fewer educational opportuni-

ties than men due to systemic inequities in access to education, lower

cognitive performance among olderwomen has been attributed in part

to gender disparities in early-life educational attainment.5–9

It iswell accepted that the effects of education in earlier life can per-

sist through adulthood.3 However, the extent to which these effects

persist into very old age remains unclear. Indeed, while a recent review

article concluded that associations between education and cognitive

ability are apparent throughout the adult life span and across the full

range of education levels, it did not include any studies of the oldest–

old (i.e., individuals aged ≥ 90 years).3 Additionally, data are lacking on

gender differences in the education–cognition relationship among the

oldest–old but would be important to investigate because disparities

in years of formal education between men and women were likely the

greatest in this age group.

To address this gap in the literature, we conducted a study among

participants in the LifeAfter90 study, a diverse sample of community-

dwelling individuals aged≥ 90 years. Our objectives were to: (1) exam-

ine the association between educational attainment and both baseline

cognitive level and cognitive change over time, and (2) determine

whether these associations differed by gender.

2 METHODS

2.1 Study design and population

LifeAfter90 is an ongoing longitudinal cohort study of long-time mem-

bers of Kaiser Permanente Northern California (KPNC), an integrated

health-care delivery system in the United States. LifeAfter90 partic-

ipants are at least 90 years old and reside in the San Francisco and

Sacramento areas of California. The overall goal of the LifeAfter90

study is to investigate dementia incidence, cognitive decline, neu-

ropathologic changes, and brain imaging markers in an ethnically

diverse cohort of the oldest–old.

KPNC members were eligible for recruitment into the study if they

wereat least90yearsold,wereKPNCmembers at somepoint between

1964 and 1992, and had English or Spanish language proficiency.

Participants were excluded if they were unable to provide informed

consent, if they had amedical condition that would interfere with their

participation in study interviews (e.g., in hospice care, on dialysis), or

if they had a pre-existing diagnosis of dementia or other neurode-

generative disease in their KPNC medical record at the time of study

recruitment. Consistent with other studies of life course risk factors of

dementia among KPNC members,10,11 dementia and other neurode-

generative diseases were identified using International Classification

of Diseases (ICD) 9 and 10 codes in the electronic health record (EHR;

RESEARCH INCONTEXT

1. Systematic review: The authors used PubMed to review

the literature on education and later life cognitive func-

tion. While there is significant literature showing that

educational disparities may drive female cognitive disad-

vantage in older age, the literature related to education

and cognitive function among the oldest–old is sparse.

2. Interpretation: We found that the association of edu-

cational attainment with later life cognitive function is

present among the oldest–old population and that the

association appears to vary by gender and cognitive

domain. However, there was no notable association of

education with cognitive decline after age 90 regardless

of gender.

3. Future directions: Future work examining gender dif-

ferences in exposures that lie on the pathway between

education and late-life cognition (e.g., occupational type

and complexity), andwhether these vary by gender, could

inform interventions aimed at healthy brain aging.

ICD-9: 290.0, 290.1x, 290.2x, 290.3, 290.4., 294.1x, 294.2x, 294.8,

331.0, 331.1x, 331.82x, 333.4; ICD-10: F01.50, F01.51, F02.8x, F03.90,

F03.91, G10.x, G30.0, G30.1, G30.8,4G30.9, G31.01, G31.09, G31.83).

Study enrollment began in July 2018, and non-White participants

were oversampled to achieve a racially diverse study population. The

study sample for the current paper included the first 819 partici-

pants who were enrolled and completed baseline visits at KPNC and

the University of California, Davis (UCD), an affiliated site for the

study, through February 26, 2021. Participants were excluded if they

were missing all the cognitive measures (n = 2), missing self-reported

educational attainment (n = 4), or missing self-reported race and eth-

nicity (n = 10), resulting in a final analytic sample of 803 participants.

The study was approved by the KPNC and UCD Institutional Review

Boards, and all enrolled participants provided informed consent.

Study visits were conducted at 6-month intervals. Before the start

of the coronavirus disease 2019 (COVID-19) pandemic, study visits

were conducted in person at participants’ homesor inKPNCclinics and

shifted to phone-based visits from May 18, 2020, through the end of

the study period for this paper (February 26, 2021).

2.2 Educational attainment

Educational attainment was assessed at baseline interviews and

defined as the last grade or highest level in school completed. Par-

ticipants were considered to have an education level of “less than

high school” if the highest level of education completed was < 12

years, “high school degree” if they graduated high school or received

a General Education Development diploma, “some college” if they
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LAM ET AL. 3

attended university but did not receive a bachelor’s degree, and

“college degree or more” if they received a bachelor’s degree or higher.

Completion of certifications was also obtained, and those who com-

pleted a certification but not a formal education degree were placed

in the “technical/trade school” category. Education was examined as

a categorical variable defined by degrees earned rather than years of

schooling because the social credentialling earned by the obtainment

of degrees could have a substantial impact on late-life cognition and

may differ by gender.

2.3 Cognitive function assessment

Cognitive assessments were administered at each visit by trained

interviewers using Spanish and English Neuropsychological Assess-

ment Scales (SENAS). The SENAS is a battery of cognitive tests

encompassing the domains of verbal episodic memory, semantic mem-

ory, and executive function that have been validated for comparisons

of cognitive change across racial/ethnic and linguistically diverse

groups.12,13 The cognitive assessments were administered in English

or Spanish by a language-concordant interviewer. A verbal episodic

memory score was derived from a multi-trial word list learning test in

which the interviewer read a list of words and asked the participant

to say all the words he/she could remember. Semantic memory was

measured using a composite score derived fromverbal (object-naming)

and non-verbal (picture association) tests. An executive function com-

posite score was obtained using component tasks of category fluency,

phonemic (letter) fluency, and working memory (digit-span backward,

list sorting). The score for each cognitive domain (i.e., verbal episodic

memory, semantic memory, executive function) was z standardized

using the overall baseline sample mean and standard deviation. To

reduce practice effects, the SENASword list learning test had three dif-

ferent versions, and participants were randomly assigned to complete

one of these versions at each study visit. Details of the administration

procedures, development, and psychometric characteristics have been

extensively described in previous publications.12,13 The semantic

memory assessment section of SENAS uses visual cues that cannot

be administered via phone so was assessed during in-person (i.e.,

pre-COVID-19) visits only.

To tailor the lengthy battery of tests to a study population aged ≥

90, we did not administer the picture association test, the visual-span

backward test, the vegetable fluency test, or the “L” phonemic fluency

test. We decreased the number of lists in the word list learning test

from five to three and did not administer the second list in the list

sorting test. Using shortened versions allowed us to measure verbal

episodic memory and executive function with less burden for the ≥

90-year-old individuals in this study while maintaining high levels

of measurement reliability (0.80 for executive function and 0.88

for verbal episodic memory). We also added a visual stimuli card

during the word list learning test to assist participants with hearing

impairment. During the test, the interviewer showed the participant

the written words on the visual stimuli card while speaking the words

included in the list. This was first done in a random sample of 200

people so that the test scores could be mapped to word list scores

without visual aids and then it was implemented for all subsequent

participants.

2.4 Gender

Sex was obtained from the EHR and served as a proxy for gender.

2.5 Covariates

Self-reported race and ethnicity were collected during the first study

visit and were categorized as Asian, Black, Latino, White, more than

one race (i.e., multiple race), or other racial/ethnic group. Participants’

ages at baselinewere calculatedusing the visit date and their birth date

obtained from the EHR.

2.6 Statistical methods

Participants’ characteristics were compared by gender, and gender dif-

ferences were evaluated using chi-square tests. For analyses of the

association between education and domain-specific SENAS scores,

educational attainment was categorized ordinally as “less than high

school” (reference group), “high school degree,” “some college,” and

“college degree ormore.”

For each cognitive domain, linear mixed models with random inter-

cepts and slopes were used to estimate the association between

education and domain-specific SENAS scores, adjusting for time since

baseline (years), time × education (to capture differential effects of

education on cognitive decline), gender, baseline age (continuous and

centered at the sample mean age of 92.6 years), race/ethnicity, and

mode of cognitive test administration (phone vs. in person; to account

for the potential influence of mode effects on cognitive test scores).

Based on prior analyses examining model effects in this cohort, we

usedmodel constraints to adjust for gender-specific practice effects.14

To assess gender differences, models were evaluated separately for

men and women. Additionally, interaction terms were added to the

overall model to assess gender differences in the association of edu-

cation with baseline cognitive scores (i.e., education × gender) and

cognitive decline (i.e., education × gender × time). A sensitivity analy-

sis reran analyses with the “college or more” category separated into

two groups: “college completion” and “graduate school completion.”

Analyses were conducted in SAS 9.4 (SAS Institute).

3 RESULTS

The study included 503 (62.6%)women and 300 (37.4%)men (Table 1).

The average age at baseline was 92.6 years (standard deviation

[SD] = 2.4 years; range: 90.1–104.7 years); 28.5% of participants iden-

tified as White, 23.9% as Asian, 22.5% as Black, 17.4% as Latino, and
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4 LAM ET AL.

TABLE 1 Characteristics of participants by gender: the LifeAfter90 Study.

Women Men Overall

Characteristic n (%) n (%) n (%)

No. of participants 503 (62.6) 300 (37.4) 803 (100)

Mean age at baseline, years (range) 92.7 (90, 103) 92.6 (90, 105) 92.6 (90, 105)

Educational attainment

Less than high school 62 (12.3) 41 (13.7) 103 (12.8)

High school 104 (20.7) 35 (11.7) 139 (17.3)

Technical/trade school 24 (4.8) 21 (7.0) 45 (5.6)

Some college 163 (32.4) 75 (25.0) 238 (29.6)

College ormore 150 (29.8) 127 (42.3) 277(34.5)

Race and ethnicity

White 138 (27.4) 91 (30.3) 229 (28.5)

Asian 107 (21.3) 85 (28.3) 192 (23.9)

Black 127 (25.2) 54 (18.0) 181 (22.5)

Latino 89 (17.7) 51 (17.0) 140 (17.4)

Other or multiple 42 (8.3) 19 (6.3) 61 (7.5)

Follow-up time, years (range) 1.06 (0, 2.5) 0.99 (0, 2.4) 1.03 (0, 2.5)

No. of visits (range) 2.8 (1, 5) 2.7 (1, 5) 2.7 (1, 5)

7.5% another racial or ethnic group or as multiple race or ethnicity.

Women were more likely than men to have their highest level of edu-

cation be high school completion (20.7% of women vs. 11.7% of men)

or some college (32.4% of women vs. 25.0% of men). Women were

less likely than men to have their highest level of educational attain-

ment be technical/trade school (4.8% vs. 7.0%) or to have graduated

college (29.8% of women vs. 42.3% of men; chi-square for overall edu-

cation distribution by gender p < 0.001). Participants were followed

for an average of 1 year and up to 2.5 years (one to five study visits;

mean= 2.7 visits; SD= 1.5).

Compared to men and women with less than a high school educa-

tion, higher baseline cognitive test scores were observed among those

with a high school degree or technical/trade school for semantic mem-

ory (high school degree: β = 0.51; 95% confidence interval [CI] = 0.26,

0.76; technical/trade school: β = 0.50; 95% CI = 0.17, 0.84) and exec-

utive function (high school degree: β = 0.48; 95% CI = 0.25, 0.70;

technical/trade school: β = 0.46; 95% CI = 0.15, 0.76) but not episodic

memory (high school degree: β = 0.22; 95% CI = –0.03, 0.47; techni-

cal/trade school: β=0.11; 95%CI=–0.22, 0.44), accounting for gender,

time since baseline, baseline age, race/ethnicity, mode of cognitive

test administration, and practice effects (Table 2). A similar pattern of

results was observed for those who completed some college (Table 2).

Completion of a college degree or more was associated with better

performance on all cognitive domains examined, including higher base-

line verbal episodic memory (β = 0.36, 95% CI = 0.13, 0.58), semantic

memory (β = 0.75, 95% CI = 0.51, 0.98), and executive function scores

(β= 0.90, 95%CI= 0.69, 1.11).

In gender-stratified models, point estimates for the association

between education and baseline domain-specific cognition varied by

gender (Table 2). However, these differenceswere only statistically sig-

nificant for baseline executive function (P for interaction = 0.03) but

not for baseline verbal episodic memory (P for interaction = 0.32) nor

baseline semantic memory (P for interaction = 0.57). Among women,

we observed a dose–response relationship between education and

executive function. Compared to women with less than a high school

degree, higher baseline executive function scores were observed for

those with a high school degree (β = 0.45, 95% CI = 0.17, 0.73), some

college (β = 0.55, 95% CI = 0.28, 0.82), and college degree or more

(β= 1.00, 95%CI= 0.73, 1.28; Table 2). The difference in baseline exec-

utive function scores between women with some college and women

with college degrees was also significant (β = 0.45, 95% CI = 0.25,

0.65; p < 0.0001; results not shown in table). Among men, those with

a high school degree, some college, or a college degree or more all had

higher baseline executive function scores (β = 0.54, 95% CI = 0.15,

0.94; β = 0.80, 95% CI = 0.46, 1.14; and β = 0.78, 95% CI = 0.46, 1.11,

respectively) than those with less than a high school degree. However,

unlike among women, the baseline executive function scores did not

significantly differ between men with some college and those with a

college degree or more (β = –0.01, 95% CI = –0.26, 0.24; p = 0.92;

results not shown in table).

In overall models of cognitive change over time, semantic mem-

ory scores among our reference group of men who had less than high

school education declined over a mean follow-up period of 1.5 years

(β = –0.22, 95% CI = –0.43, –0.02) but there was no significant change

in executive function (β= 0.03, 95%CI= –0.09, 0.14) or verbal episodic

memory (β = –0.16, 95% CI = –0.34, 0.02). Educational attainment

levels were not associated with cognitive decline in any of the three

domains in a full cohort or gender-stratified models (Figure 1). We
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LAM ET AL. 5

TABLE 2 Association between education and domain-specific cognitive function.

Verbal episodic memory Semantic memory Executive function

β (95%CI) β (95%CI) β (95%CI)

Overall sample

Less than high school Ref Ref Ref

High school 0.22 (−0.03, 0.47) 0.51 (0.26, 0.76) 0.48 (0.25, 0.70)

Technical/trade school 0.11 (−0.22, 0.44) 0.50 (0.17, 0.84) 0.46 (0.15, 0.76)

Some college 0.13 (−0.10, 0.36) 0.73 (0.50, 0.96) 0.62 (0.41, 0.83)

College degree ormore 0.36 (0.13, 0.58) 0.75 (0.51, 0.98) 0.90 (0.69, 1.11)

Less than high school× time since baseline Ref Ref Ref

High school × time since baseline 0.00 (−0.21, 0.21) 0.00 (−0.24, 0.25) −0.09 (−0.22, 0.05)

Technical/trade school× time since baseline −0.07 (−0.36, 0.21) 0.02 (−0.28, 0.33) −0.19 (−0.38,−0.01)

Some college× time since baseline 0.04 (−0.16, 0.23) −0.07 (−0.30, 0.15) −0.10 (−0.23, 0.02)

College degree ormore× time since baseline −0.06 (−0.25, 0.13) −0.04 (−0.26, 0.19) −0.12 (−0.24, 0.00)

Amongwomen

Less than high school Ref Ref Ref

High school 0.10 (−0.21, 0.41) 0.47 (0.17, 0.77) 0.45 (0.17, 0.73)

Technical/trade school −0.14 (−0.61, 0.33) 0.52 (0.06, 0.98) 0.36 (−0.07, 0.78)

Some college 0.00 (−0.30, 0.30) 0.65 (0.36, 0.93) 0.55 (0.28, 0.82)

College degree ormore 0.30 (−0.01, 0.61) 0.76 (0.47, 1.06) 1.00 (0.73, 1.28)

Less than high school× time since baseline Ref Ref Ref

High school × time since baseline 0.10 (−0.17, 0.38) −0.04 (−0.36, 0.29) −0.14 (−0.30, 0.02)

Technical/trade school× time since baseline −0.02 (−0.43, 0.39) 0.00 (−0.42, 0.43) −0.21 (−0.45, 0.02)

Some college× time since baseline 0.14 (−0.11, 0.40) −0.04 (−0.34, 0.26) −0.12 (−0.27, 0.03)

College degree ormore× time since baseline 0.04 (−0.21, 0.29) −0.06 (−0.35, 0.24) −0.13 (−0.28, 0.01)

Amongmen

Less than high school Ref Ref Ref

High school 0.43 (0.01, 0.85) 0.61 (0.15, 1.06) 0.54 (0.15, 0.94)

Technical/trade school 0.46 (−0.02, 0.94) 0.55 (0.03, 1.07) 0.62 (0.17, 1.08)

Some college 0.38 (0.02, 0.74) 0.91 (0.50, 1.31) 0.80 (0.46, 1.14)

College degree ormore 0.49 (0.14, 0.83) 0.71 (0.32, 1.10) 0.78 (0.46, 1.11)

Less than high school× time since baseline Ref Ref Ref

High school × time since baseline −0.19 (−0.53, 0.15) 0.06 (−0.34, 0.46) 0.05 (−0.22, 0.31)

Technical/trade school× time since baseline −0.21 (−0.60, 0.18) 0.05 (−0.41, 0.51) −0.17 (−0.48, 0.13)

Some college× time since baseline −0.14 (−0.44, 0.16) −0.16 (−0.53, 0.20) −0.08 (−0.31, 0.15)

College degree ormore× time since baseline −0.23 (−0.52, 0.05) −0.02 (−0.36, 0.32) −0.09 (−0.31, 0.13)

P for interaction, education× gender 0.32 0.57 0.03

Note: Models included terms for education, time since baseline (years), time × education, gender, baseline age (continuous and centered at the sample mean

age of 92.6 years), race/ethnicity, andmode of administration (phone vs. in person).Models accounted for random intercepts andmodels with verbal episodic

memory or executive function as the outcome were constrained to account for gender-specific practice effects. Interaction term p values were from Type III

tests of fixed effects in models withmen andwomen in the sample.

Abbreviation: CI, confidence interval.

found no evidence of gender-by-education interaction for cognitive

decline in any of the cognitive domains (all p values for the interaction

term of education × gender × time since baseline> 0.64).

In sensitivity analyses that separated the “college degree or more”

group into those who completed college and those who completed

graduate school, both groups had higher baseline cognitive scores

across all three domains compared to thosewith less than a high school

degree with the exception of a non-significant association between

graduate degree and verbal episodic memory (Table S1 in support-

ing information). Though point estimates for the association between
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6 LAM ET AL.

F IGURE 1 Model-estimated verbal episodic memory, semantic memory, and executive function scores by gender. Semantic memory was
assessed during in-person, pre-COVID-19 visits only andwas thereforemodeled only for a 1.5-year period.
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LAM ET AL. 7

graduate school and baseline cognitive functionwere lower than those

for college degrees, these differences were not statistically significant,

with the exception of the point estimates for verbal episodic memory.

As in themain analyses, therewere no associations between education

and cognitive decline.

4 DISCUSSION

In this analysis of a large, multiethnic cohort of US adults aged ≥ 90

years, we evaluated gender differences in the association between

education and late-life cognitive level and change over time. Among

LifeAfter90 participants, women were less likely than men to be col-

lege graduates (30% vs. 42%). The association between education

and baseline executive function differed by gender, primarily due to

the completion of a college degree appearing more protective among

women. On the other hand, we found no evidence that the association

between education and baseline verbal episodic memory or baseline

semantic memory differed by gender. We also found no evidence of an

association between education and cognitive decline in any of the cog-

nitivedomains examinedduring themean follow-upperiodof1.5 years,

regardless of gender.

Our finding that the effect of education on executive function

in late life differed by gender is consistent with a study of 2061

Korean Americans that found a positive association between comple-

tion of at least a high school degree and cognitive function, assessed

with the Mini-Mental State Examination (MMSE); furthermore, this

association was more pronounced among women than men in their

sample.15 These findings build on prior work demonstrating differ-

ential effects of education on other health outcomes (e.g., self-rated

health,16 depression,17 and physical impairment18 by gender). Our

findings also complement prior prospective studies of younger cohorts

(i.e., youngest age of inclusion ranging from 45 to 70 years) in diverse

geographic settings8,19–23 that have found that differential educational

attainment by gender is a possible driver or mediator of later life gen-

der disparities in cognitive outcomes but which have not specifically

examined effect modification by gender.

Possible reasons for gender differences in the relationship of

education with cognitive outcomes include differences in social and

structural forces influencing postcollege opportunity across genders.

The association of more education with better executive function was

weaker amongmen suggesting that womenmay have reaped a greater

benefit than men from obtaining higher education. Other potential

explanations include gender-specific selection into educational oppor-

tunities or gender-based educational experiences, although evidence

has been limited andmixed.5,20 Notably, the advantage of college com-

pletion was only observed among women who completed all years of

college and obtained a degree; a similar gender advantage was not

observed among women who only completed some college but did not

graduate. This suggests that the credentialing signaled by a college

degree, and perhaps the greater occupational and socioeconomic ben-

efits it provided, were an additional potential mechanism. Indeed, the

1950sUSCensus24 showed thatwomenwho completed high school or

some college were less likely than men to participate in the labor force

(27.9% vs. 13.6%; calculations done by authors). We interpret these

findings with caution given the small sample size, but it nevertheless

adds to the limited literature in this area suggesting that returnsof edu-

cational attainmentmay differ not only by gender but also by cognitive

domain.23,25 It remains unclear why these results were observed only

for executive function and not for verbal episodic memory or semantic

memory, an unexpected finding that warrants further study in larger

samples.

We found that educational attainment was not strongly asso-

ciated with cognitive decline in individuals aged ≥ 90, consistent

with some prior studies that have not found substantial associations

between early-life education and rates of cognitive decline in the

general population.26 Potential explanations include relatively short

duration of study follow-up, changing risk factor associations over

time including accumulation of age-related comorbidities, competing

risks, selective mortality, and differing prevalence of neuropathologies

across population subgroups.27,28 Variability in the association of edu-

cational attainment with cognitive decline across cognitive domains,

and across ethnically or geographically diverse study populations,

would also be important to investigate in larger cohorts.29 Given the

focus of our study on a smaller segment of the older population (aged

≥ 90), our observations may reflect a healthy survivor effect and/or

mortality inequality earlier in life. In other words, our participants may

represent a “survival cohort” of exceptionally healthy older individu-

als, which could have diminished our ability to distinguish cross-group

variability in cognitive decline.

LifeAfer90 is anongoing studywith continued recruitment andaddi-

tional SENAS administrations; as more data are collected, we will be

better powered to provide additional insights on the association of

education and cognitive decline over longer periods of time and across

more granular levels of higher education. Futurework in larger cohorts

of individuals ≥ 90 should also investigate education–cognition asso-

ciations accounting for the intersectionality of participant identities,

such as at the intersection of gender race, and ethnicity, which may

be particularly relevant as educational opportunities in the United

States have historically differed across racial groups.30–32 For exam-

ple, some participants in the study population may have completed

school in the US South during a time in which Southern US state laws

allowed school segregation until 1954. Overall, our results emphasize

the importance of investment in education for reducing differences

in levels of later-life cognitive function. Encouragingly, recent reports

show that secular changes in access to education have resulted in nar-

rowing gaps in cognitive function betweenmen andwomen in younger

generations.8,23

A key strength of the study was the well-defined cohort of people

≥ 90 with stable follow-up. Repeated measures of cognitive perfor-

mance approximately every 6months maximized the ability to capture

cognitive change while minimizing data loss due to attrition between

study periods.33 Another strength was the inclusion of a racially and

ethnically diverse study population though we were underpowered to

examine possible differential effects of education on cognition by race,

ethnicity, and gender concurrently. Furthermore, we acknowledge
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that gender identity may not align with an individual’s biological sex

and that there may be heterogeneity in gender identities not captured

by our definitions of “men” and “women,” which was based on the

patient’s sex recorded in the EHR. There could also be heterogeneity

within categories of educational attainment including gender differ-

ences in academic discipline, years of informal schooling, and quality

of schooling which could also contribute to cognitive functioning. Our

results may not generalize to other populations or countries with

different educational systems and socioeconomic conditions that

could lead to different life course experiences by gender. However,

there is evidence that the education–cognition association is strong

across populationswith different educational systems after controlling

for social circumstances.34 And last, we began conducting phone visits

during the COVID-19 pandemic to increase participant safety. There

may be residual differences in cognitive test results not captured by

statistical adjustment for mode of cognitive test administration.

In summary, this study found that the association of educational

attainment with later-life cognitive function is present among the

oldest–old population and that the association appears to vary by

gender and cognitive domain. On the other hand, there was no notable

association of education with cognitive change over time after age 90

for anyof the cognitive domains, regardless of gender.Overall, the find-

ings from this study underline the importance of improving education

access to decrease gaps in cognitive levels among older individuals.

Future work examining the effects of experiences on the pathway

between education and late-life cognition—such as occupational type

and complexity, for example, and potential differences by gender, race,

and ethnicity, could inform strategies to reduce disparities in healthy

brain aging.
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