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Educational attainment is often considered the most important protective factor against cognitive impairment
and dementia, yet significant variation in early educational experiences exists among midlife and older US
adults. We used prospective data from the Health and Retirement Study (HRS) along with information on
respondents’ early educational experiences collected in the 2015 and 2017 HRS Life History Mail Survey to
examine whether school context, educational content, and academic ability were associated with trajectories
of cognitive functioning and whether educational attainment explains this relationship. We restricted our sample
to age-eligible HRS Life History Mail Survey respondents who provided data on cognitive functioning at least
once during 1998-2014 and attended primary school or higher (n = 9,565 respondents providing 62,037 person-
period observations). Estimates from linear mixed models revealed that school context, educational content, and
academic ability were significantly associated with level of cognitive functioning but not rate of cognitive decline.
Educational attainment explained 9%-55% of the association between these early educational experiences and
level of cognitive functioning; however, all relationships remained statistically significant. Our results suggest that
educational experiences that span childhood and adolescence are independently related to level of cognitive

functioning decades later.

dementia; life course; prospective study; school context; school segregation

Abbreviations: AHEAD, Asset and Health Dynamics Among the Oldest Old; Cl, confidence interval; CODA, Children of the
Depression; HRS, Health and Retirement Study; LHMS, Life History Mail Survey.

Educational attainment, typically operationalized as years
of schooling or degrees attained, is one of the strongest
predictors of cognitive functioning among older adults and
perhaps the most important protective factor against cognitive
impairment and dementia (1-5). With increasing educational
attainment, older adults report higher levels of cognitive
functioning but similar rates of cognitive decline (6, 7). Some
argue thateducation exerts its impact on cognitive functioning
by increasing the number of synapses or the extent of vascu-
larization within the brain, thereby creating cognitive reserve
(7). Cognitive reserve allows individuals to more effectively
cope with increased brain pathology, resulting in the delayed
onset of clinical symptoms of cognitive impairment (6, 8).

The concept of cognitive reserve focuses on how envi-
ronments and activities shape cognitive efficiency, capacity,
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and/or flexibility throughout the life course (9). Yet, by
operationalizing education as attainment, important aspects
of education that occur earlier in the life course—such as
school context, educational content, and academic ability—
are overlooked (10). These early educational experiences
might relate to later life cognitive functioning not only via
educational attainment but also via exposure to educational
environments and opportunities that uniquely build (or do
not build) cognitive reserve. For example, Glymour et al.
(11) found that individuals who lived in states that mandated
a longer school year performed better on memory tests
decades later. Crowe et al. (12) likewise found that among
community-dwelling Alabama residents aged 65 years and
older, length of school term was associated with better
cognitive performance.
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School resources and context—as measured by per-pupil
funding, student-teacher ratio, and school segregation—are
also related to cognitive functioning. Using a composite
measure of educational quality that included self-reported
indicators of school context and administrative records of
school-term length, school days attended, and classroom
size, researchers found that higher educational quality was
associated with better cognitive functioning and a slower
rate of cognitive decline among older black Manhattan res-
idents (13). Among a community sample of Baltimore res-
idents 50 years of age or older, attending a racially mixed
school was associated with better cognitive performance
than attending a racially segregated school, although school
segregation had no relationship to cognitive decline (14).

Taken together, these studies suggest there are important
aspects of education beyond attainment that could expand
our understanding of how education protects against poor
cognitive functioning and, by extension, dementia. To date,
our knowledge of the relationship between early educational
experiences and cognitive functioning is based on data from
a handful of community-based samples or data from non-
Hispanic whites who did not attend college, neither of which
reflect the early educational experiences of all US older
adults.

Our study addresses this key limitation by using recently
released retrospective data on childhood school context, edu-
cational content, and academic ability among a nationally
representative sample of midlife and older adults. Given
improvements in school context and educational content
within the US educational system over the course of the
20th century (15-18), we also examine whether early educa-
tional experiences differentially relate to cognitive function-
ing across cohorts. Our study is important because dementia
prevalence appears to be declining in the United States,
possibly due to increasing levels of educational attainment
(19-21), but significant variation in early educational expe-
riences across cohorts might also be driving recent trends.

We sought answers to 3 questions. First, does school
context, educational content, and academic ability directly
relate to level and decline of cognitive functioning? Second,
to what extent does educational attainment explain this
relationship? Third, do these relationships vary by cohort?

METHODS
Data and sample

We used data from the Health and Retirement Study
(HRS), a nationally representative, longitudinal study of
US adults over age 50 years (22). Since 1992, the HRS
has conducted core interviews with age-eligible respondents
and their spouses approximately every 2 years. In 2015,
HRS collected information on respondents’ residential and
schooling history and other childhood events through a Life
History Mail Survey (LHMS). The HRS-LHMS was ini-
tially sent to 11,256 HRS respondents and their spouses from
the 2014 core interview who were not selected for the 2015
Consumption and Activities Mail Survey and who com-
pleted their most recent core interview in English. Just over
half of contacted individuals (n = 6,481; 58%) responded. In

2017, an additional 5,174 HRS respondents who were part of
the 2015 Consumption and Activities Mail Survey sample,
were still alive in 2017, and had completed their 2016 core
interview by early March 2017, were mailed a LHMS. Their
response rate was 74% (n = 3,844). A total of 10,325 HRS
respondents have completed the HRS-LHMS as of 2017.

We restricted our sample to age-eligible HRS-LHMS
respondents (n = 9,706) who provided data on cognitive
functioning at least once between 1998 and 2014 (n =9,615)
and attended at least primary school (n = 9,565). This
resulted in an analytical sample of 9,565 respondents pro-
viding 62,037 person-period observations (mean number of
observations = 6.5). Approximately 36% of the sample had
missing data on at least 1 of the independent variables or
covariates; item nonresponse ranged from < 1% (educational
attainment) to 14.8% (learning problem). Because we used
the imputed cognition variables provided by HRS, there
were no missing data on the dependent variable. To address
item nonresponse, we employed multiple imputation.

Due to LHMS eligibility requirements and the timing of
its administration, the HRS-LHMS sample is younger, less
cognitively impaired, and more highly educated than the
HRS sample overall (see Web Table 1).

Measures

Dependent variable.  HRS uses a modified version of the
Telephone Instrument for Cognitive Status (TICS) to assess
cognitive function both in face-to-face interviews and by
telephone. We constructed a total cognitive function score
by summing scores across the following tests of memory
and mental status: 1) an immediate word-recall test in which
respondents are read a list of 10 common nouns and are
immediately asked to recall as many words as they can (10
points); 2) a delayed recall test, occurring approximately 5
minutes later, of the same 10 words (10 points); 3) a serial
7’s subtraction test requiring respondents to subtract 7 (from
100) 5 times (5 points); 4) a backward counting test requiring
respondents to count backwards as quickly as possible for
10 continuous numbers from the number 20 (2 points if
correct on first attempt, 1 point if correct on second attempt);
5) naming the day of the week and the date (4 points); 6)
naming the President and Vice President (2 points); and 7)
identifying 2 objects, “scissors” and “cactus” (2 points). We
assigned full points on the naming and object identification
tests for respondents under age 65 years who were not asked
these questions. These tests do not differentiate impairment
in younger populations because adults under age 65 typi-
cally provide correct answers to all naming questions. The
total cognitive function score was normally distributed, and
values ranged from O to 35.

Educational experiences.  Measures of academic abil-
ity, school context, and educational content come from
the LHMS. We classified respondents as having a learning
problem if, during elementary school, they were told
by a professional that they had a problem learning any
of 4 subject matters (i.e., reading, writing, mathematics,
speaking/language) or they were diagnosed with attention
deficit hyperactivity disorder, dyslexia, or another learning
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disorder. Respondents self-assessed their reading and math
ability at age 10 years in comparison with other children
in their class (1 = much better, 2 = better, 3 = average,
4 = worse, 5 = much worse). We classified respondents
as having attended a majority-minority elementary school
if most students in their school were black, Hispanic, or
another nonwhite race/ethnicity. Respondents reported on
their high-school curriculum, which we classified as 1) did
not attend high school, 2) vocational or general education,
and 3) college preparatory. We also classified respondents
as being involved in language or creative arts in high school
if they had studied a foreign language, played a musical
instrument, took singing lessons/sang in a choir, learned
ballet or dance, or learned to paint or draw. Finally, in the
core HRS interview, respondents reported whether they lived
in a rural area most of the time they were in school.

Educational attainment. ~ We classified respondents as
having completed 1) less than a high-school diploma,
2) General Educational Development certificate or high-
school diploma, 3) some college, or 4) a bachelor’s degree
or higher. Other specifications of educational attainment
yielded similar results.

Covariates.  To account for childhood factors that could
confound the relationship between educational experiences
and cognitive functioning, we included parent’s education
measured as the highest year of schooling completed by
either parent, the number of books in the childhood home
(I = none or few, 2 = 1 shelf, 3 = 1 bookcase, 4 = 2
bookcases, 5 = more than 2 bookcases), and self-reported
childhood health (1 = excellent, 2 = very good, 3 = good,
4 = fair, 5 = poor). Adjustment for other measures of
childhood socioeconomic status—including self-reported
family socioeconomic status, father’s unemployment status,
and residential moves due to financial difficulties—did not
alter our overall findings but did increase multicollinearity.
We therefore did not retain these indicators in our models.
Demographic covariates included self-reported race/eth-
nicity (non-Hispanic white, non-Hispanic black, Hispanic,
and other race/ethnicity), birth cohort (Asset and Health
Dynamics Among the Oldest Old (AHEAD)/Children of
the Depression (CODA) (<1930), HRS/War Babies (1931-
1947), or Early and Mid Baby Boomers (1948-1959)), sex
(male or female), and whether they completed the LHMS
on their own or with assistance.

Statistical analysis

To address item nonresponse, we imputed data on the
independent variables and covariates using the mi impute
command with chained equations in Stata, version 14 (Stata-
Corp LP, College Station, TX). Imputation models included
all analytical variables as well as variables not included in
our analysis that were theoretically related to item nonre-
sponse or the analytical variables (e.g., region of birth, child-
hood moves, attending preschool) (23). We produced 20 data
sets as recommended by Graham et al. (24). Analyses were
replicated across the 20 data sets and combined using mi
estimate.
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We used linear mixed models to account for repeated
observations of cognitive functioning and varying numbers
of observations per person (25). Age represents time, and it
was centered at 65 years, the mean age of respondents across
the period of investigation. We interacted all independent
variables and covariates with age to examine their influence
on the rate of change in cognitive functioning. Linear mixed
models included a random-intercept assumed to be normally
distributed with mean zero and independent of within-person
error and all model covariates. Linear mixed models were
estimated using mixed in Stata, version 14 (StataCorp LP).
We used person-level weights from the respondents’ last
core interview to account for the complex sampling design.
Unweighted analyses yielded similar results.

We fitted 2 models. Model 1 estimated the relationship
between early educational experiences and trajectories of
cognitive functioning after adjustment for childhood and
demographic confounders. Model 2 estimated the relation-
ship between early educational experiences and trajecto-
ries of cognitive functioning after inclusion of educational
attainment.

Before fitting our models, we plotted mean cognitive
functioning by age across cohorts (Figure 1) and determined
that a linear specification of age fit the data best, which we
confirmed in an unconditional linear mixed model. Cogni-
tive functioning was highest at younger ages and declined
with age. Mean plots also revealed significant cohort differ-
ences in cognitive functioning.

RESULTS
Sample characteristics

Table | presents sample characteristics for the full sample
and by birth cohort. Most respondents were white (84.3%),
and over 56% were women. On average, respondents’
most educated parent completed 11.6 years of school,
they reported from 1 shelf to 1 bookcase of books in
their childhood home (mean = 2.4; standard error, 0.02),
and they rated their childhood health as very good to
excellent (mean = 1.7; standard error, 0.01). Respondents
generally rated their reading and math ability as between
“average” to “better than their classmates” (mean = 2.4
and 2.6, respectively). Only 14.4% reported a learning
problem. Approximately 14% ever attended a majority-
minority elementary school, 73.7% were involved in
language or creative arts in high school, and about two-
thirds were enrolled in vocational or general education
curriculum (65.4%). More than half completed some college
or more.

Demographic differences across cohorts likely reflected
a combination of selective mortality, demographic shifts,
and changes in US schooling. For example, compared
with the AHEAD/CODA cohort, fewer respondents in
the Baby Boomer cohort were white or women. Baby
Boomers were also more educated than the AHEAD/CODA
cohort, more likely to have attended a majority-minority
elementary school (16% vs. 8%), and more likely to have
learned a foreign language or participated in creative arts
(77.1% vs. 64%).
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Figure 1. Mean cognitive functioning according to age and cohort, Health and Retirement Study Life History Mail Survey Sample, United
States, 1998-2014. Weighted estimates (person-period observations = 62,037; number of respondents = 9,565). Asset and Health Dynamics
Among the Oldest Old/Children of the Depression (AHEAD/CODA) cohort born <1930; Health and Retirement Study (HRS)/War Babies cohort

born 1931-1947; Baby Boomer cohort born 1948-1959.

Linear mixed models

Table 2 presents results from the linear mixed models.
Model 1 shows estimates for academic ability, school con-
text, and educational content after adjustment for childhood
and demographic confounders. At age 65 years, all early
educational experiences were significantly associated with
cognitive functioning. Respondents with a learning problem
in elementary school scored 0.88 points lower on cognitive
functioning at age 65 than those without a learning problem.
Lower ratings on reading (b = —0.28, 95% confidence
interval (CI): —0.36, —0.19) and math ability (b = —0.47,
95% CI: —0.56, —0.39) in elementary school, attending a
majority-minority elementary school (b = —0.43, 95% CI:
—0.81, —0.05), attending a school in a rural area versus
an urban area (b = —0.45, 95% CI: —0.58, —0.32), and
enrollment in vocational or general education curriculum in
high school (b = —0.56, 95% CI: —0.71, —0.41) versus a
college preparatory curriculum were associated with lower
cognitive functioning at age 65 years. Involvement in lan-
guage or creative arts in high school (b = 0.71, 95% CI:
0.54, 0.88) was associated with higher cognitive functioning
at age 65. As respondents aged, their cognitive functioning
declined by 0.15 points per year. Having a learning problem
was associated with a faster rate of cognitive decline, but
no other educational experience was associated with rate of
cognitive decline.

Model 2 shows estimates for educational experiences after
inclusion of educational attainment. Educational attainment
attenuated the regression coefficients for early educational
experiences by about 9% (learning problem) to 55% (voca-
tional/general education curriculum); however, all remained
significantly associated with cognitive functioning at age
65. In addition, having a learning problem remained signif-
icantly associated with rate of cognitive decline.

Given selective mortality, demographic shifts, and changes
in US schooling across cohorts, we refitted model 2 but mod-

eled only how our variables of interest were related to level
of cognitive functioning given that supplemental analysis
confirmed that these variables were unrelated to cognitive
decline across cohorts. In Table 3, fewer of the early edu-
cational experiences were significantly related to cognitive
functioning among the AHEAD/CODA cohort than the HRS
and more recent cohorts; however, the coefficients did not
statistically differ across cohorts in post-hoc tests. Generally,
indicators of academic ability were significantly associated
with cognitive functioning across all cohorts. These patterns
were also found in models that did not include educational
attainment (results available upon request).

Supplemental analysis

We estimated the natural direct effects of educational
experiences on trajectories of cognitive functioning under
the assumption that these relationships were similar across
levels of educational attainment (Web Figure 1, available at
https://academic.oup.com/aje) (26). To test this assumption,
we stratified by educational attainment and refitted our
model. Overall, we did not find evidence that our models
violated this assumption.

DISCUSSION

Recent studies in high-income countries document declin-
ing prevalence and incidence of dementia, driven in part
by historical increases in educational attainment (19-21,
27, 28). Some speculate that declines in dementia might
reverse or diminish among younger cohorts given near uni-
versal high-school completion (29, 30). Such speculation,
however, is undergirded by an overreliance on educational
attainment as the sole measure of education, leaving other
aspects of education—including context, content, and abil-
ity—unexamined. This omission is particularly concerning
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Table1. Sample Characteristics According to Birth Cohort, Weighted Estimates, Health and Retirement Study Life History Mail Survey Sample,

United States, 1998-2014

Full AHEAD/CODA HRS/War Babies Baby Boomers
Measure (n = 9,565) (n =782) (n=4,479) (n = 4,304)
% Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE)
Demographics
Race/ethnicity
Non-Hispanic white 84.3 90.7 86.6 81.9
Non-Hispanic back 8.4 5.1 7.4 9.6
Latino 4.6 3.0 3.9 5.2
Other 2.7 1.2 2.1 3.3
Female 56.2 67.0 56.1 55.1
Proxy interview, LHMS 6.1 21.5 7.3 3.4
Childhood and family experiences
Parent’s education, years 11.6 (0.04) (0.13) 11.0 (0.06) 12.3 (0.06)
Number of books in the 2.4 (0.02) (0.04) 2.1 (0.02) 2.7 (0.02)
home?
Self-rated health in 1.7 (0.01) 1.8 (0.04) 1.7 (0.02) 1.6 (0.02)
childhood®
Educational experiences
Learning problem 14.4 9.4 1.5 17.3
Reading ability compared 2.4 (0.01) 2.3 (0.03) 2.4 (0.02) 2.4 (0.02)
with peers®
Math ability compared with 2.6 (0.01) 2.5 (0.03) 2.6 (0.02) 2.6 (0.02)
peers®
Attended majority-minority 13.8 8.0 12.0 16.0
elementary school
Involved in language or 73.7 64.0 70.7 771
creative arts
High-school curriculum
Never attended high school 3.3 9.4 4.4 1.8
Vocational or general 65.4 69.1 67.0 63.8
education
College preparatory 31.3 21.5 28.6 34.4
Lived in rural area during 43.0 46.3 46.1 40.3
school
Educational attainment
Less than high school 8.6 17.1 1.4 5.5
High-school graduate or GED 32.8 37.6 37.6 28.5
Some college 26.8 211 23.1 30.4
College or more 31.8 24.2 27.9 35.6

Abbreviations: AHEAD/CODA, Asset and Health Dynamics Among the Oldest Old/Children of the Depression; GED, General Educational
Development; HRS, Health and Retirement Study; LHMS, Life History Mail Survey; SE, standard error.

21 = none or few; 5 = 200 or more books.
b 1 = excellent; 5 = poor.
¢ 1 = much better; 5 = much worse.

given that educational policies and allocation of school
funding have resulted in vastly different educational experi-
ences across US cohorts and racial/ethnic groups (15, 16).
Few studies have examined how these early educational
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experiences shape cognitive functioning, and those that have
often relied on selective samples with limited generaliz-
ability. Our study used a nationally representative sample
of midlife and older US adults to examine whether school
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Table 2. Linear Mixed Models Predicting Cognitive Functioning by Educational Experiences, Weighted Estimates, Health and Retirement
Study Life History Mail Survey Sample (n = 9,565)2°, United States, 1998-2014

Model 1 Model 2
Measure®
b 95% ClI b 95% ClI

At age 65 years 26.84 26.47, 27.21 27.37 2701, 27.74
Learning problem —0.88 -1.12, -0.64 —0.80 —1.03, —0.56
Reading ability compared with peers? -0.28 —0.36, —0.19 —-0.18 —0.26, —0.09
Math ability compared with peers? —-0.47 —0.56, —0.39 —0.42 —0.50, —0.34
Majority-minority elementary school —-0.43 —0.81, —0.05 —0.45 —0.82, —0.08
Language or creative arts 0.71 0.54, 0.88 0.36 0.19, 0.53
High-school curriculum

Never attended high school —-2.04 —2.50, —1.58 -0.92 —1.38, —0.47

Vocational or general education —0.56 -0.71, —-0.41 -0.25 —0.40, —0.11
Lived in rural area during school —0.45 —0.58, —0.32 -0.34 —0.46, —0.21
Educational attainment

Less than high school -3.16 —-3.46, —2.85

High-school graduate or GED —1.50 —1.67, —1.33

Some college -0.81 —0.98, —0.64
Age, years® —0.150 —0.180, —0.120 —0.151 —0.181, —0.122
Learning problem x age —0.022 —0.040, —0.004 —0.019 —0.037, —0.002
Reading ability compared with peers x age® —0.001 —0.007, 0.006 0.000 —0.006, 0.007
Math ability compared with peers x age® 0.004 —0.002, 0.011 0.004 —0.002, 0.011
Majority-minority elementary school x age 0.017 —0.012, 0.045 0.020 —0.008, 0.048
Language or creative arts x age 0.007 —0.006, 0.020 0.006 —0.008, 0.019
High-school curriculum

Never attended high school x age —-0.019 —0.051, 0.014 —0.012 —0.045, 0.022

Vocational or general education x age 0.002 —0.010, 0.014 0.002 —0.010, 0.015
Lived in rural area during school x age —0.008 —0.018, 0.002 —0.006 —0.017, 0.004
Educational attainment

Less than high school x age —0.014 —0.038, 0.009

High-school graduate or GED x age —0.002 —0.016, 0.012

Some college x age —0.011 —0.025, 0.003
Random intercept (at mean age) 0.82 0.79, 0.84 0.77 0.75, 0.80
Within-person error 0.95 0.94, 0.96 0.95 0.94, 0.96

Abbreviations: Cl, confidence interval; GED, General Educational Development.
2 All models adjusted for sex, race/ethnicity, birth cohort, proxy interview, parents’ education, number of books in house during childhood,

and self-reported health in childhood.

® Number of person-period observations = 62,037; mean number of observations = 6.5.
¢ Reference groups: college preparatory coursework (high-school curriculum), college or above (educational attainment).

d 1 = much better, 5 = much worse.
€ Age centered at 65 years.

context, educational content, and academic ability were
related to cognitive functioning and decline, and whether
educational attainment fully or partially explained these
relationships.

We found that these early educational experiences were
all significantly related to level of cognitive functioning but
not to cognitive decline (with the exception of having a
learning problem). Educational attainment explained about

9%—55% of the association between individual indicators of
context, content, and ability and level of cognitive function-
ing. Importantly, all of these early educational experiences
remained significant after accounting for educational attain-
ment, suggesting that exposure to early educational advan-
tages might build cognitive reserve important for main-
taining cognitive functioning later in life independent from
educational attainment.

Am J Epidemiol. 2020;189(5):403-411
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Table 3. Cohort-Stratified Linear Mixed Models? Predicting Cognitive Functioning According to Educational Experiences, Weighted Estimates,
Health and Retirement Study Life History Mail Survey Sample, United States, 1998-2014

AHEAD/CODAP HRS/War Babies® Baby Boomers®
Measure (n =782) (n = 4,479) (n = 4,304)
b 95% CI b 95% ClI b 95% CI

At mean age® 24.86 23.57,26.15 27.26 26.77,27.76 27.62 27.07,28.17
Learning problem —0.83 —1.61, —0.05 —0.80 —1.15, —0.46 —0.64 —0.98, -0.35
Reading ability compared with peers' —0.26 —0.55, 0.03 -0.18 —0.29, —0.06 —0.16 —0.27, —0.04
Math ability compared with peers -0.28 —0.56, —0.00 —0.50 —0.61, —0.38 —0.39 —0.51, —0.28
Majority-minority elementary school 0.23 —1.38, 1.83 —0.36 —0.93, 0.20 —0.64 —1.06, —0.21
Language or creative arts 0.23 —0.35, 0.82 0.39 0.18, 0.61 0.31 0.05,0.57
High-school curriculum

Never attended high school —-0.83 —2.06, 0.41 —1.20 —-1.77, —0.63 —0.58 —1.45, 0.29

Vocational or general education -0.12 —0.63, 0.39 —-0.25 —0.45, —0.05 —-0.31 -0.52, —0.10
Lived in rural area during school —0.44 —0.88, 0.01 —0.38 —0.55, —0.21 —-0.26 —0.45, —0.07
Educational attainment

Less than high school —2.87 —3.83, —1.91 -323 -3.62, —2.84 —3.06 —3.60, —2.51

High-school graduate or GED —0.66 —1.23, —-0.10 —1.45 -1.68, —1.21 —1.65 —-1.91, —1.39

Some college -0.17 —0.76, 0.41 —0.80 —1.08, —0.57 —-0.80 —1.03, —0.56
Age, years® —0.25 —0.27, —0.24 —0.15 —0.16, —0.14 —0.02 —0.04, —0.01
Random intercept (at mean age) 0.88 0.81, 0.96 0.78 0.74, 0.81 0.73 0.69, 0.77
Within-person error 1.04 1.01, 1.07 0.97 0.95, 0.98 0.91 0.89, 0.93

Abbreviations: AHEAD/CODA, Asset and Health Dynamics Among the Oldest Old/Children of the Depression; Cl, confidence interval; GED,

General Educational Development; HRS, Health and Retirement Study.

a All models adjusted for sex, race/ethnicity, birth cohort, proxy interview, parents’ education, number of books in house during childhood, and
self-reported health in childhood. Reference groups: college preparatory coursework (high-school curriculum), college or above (educational

attainment).

b AHEAD/CODA cohort born <1930; person-period observations = 6,625; mean number of observations = 8.5.

¢ HRS/War Babies cohort born 1931-1947; person-period observations = 37,363; mean number of observations = 8.3.
d Baby Boomer cohort born 1948-1959; person-period observations = 18,049; mean number of observations = 4.2.

€ Age centered at mean age of cohort in years (AHEAD/CODA = 79; HRS/War Babies = 66; Boomers = 57).

1 = much better, 5 = much worse.

In cohort-stratified analysis, the size of the coefficients
for context and content were larger (and significant) for
midlife and older adults born after 1940 than for those born
prior to 1941; however, these coefficients did not statistically
differ across cohorts, perhaps due to the small size of the
AHEAD/CODA cohort. Indicators of academic ability, in
general, were significantly associated with level of cognitive
functioning across all cohorts. These cohort differences are
suggestive and might be related to sociohistorical changes
occurring within the education system that were more likely
to affect younger versus older cohorts, including the deseg-
regation of public schools, the 1958 National Defense Edu-
cation Act, and the Great Society Programs (15-17).

Older adults who attended rural or majority-minority ele-
mentary schools reported lower levels of cognitive function-
ing than those who attended urban or predominantly white
elementary schools. School context indicators were unre-
lated to cognitive decline. Similar findings were documented
in a community-based sample of older black adults living in
Baltimore; attending desegregated schools resulted in higher
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levels of cognitive functioning but had no relationship to
cognitive decline (14). Historical data on rural schooling is
sparse (31), and recent studies examining the role of early
educational experiences on cognitive functioning have either
not included rural/urban indicators or did not investigate
their independent effects (12, 13). Our study suggests that
this aspect of school context might be an important predictor
of cognitive functioning in older adulthood.

Prior work suggests that music instruction and learning a
foreign language are associated with reduced risk for mild
cognitive impairment and higher levels of cognitive func-
tioning (32). Similarly, our results indicate that older adults
who took a foreign language course or participated in cre-
ative arts during high school reported higher cognitive func-
tioning, whereas those who enrolled in vocational or general
education curriculum instead of college preparatory courses
in high school had lower cognitive functioning. The 1958
National Defense Education Act invested $1 billion dollars
over 7 years (equivalent to $8.8 billion in 2019 dollars) to
improve education in the fields of science, mathematics, and
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foreign language (17). Respondents attending high school
after 1958 would have benefited directly from such an
investment, and this could be one reason that educational
content was significantly associated with cognitive func-
tioning among the younger, but not older, cohorts.

Having a learning problem and poorer self-assessments of
reading and math ability were independently associated with
lower levels of cognitive functioning, regardless of cohort.
Few studies have examined academic ability as a predictor
of cognitive functioning, although a recent Swedish study
found that individuals reporting better academic grades at
age 12 years had higher cognitive functioning and slower
cognitive decline from ages 45 to 70 years (33). Although we
could not assess academic grades, we found similar relation-
ships using measures of academic ability. Thus, educational
experiences that enhance early academic performance might
also have long-term implications for cognitive functioning.

Limitations

Our study includes several limitations. First, early edu-
cational experiences were self-reported and retrospective,
potentially leading to measurement error. The HRS-LHMS
used a life history calendar method, however, which reduces
recall bias and increases accuracy (34). Our findings also
align with prior work using administrative data, suggest-
ing that if measurement bias exists its impact is likely
minimal (12, 13, 33). Second, given that our sample was
relatively healthier and more cognitively intact than the full
HRS sample, we might have underestimated the association
between early educational experiences and cognitive func-
tioning and decline as well as cohort differences in these
relationships. Third, the HRS-LHMS included a limited
number of early educational experiences. Other aspects of
education—including teacher experience, classroom size,
and per-pupil spending—could also be related to cognitive
functioning.

Last, while researchers assume that education is preven-
tive against cognitive decline, an alternative explanation
is that unobserved confounders, including genetic endow-
ments, might determine both attainment and cognitive func-
tioning. We cannot account for the potential influence of
heritability in our models and thus cannot rule out this
alternative explanation. The amount of variation explained
by heritability, however, is often less than or comparable to
the amount of variation explained by environment and also
dependent on environment (e.g., school context) (35, 36).
Moreover, our results show a relationship between school
context—an exposure which is theoretically exogenous—
and level of cognitive functioning.

Conclusion

Education might change brain structure and increase cog-
nitive reserve (7, 8). Some argue that such changes occur
early in the life course, before most studies of cognitive
decline commence (37). Given the dominant use of edu-
cational attainment to operationalize education, it is not
entirely clear when education exerts its effects, but our
findings suggest that certain aspects of education that occur

as early as primary school have lasting impacts on cognitive
functioning, independent of educational attainment. While
some speculate that after 8 years of education, maximum
cognitive reserve is reached and little benefit is gained from
additional education (6), our results suggest that educational
experiences that span childhood and adolescence are related
to cognitive functioning decades later.
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