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A B S T R A C T

Although the association between childhood socioeconomic status (SES) and late-life cognition is well-estab-
lished, the mechanisms underlying this association are less clear. One important potential mediator seldom
examined is adolescent cognitive ability. To address this gap, we examined 5,880 respondents from the
Wisconsin Longitudinal Study, which follows a random sample of high school students who graduated from
Wisconsin high schools in 1957. Structural equation models were used to examine the direct and indirect effects
of childhood SES on cognition in late midlife through adolescent cognitive ability, educational attainment,
midlife economic condition, and midlife health. Cognitive function was measured as a latent variable composed
of scores from 6 cognitive assessments including immediate and delayed recall, digit ordering, letter and cate-
gory fluency, and a subset of the Wechsler Adult Intelligence Scale similarities test. We found that childhood SES
predicts cognition in late midlife, and this association is largely mediated by adolescent cognitive ability and
educational attainment and to a lesser extent by midlife economic condition and health. The findings underscore
the long-arm of childhood SES in cognitive function in later life and highlight the complex life-course pathways
underlying the association between childhood SES and cognition.

1. Introduction

Studies of older adults have shown that people with low cognitive
function have difficulty performing activities of daily living, have sig-
nificant demands for formal and informal care, and face a higher risk of
death (Institute of Medicine, 2015; Langa et al., 2001; Obisesan and
Gillum, 2009). With the aging of the baby boomers and longer life
expectancy in the United States, there is a growing interest in under-
standing life-course determinants of cognitive health in late life. In
recent years, research has suggested that the origin of cognitive health
in old age can be traced back to early-life conditions (Horvat et al.,
2014; Richards and Deary, 2005). Studies have shown that higher
childhood socioeconomic status (SES) is significantly associated with a
higher level of cognitive function in late life (Beck et al., 2018; Kaplan
et al., 2001; Richards and Wadsworth, 2004; Singh-Manoux et al.,
2005; Zhang et al., 2018).

While the association between childhood SES and late-life cognition
is well-established, less is known about the complex mechanisms un-
derlying the association. Most previous studies have focused on adult-
hood SES as an important mediator of the association between child-
hood SES and late-life cognition (Luo and Waite, 2005; Lyu and Burr,

2016; Singh-Manoux et al., 2005). Empirical studies in this line of re-
search primarily applied multiple regressions and did not take into
consideration measurement errors associated with the observed vari-
ables such as childhood SES and late-life cognition. Few studies have
used rigorous statistical methods such as structural equation models to
examine the potential pathways linking childhood conditions and late-
life cognitive function (see Horvat et al., 2014; Singh-Manoux et al.,
2005 for exceptions). Moreover, due to data limitations, most prior
studies did not consider adolescent cognitive ability, an important
correlate of education, occupation, and late-life cognition (Plomin and
Deary, 2015; Richards and Sacker, 2003). A few studies that did include
early-life cognitive ability (i.e., at ages 8 or 11) all came from two
British cohort studies (Johnson et al., 2010; Richards and Sacker, 2003)
and it is not clear whether the findings can be generalized to popula-
tions from different socio-cultural contexts or historical periods. Almost
all studies that used retrospective childhood SES relied heavily on older
adults' long-term recall of their childhood socioeconomic circum-
stances, a method which is often subject to bias and inaccuracies
(Horvat et al., 2014; Johnson et al., 2010).

To address these limitations and extend previous research, we drew
on data from the 1957–2004 Wisconsin Longitudinal Study (WLS) and
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used structural equation modeling to investigate the multiple life-
course pathways from childhood SES to cognition in late midlife. WLS is
particularly valuable for our study because the respondents were fol-
lowed up for half of a century, and the survey collected childhood in-
formation including household income, parental education and occu-
pation, and adolescent cognitive ability when the respondents were in
high school.

2. Theoretical background

2.1. Early-life SES, adulthood SES, health, and late-life cognition

Previous research has pointed to childhood SES as one of the major
factors that affect cognitive function in late life. Childhood SES has
been found to be positively associated with mid- and late-life cognitive
function in the United States, European countries, and developing
countries such as China (Beck et al., 2018; Melrose et al., 2015; Singh-
Manoux et al., 2005; Turrell et al., 2002; Zhang et al., 2010). For ex-
ample, Using the British 1946 birth cohort, Richards and Wadsworth
(2004) found that exposure to poor material home conditions (e.g.,
dated structure, poor repair, uncleanliness, crowding, etc.) at age 4 was
strongly associated with lower cognitive ability in childhood and ado-
lescence; and the negative effects of poverty on measures of verbal
ability, memory, speed, and concentration persisted into midlife (i.e.,
age 53). In addition, both father's and mother's education were also
found to be positively associated with cognitive function among older
adults age 65 and older (Glymour et al., 2012; González et al., 2013).
Most of these studies defined childhood (or early life) as the period
before the respondents reached age 18.

Explanations for the association between childhood SES and late-life
cognition have been offered from two perspectives. One suggests that
childhood SES has a direct association with late-life cognitive function.
Families with fewer economic resources may not be able to purchase
nutritious foods and provide a cognitively stimulating home environ-
ment for their children (Brito and Noble, 2014; Lyu and Burr, 2016).
Consequently, this early socioeconomic adversity can affect brain de-
velopment given that the prenatal period and the first three years of life
are a critical period for brain growth, and the brain continues to grow
throughout childhood and adolescence (Kim et al., 2003). Animal stu-
dies suggest that malnutrition could damage specific regions of the
brain, such as the hippocampus, a region important for learning and
memory (Abbott et al., 1998). Even small degrees of hippocampal da-
mage can affect cognitive performance (Hertzman, 1999). Recent re-
search in early-life exposure to famine has also suggested that severe
nutritional deprivation in childhood has lasting negative effects on
midlife cognition (ages between 48 and 53) in China (Xu et al., 2018).
Studies of socioeconomic differences in brain structure revealed that
children from lower-income families had smaller hippocampal volumes
(Hanson et al., 2011; Luby et al., 2013). Furthermore, early-life im-
pairment in brain development can produce a brain that functions less
efficiently because of “less myelin, less branching of dendrites, and less
developed connectivity patterns” (Moceri et al., 2000, p. 415). The
negative effects of impaired brain development may be small until
aggravated by the aging process (Haan and Wallace, 2004; Hall et al.,
2000; Moceri et al., 2000). In sum, this perspective suggests that
childhood socioeconomic disadvantage may have a long-lasting effect
on late-life cognition, irrespective of adulthood conditions.

Another perspective suggests that childhood SES affects late-life
cognition indirectly through adulthood factors such as adulthood SES
and health. Early socioeconomic adversity often has negative impacts
on educational achievement and occupation. A large body of research
has shown that formal education and adult occupation provide cogni-
tive stimulation that is conducive to the development and maintenance
of cognitive abilities (National Research Council, 2000). For example,
using data from a population-based study of men aged 58 and 64 from
eastern Finland, Turrell et al. (2002) found that education and income

made independent contributions to cognitive function in late middle
age after adjusting for childhood socioeconomic position. There is also
substantial evidence that working at a complex job was positively as-
sociated with adulthood cognition, although early-life cognitive ability
was not controlled for in those studies (Andel et al., 2007; Hauser and
Roan, 2007; Schooler, 1987; Schooler et al., 1999). Besides, a growing
body of research has shown that childhood SES also affects adulthood
health. For example, disadvantaged childhood background significantly
increases the risk of chronic diseases such as cardiovascular disease and
stroke in later life, both of which can have negative effects on cognition
in later life (de la Torre, 2012; Ferraro et al., 2016; O'Rand and Hamil-
Luker, 2005).

So far, there is support for both perspectives in empirical research,
and both processes are likely at work simultaneously. Adulthood SES
was found to mediate a significant portion of the association between
childhood conditions and cognitive function in the United States and
European populations, but most studies found that there were still net
effects of childhood SES on late-life cognition after controlling for
adulthood conditions (Case and Paxson, 2008; González et al., 2013;
Luo and Waite, 2005). What remains unclear is the complex pathways
linking childhood SES and early-life cognitive ability to late-life cog-
nition, which we will discuss next.

2.2. Early-life and young adulthood cognitive ability, adulthood SES,
health, and late-life cognition

It has long been recognized that early-life cognitive ability is cor-
related with cognition in later life. Early-life cognitive ability is influ-
enced by many factors including genetic factors, the uterine environ-
ment, the postnatal family environment, and experiences in school
(Beck et al., 2018; Osler et al., 2013; Richards and Deary, 2014). One of
the earlier studies in the United States about the association between
early-life cognitive ability and late-life cognition showed that low idea
density and low grammatical complexity in autobiographies written at
a mean age of 22 were associated with low cognitive test scores about
58 years later among Catholic sisters who were members of the School
Sisters of Notre Dame congregation (Snowdon et al., 1996). Researchers
from Britain reported that childhood cognition at age 11 not only af-
fected educational and social class attainment in adulthood (Johnson
et al., 2010) but also influenced adult cognition, net of father's occu-
pation, own educational achievement, and occupation (Richards and
Sacker, 2003). In a four-decade longitudinal study in the United States,
researchers found that cognition at age 20 largely mediated the asso-
ciation between childhood SES and late midlife cognition among male
twins who served in the military during the Vietnam era (1965–1975).
Midlife SES (measured by education and occupation) at the mean age of
56 was not a major mediator, a finding that contradicts earlier studies
that did not include data on early-life or young adulthood cognition
(Beck et al., 2018).

Few studies have examined adulthood health as a potential med-
iator between early-life cognitive ability and late-lite cognition.
However, several studies have shown that childhood cognitive ability
was associated with adulthood health outcomes via the pathway of
adulthood SES (Hemmingsson et al., 2006; Wraw et al., 2015). For
example, using the National Longitudinal Survey of Youth 1979 cohort,
researchers found that higher early-life cognitive ability, measured by
the Armed Forces Qualification Test at the ages of 15–23, were asso-
ciated with a lower risk of common mental disorders such as depression
at age 50. Adjusting for adulthood SES accounted for most of this as-
sociation (Wraw et al., 2016). On the other hand, midlife health pro-
blems (e.g., hypertension, cardiovascular disease, diabetes, and de-
pression) have been increasingly recognized as risk factors for cognitive
impairment and dementia in later life (Hughes and Ganguli, 2009; Vos
et al., 2017). Therefore, midlife health may be another potential med-
iator between childhood conditions and late-life cognition.

Finally, Foverskov et al. (2019) showed that the effects of childhood
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and adult SES on midlife cognition tended to be exaggerated when
childhood cognitive ability at age 12 was not controlled for in a cohort
of Danish men. Similarly, research showed that cognitive ability at age
11 was the strongest predictor of cognition at age 70, followed by
education and social class in Scotland (Johnson et al., 2010). While
these findings are important, most of these studies focused on men only.
To our knowledge, no population-based studies in the United States
have incorporated early-life cognitive ability in the analysis of child-
hood conditions and late-life cognition among older men and women.

The present study aims to extend our understanding of the specific
pathways underlying childhood SES and cognitive function in later life
by testing the following hypotheses: 1) Childhood SES is associated
with cognition in late midlife; 2) The association between childhood
SES and cognition in late midlife is largely mediated by adolescent
cognitive ability, educational attainment, midlife economic condition,
and health.

3. Data and methods

3.1. Data

The WLS is a longitudinal study of a random sample of one-third of
the high school students who graduated from Wisconsin high schools in
1957. The baseline included 10,317 men and women, and most were
born in 1939. Subsequent waves of data were collected from the ori-
ginal respondents or their parents in 1964, 1975, 1993, 2004, and
2011. WLS used multiple modes of survey over time, which included in-
person, phone, and mail surveys. Cognition data came from the 2004
wave when the comprehensive cognitive tests were first administered
over the phone, and most respondents were about 65 years old. The
analytic sample was restricted to those respondents who participated in
both telephone and mail surveys in 1993, and in phone interviews in
2004 (n= 5,976). We further excluded 94 respondents who had
missing data on all cognitive tests and 2 respondents who were 68 years
old. Our final sample included 5,880 respondents. Compared to the
respondents who were included in our analytic sample, those who were
excluded had lower adolescent cognitive ability (results not shown but
available upon request).

3.2. Measures

Cognition in late midlife. — Cognitive function was a latent variable
in our analysis, which is composed of scores from several cognitive
tests. A battery of cognitive tests was used to measure the respondents'
cognitive abilities in 2004, including vocabulary similarities, letter and
category fluency, immediate word recall, delayed word recall, and digit
ordering. All respondents were asked either a six- or nine-item subset of
the Wechsler Adult Intelligence Scale (WAIS-R) similarities items. For
example, respondents were asked, “In what way are an orange and a
banana alike?” and scores of 0, 1, or 2 were assigned based on WAIS-R
protocol. The respondents received 2 points if they used abstract rea-
soning and 1 point for concrete reasoning. For letter fluency, the re-
spondents were asked to think of as many words as they can beginning
with either an “L” or an “F”, which were randomly selected. In the
category fluency test, respondents were asked to name either as many
foods or as many animals as possible in 1minute. For immediate and
delayed word recall, the interviewer read a list of ten high-frequency
words and asked respondents to repeat back as many words as they
could. The number of correct words respondents repeated ranged from
0 to 10. After about 12minutes, respondents were asked to recall as
many words as they can from the original list. As for digit ordering, the
respondents were asked to say the numbers back in ascending order
after the interviewer read a series of three-digit numbers. The inter-
viewer added an additional digit following each correct response, up to
eight digits. Scores ranged from 2 to 8. To reduce costs and interview
lengths, four of the five tests of cognition were randomly administered

to 80% of the entire sample. Based on previous studies (Yonker et al.,
2007), we used a single, second-order factor for general cognitive
function. Specifically, cognitive function was a second-order factor
loaded by three first-order factors: memory, abstract reasoning, and
verbal fluency. Memory was loaded by immediate word recall, delayed
word recall, and digit ordering. Abstract reasoning was loaded by the
nine WAIS-R items, and verbal fluency was loaded by letter and cate-
gory fluency.

Childhood SES. — Childhood SES is a latent variable measured via
four indicators: 1) father's education was measured in years; 2) mother's
education was measured in years; 3) father's occupational education
was calculated by the percentage of persons in the 1970 Census in a
given occupation who completed one or more years of college; and 4)
childhood household income was measured by the family's income in
1957, and the values were logged.

Adolescent cognitive ability. — Adolescent cognition was mapped
from raw Henmon-Nelson Mental Ability test scores in the Wisconsin
State Testing Archive when respondents were in high school, most of
whom in their junior year. The Henmon-Nelson test is a 30-minute,
multiple-choice test designed to measure aspects of mental ability that
are important for success in college. It was administered in all
Wisconsin high schools from the 1930s to the 1960s (Hauser and
Palloni, 2011).

Educational attainment. — Education was measured as the total
number of years of completed schooling.

Midlife economic condition. — Midlife economic condition was
measured by the respondents' household income in the last 12 months
when most respondents were aged 54 in 1993. To adjust for family size
across households, we divided household income by the square root of
the number of people in the household, and then logged the values
(Glymour et al., 2008).

Midlife health. — Midlife health was gauged by two questions asked
in 1993 when they were about 54. The first question asked respondents
how they would rate their health (on a scale from 1=very poor to
5= excellent). The second question asked how they would rate their
health compared to other people their age and sex. The two items are
highly correlated (α=0.91). We took the mean of the two items to
create a new variable that reflected respondents' self-rated health
around age 54.

Other socio-demographic covariates. — We controlled for age in 2004
(in years), gender (female= 1), marital status (divorced, widowed, and
never married with “married” as the reference category), and number of
children (0 or 1, 4 or more, with 2 or 3 as the reference category).

3.3. Analytic strategy

We applied the structural equation modeling (SEM) technique to
analyze the pathways linking childhood SES, adolescent cognitive
ability, and cognition in late midlife. The SEM tests whether regression
estimates fit into a theory-driven, pre-selected causal structure. As
shown in Fig. 1, childhood SES and cognition in late midlife were latent
factors and enclosed in ellipses, and adolescent cognitive ability, edu-
cational attainment, midlife economic condition, and midlife health
were observed variables enclosed in rectangles. To simplify the pre-
sentation, control variables and error terms were not shown in the
figure. In the structural model, childhood SES was assumed to have a
direct effect on cognition in late midlife and an indirect effect through
adolescent cognitive ability, educational attainment, midlife economic
condition, and midlife health. Specifically, both childhood SES and
adolescent cognitive ability affected educational achievement and
midlife economic condition in 1993, which in turn affected cognition in
late midlife in 2004. Educational attainment also affected midlife eco-
nomic condition. Another pathway linking childhood SES and cognition
in late midlife was through midlife health: Childhood SES affected
midlife health, which in turn affected cognition in late midlife. Ado-
lescent cognitive ability also predicted cognition in late midlife. In
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preliminary analyses, we included bidirectional effects between midlife
health and midlife economic condition, but the model did not converge.
Although there are still debates on the nature of the causal relationship
between adulthood SES and health, more recent research has shown
that adulthood SES affected multiple health outcomes but not vice versa
(Warren, 2009). Therefore our final model only included a path from
midlife economic condition to midlife health but not vice versa. Be-
sides, we have also tried to include a path from adolescent cognitive
ability to midlife health, but the effect was not statistically significant
and adding it did not improve the model fit, therefore we did not in-
clude that path in our final model.

We used Mplus version 7.4 for the analysis (Muthén and Muthén,
2010). Overall, the variables had a modest amount of missing (< 6%)
except for a few cognitive measures including letter fluency and cate-
gory fluency (missing by design to reduce interview length and control
costs). Because some of the observed cognitive variables are catego-
rical, we used the WLSMV estimator in Mplus which handles missing
data using pairwise deletion (Asparouhov and Muthén, 2010). In ad-
ditional sensitivity analyses (results not shown but available upon re-
quest), we also used multiple imputation based on Bayesian estimation
and listwise deletion to handle missing data, and the findings are si-
milar to those reported here. We also conducted multiple group analysis
to examine potential gender differences in the pathways linking child-
hood SES and cognition in late midlife but found few significant gender
differences (results not shown but available upon request). We used the
root mean square error of approximation (RMSEA) and comparative fit
index (CFI) to assess model fit. A model can be considered a plausible
approximation of the data when the value of RMSEA is smaller than .05
and the value of CFI greater than 0.90 (Horvat et al., 2014; Hu and
Bentler, 1999; Kline, 2005; Raykov and Marcoulides, 2006).

4. Results

4.1. Descriptive results

Table 1 presents summary statistics of the analytic variables. The
mean age of respondents was about 65 years old, and 54.3% were fe-
male. The majority were married (79.4%) with 9.3% divorced, 7.4%
widowed and 3.9% never married. About 14% of the respondents had

fewer than 2 children, 54.6% had 2 or 3 three children, 31.4% had 4 or
more children. As for early-life conditions, fathers' education level was
around 10 years of schooling, and on average father worked in an oc-
cupation where 21% of employees had completed one or more years of
college. Mother's education was similar to that of the father. On
average, respondents' childhood family income was approximately
$6,000 in 1957. The mean score of childhood cognitive ability was
about 102.6, and respondents on average had completed almost 14
years of schooling. In 1993 when they were about 54 years old, their
household income was about $71,600, and most of them reported very
good health.

4.2. Results from structural equation models

The standardized factor loadings for the latent variable of childhood

Fig. 1. Standardized path coefficients from the structural equation model. Latent constructs are shown in ellipses, and observed variables are shown in rectangles. All
coefficients are statistically significant at p < .01. Model fit statistics: RMSEA=0.026, CFI= 0.945.

Table 1
Sample distribution of variables, Wisconsin longitudinal study (WLS).

Mean or % SD Range

Childhood SES
Father's education (years) 9.8 3.5 0–26
Father's occupational education (%) 21.1 22.5 0–99.3
Mother's education (years) 10.5 2.8 0–20
Household income (in thousands) 6.0 3.3 0–15

Adolescent cognitive ability 102.6 14.5 61–145
Education 13.8 2.3 12–21
Midlife economic condition in 1993 (in

thousands)
71.6 54.9 0.03–300

Midlife health in 1993 (1–5) 4.2 0.7 1–5
Number of Children in 1993 (%)
0–1 14.0 0–1
2–3 54.6 0–1
4 or more 31.4 0–1

Age in 2004 (years) 64.8 0.7 63–67
Female (%) 54.3 0–1
Marital status in 2004
Married 79.4 0–1
Divorced/separated 9.3 0–1
Widowed 7.4 0–1
Never married 3.9 0–1

Notes: N=5,880. SES= socioeconomic status. SD= standard deviation.
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SES and the latent variable of cognition are reported in Fig. 2 and Fig. 3
respectively. All the factor loadings are statistically significant at
p < .001. Both measurement models have good fits (for childhood SES,
RMSEA=0.042 and CFI= 0.997; for cognitive function,
RMSEA=0.021 and CFI= 0.977). Both latent constructs have high
levels of internal consistency (α=0.70 for childhood SES and α=0.73
for cognitive function).

Table 2 shows the standardized path coefficients from the structural
models, which were also graphically illustrated in Fig. 1. Both Table 2
(the upper panel) and Fig. 1 indicate that childhood SES had a direct
effect on cognition in late midlife (β=0.072, p < .01). Furthermore,
results in Table 2 (the middle panel) and Fig. 1 show that multiple
indirect pathways linked childhood SES and cognition in late midlife.
First, childhood SES had a significant effect on adolescent cognitive
ability (β=0.341, p < .001), which in turn had a significant effect on
cognitive function in late midlife (β=0.548, p < .001) — suggesting
an indirect effect of childhood SES on late-life cognition through ado-
lescent cognitive ability. Second, childhood SES had significant effects
on one's educational attainment (β=0.349, p < .001) and midlife
economic condition (β=0.121, p < .001); and both educational at-
tainment (β=0.318, p < .001) and midlife economic condition
(β=0.092, p < .001) had significant effects on cognition in late
midlife. These results suggest that childhood SES affected cognition in
late midlife through both education attainment and midlife economic
condition. In addition, adolescent cognitive ability also had a sig-
nificant effect on education (β=0.314, p < .001) and midlife eco-
nomic condition (β=0.097, p < .001). Midlife health was another
pathway linking childhood SES and cognition in later life: Childhood
SES had a significant effect on midlife health (β=0.087, p < .001),
which in turn affected cognition in later life (β=0.061, p < .001).

The middle panel of Table 2 further shows the total indirect effects
of childhood SES, adolescent cognitive ability, education, and midlife
economic condition on cognition in late midlife. The indirect effect of
childhood SES (β=0.362, p < .001) was statistically significant and
much larger than its direct effect on cognition in midlife. Among the 14
indirect paths linking childhood SES and cognition in late midlife (re-
sults not shown in Table 2 and available upon request), the path
through adolescent cognitive ability was the largest (β=0.187,
p < .001), followed by the pathway through educational attainment
(β=0.111, p < .001). All other indirect paths were statistically sig-
nificant but had relatively small effect sizes with βs ranging from 0.000
to 0.034. On the other hand, the direct effect of childhood cognitive
ability on cognition in late midlife (β=0.548, p < .001) was greater
than its indirect effect (β=0.116, p < .001). Similarly, the direct ef-
fect of education on cognition (β=0.318, p < .001) was greater than

its indirect effect (β=0.021, p < .001). The bottom panel of Table 2
shows the total effects of various childhood and midlife characteristics
on late-life cognition, suggesting that about 83% (0.362/
0.434=83.4%) of the total effect of childhood SES on cognition in late
midlife was mediated by adolescent cognitive ability, education, midlife
economic condition, and midlife health, controlling for age, gender,
marital status and the number of children.

5. Discussion and conclusion

The primary goal of this study is to examine the associations be-
tween early-life characteristics and cognition in later life and the mul-
tiple pathways through which childhood conditions affect late-life
cognition. Using data from the 1957–2004 WLS, we conducted struc-
tural equation modeling analysis to examine whether the effect of
childhood SES on late-life cognition is mediated through adolescent
cognitive ability, educational attainment, midlife economic condition,
and midlife health.

Our findings have extended prior studies in several ways. First, we
found that childhood SES had both direct and indirect effects on cog-
nition in late midlife among WLS respondents. Therefore, both of our
hypotheses were supported. Previous studies have provided mixed
evidence on direct effects of childhood SES on adulthood cognition with
most studies finding statistically significant direct effects (e.g., Kaplan
et al., 2001; Luo and Waite, 2005; Turrell et al., 2002) while a few
found little evidence of the direct effect (e.g., Beck et al., 2018; Singh-
Manoux et al., 2005). Our results are consistent with the former and
add evidence to this mixed literature. The reasons for the inconsistent
results are not clear and can be partially explained by studies using
different samples, different mediators, and different statistical methods.
Nonetheless, all studies in the western countries have confirmed that
most of the effects of childhood SES on cognition in later life are in-
direct (e.g., Beck et al., 2018; Luo and Waite, 2005).

Second, to our knowledge, we are among the first to find that
adolescent cognitive ability is an important mediator between child-
hood SES and cognition in late midlife for both men and women based
on population-based data from the United States. Previous research
suggests that variations in brain function and cognitive ability are
partially influenced by interactions between genetic variations and
environmental experiences, and there are strong correlations between
early-life cognitive ability and adulthood cognition when childhood
SES, educational attainment, and adulthood SES are controlled for
(Beck et al., 2018; Bouchard and McGue, 1981; Richards and Deary,
2014). Our results are consistent with this line of findings: We find that
adolescent cognitive ability exerted strong direct effects on cognition in
late midlife. Furthermore, it also exerted significant effects on educa-
tional attainment and midlife economic condition. Because most pre-
vious studies did not include early-life cognitive ability in their analyses
of the association between childhood SES and late-life cognition, they
may have overestimated the effects of other mediators including edu-
cation, income, and occupation (Foverskov et al., 2019).

Third, our results show that even after taking adolescent cognitive
ability into consideration, educational attainment and midlife economic
condition still have significant effects on cognition in late midlife. These
results suggest that childhood, as well as young adulthood and midlife,
are all crucial periods for cognitive health in later life. Previous studies
have consistently demonstrated that higher SES — indicated by higher
education and higher socioeconomic position — is associated with
better general health because it increases both a sense of personal
control over one's life and learned effectiveness in accessing health care
and health information. Compared to individuals with lower SES, those
with higher SES are more likely to exercise, abstain from tobacco use,
maintain a healthy weight, and make good use of health care services
that improve overall health, perhaps also including cognitive health
(Link and Phelan, 1995; Mirowsky and Ross, 2003). Our study adds to
the growing evidence on the importance of life-course SES in producing

Fig. 2. Standardized factor loadings for childhood SES, WLS. Latent constructs
are shown in ellipses, and observed variables are shown in rectangles. The error
between mother's education and father's education is correlated. All factor
loadings are statistically significant at p < .001. Model fit statistics:
RMSEA=0.042, CFI= 0.997.
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disparities in late-life cognitive function.
Finally, we found that midlife health was also a mediator between

childhood SES and cognition in late life: Childhood SES had both a
direct and an indirect effect on midlife health, which in turn affected
cognition in late life. This finding is consistent with previous studies
suggesting that childhood SES has a significant impact on adulthood
health (Crimmins, 2005), which in turn affects cognition in later life
(Zhang et al., 2018).

There are a few caveats to the conclusions in our study. First, our

data included high-school graduates in Wisconsin, a relatively ad-
vantaged group of respondents, most of whom were whites. It is likely
that children from extremely poor backgrounds were not included in
our sample. Moreover, we looked at cognition around age 65, and a
significant proportion of the original cohorts (43%) were not in our
analytic sample due to nonresponse in the 1993 mail survey, panel
attrition, and mortality. It is possible that we may have underestimated
the effect of early-life factors on cognition in later life as adolescents
from poor childhood conditions and with lower cognitive function were

Fig. 3. Standardized factor loadings for cognition in late midlife, WLS, 2004. Latent constructs are shown in ellipses, and observed variables are shown in rectangles.
The error between immediate and delayed recall is correlated. Model fit statistics: RMSEA=0.021 and CFI= 0.977.
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less likely to survive to old age than those from advantaged back-
grounds (Hauser, 2010; Hauser and Palloni, 2011). In this sense, our
estimates may be conservative. Second, the data is from Wisconsin and
not nationally representative. Future research should replicate the
study in a nationally representative sample and see whether the results
can be generalized to other more disadvantaged individuals, including
high-school dropouts and minority groups.

Third, although we used longitudinal data which limited reverse
causality (i.e., we used ancestor variables from earlier waves to predict
subsequent-wave descendent variables), our results cannot be used to
draw causal conclusions because there are still unmeasured con-
founding variables (e.g., parental cognitive ability, parental health,
genetic factors) that may influence both childhood SES and cognition in
later life. In addition, we want to acknowledge that although our goal is
to investigate causal processes linking childhood SES and cognition in
late midlife, we cannot make strong causal claims due to limitations in
our data and method. Specifically, SEM is an inference engine that uses
2 inputs: qualitative causal assumptions and empirical data; and the
quantitative causal claims produced in SEM are conditional on the input
qualitative assumptions, which are often based on prior studies, logical
arguments, and temporal order (Bollen and Pearl, 2013; Glymour and
Cooper, 1999; Rubin, 2004). In this paper, we followed previous studies
and made some causal assumptions (as depicted in Fig. 1). We also
adopted widely used model-fit indices (e.g., the comparative fit index,
the root mean squared error of approximation) to evaluate consistency
between the causal assumptions of our SEM model and our data. We

found that the results supported the causal assumptions made in our
SEM model.

Fourth, our measure of childhood SES has limitations because it did
not take into consideration other important factors such as household
wealth. Our measure of midlife economic condition has similar lim-
itations, and as a result, we may have underestimated the mediating
role of midlife economic condition and overestimated the direct effect
of childhood SES on cognition in later life. Fifth, in our study we only
examined the association between childhood SES and a global measure
of cognition; future research is needed to examine whether childhood
SES affects multiple domains of cognition. A few studies suggested that
childhood SES was more strongly associated with language and ex-
ecutive functioning than with visual and spatial cognition among young
children (Noble et al., 2005).

Finally, because we only studied cognitive function at age 65 in-
stead of cognitive decline over time (a crucial factor in the diagnosis of
dementia), we cannot directly assess the extent to which childhood
conditions affect dementia risk in later life. However, previous research
has found that a low level of cognitive function in adulthood was a
strong predictor of dementia and Alzheimer's disease in late life (Kuller
et al., 2003). For example, one study found that older white re-
spondents with low cognitive test scores at baseline had 2.7 times the
risk of dementia as those with high scores in the follow-up (Shadlen
et al., 2006).

Despite these limitations, this is one of the first cohort studies in the
U.S. to examine the complex mechanisms linking childhood SES, ado-
lescent cognitive ability, and cognition in later life. We advanced this
line of research by using high-quality SES collected across the life
course, considering adolescent cognitive ability, and applying structural
equation models to formally test multiple pathways linking childhood
conditions and cognition in late midlife. From a policy perspective, our
study suggests that interventions should focus on the entire life course,
the formative years in particular. More government and societal at-
tention and resources should be devoted to improving the schools and
communities that our kids and young adults live, learn, and work, as
these investments can make a long-term positive effect on their cogni-
tive health in later life, and ultimately on their overall health and
longevity. At the same time, our study also suggests that adulthood
economic condition also affects cognition in late midlife.
Socioeconomic policies and programs that alleviate adults' economic
stress and improve their financial well-being will also promote cogni-
tive health in their later years.
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