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A B S T R A C T   

As the population ages and the prevalence of dementia increases, unpacking robust and persistent associations 
between educational attainment and later life cognitive functioning is increasingly important. We do know, from 
studies with robust causal designs, that policies that increase years of schooling improve later life cognitive 
functioning. Yet these studies don’t illuminate why older adults with greater educational attainment have 
relatively preserved cognitive functioning. Studies focused on why, however, have been hampered by method-
ological limitations and inattention to some key explanations for this relationship. Consequently, we test ex-
planations encompassing antecedent factors, specifically family environments, adolescent IQ, and genetic factors, 
as well as adult mediating mechanisms, specifically health behaviors and health. We employ the Wisconsin 
Longitudinal Study, which includes 80 years of prospectively collected data on a sample of 1 in every 3 high 
school graduates, and a selected sibling, from the class of 1957. Sibling models, and the inclusion of prospectively 
collected early and midlife covariates, allows us to address the explanatory and methodological limitations of the 
prior literature to better unpack the relationship between education and later life cognitive functioning. We find 
little evidence that early life genetic endowments and environments, or midlife health and health behaviors, 
explain the relationship. Adolescent cognition, however, does matter; higher educational attainment, linked to 
antecedent adolescent cognitive functioning, helps protect against lower levels of cognitive functioning in later 
life. Both adolescent cognition and education, however, independently associate with later life cognitive func-
tioning at relatively similar magnitudes. Educational attainment’s relationship to later life cognitive functioning 
is not simply a function of adolescent cognitive functioning.   

1. Introduction 

According to the 2020 Lancet commission report, one of the most 
robust correlates for dementia and cognitive impairment in later life is 
educational attainment (Livingston et al., 2020) At age 65, those with a 
college degree can anticipate spending 83 percent of their remaining life 
expectancy with good cognitive functioning, compared to those without 
a high school degree, who can anticipate spending less than half of 
remaining life expectancy with good cognitive functioning (Crimmins 
et al., 2018). 

Yet, while there have been significant scientific breakthroughs in 
research, we have yet to develop effective clinical treatments that pre-
serve cognitive functioning in later life (Elmaleh et al., 2019). And while 
increasing levels of education across cohorts has reduced population 
level dementia risk in younger cohorts, because of population aging, the 

numbers of individuals with cognitive impairment will increase. In this 
context, a better understanding of why those with higher educational 
attainment have relatively higher levels of cognitive functioning in later 
life is critical. 

In tandem, two sets of studies have emerged to help unpack this 
relationship. One set, employing robust causal designs, has found that 
policies that increase years of schooling improve later life cognitive 
functioning. Yet these designs don’t illuminate why older adults with 
greater educational attainment have relatively preserved cognitive 
functioning. Another set of studies focused on why, however, have been 
hampered by methodological limitations and inattention to some key 
explanations for this relationship. Consequently, we employ sibling 
models, which allow us to address the explanatory and methodological 
limitations of the former and latter approaches, to unpack the rela-
tionship between education and later life cognitive functioning. 
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Consequently, we test explanations encompassing antecedent factors, 
specifically family environments, adolescent IQ, and genetic factors, as 
well as adult mediating mechanisms, specifically health behaviors and 
health. 

1.1. Causal evidence documenting the influence of additional years of 
schooling on later life cognitive functioning 

There is robust evidence of a causal impact of additional years of 
schooling on later life cognitive functioning (Banks & Mazzonna, 2012; 
Glymour et al., 2008; Hamad et al., 2018; Schneeweis et al., 2014). 
Specifically, a series of recent studies have employed exogenous policy 
changes, such as the institution of mandatory schooling, which typically 
involve students completing one or two additional years of schooling. 
Even with these relatively small differences, these studies have 
demonstrated improved cognitive outcomes in later life with this addi-
tional schooling achieved earlier in life. 

Importantly, however, these studies don’t unpack why there such a 
strong relationship between higher educational attainment and better 
cognitive outcomes in later life. Instead, this approach *rules out*, for 
example, the influence of early life endowments, like genetics, and 
family environments (Banks & Mazzonna, 2012; Glymour et al., 2008; 
Hamad et al., 2018; Schneeweis et al., 2014). The policy changes are not 

caused by individual differences, like early life family resources, which 
might otherwise be correlated with both educational attainment and 
later life cognitive functioning. It also means, however, that this 
approach can’t specify how early life endowments, like genetics or 
adolescent IQ, and family environments shape relationships between 
education and later life cognitive functioning, nor does this literature 
explore midlife health and health and health behaviors as possible adult 
mechanisms (Herd et al. Forthcoming). 

In short, studies focused on exogenous policy changes do an excellent 
job demonstrating, in a causal fashion, that one to two years of addi-
tional schooling can be protective for cognitive functioning in later life. 
But these studies cannot help unpack the more dynamic early and mid 
life course relationships that link educational attainment to later life 
cognitive functioning, as we lay out in Fig. 1, and discuss below. They 
have not helped us unpack why there is such a robust relationship be-
tween educational attainment and later life cognitive functioning. 

1.2. Explanations for the relationship between educational attainment 
and later life cognitive functioning 

Another set of studies has attempted to tease out the life course 
mechanisms to help understand why there is such a robust relationship 
between educational attainment and cognitive functioning in later life 

Fig. 1. Parsimonious model of proposed relationship*.  
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(Beck et al., 2018; Clouston et al., 2012; Greenfield et al. 2020a, 2020b; 
Moorman et al., 2018; Zhang et al., 2020; Walsemann & Ailshire, 2020). 
This work has found some evidence for different parts of the relation-
ships documented in Fig. 1. But as we detail below, existing work has not 
been able to comprehensively examine this set of relationships, and it is 
also has methodological limitations in identifying and accounting for 
genetic influences, adolescent cognitive functioning, and early life en-
vironments, that may shape the life course relationship between 
educational attainment and later life cognitive functioning. 

1.2.1. Genetic endowments, education, and later life cognitive functioning 
The first limitation of existing work, with one significant exception 

(Ding et al., 2019), is not adequately accounting for, or testing for, ge-
netic factors that may influence both educational attainment and later 
life cognitive outcomes. There is robust evidence that genetics has a 
strong influence on educational attainment; a polygenic score for 
educational attainment, what is effectively an individual cumulative 
genetic “risk” score, explains upward to 12 percent of the variance in 
educational attainment across a range of population samples (Lee et al., 
2018). This magnitude is similar to the influence of one parent’s 
educational attainment (Cesarini & Visscher, 2017; Lee et al., 2018). It is 
plausible that the same genetic factors that influence educational 
attainment, also influence later life cognitive functioning, either indi-
rectly or directly. For example, studies exploring the mediating mech-
anisms between the education polygenic score and subsequent 
educational attainment, have found robust evidence that brain func-
tioning and cognitive functioning in early life are a plausible mediating 
mechanism (Belsky et al., 2018; Judd et al., 2020; Lee et al., 2018). 

The one exception is recent work by Ding et al. (2019), which found a 
robust relationship between the education polygenic score and cognitive 
functioning in the Health and Retirement Study (HRS). Moreover, they 
found that the relationship remained robust even after controlling for 
phenotypic educational attainment. But the study, while the first to es-
timate these relationships, has a few potential limitations. First, it did 
not account for early life cognitive functioning. The influence of edu-
cation polygenic score, and education more generally, may be via 
cognitive development earlier in life, which in turn influences educa-
tional attainment, rather than a more direct influence of genetics on 
later life cognitive trajectories. 

The second issue is that the estimate of the influence of the education 
polygenic score may have been biased. A number of recent studies have 
argued that polygenic scores, particularly those generated on samples of 
unrelated individuals, may not reflect pure direct genetic effects due to 
‘population phenomena’ (Morris et al., 2020). Of particular relevance, 
the education polygenic score may pick up the influence of childhood 
environments (Armstrong-Carter et al., 2021; Kong et al., 2018; Mills & 
Tropf, 2020). For example, recent work has found that mothers with 
higher education polygenic scores were more likely to cognitively 
stimulate their children via activities like reading, all of which 
contributed to their child’s better academic outcomes, over and above 
genetics their children directly inherited; this is termed genetic nurture 
or specifically passive gene-environment correlation (Scarr & McCart-
ney, 1983, pp. 424–435; Wertz et al., 2019). This is why Fig. 1 includes 
the dotted arrow from the education polygenic score to family envi-
ronment. It’s also the case that even outside of family environments, 
those with higher education polygenic scores may seek out broader 
environments that further enhance their cognitive and educational 
outcomes, what is termed evocative gene-environment correlation 
(Scarr & McCartney, 1983, pp. 424–435). 

While other polygenic scores may have similar issues, the education 
polygenic score may be more exposed due to factors like assortative 

mating; people with similar levels of educational attainment are more 
likely to partner, implying more genetic similarity among partners than 
the population as a whole. The correlations between genotype and 
phenotype (education) that result can cause biased estimates of the 
resulting influence of genotype on phenotype in future generations 
(Brumpton et al., 2020; Kong et al., 2018; Morris et al., 2020). That said, 
existing work has demonstrated only a small influence of assortative 
mating (Kong et al., 2018; Selzam et al., 2019). Currently, the primary 
proposed mechanism to address many of these possible biases are 
through the use of sibling or family-based models (Morris et al., 2020), 
but these models were not possible in the data employed by Ding et al. 
(2019). 

1.2.2. Early life cognition, educational attainment, and later life cognitive 
functioning 

Aside from genetics, one of the most obvious questions is the role of 
early life cognition as an antecedent influence on the relationship be-
tween educational attainment and later life cognitive functioning. There 
is some evidence that adolescent cognition has a large influence on later 
life cognitive functioning, with education, not surprisingly, being a key 
proposed mechanism between the two (as illustrated in Fig. 1) (Cox 
et al., 2016; Anderson et al., 2020). But because most data lack early life 
measures of cognition, there are just a few studies—and the findings are 
mixed. A few studies have found that education’s role is confined to 
being on a pathway from early life cognition to later life cognition (Cox 
et al., 2016; Anderson et al., 2020). Other work, however, has found that 
education is not only important as a mechanism from adolescent 
cognition to later life cognitive functioning, but also as an independent 
influence (as proposed in Fig. 1) (Greenfield, Moorman, & Rieger, 2020; 
Greenfield, Akincigil, & Moorman, 2020:; Moorman et al., 2018). 

One limitation of the few prior studies parsing out the relationship 
between early life cognition, educational attainment and later life 
cognitive functioning, however, is their limited accounting for early life 
environments. While a robust literature has found an important role for 
parental socioeconomic status in influencing relationships between 
early life cognition, education, and later life cognitive outcomes 
(Greenfield & Moorman, 2019: Moorman et al., 2018; Zhang et al., 
2020), there is a broad array of early life conditions for which these 
studies lack observable measures, Developmental psychologists and 
education researchers have found early life conditions, ranging from 
supportive parental relationships to school and neighborhood factors, 
can influence both cognitive development in children and educational 
attainment (Brooks-Gunn et al., 1993; Englund et al., 2004; Flouri, 
2006; Luster & McAdoo, 1996; Nielson 2006; Sautz and Matzel 2018). 
Children who grow up in households without sufficiently nurturing 
family relationships, with lower educational and economic resources, 
and in neighborhoods and communities with more limited resources, 
have lower levels of cognitive functioning in early life, and achieve 
lower levels of educational attainment, though these outcomes are not 
interchangeable (Brooks-Gunn et al., 1993; Englund et al., 2004; Flouri, 
2006; Herd et al., 2021; Luster & McAdoo, 1996; Nielson 2006; Sautz 
and Matzel 2018; Sewell et al., 1971). 

There is also a risk that genetic endowments, for which there are no 
observable measures, may bias findings. The education polygenic score 
does predict both adolescent IQ and educational attainment, but a 
robust body of evidence shows that genetic influence on early life 
cognition is different, and likely more robust, than genetic influence on 
educational attainment (Branigan et al., 2013; Lee et al., 2018). And the 
education polygenic score may not fully capture all of the genetic factors 
that influence educational attainment (Lee et al., 2018). 

Consequently, to best parse out these relationships, a broader 
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accounting of unobserved early life environments, and to some extent 
genetic endowments (aside from the education polygenic score), may be 
important to understand these relationships. Sibling models are one way 
to do this; focusing on within family sibling variation accounts for a 
range of unobserved early life environment and, at least partially, ge-
netic endowments that might influence these relationships. One study 
that employed sibling models, did find independent relationships be-
tween both adolescent cognition and education and later life cognitive 
functioning in the Wisconsin Longitudinal Study (Cook & Fletcher, 
2015). The study, however, was not focused on unpacking life course 
relationships, or specifically relationships between adolescent IQ, 
educational attainment, and later life cognitive functioning, so doesn’t 
offer insights into how a broader array of genetic factors, like the edu-
cation polygenic score, or midlife health and health behaviors might 
affect the relationship between education and later life cognitive func-
tioning. It does provide a model, however, for the potential strength of 
employing sibling models. 

1.2.3. Midlife health and health behaviors as mediators between 
educational attainment and later life cognitive functioning 

In addition to antecedent explanations, including genetics, adoles-
cent cognition, and family environment, adult mediating health be-
haviors and health may be another explanation for the relationship 
between education and later life cognitive functioning. There has been 
surprisingly little empirical work testing health and health behaviors. 
Yet, they are among the most plausible adult mediating mechanisms 
because of the robust relationships between education, health behav-
iors, chronic conditions and later life cognitive functioning. 

Education strongly patterns health behaviors including smoking, 
obesity, and physical activity, as well as chronic conditions like heart 
disease, stroke, and diabetes (Herd et al., 2007; Lantz et al. 2001; 
Marshall et al., 2015). In many cases, like with diabetes, the risk is 
double for those without high school degrees compared to those with 
college degrees (Beckles et al., 2016). Education’s influence on these 
chronic conditions is both indirect, via health behaviors, and also more 
direct (Herd et al., 2007; Lantz et al. 2001). 

These health behaviors and chronic conditions, in turn, predict lower 
levels of cognitive functioning in later life (Sabia et al., 2009; Meuller 
et al., 2020; Cadar et al. 2012). In short, there is robust evidence that 
modifiable health behaviors like exercise and smoking, with some evi-
dence regarding obesity, influence risk for outcomes like dementia 
(Beydoun et al. 2014). Moreover, strokes, cardiovascular disease, hy-
pertension, and diabetes have all been linked to cognitive impairment, 
especially vascular forms (Lee et al., 2021; Stefanidis et al., 2018). 

But the findings from the surprisingly few studies testing the role of 
health and health behaviors as mediators in the relationship between 
education and later life cognitive functioning have been mixed. A recent 
English study found that health behaviors explain up to half of educa-
tional disparities in dementia (Deckers et al., 2019). Ding and colleagues 
(1992) also found that behaviors did help explain the relationship be-
tween the education polygenic score and cognitive decline. Liu and 
colleagues (2020) found that exercise just slightly reduced these re-
lationships. In contrast, however, Hayward and colleagues (2021) found 
that declines in dementia prevalence across recent cohorts was driven by 
increasing educational attainment, but not by trends in health behaviors 
and chronic conditions. Existing studies have also not accounted for the 
potential role for unobserved early life conditions and genetic endow-
ments, which may pattern both health behaviors and chronic conditions 
and educational attainment (Freedman et al., 2008; Pudrovska et al., 
2014; Zhang et al., 2020). 

1.3. Research questions 

Given the limitations of the prior literature, we use the Wisconsin 
Longitudinal Study, which includes 80 years of prospectively collected 
data on a sample of 1 in every 3 high school graduates from the class of 

1957, as well as a randomly selected sibling, to test the role of early life 
endowments and environments, as well as midlife health behaviors and 
health, on later life cognitive functioning. The sibling model design, 
combined with a robust observable polygenic score for educational 
attainment and an adolescent cognitive measure, as well as midlife 
health behaviors and health, allows us to better unpack the life course 
dynamics of these relationships. 

Specifically, we will answer the following three questions. First, does 
the education polygenic score for educational attainment predict later 
life cognitive functioning? Second, what is the relationship between 
adolescent cognition, educational attainment and later life cognitive 
functioning, and how do unobserved early life environments and en-
dowments influence these relationships? Finally, do adult health be-
haviors and health mediate any of the relationship between educational 
attainment and later life cognitive functioning? 

2. Materials and methods 

2.1. Data 

The Wisconsin Longitudinal Study (WLS) provides a unique oppor-
tunity to explore the relationship between educational attainment and 
cognitive functioning in later life. It has three key advantages. First, it is 
the only sample of older adults that includes a sibling sample design, 
which better accounts for early life environments and reduces the risk 
for genetic confounders. Second, it is the only nearly full life course 
longitudinal US based sample of older adults that includes prospectively 
collected measures of adolescent cognitive functioning, as well as other 
key prospectively collected measures of health and cognition. Third, it’s 
cohort design focused on those born around 1939, which helps rule out, 
for example, period effects that might confound analyses focused on 
educational disparities. The WLS is uniquely situated to explore the 
questions posed in this study (NRC 2013). 

The WLS is based on a randomly selected 1/3 sample of all 1957 
Wisconsin high school graduates (Herd et al., 2014), and a randomly 
selected sibling for each eligible graduate. Participants were originally 
empaneled at age 18 (1957), which was followed with data collection at 
ages 25 (1964), 36 (1975), 54 (1993), 65 (2003-4), and 72 (2011–12). 
Data on cognition, which are detailed below, are drawn from adminis-
trative records (standardized IQ tests administered to all Wisconsin high 
school students starting in the 1920s) and from cognitive assessments 
administered in 2011. 

In regards to genetics, WLS collected saliva samples in 2007 and 
2011 from respondents using Oragene kits and a mailback protocol 
patterned closely on a previous study (Rylander-Rudqvist et al., 2006). 
Compliance to the DNA request was about 5 percentage points higher 
among males, but broadly matched response rates for other data in the 
WLS (Herd et al., 2014). After quality control, respondents were geno-
typed at ~710,000 markers (before imputation) utilizing the 
Omni-Express beadchip. Documentation is accessible at http://www.ss 
c.wisc.edu/wlsresearch/. 

Genetic data and measures of adolescent cognition, as well as some 
additional key health measures, were available for approximately 7000 
graduates and siblings whom completed the 2011 data collection, which 
included 4837 graduates and 2221 sibling participants. Because we 
needed sibling pairs, however, the final sample included 2920 siblings 
and graduates or 1460 pairs, reflecting mismatched graduate and sibling 
cases (e.g. a sibling that did not have a graduate who completed a 2011 
interview due to either mortality or attrition). We did a range of sensi-
tivity analyses to address how attrition may have affected the final 
sample. First, we included a weight to address selection in terms of who 
provided genetic data. Second, we ran simplified models that excluded 
health and health behavior variables, which constituted about 500 
missing cases, to see how it affected the education, education polygenic 
score, and adolescent cognition findings. Neither produced evidence 
that the findings substantially differed. Finally, we analyzed differences 
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among the model covariates and outcomes, when comparing the final 
paired sibling analytic sample with the full ~7000 cases available in the 
2011 survey. The only statistically significant difference across all 
measures was the education polygenic score, which was slightly higher 
in the final analytic sample. This is driven by the siblings, which are on 

average, somewhat more select than the graduate sample.1 That said, 
sensitivity analyses that compared the full graduate sample to the ana-
lytic graduate sample for this study (meaning they had had a paired 
sibling), did not meaningfully differ. 

Table 1 
Descriptive Statistics for the Wisconsin Longitudinal Study Participants. 

1 The graduate sample constitutes ~69 percent of surviving participants. It is 
important to keep in mind that the WLS is unusual in having a 100 percent 
response rate from the initial sample frame. The highest initial response rate for 
a Health and Retirement Study cohort, for example, is 80 percent for the 
1931–1939 birth cohort. Consequently, the total response rate is higher in the 
WLS, even as the length of the study (60 years) is substantially longer. 
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2.2. Outcomes measures 

We employ measures of late life cognitive functioning that were 
collected in 2005 and 2011 when participates were ~age 65 and ~age 
72. These include: letter fluency, which captures verbal fluency and 
requires individuals to recall as many words that start with a certain 
letter in 60 s; an immediate and delayed recall task, which captures 
memory and requires individuals to recall a set of ten words immedi-
ately and then ~10 min later; and a number series task, which requires 
participants to remember and repeat a series of numbers in the correct 
order. Table 1 provides descriptive statistics on the outcome and co-
variate measures on the full sample, and separately for the original 
empaneled graduate and their paired sibling. 

2.3. Covariates 

We control for age and sex. Note that there is very limited variance in 
age for the graduate sample that all graduated from high school in 1957. 
Approximately 90 percent of siblings fall on either side of the graduates 
age by 7 years. In addition, we include the following measures: 

Adolescent Measures of Cognitive Functioning: 1) WLS is one of just a 
few longitudinal aging cohort studies with an early life cognitive mea-
sure. This measure is derived from the Henmon-Nelson IQ test admin-
istered to WLS participants during their junior year in high school 
(1956). It was a 30-minute test consisting of 90 items in order of 
increasing difficulty. It included vocabulary, sentence completion, dis-
arranged sentences, classification, logical selection, series completion, 
directions, analogies, anagrams, proverb interpretation, and arithmetic 
problems. It highly correlates (0.83) with IQ tests more commonly 
administered today, especially the WAIS (Watson & Klett, 1975). 

Polygenic Score for Educational Attainment: Polygenic scores summa-
rize predictive information in the genome with respect to a particular 
trait. The scores use weights based on genome-wide association studies 
(GWAS) conducted in other samples. GWAS studies generally find as-
sociations between the most common kind of genetic variation, specif-
ically single nucleotide polymorphisms (SNPs), and outcomes ranging 
from height and cancers to personality and educational attainment. Each 
individual, in these studies, has somewhere between 1 and 2.5 million 
variants (SNPs) that have been identified (Lee et al., 2018). GWAS then 
identifies the strength of the associations between each variant and the 
outcome. 

The polygenic score for educational attainment that we use is based 
on a 1.1-million-person GWAS (Lee et al., 2018).2 Weights of individual 
variants are multiplied by the count of trait-associated alleles for each 
SNP and summed across all variants. Polygenic scores that provide 
robust, out-of-sample, predictions have been developed for outcomes 
such as height, body mass index (BMI), psychiatric disorders, and 
smoking (for a review see Ware & Faul, 2021). Detailed information on 
the construction of the education polygenic scores can be in supporting 
documentation (https://www.ssc.wisc.edu/wlsresearch/documenta 
tion/GWAS), as well as in additional papers (Belsky et al., 2018; Herd 
et al., 2019). The score is standardized to have a mean of 0 and SD of 1. 
(Fig. 1) 

Population Stratification Controls: We also residualize the education 
polygenic score for the first 10 principal components, which were esti-
mated from the genome-wide SNP data to account for allele frequency 
differences across ancestral groups (population stratification) in our 
analytic sample. The sibling model design also helps address this. Pop-
ulation stratification is a key issue in studies of this kind. In short, there 
is the risk that results are confounded by ancestry differences. Conse-
quently, study findings can be sensitive to the inclusion of controls for 
population stratification. 

Educational Attainment: We employ “years” of schooling, which is a 

summary measure derived from highest level of schooling students ob-
tained based on measures collected between 1975 and 2011. The mea-
sure ranges from 8 years of schooling to 20, which includes those with 
PhDs. The measure is standardized with 2.5 ‘year’s equal to 1 standard 
deviation. 

Health Behavior and Health Measures: We include covariates for some 
key health related mediating mechanisms that could explain the rela-
tionship between educational attainment and cognitive function. We 
classify respondents into never, former or current smokers based on 
their survey responses in 2011. Body mass index (BMI) is grouped into 
standard Center for Disease Control categories for obese, overweight, 
and normal weight, based on reports of height and weight in 1993 when 
respondents were ~age 54. We also include measures of how physically 
active participants were in 1993, specifically whether they exercised 
more than 2 times a week, 1–2 times a week, 1–3 times a month or never. 
The measures of chronic conditions include a series of self-reported 
medical conditions (diabetes, coronary heart disease/heart attack/ 
angina/congestive heart failure/other heart problems, hypertension, 
stroke) collected in both 2004 and 2011. 

2.4. Statistical analysis 

We employ a series of sibling fixed effect OLS regression. The 
sequential models reflect the life course ordering of these covariates as 
presented in Fig. 1. We further note that models only including the ed-
ucation polygenic score, and the polygenic score and adolescent cogni-
tion, are critical given the potential for collider bias and unobserved 
variable bias that may specifically affect the relationships between the 
education polygenic score, educational attainment, and later life 
cognitive functioning (Akimova et al., 2021). That said, the use of sib-
ling models, and the inclusion of the adolescent cognitive functioning 
measure, substantially reduces this risk and is an improvement as 
compared to existing research. 

We include analyses that both include and exclude sibling fixed ef-
fects to test how this impacts the polygenic score, given population 
phenomena issues (e.g. Morris et al., 2020), and also to see how unob-
served childhood environments and genetic endowments influence the 
relationship between adolescent cognition, education, midlife health 
behaviors and health, and later life cognitive functioning. When we 
exclude fixed effects, we adjust standard errors to account for sibling 
clusters. Models that only included the graduates, as opposed to simply 
eliminating the fixed effect, produced the same pattern of results. These 
analyses are available on request. Appendix includes full model results 
that include and exclude fixed effects. 

3. Results 

The results focus on the cognition measures from 2011 when par-
ticipants were ~age 72. As already noted, the education polygenic score 
is residualized for the first 10 principal components estimated from the 
genome-wide SNP data to account for allele differences across ancestral 
groups (population stratification) in the analytic sample. The model 
coefficients underlying the figures are located in Appendix Tables A.1- 
A.4. 

3.1. The influence of the education polygenic score on later life cognitive 
functioning 

Fig. 2 displays the relationship between the education polygenic 
score and later life cognitive functioning, both including and excluding 
sibling fixed effects, across all four cognitive outcomes. The first thing to 
note is that in non-fixed effect models, controlling for adolescent 
cognitive functioning explains nearly all of the relationship between the 
education polygenic score and later life cognitive functioning. This was 
the case for immediate recall, delayed recall, and digit ordering. The 
exception to this was letter fluency, but the coefficient size was cut by 60 2 One SD is equivalent to 2.4 ‘years’ for the education variable. 
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percent. The inclusion of educational attainment then reduced the co-
efficient to near zero as shown in the Appendix tables. 

Second, the figures demonstrate how the education polygenic score 
coefficients are affected with the inclusion and exclusion of the fixed 

effect. For all cognitive outcomes, in models only including controls for 
age and sex, the inclusion of the fixed effect either reduces the coeffi-
cient to zero or substantially reduces the coefficient size, as well as 
substantially increasing the standard errors, though the differences 

Fig. 2. Later life cognition outcomes regressed on the education polygenic score*.  

Fig. 3. Later life cognition outcomes regressed on adolescent cognition*.  
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across fixed and non-fixed effect models do not reach statistical signif-
icance. For both delayed and immediate recall, the coefficient for the 
education polygenic score was never substantively correlated, nor did it 
achieve statistical significance in any of the models that included sibling 
fixed effects. The education polygenic score was more correlated with 
digit ordering and letter fluency, as compared to memory items, but both 
still had large standard errors. Further, the inclusion of adolescent 
cognition reduces the education polygenic score coefficients to near 
zero. In sum, in models that exclude a sibling fixed effect, the relation-
ship between the education polygenic score and later life cognitive 
functioning was mediated by adolescent cognitive functioning. In sibling 
fixed effect models only adjusting for age and sex, there was almost no 
relationship between the education polygenic score and later life 
cognitive functioning. It is worth noting that the education polygenic 
score is robustly correlated with adolescent IQ (see Appendix Table A.5), 
in models with and without fixed effects, though the EPGS is not robustly 
correlated with later life cognitive functioning, likely pointing to 
differing factors driving early versus later life cognitive functioning. 

3.2. Adolescent cognition, educational attainment, and later life cognitive 
functioning 

Fig. 3 provides evidence as to the relationship between adolescent 
cognition, educational attainment and later life cognitive functioning, 
including the role of family environments in explaining these relation-
ships. First, Fig. 3 does demonstrate that the main effects of adolescent 
cognition are reasonably large. For example, in the fixed effect models, a 
1(SD) increase in adolescent cognition is correlated with a 0.16 (SD) 

increase in later life delayed recall performance. This is equivalent to 
about 5 years of age (see Appendix Table A.1). Fig. 3, however, also 
demonstrates that the inclusion of educational attainment does explain 
some of the relationship between adolescent cognition and later life 
cognitive functioning, ranging from roughly 10 and 15 percent for digit 
ordering and delayed recall performance to 25 and 30 percent for im-
mediate recall and letter fluency performance respectively. Higher 
educational attainment resulting from higher adolescent cognitive 
functioning helps protect against lower levels of cognitive functioning in 
later life. Education’s role in influencing later life cognitive functioning, 
is, in part, a function of it acting as a mechanism via adolescent cognitive 
functioning. Fig. 3 also demonstrates, however, that unobserved family 
environments or genetic endowments, or some mixture of the two, play 
a significantly large role in explaining the influence of adolescent 
cognition on later life cognitive functioning. The adolescent cognition 
coefficient is 12–50 percent smaller with the inclusion of family fixed 
effects, with the smaller impact of the fixed effect for digit ordering. 

Fig. 4 demonstrates that educational attainment remains signifi-
cantly correlated with later life cognitive functioning, even after ac-
counting for adolescent cognition. In terms of magnitude, the range is 
from 0.14 to 0.18 SD increases in cognitive performance in later life, for 
every one standard deviation increase in educational attainment.2 This 
is equivalent to about 5 years of age (see Appendix tables). When 
comparing the standardized adolescent cognition coefficient presented 
in Fig. 3 with the standardized education coefficients in Fig. 4, the 
relative influence of adolescent cognition and education vary across 
cognitive outcome. In the sibling fixed effects models, for immediate 
recall and letter fluency, the standardized education coefficients are 

Fig. 4. Later life cognition outcomes regressed on education*.  
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roughly 50–60 percent larger than the adolescent cognition coefficient, 
whereas for digit ordering and delayed recall the standardized adoles-
cent cognition coefficients are 60–80 percent larger. If capturing the 
total influence, however, adolescent cognition has a somewhat larger 
influence. 

Fig. 4 also demonstrates there is no influence of unobserved early 
family environments and/or genetic endowments on the relationship 
between education and later life cognitive functioning. Unlike with 
adolescent cognition, the inclusion and exclusion of fixed effects has 
almost no influence on the education coefficient, except in the case of 
digit ordering where the coefficient size increased, and just slightly in-
creases the standard errors. We should note that the inclusion and 
exclusion of sibling fixed effects also had no impact on the education 
coefficient even when adolescent IQ is not included in these models 
(estimates not presented here). This implies that the relationship be-
tween educational attainment and later life cognitive functioning is 
quite robust to unobserved early life environments and genetic endow-
ments, unlike the relationship between adolescent cognition and later 
life cognitive functioning. 

3.3. Health behaviors and chronic conditions as midlife mediators 

Finally, Fig. 4 also presents findings on the role that midlife health 
behaviors and chronic conditions might play in mediating relationships 
between educational attainment and later life cognitive functioning. In 
short, we find little evidence they serve as important midlife mediators. 
The education coefficient remains nearly the same with the inclusion of 
these midlife mediators. There are also almost no meaningful differences 
between the fixed effect and non-fixed models. The appendix tables also 
detail that just a few of these behaviors and chronic conditions, specif-
ically being overweight, being a smoker, and having had a stroke, are 
significantly correlated with lower levels of cognitive functioning. 

4. Discussion 

4.1. Summary of findings 

In the context of family fixed effects models, we examined the role of 
key early life endowments (genetics and adolescent cognition) and 
family environments as antecedents to educational attainment, as well 
as health and health behaviors as midlife mediators, to better under-
stand the relationship between educational attainment and later life 
cognitive functioning. We find a robust independent influence of edu-
cation on later life cognition, with neither early life genetic endowments 
and environments, nor midlife health and health behaviors influencing 
these relationships. Adolescent cognition, however, does partly explain 
why educational attainment shapes later life cognitive functioning; 
higher educational attainment resulting from higher adolescent cogni-
tive functioning helps protect against lower levels of cognitive func-
tioning in later life. Adolescent cognition’s relationship with later life 
cognitive functioning however, is influenced by unobserved genetic and 
family environment factors. Both adolescent cognition and education, 
however, independently influence later life cognitive functioning at 
relatively similar magnitudes. Educational attainment’s relationship to 
later life cognitive functioning is not simply a function of adolescent 
cognitive functioning. 

4.2. Interpretation 

While many studies have shown a robust correlation between 
educational attainment and later life cognitive functioning, we were 
able to address prior limitations in the literature to better unpack these 
relationships. The education polygenic score, which does robustly pre-
dict educational attainment (Herd et al., 2019), including in the context 
of sibling models in WLS, did not have a direct influence on later life 
cognitive functioning above and beyond adolescent cognition in models 
without fixed effects, and had almost no association in family fixed effect 
models. These findings were in contrast to a recent paper (Ding et al., 
2019), which found the polygenic score was predictive of cognitive 
decline, even after accounting for phenotypic educational attainment. 
The differences in findings likely reflect our inclusion of adolescent 
cognition, as well sibling fixed effect models, which have been proposed 
to address possible population phenomena issues with the education 
polygenic score (Morris et al., 2020). That said, the Ding et al. (2019) 
sample included more variation on educational attainment because it 
encompassed those without high school degrees. This may have influ-
enced the difference in findings across these two studies. 

Adolescent cognition, however, plays an important role in these 
processes. While education explains 10 to 30 percent of the relationship 
between adolescent cognition and later life cognitive functioning, 
adolescent cognition remains robustly associate with later life cognitive 
functioning. We did, however, find that the size of adolescent cogni-
tion’s influence was sensitive to properly accounting for unobserved 
early life family environments and/or genetic factors, with the coeffi-
cient 12 to 50 percent smaller with the inclusion of family fixed effects. 
Existing studies in designs without family fixed effects may be under-
estimating the influence of unobserved early life environments and 
other genetic endowments on these relationships (Anderson et al., 2020; 
Cox et al., 2016). At the same time, we show that the failure to account 
for early life cognitive functioning in studies examining the relationship 
between educational attainment and later life cognitive functioning is 
missing an important part of the puzzle. 

We also found that educational attainment robustly correlates with 
later life cognitive functioning, at magnitudes not dissimilar from 
adolescent cognitive functioning, and that its influence did not differ in 
sibling fixed effects models as compared to those without fixed effects. In 
short, things like family environments and socioeconomic resources, 
which are adjusted for in sibling models, did not appear to explain ed-
ucation’s influence on later life cognitive functioning. The difference in 
this finding for educational attainment, as compared to adolescent 
cognition, could reflect a more pernicious role in how early life condi-
tions shape cognitive functioning that may have long term implications 
for cognitive health in later life. In contrast, the benefits from education 
may compensate for those early life conditions. Alternately, it may be 
unobserved genetic confounders; indeed, there is evidence that genetic 
influences on early life cognition are stronger than for educational 
attainment (Branigan et al., 2013). 

Finally, we found no evidence that health behaviors and health 
explained the relationship between educational attainment and later life 
cognitive functioning. This does map onto prior general work on health 
disparities that has challenged the role, especially, of individualized 
health behaviors in explaining educational disparities (Lantz et al. 
2001). In short, the focus on exercise or nutrition, while possibly having 
some protective effect for cognitive functioning in later life, will not help 
reduce educational disparities. The evidence from this study is that 
focusing interventions on Individual behaviors and health will not 
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reduce educational disparities in later life cognitive functioning. That 
said, we do want to note some caution given the possibility this finding 
may reflect the more limited variation in educational attainment in this 
sample. 

4.3. Limitations and future directions 

There are a few study limitations to note, with implications for future 
research. First, sibling models are powerful, but they cannot account for 
all unobserved variables, be they genetic or environmental. For 
example, they would be unlikely to fully account for evocative genetic 
nurture, where people with higher polygenic education scores might 
seek out environments that further enhance cognitive functioning—-
though early in life children’s ability to seek out those environments in 
ways that would influence adolescent cognitive functioning is con-
strained by their family environment. We also can’t rule out the po-
tential for further confounding and unobserved variable and collider 
bias that may specifically affect the relationships between the education 
polygenic score, educational attainment, and later life cognitive func-
tioning (Akimova et al., 2021). That said, the use of sibling models, and 
the inclusion of the adolescent cognitive functioning measure, sub-
stantially reduces this risk and is an improvement as compared to 
existing research. Moreover, the basic finding that the relationship be-
tween the education polygenic score and later life cognitive functioning 
was not robust held in very parsimonious models. We also note that a 
new preprint (Fletcher et al., 2021) has questioned whether recent 
recommendations to utilize sibling fixed effects models (e.g. Morris 
et al., 2020) may actually induce error with polygenic scores, including 
whether it introduces bias to account for genetic nurture effects on early 
environments. Again, however, we were able to test relationships both 
with and without sibling fixed effects. Even when not employing fixed 
effects, the relationship between the education polygenic score and later 
life cognitive functioning, is explained by accounting for adolescent 
cognition; in addition to the sibling fixed effects results, this is a novel 
empirical finding. The bigger story holds regardless of model choice; the 
education polygenic score is not a good explanation for the relationship 
between educational attainment and later life cognitive functioning. 

Another limitation is that the WLS is a dominantly white sample of 
high school graduates, though it is the case that just over 20 percent of 
the WLS sample grew up in poor households (Hauser & Sweeney, 1997). 
The findings should be understood in this context. That said, sample 
homogeneity is advantageous in this case, given the use of the education 
polygenic score. Because of potential issues with population stratifica-
tion, the more homogenous sample reduces the risk for confounding. A 
reduced risk for unobserved variable bias in a more homogenous sample 
generally holds true for the analysis as a whole. That said, it’s critical to 
test these questions in more diverse samples, as well as make broader 
investments in diverse samples that actually allow for this kind of 
analysis. 

It’s also worth noting that this is a single cohort, with a modal birth 
year of 1939. While a single cohort can bring advantages, in terms of 
ruling out potential confounders, these relationships may not hold for 
other cohorts. One key cohort change is increasing educational attain-
ment. Indeed, there is some evidence that dementia rates may be falling 
as a result (Langa et al., 2017). Because this study only includes those 
with a high school degree, in some ways the WLS looks more like 
younger cohorts. But it’s also the case that those with college degrees in 
this cohort are somewhat more select given broader access to post-
secondary schooling for more recent cohorts. More generally, there is 

evidence that the influence of the education polygenic score on educa-
tional attainment changes across cohorts, with some evidence of an 
increasing influence due to increasing access to higher education (Bra-
nigan and Freese 2013; Herd et al., 2019). In short, removing structural 
barriers to higher education allows for genetic influence to translate into 
higher educational attainment (Herd et al., 2019). That said, Ding et al. 
(2019) did not find any differences across cohorts in the relationship 
between the education polygenic score and later life cognitive func-
tioning. Nonetheless, exploring cohort differences may provide novel 
insights into the mechanisms underlying these relationships. 

Finally, while sibling models allow us to broadly test the influence of 
early life environments, without additional observable data that varies 
within sibling pairs, we can’t unpack those early life environments, such 
as the influence of socioeconomic resources versus emotionally 
nurturing environments. Indeed, the more limited variation present 
within sibling pairs is a more generic challenge with this modeling 
approach. 

5. Conclusion 

A growing body of evidence has documented that educational 
attainment is a robust predictor of cognitive functioning in later life. But 
the antecedents of educational attainment, which may influence both 
the propensity to attain higher levels of schooling, as well as indepen-
dently influence later life cognitive functioning, are less well under-
stood, as are midlife health behaviors and chronic conditions as 
mediators. The findings here document that genetic factors that influ-
ence educational attainment do not appear to play a significant role in 
shaping later life cognitive functioning. We do find, however, that 
adolescent cognitive functioning does play a role in shaping the influ-
ence of educational attainment on later life cognitive functioning, as 
well as acting as an important independent influence. Nonetheless, ed-
ucation remains robustly associated with later life cognitive functioning 
even after accounting for key antecedent influences and midlife health 
behavior and chronic condition mediators. 
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APPENDIX  

Table A1 
Delayed Recall Performance at age ~72 Regressed on the Early and Mid Life Course Covariatees. 
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Table A2 
Immediate Recall Performance at age ~72 Regressed on the Early and Mid Life Course Covariatees. 
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Table A3 
Digit Ordering Task Performance at age ~72 Regressed on the Early and Mid Life Course Covariatees. 
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Table A4 
Letter Fluency Performance at age ~72 Regressed on the Early and Mid Life Course Covariatees. 
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Table A5 
Adolescent IQ Regressed on the Education Polygenic Score. 
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