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Abstract
Low educational attainment is recognized as a modifiable risk factor for dementia. Despite the commonly accepted notion 
that greater educational attainment confers lower dementia risk, few family-based studies have investigated the causal 
bases for the association. Using data from seven twin samples from Sweden, Denmark, Australia, and the US participating 
in the IGEMS (Interplay of Genes and Environment in Multiple Studies) consortium (N = 60,027, 10.92% with dementia), 
we tested whether twins who achieve higher education than their co-twins have lower risk of dementia. The primary 
analysis applied a multilevel between-within regression framework, supported by descriptive statistics of within-pair dif-
ferences. Results confirmed an overall association between educational attainment and dementia risk, such that individuals 
with higher educational attainment had less likelihood of developing dementia (phenotypic regression coefficient = -0.68, 
p <.0001). Within twin pairs, however, twins who achieved greater education than their co-twins did not uniformly show 
lower dementia risk (within-family regression coefficient = -0.07, p =.0983, while between-family regression coefficient 
= -0.98, p <.0001). Taken together, the pattern of results shows that the effect of educational attainment on dementia risk 
is largely attributable to genetic influences in common to educational attainment and dementia, although there are also 
contributions from environmental influences shared between members of the same family. Results were similar in men 
and women. These findings add to the literature by using a co-twin control design to address possible reasons that low 
educational attainment is associated with greater dementia risk.
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Introduction

Low educational attainment is a recognized putatively 
modifiable risk factor for dementia. It is strongly featured 
in consensus documents about preventing onset of dementia 
[1, 2]. At the same time, not every study has confirmed a 
significant association between educational attainment and 
dementia. A systematic review found that 58% of included 
studies supported an association between lower education 
and dementia risk [3], and a subsequent meta-analysis of 
prospective cohort studies showed that 73% of included 
studies supported an education-dementia association [4]. 
Some studies [5, 6] suggest that higher educational attain-
ment may have a stronger effect on lowering women’s 
dementia risk than men’s, while others have shown the 
reverse [7]. Moreover, mechanisms accounting for the edu-
cation-dementia association remain unresolved.

One explanation is genetics. For example, it is possible 
that apolipoprotein E (APOE), the major genetic risk fac-
tor for AD, moderates the association. In one report, low 
educational attainment was significantly associated with 
higher dementia risk only in APOE ε4 carriers, or in those at 
greater genetic risk for AD as indicated by their polygenic 
scores, and not in non-APOE ε4 carriers or those at lower 
genetic risk for AD [8].

Secular changes in education and dementia have also 
been used to explain the education-dementia association. 
Observations of rates of dementia in various countries over 
time have noted decreases in dementia [9], with some show-
ing that education partially accounted for reduced incidence 
of dementia over recent decades [10, 11]. The effect may 
further be more pronounced in men than in women [12].

Natural experiments are another source of evidence, 
comparing dementia risk in those experiencing an educa-
tional reform that increased the number of required years 
versus those whose education just preceded the reform. In 
Great Britain, the mandatory rise in school-leaving age was 
associated with higher cognitive scores [13]. Yet, the posi-
tive effects of educational attainment on cognitive ability 
may not transfer to effects on dementia risk. In Sweden, 
for example, a reform that increased compulsory years of 
schooling by one year had a negligible and statistically non-
significant effect on dementia risk [14].

Livingston et al. [1] underscored the challenge discerning 
whether greater educational attainment in adulthood reflects 
the consequences of greater cognitive ability or an advan-
tage above and beyond cognitive ability. In support of the 
former, Kremen et al. [15] showed that, once accounting for 
general cognitive ability measured at age 20, further attained 
education was no longer associated with cognitive function-
ing 40 years later. Others used sibling models to control for 
familial factors and showed that adolescent cognitive ability 

and higher educational attainment each contributed to pro-
tecting against poor late life cognition function [16].

Mendelian randomization designs, an approach that 
avoids the biasing effect of reverse causation, have been 
applied to disentangle the role of general cognitive abil-
ity in explaining the education-dementia association. One 
such study reported that genetic variants connected to 
greater educational attainment were significantly associ-
ated with reduced odds of AD, while genetic variants con-
nected to higher intelligence were less robustly associated 
with reduced odds of AD [17]. Another group found a small 
genetic correlation between educational attainment and AD, 
and that this association was not explained by APOE [18]. 
In contrast, two studies using Mendelian randomization 
subsequently found that the genetic effect of intelligence 
on Alzheimer’s disease risk explained any genetic effect of 
educational attainment on AD risk [19, 20].

Twin studies of education and dementia offer a way to 
control for the confounding effects of genetic and shared 
environmental variance, i.e., familial influences, thereby 
strengthening the test of whether educational attainment has 
a causal influence on dementia. In a co-twin control design, 
twins from the same family serve as each other’s controls. 
Here the co-twin control design is operationalized by a 
mixed-effects (or multilevel) regression framework [21]. 
This framework decomposes effects of the exposure (e.g., 
education) on the outcome (e.g., dementia) into between-
twin-pair and within-twin-pair terms [22]. If the outcome 
is caused by the exposure, outcome and exposure should 
be significantly associated at the within family level, i.e., 
within monozygotic (MZ) pairs of twins there should be 
statistically significant effects of lower educational attain-
ment on greater dementia risk. The presence of genetic and 
shared environmental confounds is assessed by examining 
the patterns of attenuation in the parameter estimates for 
MZ and dizygotic (DZ) twins. The exposure-outcome asso-
ciation within twin pairs is termed “quasi-causal” to denote 
the observational nature of twin studies despite using twins 
as a natural experimental research design [22].

In the present study, we apply the co-twin control design 
within a large international consortium of twin studies to 
test the effects of educational attainment on likelihood of 
dementia. We also directly compare MZ twins, DZ twins, 
and unrelated pairs matched on birth year and sex who cor-
respond to what would be found in a non-twin sample.
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Materials and methods

Sample

All samples included in the analyses are part of the Interplay 
of Genes and Environment in Multiple Studies (IGEMS) 
consortium [23, 24]. We included seven samples from four 
countries (Denmark, Sweden, Australia, and the US), all of 
which are part of the IGEMS consortium. Each sample was 
required to have data on education as well as either clini-
cal dementia diagnoses or scores on a latent dementia index 
(LDI) [25]. Participants were aged 50 to 108 years at the 
time of dementia diagnosis or time of the assessment used 
to create the LDI score. The combined analytic sample was 
60,027 individuals.

The Danish sample was drawn from two studies of the 
Danish Twin Registry (DTR), the Middle Age Danish Twins 
Study (MADT) [26] and Longitudinal Study of Aging Dan-
ish Twins (LSADT) [27]. MADT is a longitudinal study of 
same and opposite-sex twin pairs born between 1931 and 
1952 first assessed in 1998, resulting in an age range from 
45 to 68 years. LSADT is a cohort-sequential study of same 
sex twin pairs that began in 1995 and included an age range 
from 70 to 96 years.

The Swedish sample was drawn from the Swedish Twin 
Register (STR), a population-based register of twins born in 
Sweden since 1886 [28]. The sample included individuals 
who participated in one or more of the following studies: 
Swedish Adoption/Twin Study of Aging (SATSA) [29], a 
longitudinal study that began in 1984 and includes same-sex 
twins who indicated they had been reared apart along with a 
matched sample of twins reared together, with assessments 
conducted through 2014; Origins of Variance in the Old-
est-Old (OCTO-Twin) [30], a longitudinal study of same-
sex twin pairs over the age of 80 at baseline in 1991 with 
assessments conducted through 2002; Ageing in Women 
and Men: A Longitudinal Study of Gender Differences in 
Health Behavior and Health among Elderly (GENDER) 
[31], a longitudinal study of opposite-sex twin pairs born 
between 1916 and 1925 and followed from 1995 to 2005; 
Screening Across the Lifespan of Twins Study (SALT) 
[28], a telephone interview study of all twins born before 
1958 conducted between 1998 and 2002; and the Study of 
Dementia in Swedish Twins (HARMONY) [32], a study that 
conducted a clinical workup of all twins 65 + years old who 
screened positive for dementia in SALT along with their co-
twin and a control sample of healthy twin pairs evaluated 
between 1998 and 2002.

The Australian sample was from the Older Australian 
Twins Study (OATS) [33, 34], a longitudinal study that 
began in 2006 with the recruitment of twins aged 65 + years, 

including twins from the Australian Twin Registry as well 
as volunteers from the community.

The remaining four samples were from US twin stud-
ies. The National Academy of Sciences-National Research 
Council Twin Registry (NAS-NRC) [35] is a longitudinal 
registry of approximately 16,000 White male twin pairs born 
between 1917 and 1927 with both twins having served in 
the military. Those still alive were recruited for a dementia 
study between 1990 and 2002 [36]. The Vietnam Era Twin 
Study of Aging (VETSA) [37] is a longitudinal study of a 
national sample of male twins who served in the military at 
some time during the Vietnam era (1965–1975) and were 
51 to 61 years of age at initial assessment in 2003 through 
2008. The Carolina African-American Twin Study of Aging 
(CAATSA) [38, 39] is a cross-sectional study of a popula-
tion-representative sample of African American twins rang-
ing in age from 20s to 80s living in North Carolina recruited 
between 1999 and 2003. The nationally-representative 
Midlife Development in the United States (MIDUS) [40] 
study includes a twin subsample supplemented through 
snowball recruitment [41], with individuals of ages ranging 
from 34 to 82 years assessed by telephone in 2004 to 2006 
and in 2013 to 2014.

Variables

Education

Harmonization of educational attainment was performed 
in all IGEMS samples based on the International Standard 
Classification of Education (ISCED) that uses nine cat-
egories ranging from less than primary education through 
graduate degree [42]. In the phenotypic analyses, all nine 
categories were retained. In the genetic models, the catego-
ries were collapsed into three categories to avoid overfitting 
with 1 = those with lower secondary education or less (cate-
gories 0–2), 2 = those with upper secondary, post-secondary 
or short cycle tertiary (categories 3–5), and 3 = those with a 
bachelor’s degree or higher (categories 6–8).

Biological sex

Sex assigned at birth was coded female = 1 and male = 0.

Race

Race and ethnicity were assigned using standard U.S. 
Census categories in the CAATSA, VETSA and MIDUS 
samples using self-report data. All participants in the 
Swedish, Danish, Australian and NAS-NRC samples were 
coded non-Hispanic white. Race was coded Black = 1 and 
non-Black = 0.
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genetic overlap with clinically-based dementia diagnoses. 
We used the LDI as a continuous measure of dementia 
likelihood, but also as a categorical variable by identify-
ing cut-off scores along the LDI distributions in each study. 
We previously derived cut-off scores by first validating LDI 
against clinical diagnoses in studies with both diagnoses 
and LDI, then applying the procedure to studies without 
clinical diagnoses. We then aligned the cut-off scores across 
studies to distinguish individuals with and without probable 
dementia. In the between-within regression models we used 
the LDI cut-off variable to indicate dementia.

Age

For those diagnosed with dementia, age is age of onset, 
i.e., age at which they met the threshold for dementia cri-
teria. For those whose dementia was ascertained from the 
national registries in the Swedish Twin Registry, age was 
adjusted by subtracting 5 years from the registry age for 
those ascertained by the National Patient Register (NPR), 
the Outpatient Register (OPR), or the Prescribed Drug Reg-
ister (PDR) and subtracting 7 years for those ascertained by 
the Cause of Death Register (CDR), consistent with prior 
validation work [51, 52].

For those in NAS-NRC and OATS who were clinically 
assessed but not diagnosed as demented, the age used was 
“age at last follow-up.” For those in the Swedish Twin Reg-
istry, the age used was “age at their last time of in-person 
assessment” or, for those with registry information, the ear-
lier of December 31, 2016, or age at death.

For LDI, age was their age at the last in-person assessment 
when tested on cognitive, memory, and functional activity; 
or, for those subsequently reviewed for clinical diagnosis, 
the assessment corresponding to onset of dementia.

Given the small number of individuals above 90 years, 
for model testing we reclassified all participants over 90 
years old as 90 years.

Data analyses

The first step was the descriptive results of the individual 
IGEMS samples as well as results aggregated across all 
samples.

The second step was identifying pairs who were discrep-
ant on educational attainment to look at intrapair differences 
on dementia likelihood. These included MZ pairs, DZ pairs, 
and a sample of unrelated pairs. Pairs were considered dis-
crepant on educational attainment if they did not have the 
same ISCED category on the nine-category classification 
scheme. There was a total of 5058 twin pairs where both 
members of the pair had known ISCED and LDI scores as 

Zygosity

Zygosity was originally assigned based on questions about 
intrapair similarities in childhood, with this method vali-
dated repeatedly with DNA as having 95–98% accuracy 
[43–45]. All participants seen in person have been invited to 
provide DNA, and all twin pairs with genotyping have had 
their zygosity confirmed. (coded dizygotic, DZ, = 1, mono-
zygotic, MZ, = 0).

Dementia

Dementia was determined in one of two ways in each study, 
either by a diagnosis (via a clinical workup by study per-
sonnel or a diagnosis recorded in a national registry), if 
available, or by a cut-off score on the LDI [25] if no clini-
cal diagnosis was available. Individuals with LDI scores 
below the threshold corresponding to a dementia diagnosis 
were categorized as not demented. (coded dementia = 1, no 
dementia = 0).

Clinical dementia diagnoses were available in three of 
the samples, STR, OATS, and NAS-NRC, for everyone 
aged 65 years and older. OATS used a one-stage procedure 
with a complete clinical workup. STR and NAS-NRC used 
a two-stage protocol [46–48] with diagnoses assigned at 
multidisciplinary consensus conferences according to the 
current diagnostic and statistical manual (DSM) criteria for 
dementia [49].

In the STR, all individuals, including those who did not 
receive a clinical workup (due to being too young at the 
time) were also followed through linkage with national reg-
istries through 2016 or 2017, where dementia diagnostic 
codes from the current ICD [50] were available. Prior com-
parison of the registries to clinical diagnoses indicates sen-
sitivity of 55% and a specificity of 98% [51, 52]. The low 
sensitivity for registry diagnoses means some cases will be 
misclassified as not demented, which will increase chance 
of type II error.

Latent Dementia Index (LDI) scores were used for four 
of the samples, DTR, CAATSA, MIDUS, and VETSA, 
which had test batteries assessing cognitive ability, mem-
ory, and functional daily living skills, but did not have clini-
cal dementia diagnoses. The LDI is a tool for estimating 
dementia risk through its incorporation of cognitive and 
memory performance with functional ability (i.e., instru-
mental activities of daily living) net of general cognitive 
ability [25]. LDI scores were also calculated for OATS and 
for STR participants seen in person. Only the NAS-NRC 
sample does not have any LDI scores. Lower LDI scores 
indicate greater likelihood of dementia.

In previous work with the IGEMS consortium, we 
showed that the LDI is heritable and has considerable 
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lower dementia likelihood scores than their co-twins. In MZ 
twins, π2 tests whether within-family confounds are envi-
ronmental (i.e., “quasi-causal”) whereas in DZ twins the 
parameter also includes genetic confounds. The main effect 
of zygosity, π3, quantifies whether genetic variance accounts 
for dementia diagnosis statistically adjusting for between- 
and within-pair effects of educational attainment as well as 
all other covariates. Zygosity is necessarily included in the 
model as a lower-order term for purposes of testing whether 
within-family confounds are genetic or shared environmen-
tal in nature but is not of substantive interest. The effect of 
the interaction between education level and zygosity, π4, 
tests whether within-family confounds are genetic or shared 
environmental in nature. Thus, a statistically significant 
effect of π4 suggests that the within-family effect of edu-
cational attainment on dementia diagnosis is larger in DZ 
twins because of additive genetic confounds; null effects 
of the interaction suggest that the association between 
educational attainment and dementia diagnosis are shared 
environmental in origin. With the interaction between edu-
cational attainment and zygosity included in the model, 
π4 is the within-family effect of educational attainment on 
dementia diagnosis in MZ twins alone and represents the 
nonshared environmental regression effect. Parameters π5– 
π9 represent effects of covariates included in the model at 
the between (e.g., IGEMS study) and within-family (e.g., 
years of education) levels of the model. Finally, εij is the 
residual variance of dementia and is estimated differently in 
the MZ and DZ groups.

All models were fit in SAS 9.4 [53] using PROC GLIM-
MIX. We fit five models. The baseline phenotypic model 
included only twins’ three-category education scores (con-
ceptually, the summed effect of parameters π1 and π2) in the 
model and tests the total phenotypic effect of education level 
on dementia. The second model includes both between-
pair effects of educational attainment (π1) and within-pair 
effects of educational attainment (π2) in the model. A statis-
tically significant π1 parameter suggests that familial con-
founds, including genetic, shared environmental, or both, 
account for the association between educational attainment 
and dementia. The third model included the main effect of 
zygosity (π3) and the effect of the interaction between edu-
cational attainment and zygosity (π4). The interaction effect 
tests whether the within-family effect of educational attain-
ment on dementia is confounded by genetic variance (i.e., 
a statistically significant π4 effect) or shared environmental 
variance (i.e., π4 is not statistically significant). The fourth 
model includes a main effect for Female, while the fifth 
model includes all interaction terms with Female. As all 
interactions that included focal predictors were non-signifi-
cant, we do not consider the fifth model further but present 

well as known zygosity. In all, 2,448 of these twin pairs (or 
48.4%) were discrepant on educational attainment.

The sample of unrelated pairs was constructed by ran-
domly assigning each participant with LDI scores to an unre-
lated participant matched on sex and year of birth, drawn 
without replacement. The result was 6,513 unrelated pairs 
discrepant on educational attainment. Pairs not discrepant 
on educational attainment (N = 3447) and individuals for 
whom matches were unavailable (N = 863) were excluded 
from the analysis. We then calculated the intrapair differ-
ence in continuous LDI scores by sex within MZ pairs, DZ 
pairs, and unrelated matched pairs, taking the LDI score of 
the member with the higher ISCED minus the LDI score of 
the member with the lower ISCED, and showing the result 
as a matched t-test.

The third step was the primary set of analyses using a 
co-twin control design. Twins from the same family serve as 
each other’s controls: intrapair analyses of MZ twins fully 
control for genetic and shared environmental confounding 
(i.e., any nongenetic factor that makes twins more likely 
to attain the same education status and dementia risk), 
while intrapair analyses of DZ twins control for one-half 
their genetic risk and all shared environment. Both MZ 
and DZ twin designs control for environments shared by 
twins within the same family. Here, we applied a between-
within regression model to test the hypothesis that twins 
whose education was higher than their co-twins had lower 
likelihoods of being diagnosed with dementia. The model, 
through taking into account which individuals are twins 
from the same family, as well as the zygosity of those twin 
pairs, statistically adjusts for within family effects, that is, 
the variance explained by unmeasured familial genetic and 
shared environmental factors that make twins alike [29]. 
The full model is:

[Dx] _ij = e∧(π_0j + π_1 [Educ] _j + π_2 [Educ] _ij + π_3 [Zyg] _j

+ π_4 [Educ] _ij X [Zyg] _j + π_5 [Female] _ij

+ π_6 [[Female] _ij XEduc] _ij + π_7 [Female] _ij X [Zyg] _j

+ π_8 [Female] _ij X [Zyg] _j X [Educ] _ij + π_9 [Covs] _ij )

π _0j = γ _00 + u_0j

Dementia diagnosis for person i in pair j, Dxij, is in log-linear 
units. The parameter π0 is a random intercept that consists 
of the sample grand mean, γ00, and a deviation score of each 
twin pair, u0j, that takes into account within-family cluster-
ing to provide unbiased standard errors. The u0j term consti-
tutes the residual of the model (i.e., the best linear unbiased 
predictors). The fixed effect π1 is the effect of between-pair 
differences in educational attainment on twins’ dementia 
diagnosis. Conversely, π2 is the effect of within-pair differ-
ences in educational attainment on dementia diagnosis and 
tests whether twins with higher educational attainment have 
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between beta = -0.98 (se = 0.03), p <.0001; within beta = 
-0.07 (se = 0.04), p =.0983. In Model 3, we find no signifi-
cant main effects of zygosity (π3), beta = -0.02 (se = 0.03), 
p =.6393, but a significant interaction term between zygos-
ity and within-family deviation scores on educational attain-
ment (π4), beta = -0.26 (se = 0.10), p =.0101. In Model 4, 
we find a main effect of female (π5), beta = 0.33 (se = 0.03), 
p < 0001. Two- and three-way interactions of Female with 
Sample, Zygosity, and Education in Model 5 were largely 
non-significant and did not alter the conclusions indicated 
by the earlier models. Thus, Model 4 represents the most 
parsimonious solution. Supplementary materials available 
online include Table S1 showing Model 5 and all effects and 
interactions evaluated.

Supplementary Table S2 shows modelling results for the 
Black twins in the sample (N = 327). Model 2 contains both 
significant between- and significant within-family effects. 
A separate analysis with non-Hispanic white only was no 
different from the results for the total analytic sample. This 
result bears replication with a larger sample of Black twins.

A further supplementary analysis (Table S3) considered 
whether other variables known to affect dementia risk, spe-
cifically, body mass index, hypertension, coronary artery 
disease, stroke, physical activity, and social activity, modi-
fied the phenotypic association between educational attain-
ment and dementia likelihood. This set of variables was 
available for only a subset of individuals. Results showed 
only small reductions in the regression coefficients for edu-
cation once the covariate was included.

A sensitivity analysis (shown in Table S4) within each 
sample identified all twin pairs discordant for dementia 
where the co-twin control lived beyond the age of onset in 
the twin with dementia and never developed dementia. The 
frequency of pairs discordant for dementia where the twin 
with dementia had the higher education was compared to 
the frequency of pairs discordant for dementia where the 
co-twin control had the higher education. A significant dif-
ference in frequencies for MZ pairs would support a quasi-
causal interpretation of the association between educational 
attainment and dementia risk. Attenuated results for MZ 
compared to DZ twins would support the interpretation that 
shared family environment plays a role in the education-
dementia association. In the four separate samples with 
sufficient pairs to perform a statistical test, only for the DZ 
pairs in the DTR sample was there a significant difference 
where the twin with higher education was less likely to 
develop dementia than the twin with lower education. No 
significant findings were seen in any other sample. The anal-
ysis was repeated with the STR sample adding pairs where 
the co-twin control subsequently developed dementia, but at 
least 5 years later than the age of onset of the first twin with 

Model 4 as the final and most parsimonious model. Covari-
ates of age and sample are included in all models.

A supplementary analysis applied the same model-
ling approach to Black twins only. Because of the reduced 
sample size, it was possible only to compute the first three 
models.

Results

Figure 1 provides a flowchart for sample derivation. Table 1 
shows the descriptive statistics for the individual samples 
as well as aggregated across all samples. The total ana-
lytic sample of 60,027 was comprised of both members of 
29,869 twin pairs as well as 289 singletons where complete 
pair information was known. There are 4123 female MZ 
(13.8%), 5317 male MZ (17.8%), 5973 female DZ (20.0%), 
6503 male DZ (21.8%), and 7953 opposite-sex DZ pairs 
(26.6%). Of the 289 singletons, 68 are MZ, 132 are same-
sex DZ, and 89 are opposite-sex DZ.

In the total analytic sample, 6252 (10.92%) were diag-
nosed or designated as having dementia based on clinical 
workup or a cut-off score on the LDI. In samples with longi-
tudinal information, mean follow-up from the first wave of 
data collection to dementia onset, according to either clini-
cal diagnosis or LDI cutoff, was 11.72 years (SD = 14.51 
years).

Figure 2 displays within pair mean differences on likeli-
hood of dementia (as measured by the LDI score) for pairs 
discrepant on educational attainment, i.e., they did not 
have the same ISCED category. These include twin pairs 
stratified by zygosity and sex, and the sample of unrelated 
pairs constructed from individuals who were matched on 
year of birth and sex. Except for MZ female pairs (where 
p =.762), the member of the pair with the higher education 
consistently had a lower likelihood of dementia (p <.0001 
to p =.03). However, this difference varied across pair type. 
For both male and female pairs, the largest differences in 
dementia likelihood were seen in unrelated pairs, followed 
by DZ pairs, and then MZ pairs. For men, but not women, 
DZ twins did not have a significantly larger LDI difference 
than MZ twins, although both twin types had a smaller dif-
ference than the unrelated pairs.

Table 2 shows results of the co-twin control analyses using 
between-within regression. In all models, covariates include 
age (centered at 60 years) and sample. In Model 1, the bivar-
iate regression shows a negative correlation between the 
total effect of greater educational attainment and dementia 
(π), beta = -0.68 (se = 0.03), p <.0001. In Model 2 with the 
total effect of education on dementia parsed into between-
family (π1) and within-family (π2) effects, there were sig-
nificant between-family but not within-family results, 
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Fig. 1  Participant flowchart. ISCED = International Standard Classifi-
cation of Education. Unrelated matched pairs were matched for sex 
and birthyear. For those 18,543 missing information: n = 311 without 
zygosity, ISCED, dementia status, and age; n = 587 without zygosity 
and ISCED; n = 115 without zygosity, dementia status, and age; n = 3 

without zygosity and age; n = 1032 without zygosity; n = 6172 with-
out ISCED, dementia status, and age; n = 6 without ISCED and age; 
n = 3767 without ISCED; n = 5408 without dementia status and age; 
n = 1142 without age
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Table 1  Sample characteristics in each sample and in total analytic sample
Zygosity Age Education Female LDI Dementia

N MZ DZ(SS) DZ(OS) M(SD) M(SD) % M(SD) %
DTR 5208 1956 2196 1056 67.0(11.56) 3.2(1.58) 54 6.28(0.76) 8.5
STR 44,765 11,822 18,332 14,611 73.6(9.76) 2.5(1.73) 55 6.55(2.06) 12.5
OATS 556 314 154 88 74.7(5.73) 3.9(1.66) 65 7.72(1.32) 4.5
CAATSA 234 88 98 48 59.5(8.53) 4.0(1.91) 59 6.85(1.19) 5.1
MIDUS 780 318 270 192 65.1(9.36) 4.9(1.54) 56 6.85(1.20) 8.5
NASNRC 7294 3748 3546 0 74.7(4.48) 4.6(1.78) 0 --- 5.7
VETSA 1190 702 488 0 61.0(2.66) 4.6(1.36) 0 6.59(0.49) 0.3
Total 60,027 18,948 25,084 15,995 72.7(9.75) 2.9(1.88) 47 6.51(1.33) 10.92
DTR Danish Twin Registry, STR Swedish Twin Registry, OATS Older Australian Twins Study, CAATSA Carolina African American Twin 
Study of Aging, MIDUS Midlife in the United States, NASNRC National Academy of Sciences-National Research Council, VETSA Vietnam Era 
Twin Study of Aging, LDI latent dementia index. Dementia is operationalized as clinical diagnoses where available or dementia designated by 
a cut-off on the LDI score. N the number of individuals who contribute to models. Zygosity is each individual’s zygosity. MZ monozygotic, DZ 
dizygotic, SS same sex pairs, OS opposite sex pairs. Education is the mean on the 9-category International Standard Classification of Education 
(ISCED) code
Age for those with a clinical dementia workup is age at dementia diagnosis or age at last follow-up. For those without a clinical dementia 
workup, age is age at LDI assessment. M = mean, SD = standard deviation, % = percent

Fig. 2  Mean difference in dementia likelihood within pairs who are 
discrepant for educational attainment stratified by genetic relationship 
and sex. LDI latent dementia indicator, ISCED International Standard 
Classification of Education, UNM unrelated male matched pairs, UNF 
unrelated female matched pairs, DZOS opposite sex dizygotic twin 
pairs, DZM male same sex dizygotic twin pairs, DZF female same sex 

dizygotic twin pairs, MZM male monozygotic twin pairs, MZF female 
monozygotic twin pairs. Blue columns indicate male pairs, peach col-
umns indicate female pairs, the green column indicates opposite sex 
pairs. The bars are standard errors. The matched t-test compares the 
LDI scores of the member of the pair with the higher attained educa-
tion to the member with lower attained education
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are more likely to develop dementia, consistent with unre-
lated matched pairs. However, there was no statistically sig-
nificant effect of educational attainment on dementia risk 
once controlling for familial confounding, i.e., genetic influ-
ences in common to educational attainment and dementia 
risk and environmental influences shared between members 
of a family. A significant between-family effect indicated 
that twins, regardless of zygosity, who come from families 
where the two siblings on average have higher educational 
attainment both have a lower risk for dementia. The non-sig-
nificant effect of twins’ educational attainment on dementia 
within families indicated that in families where twins dif-
fered on education, the co-twin with the lower education 
was not necessarily likely to have a higher risk of demen-
tia. Zygosity was included in the model in order to ascer-
tain whether these familial confounds were genetic and/or 
shared environmental. Here, significant interactions for MZ 
and DZ twins in the association of educational attainment 
with dementia risk indicated that the familial confounding 
was largely explained by additive genetic variance in com-
mon to the exposure and the outcome.

The role of genetic influences was also evident in the 
comparison of continuous LDI scores for pairs discrepant 
on educational attainment. The smaller, though non-zero, 

dementia. This analysis tests whether education might delay 
onset. Results were non-significant.

Discussion

We undertook a test of mechanisms for the association 
between educational attainment and dementia risk; specifi-
cally, whether it can be considered quasi-causal or whether 
it is explained by genetic influences in common to educa-
tional attainment and dementia risk and/or environmental 
influences shared between twins in the same family. We 
confirmed the observation of a baseline association between 
lower education and greater dementia risk. Comparison of 
LDI scores within twin pairs to LDI scores within unrelated 
matched pairs discrepant on educational attainment shows 
a strong association between lower education and dementia 
likelihood in the unrelated pairs. The magnitude of the dif-
ference in education between individuals who did or did not 
develop dementia appears comparable to existing literature, 
although there is great heterogeneity in previously reported 
results [3, 4].

Using the between-within regression framework, we 
found that individuals with lower educational attainment 

Table 2  Results of between-within regression models for education predicting dementia
Model 1: Phenotypic Model 2: Between/Within Model 3: Adjusting for 

Zygosity
Model 4: 
Adjusting for 
Zygosity and 
Sex

-2loglikelihood 321265.6 324298.0 324312.1 325746.1
DF 60,018 60,017 60,015 60,010
Fixed Effects B(se) B(se) B(se) B(se)
intercept – 1.27(0.05)**** – 0.81(0.05) **** – 0.80(0.06) **** – 0.99(0.06) 

****
Educij [π] – 0.68(0.03) ****
Educj [π1] -0.98(0.03) **** – 0.98(0.03) **** -0.98(0.03) 

****
Educij [π2] – 0.07(0.04) 0.13(0.09) 0.13(0.09)
Zygj [π3] – 0.02(0.03) – 0.01(0.03)
Educij*Zygj [π4] – 0.26(0.10)* – 0.27(0.10)*
Femaleij [π5] 0.33(0.03) ****
Femaleij*Educij [π6]
Femaleij*Zygj [π7]
Femaleij*Zygj*Educij [π8]
Random Effects
MZ twin pair 2.54(0.13) 2.34(0.14) 2.30(0.13) 2.09(0.13)
w/in MZ residual 0.80(0.01) 0.84(0.01) 0.84(0.01) 0.87(0.01)
DZ twin pair 1.16(0.07) 1.05(0.07) 1.05(0.07) 0.95(0.07)
w/in DZ residual 0.88(0.01) 0.91(0.01) 0.91(0.01) 0.93(0.01)
N = 60,027 in all models. Dementia is operationalized as clinical diagnoses where available or dementia designated by a cut-off on the latent 
dementia index (LDI) score. Age (centered at 60 years), Sample, and Sample*Female are included in the model. Zyg = Zygosity (monozygotic, 
MZ = 0, dizygotic, DZ = 1). Educ = educational attainment using three categories derived from ISCED
DF degrees of freedom, B(se) change in log-odds of dementia given a unit change in the covariate (standard error)
Significant effects are bolded. * p < 0.05, ****p < 0.0001
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the present study, there was also a tendency toward the twin 
who developed dementia to have the lower education of the 
pair. At the same time, differences in the range of 0.85 years 
of education may be too small to be captured by differences 
between ISCED categories, and may not be educationally 
meaningful.

Unlike some prior reports [6], we found no interactions 
with sex. The significant main effect for sex likely reflects 
that the proportion of dementia cases is greater in women 
than in men in this sample. In turn, this difference is known 
at least in part to reflect the effect of women’s greater lon-
gevity on prevalence rates.

Limitations of the present study include the use of differ-
ent outcome variables (e.g., DSM vs. ICD criteria for diag-
nosing dementia, clinical diagnoses vs. LDI) for different 
samples included in the pooled analyses. Although the LDI 
cutoff has been validated against dementia diagnoses [25], 
there are certainly misclassification errors. In the valida-
tion analyses, false positives were low (range: 1.7–7.0%) 
[25]. The performance of the LDI in mapping on to demen-
tia diagnoses is superior to a cognitive composite that does 
not privilege memory impairment or include impairment in 
functional abilities [25]. Another limitation is that, although 
we control for age, we do not fully account for age differ-
ences in onset of dementia. The sensitivity analyses, how-
ever, show that incorporating relative survival of twins in 
pairs discordant for dementia supports the same conclusions.

A further limitation of the present study is the use of a 
harmonized measure of education, the ISCED. The advan-
tage of the ISCED is that it was specifically developed to 
enable cross-country comparisons. However, the ISCED 
categories may not capture more subtle differences in edu-
cational attainment between twins in a pair, specifically dif-
ferences of a year or two of education when the difference 
did not result in graduation from one level of schooling to 
another. Regardless, unrelated pairs had far greater within 
pair differences in education than did twin pairs.

Co-twin control designs have known limitations. Where 
within-pair twin correlations for the exposure are high, there 
is a risk that measurement error in the exposure will result in 
inflated associations between the family mean of the expo-
sure and the outcome, and hence erroneous conclusions 
about the extent of familial confounding [58]. Although the 
exposure-outcome association is presumed causal or “quasi-
causal”, the design remains observational and cannot com-
pletely rule out the possibilities of reverse causation and 
unique environmental influences on exposure in addition to 
actual causal effects.

Limitations with respect to generalizability of results 
should also be noted. The analyses are conducted with 
twins, leading to concerns with selection bias. Volunteer 
bias is minimized by the fact that the bulk of participants 

difference in LDI scores for twin pairs compared to unrelated 
matched pairs illustrates substantial familial confounding, 
as shown in the between-within regression results. Further, 
the weaker results for MZ compared to DZ pairs supports 
interpreting the familial effects as genetic confounding. For 
men, however, the difference between MZ and DZ pairs was 
muted, possibly pointing to some role for environmental 
influences shared within a family (e.g., nutrition, intellec-
tual stimulation).

To contextualize within-pair differences in educational 
attainment, for unrelated pairs, the difference was approxi-
mately 1.5 ISCED categories; for DZ pairs, one category; 
for MZ pairs, approximately three-quarters of a category. 
See Figure S1 in the supplementary material.

The pattern we observed with the co-twin control analy-
ses is further supported by an earlier report from the Duke 
Twins Study of Memory in Aging in the NAS-NRC Twin 
Registry. Therein, Potter et al. [54] reported that in co-twin 
control models education was not a significant predictor of 
dementia, although education was a significant predictor 
in case-control models where cases and controls were not 
genetically related.

Our results on genetic confounding complement prior 
genetic studies. These include findings that genetic variants 
associated with greater educational attainment were asso-
ciated with reduced risk of AD [17] and that there was a 
genetic correlation between educational attainment and AD 
[18]. Mendelian randomization results further indicate not 
only a genetic effect of educational attainment on AD risk, 
but also this effect was explained by the genetic effect of 
intelligence [19, 20]. This pattern would provide support for 
the argument of Kremen et al. [15] that it is most likely that 
general cognitive ability leads to both greater educational 
attainment and reduced dementia risk. Earlier, using data 
from SATSA, Pedersen et al. [55] found that the correlation 
between educational attainment and mental status score was 
primarily attributable to genetic effects for cognitive abili-
ties; dementia diagnoses were not then available.

Previously, we looked at educational attainment and 
dementia in two cohorts from the Swedish Twin Registry 
[56] and found that twins who developed dementia were at 
least twice as likely to have lower education than their co-
twins who did not develop dementia, although the differ-
ence was not statistically significant. In a larger sample from 
the Swedish Twin Registry, within MZ pairs only, we found 
the twin who developed dementia was three times as likely 
to have lower education than their co-twin who did not 
develop dementia, a difference that was statistically signifi-
cant [57]. Most typically, however, twins in a pair had the 
same number of years of education, and on average twins 
who developed dementia had 0.85 fewer years of education 
than their co-twins who did not develop dementia [57]. In 
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are from population-based twin registries with high levels 
of participation, while also including information from link-
age to administrative records. Each of the twin studies has 
made some efforts to compare their samples to their respec-
tive national populations and found the twins to be similar 
to the population in general [37, 59, 60]. The phenotypic 
results describing the education-dementia association are 
similar to results from non-twin samples. We note that the 
samples are largely northern European in origin, from high-
income countries. At the same time, when the older Scan-
dinavian twins received their education, these countries 
would not have been recognized as high income. Similar 
analyses would be useful with samples from countries cur-
rently low- and middle-income. We did separately consider 
the African American participants available in the U.S. twin 
samples, with those results suggesting less genetic con-
founding and the possibility of some quasi-causal relation-
ship between educational attainment and dementia in this 
sample, although this conclusion must be tentative due to 
sample size.

Conclusion

By using a twin design with 60,027 participants from an 
international consortium, of whom 10.92% were determined 
to have developed dementia, we contribute to the question 
of what mechanisms explain the association between lower 
educational attainment and greater dementia risk. Twins 
within a family were highly similar in their educational 
attainment. To the extent that there were differences, the 
twin with the higher educational attainment did not reli-
ably accrue greater protection against developing demen-
tia. Findings from the co-twin control regression analyses 
supported the interpretation that the association between 
lower educational attainment and greater dementia risk is 
predominantly—but not completely—genetically mediated. 
Differences between families in education, not differences 
within families, are the significant driver of dementia risk. 
This conclusion is not to discount the importance of edu-
cation, nor to discourage efforts to improve education and 
educational opportunities, but rather to say that reducing 
dementia risk by adding years of education is far from a 
straightforward causal path.

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​6​5​4​-​0​
2​5​-​0​1​2​8​6​-​x.

Acknowledgements  The Danish Twin Registry is supported by grants 
from The National Program for Research Infrastructure 2007 from the 
Danish Agency for Science and Innovation, the Velux Foundation and 
the US National Institutes of Health (P01 AG08761). The Swedish 
Twin Registry has been supported separately by study. SATSA was 
supported by grants R01 AG04563, R01 AG10175, the John D. and 

1 3

1187

https://cheba.unsw.edu.au/project/older-australian-twins-study
https://cheba.unsw.edu.au/project/older-australian-twins-study
https://doi.org/10.1007/s10654-025-01286-x
https://doi.org/10.1007/s10654-025-01286-x


E. E. Walters et al.

United States (2000–2016). J Aging Health. 2022;34(1):100–8. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​8​​9​8​2​6​4​3​2​1​1​0​2​9​7​1​6

12.	 Hudomiet P, Hurd MD, Rohwedder S. Trends in inequalities in 
the prevalence of dementia in the United States. Proc Natl Acad 
Sci U S A. 2022;119(46):e2212205119. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​7​3​​/​p​
n​​a​s​.​2​2​1​2​2​0​5​1​1​9

13.	 Llewellyn DJ, Matthews FE. Increasing levels of semantic ver-
bal fluency in elderly English adults. Neuropsychol Dev Cogn B 
Aging Neuropsychol Cogn. 2009;16(4):433–45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​8​0​​/​1​3​​8​2​5​5​8​0​9​0​2​7​7​3​8​6​7

14.	 Seblova D, Fischer M, Fors S, et al. Does prolonged education 
causally affect dementia risk when adult socioeconomic status is 
not altered? A Swedish natural experiment in 1.3 million indi-
viduals. Am J Epidemiol. 2021;190(5):817–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​9​3​​/​a​j​​e​/​k​w​a​a​2​5​5.

15.	 Kremen WS, Beck A, Elman JA, et al. Influence of young adult 
cognitive ability and additional education on later-life cognition. 
Proc Natl Acad Sci U S A. 2019;116(6):2021–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​7​3​​/​p​n​​a​s​.​1​8​1​1​5​3​7​1​1​6.

16.	 Herd P, Sicinski K. Using sibling models to unpack the relation-
ship between education and cognitive functioning in later life. 
SSM Popul Health. 2021;17:100960. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​s​s​
m​p​h​.​2​0​2​1​.​1​0​0​9​6​0.

17.	 Larsson SC, Traylor M, Malik R, Dichgans M, Burgess S, Markus 
HS. Modifiable pathways in Alzheimer’s disease: Mendelian ran-
domisation analysis. BMJ. 2017;359:j5375. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​
3​6​​/​b​m​​j​.​j​5​3​7​5

18.	 Foote IF, Jacobs BM, Mathlin G, et al. The shared genetic 
architecture of modifiable risk for Alzheimer’s disease: a 
genomic structural equation modelling study. Neurobiol Aging. 
2022;117:222–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​r​o​b​​i​o​l​a​​g​i​​n​g​.​2​0​2​2​.​
0​2​.​0​1​6

19.	 Anderson EL, Howe LD, Wade KH, et al. Education, intelli-
gence and Alzheimer’s disease: evidence from a multivariable 
two-sample Mendelian randomization study. Int J Epidemiol. 
2020;49(4):1163–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​i​j​​e​/​d​y​z​2​8​0

20.	 Hu Y, Zhang Y, Zhang H, et al. Cognitive performance protects 
against Alzheimer’s disease independently of educational attain-
ment and intelligence. Mol Psychiatry. 2022;27(10):4297–306. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​3​8​0​-​0​2​2​-​0​1​6​9​5​-​4

21.	 McGue M, Osler M, Christensen K. Causal inference and obser-
vational research: the utility of twins. Perspect Psychol Sci. 
2010;5(5):546–56. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​7​​4​5​6​9​1​6​1​0​3​8​3​5​1​1.

22.	 Turkheimer E, Harden KP. Behavior genetic research methods: 
testing quasi-causal hypotheses using multivariate twin data. In: 
Reis HT, Judd CM, editors. Handbook of research methods in 
social and personality psychology. 2nd ed. Cambridge: Cam-
bridge University Press; 2014. pp. 159–87.

23.	 Pedersen NL, Christensen K, Dahl AK, et al. IGEMS: the con-
sortium on interplay of genes and environment across multiple 
studies. Twin Res Hum Genet. 2013;16(1):481–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​1​7​​/​t​h​​g​.​2​0​1​2​.​1​1​0.

24.	 Pedersen NL, Gatz M, Finch BK, et al. The consortium on inter-
play of genes and environment across multiple studies - An 
update. Twin Res Hum Genet. 2019;22(6):809–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​7​​/​t​h​​g​.​2​0​1​9​.​7​6

25.	 Beam CR, Luczak SE, Panizzon MS, et al. IGEMS consortium. 
Estimating likelihood of dementia in the absence of diagnostic 
data: A latent dementia index in 10 genetically informed studies. 
J Alzheimers Dis. 2022;90(3):1187–201. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​2​3​3​​/​
J​A​​D​-​2​2​0​4​7​2.

26.	 Pedersen DA, Larsen LA, Nygaard M, et al. The Danish 
twin registry: an updated overview. Twin Res Hum Genet. 
2019;22(6):499–507. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​/​t​h​​g​.​2​0​1​9​.​7​2.

Ethical approval  IGEMS is approved by the Institutional Review 
Board of the University of Southern California. Each participating 
study has approval from their respective Ethics Committee or Institu-
tional Review Board.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Livingston G, Huntley J, Sommerlad A, et al. Dementia preven-
tion, intervention, and care: 2020 report of the lancet commission. 
Lancet. 2020;396(10248):413–46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​4​0​
-​6​7​3​6​(​2​0​)​3​0​3​6​7​-​6.

2.	 Alzheimer’s Association. 2023 Alzheimer’s disease facts and fig-
ures. Alzheimers Dement. 2023;19(4):1598–1695. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​0​2​​/​a​l​​z​.​1​3​0​1​6

3.	 Sharp ES, Gatz M. Relationship between education and demen-
tia: an updated systematic review. Alzheimer Dis Assoc Disord. 
2011;25(4):289–304. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​W​A​​D​.​0​b​0​1​3​e​3​1​8​2​1​
1​c​8​3​c.

4.	 Xu W, Tan L, Wang HF, et al. Education and risk of dementia: 
Dose-response meta-analysis of prospective cohort studies. Mol 
Neurobiol. 2016;53(5):3113–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​0​3​5​-​
0​1​5​-​9​2​1​1​-​5.

5.	 Makkar SR, Lipnicki DM, Crawford JD, et al. Education and the 
moderating roles of age, sex, ethnicity and Apolipoprotein epsi-
lon 4 on the risk of cognitive impairment. Arch Gerontol Geriatr. 
2020;91:104112. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​r​c​​h​g​e​​r​.​2​0​​2​0​​.​1​0​4​1​1​2.

6.	 Kim R, Chung W. Effect of aging on educational differences in 
the risk of cognitive impairment: A gender-specific analysis using 
Korean longitudinal study of aging (2006–2016). Healthcare 
(Basel). 2022;10(6):1062. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​h​e​​a​l​t​h​c​a​r​e​1​0​0​
6​1​0​6​2

7.	 Saenz J, Beam CR, Kim AJ. Development of a latent dementia 
index in the aging, demographics, and memory study: validation 
and measurement invariance by sex. Alzheimers Dement (Amst). 
2023;15(2):e12433. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​d​a​​d​2​.​1​2​4​3​3.

8.	 Ma H, Zhou T, Li X, Maraganore D, Heianza Y, Qi L. Early-life 
educational attainment, APOE ε4 alleles, and incident dementia 
risk in late life. Geroscience. 2022;44(3):1479–88. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​0​7​​/​s​1​​1​3​5​7​-​0​2​2​-​0​0​5​4​5​-​z.

9.	 Wu YT, Beiser AS, Breteler MMB, et al. The changing preva-
lence and incidence of dementia over time - current evidence. Nat 
Rev Neurol. 2017;13(6):327–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​n​r​​n​e​u​r​o​
l​.​2​0​1​7​.​6​3.

10.	 Satizabal CL, Beiser AS, Chouraki V, Chêne G, Dufouil C, Ses-
hadri S. Incidence of dementia over three decades in the Framing-
ham heart study. N Engl J Med. 2016;374(6):523–32. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​o​a​1​5​0​4​3​2​7

11.	 Farina MP, Zhang YS, Kim JK, Hayward MD, Crimmins EM. 
Trends in dementia prevalence, incidence, and mortality in the 

1 3

1188

https://doi.org/10.1177/08982643211029716
https://doi.org/10.1177/08982643211029716
https://doi.org/10.1073/pnas.2212205119
https://doi.org/10.1073/pnas.2212205119
https://doi.org/10.1080/13825580902773867
https://doi.org/10.1080/13825580902773867
https://doi.org/10.1093/aje/kwaa255
https://doi.org/10.1093/aje/kwaa255
https://doi.org/10.1073/pnas.1811537116
https://doi.org/10.1073/pnas.1811537116
https://doi.org/10.1016/j.ssmph.2021.100960
https://doi.org/10.1016/j.ssmph.2021.100960
https://doi.org/10.1136/bmj.j5375
https://doi.org/10.1136/bmj.j5375
https://doi.org/10.1016/j.neurobiolaging.2022.02.016
https://doi.org/10.1016/j.neurobiolaging.2022.02.016
https://doi.org/10.1093/ije/dyz280
https://doi.org/10.1038/s41380-022-01695-4
https://doi.org/10.1038/s41380-022-01695-4
https://doi.org/10.1177/1745691610383511
https://doi.org/10.1017/thg.2012.110
https://doi.org/10.1017/thg.2012.110
https://doi.org/10.1017/thg.2019.76
https://doi.org/10.1017/thg.2019.76
https://doi.org/10.3233/JAD-220472
https://doi.org/10.3233/JAD-220472
https://doi.org/10.1017/thg.2019.72
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1002/alz.13016
https://doi.org/10.1002/alz.13016
https://doi.org/10.1097/WAD.0b013e318211c83c
https://doi.org/10.1097/WAD.0b013e318211c83c
https://doi.org/10.1007/s12035-015-9211-5
https://doi.org/10.1007/s12035-015-9211-5
https://doi.org/10.1016/j.archger.2020.104112
https://doi.org/10.3390/healthcare10061062
https://doi.org/10.3390/healthcare10061062
https://doi.org/10.1002/dad2.12433
https://doi.org/10.1007/s11357-022-00545-z
https://doi.org/10.1007/s11357-022-00545-z
https://doi.org/10.1038/nrneurol.2017.63
https://doi.org/10.1038/nrneurol.2017.63
https://doi.org/10.1056/NEJMoa1504327
https://doi.org/10.1056/NEJMoa1504327


Is educational attainment protective against developing dementia? A twin study of genetic and environmental…

for clinical, epidemiological and genetic studies. J Intern Med. 
2002;252(3):184–205. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​4​6​​/​j​.​​1​3​6​​5​-​2​​7​9​6​.​​2​0​​0​2​.​
0​1​0​3​2​.​x.

44.	 Magnusson PK, Almqvist C, Rahman I, et al. The Swedish twin 
registry: establishment of a biobank and other recent develop-
ments. Twin Res Hum Genet. 2013;16(1):317–29. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​1​7​​/​t​h​​g​.​2​0​1​2​.​1​0​4.

45.	 Christiansen L, Frederiksen H, Schousboe K, et al. Age- and 
sex-differences in the validity of questionnaire-based zygosity in 
twins. Twin Res. 2003;6(4):275–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​5​​/​1​3​​6​9​0​
5​2​0​3​3​2​2​2​9​6​6​1​0.

46.	 Gatz M, Pedersen NL, Berg S, et al. Heritability for Alzheimer’s 
disease: the study of dementia in Swedish twins. J Gerontol Biol 
Sci Med Sci. 1997;52(2):M117–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​g​e​​r​o​n​
a​/​5​2​a​.​2​.​m​1​1​7

47.	 Dahl A, Berg S, Nilsson SE. Identification of dementia in epide-
miological research: A study on the usefulness of various data 
sources. Aging Clin Exp Res. 2007;19(5):381–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​0​7​​/​B​F​​0​3​3​2​4​7​1​8.

48.	 Plassman BL, Steffens DC, Burke JR, et al. Duke twins study of 
memory in aging in the NAS-NRC twin registry. Twin Res Hum 
Genet. 2006;9(6):950–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​5​​/​1​8​​3​2​4​2​7​0​6​7​7​9​4​
6​2​3​8​1.

49.	 American Psychiatric Association. Diagnostic and statistical 
manual of mental disorders. 4th ed. (DSM-IV). Washington 
DC:American Psychiatric Association;1994.

50.	 World Health Organization (WHO). The ICD-10 classification of 
mental and behavioural disorders. Geneva:World Health Organi-
zation; 1993.

51.	 Jin YP, Gatz M, Johansson B, Pedersen NL. Sensitivity and speci-
ficity of dementia coding in two Swedish disease registries. Neu-
rology. 2004;63(4):739–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​2​​/​0​1​​.​w​n​​l​.​0​​0​0​0​
1​​3​4​​6​0​4​.​4​8​0​1​8​.​9​7.

52.	 Rizzuto D, Feldman AL, Karlsson IK, Dahl Aslan AK, Gatz M, 
Pedersen NL. Detection of dementia cases in two Swedish health 
registers: A validation study. J Alzheimers Dis. 2018;61(4):1301–
10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​2​3​3​​/​J​A​​D​-​1​7​0​5​7​2.

53.	 SAS/IML software. Usage and reference, version 6. Cary 
NC:SAS Institute; 1990.

54.	 Potter GG, Helms MJ, Burke JR, Steffens DC, Plassman BL. Job 
demands and dementia risk among male twin pairs. Alzheimers 
Dement. 2007;3(3):192–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​l​z​.​2​0​0​7​.​0​4​
.​3​7​7.

55.	 Pedersen NL, Reynolds CA, Gatz M. Sources of covaria-
tion among Mini-Mental State Examination scores, educa-
tion, and cognitive abilities. J Gerontol B Psychol Sci Soc Sci. 
1996;51(2):P55–63. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​g​e​​r​o​n​b​/​5​1​b​.​2​.​p​5​5

56.	 Gatz M, Svedberg P, Pedersen NL, Mortimer JA, Berg S, Johans-
son B. Education and the risk of Alzheimer’s disease: findings 
from the study of dementia in Swedish twins. J Gerontol B Psy-
chol Sci Soc Sci. 2001;56(5):P292–300. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​
g​e​​r​o​n​b​/​5​6​.​5​.​p​2​9​2

57.	 Gatz M, Mortimer JA, Fratiglioni L, et al. Potentially modifiable 
risk factors for dementia in identical twins. Alzheimers Dement. 
2006;2(2):110–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​l​z​.​2​0​0​6​.​0​1​.​0​0​2.

58.	 Gustavson K, Torvik F, Davey Smith G, et al. Familial confound-
ing or measurement error? How to interpret findings from sibling 
and co-twin control studies. Eur J Epidemiol. 2024;39(6):587–
603. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​6​5​4​-​0​2​4​-​0​1​1​3​2​-​6.

59.	 Christensen K, Petersen I, Skytthe A, et al. Comparison of aca-
demic performance of twins and singletons in adolescence: fol-
low-up study. BMJ. 2006;333(7578):1095–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
1​3​6​​/​b​m​​j​.​3​8​9​5​9​.​6​5​0​9​0​3​.​7​C.

27.	 McGue M, Christensen K. Social activity and healthy 
aging: a study of aging Danish twins. Twin Res Hum Genet. 
2007;10(2):255–65. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​5​​/​t​w​​i​n​.​1​0​.​2​.​2​5​5.

28.	 Lichtenstein P, Sullivan PF, Cnattingius S, et al. The Swedish 
twin registry in the third millennium: an update. Twin Res Hum 
Genet. 2006;9(6):875–82. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​5​​/​1​8​​3​2​4​2​7​0​6​7​7​9​
4​6​2​4​4​4.

29.	 Pedersen NL, McClearn GE, Plomin R, Nesselroade JR, Berg S, 
DeFaire U. The Swedish adoption twin study of aging: an update. 
Acta Genet Med Gemellol (Roma). 1991;40(1):7–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​7​​/​s​0​​0​0​1​5​6​6​0​0​0​0​0​6​6​8​1.

30.	 McClearn GE, Johansson B, Berg S, et al. Substantial genetic 
influence on cognitive abilities in twins 80 or more years old. 
Science. 1997;276(5318):1560–3. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​​c​
e​.​​2​7​6​.​​5​3​​1​8​.​1​5​6​0.

31.	 Gold CH, Malmberg B, McClearn GE, Pedersen NL, Berg S. 
Gender and health: A study of older unlike-sex twins. J Gerontol 
B Psychol Sci Soc Sci. 2002;57(3):S168–76. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​9​3​​/​g​e​​r​o​n​b​/​5​7​.​3​.​s​1​6​8.

32.	 Gatz M, Fratiglioni L, Johansson B, et al. Complete ascertain-
ment of dementia in the Swedish twin registry: the HARMONY 
study. Neurobiol Aging. 2005;26(4):439–47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​6​​/​j​.​​n​e​u​​r​o​b​​i​o​l​a​​g​i​​n​g​.​2​0​0​4​.​0​4​.​0​0​4.

33.	 Sachdev PS, Lammel A, Trollor JN, et al. A comprehensive neu-
ropsychiatric study of elderly twins: the older Australian twins 
study. Twin Res Hum Genet. 2009;12(6):573–82. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​3​7​5​​/​t​w​​i​n​.​1​2​.​6​.​5​7​3.

34.	 Sachdev PS, Lee T, Wen W, et al. The contribution of twins to 
the study of cognitive ageing and dementia: the older Australian 
twins study. Int Rev Psychiatry. 2013;25(6):738–47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​3​​1​0​9​​/​0​9​​5​4​0​2​6​1​.​2​0​1​3​.​8​7​0​1​3​7.

35.	 Gatz M, Plassman BL, Tanner CM, et al. The NAS-NRC twin 
registry and Duke twins study of memory in aging: an update. 
Twin Res Hum Genet. 2019;22(6):757–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
7​​/​t​h​​g​.​2​0​1​9​.​4​5. Epub 2019 Jul 29.

36.	 Breitner JC, Welsh KA, Robinette CD, Gau BA, Folstein MF, 
Brandt J. Alzheimer’s disease in the NAS-NRC registry of aging 
twin veterans. II. Longitudinal findings in a pilot series. Demen-
tia. 1994;5(2):99–105. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​9​​/​0​0​​0​1​0​6​7​0​3

37.	 Kremen WS, Franz CE, Lyons MJ. VETSA: the Vietnam era twin 
study of aging. Twin Res Hum Genet. 2013;16(1):399–402. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​/​t​h​​g​.​2​0​1​2​.​8​6.

38.	 Whitfield KE. A registry of adult African American twins: the 
Carolina African American twin study of aging. Twin Res Hum 
Genet. 2013;16(1):476–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​/​t​h​​g​.​2​0​1​2​.​7​9.

39.	 Whitfield KE, Brandon DT, Wiggins S, Vogler G, McClearn G. 
Does intact pair status matter in the study of African American 
twins? The Carolina African American twin study of aging. Exp 
Aging Res. 2003;29(4):407–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​3​​6​1​0​7​3​
0​3​0​3​6​9​9.

40.	 Brim OG, Ryff CD, Kessler RC. The MIDUS National survey: 
an overview. In: Brim OG, Ryff CD, Kessler RC, editors. How 
healthy are we? A National study of well-being at midlife. Chi-
cago: The University of Chicago Press; 2004. pp. 1–36.

41.	 Kendler KS, Thornton LM, Gilman SE, Kessler RC. Sexual ori-
entation in a U.S. National sample of twin and nontwin sibling 
pairs. Am J Psychiatry. 2000;157(11):1843–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​1​7​6​​/​a​p​​p​i​.​a​j​p​.​1​5​7​.​1​1​.​1​8​4​3.

42.	 UNESCO Institute for Statistics. International standard classifica-
tion of education ISCED 2011. Montreal. 2012. ​h​t​t​p​​s​:​/​​/​u​i​s​​.​u​​n​e​s​​c​
o​.​o​​r​g​/​​e​n​/​​t​o​p​​i​c​/​​i​n​t​e​​r​n​​a​t​i​​o​n​a​l​​-​s​t​​a​n​d​​a​r​d​​-​c​l​​a​s​s​i​​f​i​​c​a​t​i​o​n​-​e​d​u​c​a​t​i​o​n​-​i​s​c​
e​d. Accessed 9 Oct 2018.

43.	 Lichtenstein P, De Faire U, Floderus B, Svartengren M, Svedberg 
P, Pedersen NL. The Swedish twin registry: a unique resource 

1 3

1189

https://doi.org/10.1046/j.1365-2796.2002.01032.x
https://doi.org/10.1046/j.1365-2796.2002.01032.x
https://doi.org/10.1017/thg.2012.104
https://doi.org/10.1017/thg.2012.104
https://doi.org/10.1375/136905203322296610
https://doi.org/10.1375/136905203322296610
https://doi.org/10.1093/gerona/52a.2.m117
https://doi.org/10.1093/gerona/52a.2.m117
https://doi.org/10.1007/BF03324718
https://doi.org/10.1007/BF03324718
https://doi.org/10.1375/183242706779462381
https://doi.org/10.1375/183242706779462381
https://doi.org/10.1212/01.wnl.0000134604.48018.97
https://doi.org/10.1212/01.wnl.0000134604.48018.97
https://doi.org/10.3233/JAD-170572
https://doi.org/10.1016/j.jalz.2007.04.377
https://doi.org/10.1016/j.jalz.2007.04.377
https://doi.org/10.1093/geronb/51b.2.p55
https://doi.org/10.1093/geronb/56.5.p292
https://doi.org/10.1093/geronb/56.5.p292
https://doi.org/10.1016/j.jalz.2006.01.002
https://doi.org/10.1007/s10654-024-01132-6
https://doi.org/10.1136/bmj.38959.650903.7C
https://doi.org/10.1136/bmj.38959.650903.7C
https://doi.org/10.1375/twin.10.2.255
https://doi.org/10.1375/183242706779462444
https://doi.org/10.1375/183242706779462444
https://doi.org/10.1017/s0001566000006681
https://doi.org/10.1017/s0001566000006681
https://doi.org/10.1126/science.276.5318.1560
https://doi.org/10.1126/science.276.5318.1560
https://doi.org/10.1093/geronb/57.3.s168
https://doi.org/10.1093/geronb/57.3.s168
https://doi.org/10.1016/j.neurobiolaging.2004.04.004
https://doi.org/10.1016/j.neurobiolaging.2004.04.004
https://doi.org/10.1375/twin.12.6.573
https://doi.org/10.1375/twin.12.6.573
https://doi.org/10.3109/09540261.2013.870137
https://doi.org/10.3109/09540261.2013.870137
https://doi.org/10.1017/thg.2019.45
https://doi.org/10.1017/thg.2019.45
https://doi.org/10.1159/000106703
https://doi.org/10.1017/thg.2012.86
https://doi.org/10.1017/thg.2012.86
https://doi.org/10.1017/thg.2012.79
https://doi.org/10.1080/03610730303699
https://doi.org/10.1080/03610730303699
https://doi.org/10.1176/appi.ajp.157.11.1843
https://doi.org/10.1176/appi.ajp.157.11.1843
https://uis.unesco.org/en/topic/international-standard-classification-education-isced
https://uis.unesco.org/en/topic/international-standard-classification-education-isced
https://uis.unesco.org/en/topic/international-standard-classification-education-isced


E. E. Walters et al.

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

60.	 Kohler H-P, Knudsen LB, Skytthe A et al. The fertility pattern of 
twins and the general population compared. Evidence from Dan-
ish cohorts 1945-64. Demogr Res. 2002;6:383–408. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​
g​​/​​1​0​​.​4​0​​​5​4​/​​D​e​m​​R​e​s​.​2​​0​​0​2​.​6​.​1​4

1 3

1190

https://doi.org/10.4054/DemRes.2002.6.14
https://doi.org/10.4054/DemRes.2002.6.14

	﻿Is educational attainment protective against developing dementia? A twin study of genetic and environmental contributions
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Sample
	﻿Variables
	﻿Education
	﻿Biological sex
	﻿Race
	﻿Zygosity
	﻿Dementia
	﻿Age


	﻿Data analyses
	﻿Results
	﻿Discussion
	﻿Conclusion

	﻿References


