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Abstract
We evaluated whether the association between low education and greater risk of dementia is
explained by genetic influences, using three different types of analyses. The HARMONY study
(Swedish for “health” (Hälsa), “genes” (ARv), “environment” (Miljö), “and” (Och), and
“new” (NY)) includes members of the Swedish Twin Registry who were aged 65 and older and alive
in 1998, and who were screened and clinically assessed for dementia. There were 394 cases with
dementia and 7786 unrelated controls. Analyses included co-twin control, tests for association
between education and a measured genotype, and bivariate twin modeling. Low education was a
significant risk factor for dementia both in case-control analyses (odds ratio=1.77, 95% confidence
interval 1.38 to 2.28) and co-twin control analyses with monozygotic twin pairs (odds ratio=3.17,
95% confidence interval 1.26 to 7.93). Apolipoprotein E genotype was not associated with education
and did not account for the relationship between education and dementia. Bivariate twin modeling
showed that the association between education and dementia was not mediated by genetic influences
in common between education and dementia. The association was mediated by shared environmental
influences that were related to both dementia and to education. Low education is confirmed as a risk
factor for dementia. Findings from three different analytic approaches showed that genetic influences
did not explain this association.
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1. Introduction
Dementia, defined as age-related progressive impairment of memory, language, visual
processing, problem solving skills, and eventually ability to function independently, is a major
public health problem, affecting up to 40% of adults aged 85 and older [1-2]. Especially among
the oldest old, the majority of dementia is accounted for by Alzheimer disease, with the next
most frequent type being vascular, although increasingly these subtypes are being viewed as
less distinctive [3]. It is generally claimed that half of the explanation for Alzheimer’s disease
is genetic and half is environmental, while identification of specific gene variants and specific
environmental exposures that account for risk of dementia remains incomplete [4-5].

Low educational achievement is one of the few variables consistently reported to be related to
higher risk of dementia, beyond age and family history [6-14]. Only a small number of studies
have failed to confirm this association [15-17]. Summaries of the literature suggest that the
strongest relationships between education and dementia occur in geographical locales where
education is more likely based on intellectual potential, whereas weaker relationships
characterize places where education is more likely made available based on position in society
[18-19]. Further, it has been shown that the association observed between education and
dementia cannot simply be explained as an artifact of differential case detection of dementia
in individuals with less education [13].

Mechanisms to explain the association between dementia and education remain uncertain. The
predominant interpretation, often referred to as “use it or lose it,” is that education indexes
level of mental activity and that mental stimulation strengthens connectivity in the brain, e.g.,
increasing synaptic density [20]. This line of theorizing is supported by studies that have found
associations between greater engagement in mentally stimulating leisure activities and lower
risk of Alzheimer’s disease [21-23], and has led to recommendations that individuals might
reduce their risk of dementia through increasing their level of cognitive activity—for instance,
by learning a foreign language or working crossword puzzles [24-25].

An alternative possibility is that differences in education reflect genetic influences associated
with individual differences in intelligence [26]. It is well established that individual differences
in IQ scores in part reflect genetic differences [27-28]. In turn, children who score higher on
intelligence tests are likely to progress further in school. Furthermore, Scottish data have shown
that those who became demented had lower IQ test performance at age 11 compared to those
who did not become demented [29].

We addressed these two contrasting explanations using a study of dementia in a population-
based twin sample. We took three approaches to testing the extent to which the relationship
between low education and risk of dementia was explained by genetic influences.

1. We evaluated low education as a risk factor for dementia using both an unrelated
comparison group and monozygotic co-twin controls [30]. Analysis of unrelated
controls is essentially a classic case–control study, comparing twins diagnosed as
demented with other twins not related to the index probands. The co-twin control
design, on the other hand, compares the demented twin to their non-demented
monozygotic co-twin as control. The co-twin control design controls for potential
confounding from genetic factors, as the cases and controls are genetically the same.
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2. We tested the role of Apolipoprotein E ε4, the best established measured genetic risk
factor for dementia[4] in explaining the association between education and dementia.

3. We employed bivariate twin modeling to test whether genetic influences in common
between education and dementia explain the correlation between dementia and
education.

2. Methods
2.1. Participants

Data for the present investigation come from the Swedish Twin Registry [30]. In 1961, 1963,
and 1967 all like-sexed twin pairs born before 1926 were mailed a questionnaire.
Nonresponders in 1967 were sent another questionnaire in 1970. A second cohort was added
to the registry in the beginning of the 1970s, including all pairs born 1926 through 1958. Like-
sexed twins in this cohort were sent a questionnaire in 1973. Compilation procedures covered
95% of all twin pairs. The questionnaire response rate was 91% [31]. Unlike-sexed pairs were
recorded but not sent any mailings.

In 1998, all living members of the Swedish Twin Registry aged 65 and older were contacted
for a study of dementia, called HARMONY. Like and unlike-sexed pairs were included. All
individuals were invited for telephone screening, followed by clinical diagnostic evaluations
for dementia in those who screened positive, their co-twins, and a sample of twins who had
both screened negative. Participation rate in telephone screening was 71.5%. Of those who
screened positive, dementia diagnoses were secured for 69.7%. A detailed discussion of the
study design, including dropout analyses, can be found elsewhere [32].

Case-control analyses included all HARMONY participants who were members of like-sexed
pairs. The sample included 394 cases with dementia (263 with Alzheimer’s disease, 87 with
vascular dementia, 2 with frontal-temporal dementia, 2 with Lewy Body dementia, 15 with
secondary dementia, and 25 with dementia not otherwise specified) and 7786 non-demented
controls. Among the cases were 115 men and 279 women; average age when assessed was
82.7, range 65 to 103; average age of onset of dementia was 77.6, range 45 to 96. Among the
non-demented controls were 3298 men and 4488 women; average age when assessed was 73.4,
range 65 to 100. Among cases there were 152 monozygotic (MZ) and 242 dizygotic (DZ) twins;
among controls, 2841 MZ and 4945 DZ. There were no differences in dementia prevalence for
different zygosities.

For co-twin control analyses, there were 33 monozygotic twin pairs discordant for dementia.
Among the index probands, 20 were diagnosed with Alzheimer’s disease, 6 with vascular
dementia, 1 with frontal-temporal dementia, 3 with secondary dementia, and 3 with dementia
of unspecified etiology. Of the 33 pairs, 13 were male and 20 were female. Average age when
assessed was 78.9, range 67 to 92; average age of onset of dementia was 73.4, range 60 to 85.

Analyses of Apolipoprotein E (APOE) genotypes included all individuals in the case-control
analyses who also had genotyping. Response rate for providing a blood sample during the
clinical phase was 95%; APOE data were not available from those who died during the case
ascertainment process, who were very demented and whose relatives did not agree to a physical
examination, or who screened negative and were not personally visited. The available sample
included 283 cases and 559 controls.

2.2. Measures
Updated information on educational attainment was taken from earlier Swedish Twin Registry
questionnaires or from the recent telephone screening. Education was measured both as total
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years of education and as a dichotomous variable based on completion of any schooling past
compulsory education. The tetrachoric correlation between dichotomous education variable
from the 1963 or 1973 questionnaires and that collected from the telephone screening was .90.

Preliminary analyses tested whether individuals who refused to participate were more likely
to have lower education. Participants at the screening phase had higher education than non-
participants. Fewer years of education was a significant risk factor for non-participation,
controlling for age, sex, and zygosity, OR = 1.18 (95% CI: 1.15, 1.20). However, amount of
education did not differ between those who agreed to participate in the clinical phase and those
who refused or were lost to follow-up. Controlling for age, sex, and zygosity, OR = 1.03 (95%
CI: 0.98, 1.07).

2.3. Statistical analyses
The association between education and dementia was analyzed in the case-control design using
alternating logistic regression (ALR). ALR provides an odds ratio (OR) and 95% confidence
intervals for estimating the effects of low education as a risk factor for dementia. Sex and age
were included as covariates. ALR allows for a dependence structure so that both members of
twin pairs can be included in the model while allowing for different correlation structures for
MZ and DZ twins [33-34]. Post hoc logistic regression analyses including unlike-sexed pairs
and using zygosity as a covariate did not find results different from those presented here.
Statistical analyses were performed in SAS 8.2 using GENMOD and LOGISTIC procedures
(SAS Institute, Inc., Raleigh, NC).

Additional alternating logistic regression analyses tested whether APOE ε4 genotype was a
risk factor for low education and whether ε4 accounted for the association between low
education and dementia.

We conducted co-twin control analysis using a Mantel-Haenszel test to assess education as a
risk factor within twin pairs discordant for dementia. A co-twin control analysis by design
controls for sex and age. The test provides an OR and 95% confidence intervals. In addition,
we compared years of education for demented twins and their non-demented co-twins using a
matched t-test. Only monozygotic twins (MZ) were included, as they share 100% of genes,
thus fully controlling for unmeasured confounding by genetic effects. Results presented in this
paper are based on total dementia cases. Case-control and co-twin control analyses limited to
Alzheimer’s disease showed similar results.

Finally, we employed bivariate twin modeling using a Cholesky decomposition model and the
Mx software program [35] with raw data from MZ and like-sexed DZ twins to test whether
genetic influences in common between education and dementia explain the correlation between
dementia and education.

3. Results
In the case-control analyses, two patterns are apparent. Years of education were lower among
those born earlier and higher among those born more recently. In addition, average years of
education was lower for demented than for non-demented across all birth cohorts (Fig. 1).
Alternating logistic regression analysis results provided in Table 1 confirmed that low
education was a significant risk factor for dementia, controlling for age and sex.

In the co-twin control sample of MZ twins, the non-demented twin had on average 0.85 more
years of education than their demented twin partner, t = 2.19, p < .05. As shown in Table 1,
risk of dementia was significantly associated with low education. The lack of attenuation of
the odds ratio in the co-twin control analysis compared to the case-control analysis suggests
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that genetic associations with education are unlikely to account for the relationship of low
education to dementia.

In the case-control sample, having at least one copy of the ε4 allele was a significant risk factor
for dementia (Table 2, left), but ε4 genotype was not significantly related to level of education,
odds ratio =1.21, 95% confidence interval 0.93 to 1.58. Controlling for APOE did not affect
the association between education and dementia (Table 2, right).

Tetrachoric correlations between twins are shown in Table 3 both within and across traits.
Within trait correlations indicate that twins were similar to one another on both education and
dementia, with MZ twins more similar to one another than DZ twins. The cross-twin cross-
trait correlations were not significantly different for MZ compared to DZ twins, suggesting
that the association between education and dementia was not explained by genetic influences.
Complete heritability analyses for dementia and for Alzheimer’s disease have been presented
elsewhere [36]. Here our focus was the relationship between education and dementia. In the
bivariate quantitative genetic analysis shown in Fig. 2, the genetic mediation path was 0.00,
suggesting that the genetic influences on education and dementia were independent of each
other. The mediation path for environmental factors unique to each individual was not
significantly different from 0.00. The correlation between education and dementia largely
reflected environmental factors in common to members of twin pairs, where the mediation path
was significantly different from 0.00 (difference chi square = 5.18, degrees of freedom = 1, p
< .02).

4. Discussion
The present study is the first to control for genetic effects on the association of education with
dementia diagnosis through both twin designs and Apolipoprotein E ε4 genotypes. The results
confirm the significant role of level of education in the expression of dementia in late life and
show that this association is independent of genetic influences. Rather, the manner in which
education influences dementia risk appears to reflect environmentally mediated influences, in
particular those in common to both members of twin pairs.

The case-control and co-twin control analyses both resulted in odds ratios for education that
were in the same range. If the odds ratio for the co-twin control analyses had been non-
significant, it would have suggested that genetic factors accounted for the significant odds ratio
in the case-control analyses where cases and controls were unrelated. However, our results
provided no evidence that genetic factors accounted for the association between education and
dementia. Although the point estimates for the odds ratios give the impression of stronger risk
for the co-twin control design, the confidence intervals are much greater, and it would not be
correct to infer any difference between the two odds ratios. Further, the average difference in
years of education between demented twins and their non-demented co-twins was slightly less
than the average difference in years of education within age groups for cases and unrelated
controls.

Level of education was similar in members of twin pairs, as indicated by the tetrachoric
correlation for level of education. Thus, the finding that among MZ twin pairs the member of
the pair without dementia had the higher education was especially notable.

In the present study, Apolipoprotein E ε4 genotype was not significantly associated with
educational attainment. One previous study [37] based on a population sample of non-
demented individuals found that older ε4 carriers had significantly lower educational
attainment. However, other studies in large representative samples have failed to confirm this
finding [38-39]. Thus, while APOE genotype was associated with dementia, APOE genotype
did not explain the association between education and dementia.
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Finally, the results from the bivariate quantitative genetic analyses buttress the conclusion that
the association between education and dementia is not mediated by genetic factors. Taken
together, these results illustrate three applications of genetically informed designs—two using
twin methods and one using a measured genotype—to the same research problem, with a
convergence of findings from all three approaches.

We previously examined education as a risk factor for dementia comparing case-control to co-
twin control results based on two selected subsamples of twins from the Swedish Twin
Registry, where we combined MZ and DZ twin pairs. In that report, we also found that odds
ratios resulting from co-twin control and case control analyses were similar [18]. The present
analyses replicate the previous findings with a larger number of MZ pairs, more uniform case
ascertainment, and cases drawn from the entire Swedish Twin Registry rather than particular
subsamples.

Strengths of our study include the unique data set, including a co-twin design. However, APOE
genotyping data were not available for all participants, especially not for older cases due to
death or for a large number of controls who were not evaluated in person. Nonetheless, the
results for education were similar in the subgroup with APOE genotyping and in the entire
case-control sample. Despite the large number of dementia cases, the co-twin control sample
was small, due to high concordance for dementia and to requiring that both members of the
pair be assessed in person. Within the co-twin control sample, there may be pairs in which the
nondemented twin will later become demented. However, the average number of years between
age of onset of dementia in the demented twin and assessment of the nondemented twin was
5.6.

Another strength is that identification of cases of dementia was based on an extensive diagnostic
process. However, a weakness is that 28.5% of the population refused to participate in
screening, and 29.8% of those selected for in-person diagnostic evaluation refused to be visited
by the assessment team. A dropout analysis found little evidence of systematic bias by
demographic factors and that underestimation of cases was most likely for cases whose onset
was under age 85 [32].

Another important limitation is that these results are specific to one country and to individuals
born within a particular historical time. Especially for those born before 1926, variability in
level of education was small. Those who received more education were likely to be from more
privileged households.

5. Concluding remarks
The findings of these analyses do not support the hypothesis that genetic influences explain
the association between dementia and low education. Rather, it appears that environmental
influences in common between members of twin pairs account for the association. Examples
might include early environmental influences on brain development that would be similar
within a family, such as nutrition, parents encouraging their children’s active engagement in
intellectual pursuits, or other social factors in childhood [40]; or factors in midlife such as
occupational status, in which twins are more similar than unrelated individuals. The study also
illustrates the use of various methods to address a research question, taking advantage of twin
designs and of measured genotypes.
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Fig. 1.
Years of education for dementia cases and non-demented members of the study population, by
birth year

Gatz et al. Page 9

Physiol Behav. Author manuscript; available in PMC 2008 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Bivariate model representing the relationship between education and dementia, with both
genetic and environmental mediation. Notes. Only one member of the twin pair is represented.
A= additive genetic variance; C= shared environmental variance; E = unique environmental
variance. A1 indicates additive genetic variance for the first trait; A2 indicates additive genetic
variance for the second trait, with analogous numbering for the other components of variance.
Parameters are standardized path coefficients for the full model, with mediational paths bolded.

Gatz et al. Page 10

Physiol Behav. Author manuscript; available in PMC 2008 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gatz et al. Page 11
Ta

bl
e 

1
C

as
e 

co
nt

ro
l a

nd
 c

o-
tw

in
 c

on
tro

l a
na

ly
se

s p
re

di
ct

in
g 

ris
k 

fo
r d

em
en

tia

C
as

e 
C

on
tr

ol

E
D

U
C

A
T

IO
N

C
as

es
(N

 =
 3

94
)

U
nr

el
at

ed
 C

on
tr

ol
s

(N
 =

 7
78

6)
O

R
a

95
%

 C
I

C
om

pu
ls

or
y

30
5

44
35

H
ig

he
r

89
33

51
1.

77
1.

38
, 2

.2
8

C
o-

Tw
in

 C
on

tro
l (

N
 =

 3
3 

m
on

oz
yg

ot
ic

 p
ai

rs
)

C
o-

tw
in

O
R

95
%

 C
I

ED
U

C
A

TI
O

N
C

om
pu

ls
or

y
H

ig
he

r

C
as

e
C

om
pu

ls
or

y
6

19
3.

17
1.

26
, 7

.9
3

H
ig

he
r

6
2

a od
ds

 ra
tio

s c
on

tro
lli

ng
 fo

r a
ge

 a
nd

 se
x

Physiol Behav. Author manuscript; available in PMC 2008 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gatz et al. Page 12
Ta

bl
e 

2
C

as
e 

co
nt

ro
l a

na
ly

se
s o

f A
PO

E 
ge

no
ty

pe
, e

du
ca

tio
n 

an
d 

de
m

en
tia

U
N

IV
A

R
IA

T
E

 T
E

ST
S

M
U

L
T

IV
A

R
IA

T
E

 T
E

ST

R
IS

K
 F

A
C

TO
R

C
as

es
(N

 =
 2

83
)

C
on

tro
ls

(N
 =

 5
59

)
O

R
a

95
%

 C
I

O
R

b
95

%
 C

I

Ed
uc

at
io

n
 

C
om

pu
ls

or
y

21
9

34
0

1.
89

1.
35

, 2
.6

5
1.

80
1.

28
, 2

.5
3

 
H

ig
he

r
64

21
9

A
PO

E
 
ε4

+
39

9
13

7
2.

70
1.

96
, 3

.7
2

2.
53

1.
83

, 3
.5

0
 
ε4

-
16

0
14

6

a od
ds

 ra
tio

s c
on

tro
lli

ng
 fo

r a
ge

 a
nd

 se
x

b od
ds

 ra
tio

s c
on

tro
lli

ng
 fo

r a
ge

, s
ex

, a
nd

 o
th

er
 ri

sk
 fa

ct
or

Physiol Behav. Author manuscript; available in PMC 2008 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gatz et al. Page 13
Ta

bl
e 

3
Te

tra
ch

or
ic

 c
or

re
la

tio
ns

 w
ith

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
s w

ith
in

 tw
in

 p
ai

rs
 fo

r e
ac

h 
tra

it 
an

d 
cr

os
s-

tra
it 

cr
os

s-
tw

in
 c

or
re

la
tio

ns
 fo

r m
on

oz
yg

ot
ic

 a
nd

 d
iz

yg
ot

ic
tw

in
s

M
on

oz
yg

ot
ic

D
iz

yg
ot

ic

Te
tra

ch
or

ic
 c

or
re

la
tio

ns
 w

ith
in

 tw
in

 p
ai

r
D

em
en

tia
0.

80
 (0

.7
8,

 0
.8

7)
0.

68
 (0

.5
8,

 0
.7

7)
Ed

uc
at

io
n

0.
77

 (0
.7

2,
 0

.8
1)

0.
60

 (0
.5

5,
 0

.6
4)

D
em

en
tia

 a
nd

 e
du

ca
tio

n
0.

22
 (0

.1
3,

 0
.3

1)
0.

26
 (0

.1
9,

 0
.3

4)

C
ro

ss
-tw

in
 c

ro
ss

-tr
ai

t c
or

re
la

tio
ns

M
on

oz
yg

ot
ic

D
iz

yg
ot

ic
D

em
en

tia
 a

nd
 e

du
ca

tio
n

0.
16

 (0
.0

9,
 0

.2
6)

0.
29

 (0
.2

3,
 3

3)

N
ot

e:
 C

ro
ss

-tw
in

 c
ro

ss
-tr

ai
t c

or
re

la
tio

ns
 sh

ow
 th

e 
co

rr
el

at
io

n 
be

tw
ee

n 
on

e 
tw

in
 o

n 
de

m
en

tia
 a

nd
 th

e 
co

-tw
in

 o
n 

ed
uc

at
io

n.

Physiol Behav. Author manuscript; available in PMC 2008 September 1.


