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Abstract

Background: higher educational attainment and less midlife cardiovascular risk factors are related to better old-age cognition.
Whether education moderates the association between cardiovascular risk factors and late-life cognition is not known. We
studied if higher education provides resilience against the deteriorative effects of higher middle-age body mass index (BMI)
and a combination of midlife cardiovascular risk factors on old-age cognition.
Methods: the study population is the older Finnish Twin Cohort (n = 4,051, mean age [standard deviation, SD] = 45.5 years
[6.5]). Cardiovascular risk factors and education were studied at baseline with questionnaires in 1975, 1981 and/or 1990
(participation rates of 89, 84 and 77%, respectively). Cognition was evaluated with telephone interviews (participation rate
67%, mean age [SD] =73.4 [2.9] years, mean follow-up [SD] = 27.8 [6.0] years) in 1999–2017. We studied the main and
interactive effects of education and BMI/dementia risk score on late-life cognition with linear regression analysis. The study
design was formulated before the pre-defined analyses.
Results: years of education moderated the association between BMI with old-age cognition (among less educated persons,
BMI-cognition association was stronger [B = −0.24 points per BMI unit, 95% CI −0.31, −0.18] than among more educated
persons [B = −0.06 points per BMI unit, 95% CI −0.16, 0.03], P interaction < 0.01). There was a similar moderating effect
of education on dementia risk score consisting of cardiovascular risk factors (P < 0.001).
Conclusions: our results support the cognitive reserve hypothesis. Those with higher education may tolerate the deteriorative
effects of midlife cardiovascular risk factors on old-age cognition better than those with lower education.
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Key Points

• Education moderates the relationship between midlife cardiovascular risk factors and old-age cognition.
• Negative association between cardiovascular risk factors and old-age cognition is stronger in those with lower education.
• Higher educated persons tolerate better the deteriorative effects of midlife cardiovascular risk factors on old-age cognition.
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Introduction

Middle-age cardiovascular (CV) risk factors [1] including
body mass index (BMI; [2, 3]) are robustly associated with
poorer old-age cognition and increased risk of dementia.
Higher education is related to better old-age cognition and
is a consistent protective factor against dementia [4]. Indeed,
education can be considered as a lifetime exposure increasing
cognitive reserve (CR) helping to withstand risk factors of
dementia [5]. CR is a property of the brain that allows to
withstand age-related or disease-related brain changes. CR
hypothesis is supported if the negative association between
risk factors of dementia and old-age cognition is attenuated
in those with higher education compared to those with
lower education [5]. For example, three population-based
studies indicated that education halved the risk of dementia
attributed to carrying the Apolipoprotein E gene ε4-allele
[6].

Only few studies have investigated if education moder-
ates the association between CV risk factors and dementia
or late-life cognition. Two cross-sectional studies showed
that education or general cognitive ability were associated
with attenuated obesity-related cognitive dysfunction [7,
8]. Another cross-sectional study gave some evidence that
education moderated the negative association between white
matter hyperintensities and episodic memory such that indi-
viduals with higher level of education showed weaker neg-
ative association [9]. In a large prospective register study
from Denmark, neither education nor young adult general
cognitive ability moderated the association between BMI
and dementia in men [10]. However, lower BMI at 19 years
was associated with higher subsequent dementia risk during
the 44-year follow-up [10].

The long preclinical period of Alzheimer’s disease—the
most common cause of dementia—predisposes short follow-
up studies to reverse causality. On the other hand, risk factors
may not have yet developed if measured at a very early
age. When studying diseases with long preclinical periods,
risk factors should be studied before the disease process
has started. The association between a risk factor and the
disease may and does often alternate across life course [3].
Hence, the moderation effect of education on the relation-
ship between midlife CV risk factors and old-age cognition
remains elusive, despite the evidence that education does not
moderate the association of young adult BMI and dementia
[10].

In this cohort study, we tested if education moderates the
associations of midlife BMI and dementia risk score includ-
ing multiple CV risk factors with late-life cognition. Our
hypothesis was that education moderates these associations
such that the associations are stronger in those with lower
levels of education compared those with higher levels of edu-
cation. In addition, we conducted quasi-experimental design
to study if within twin-pair differences in education are
related to within twin-pair differences in late-life cognition in
twin pairs with the same level of BMI or dementia risk score:
compared to studies in unrelated individuals, these within

twin-pair comparisons provide more control for unmeasured
shared environmental and genetic effects.

Methods

Participants

Participants were from the Finnish Twin Cohort (FTC)
comprising of all the same-sex twin pairs born in Finland
before 1958 with both co-twins alive in 1967 [11]. Par-
ticipants filled out questionnaires on health and health-
related behaviours in 1975, 1981 (all cohorts) and 1990
(cohorts born in 1930 or later). The response rates were high:
89, 84 and 77%, respectively [11]. From 1999 onwards,
twins aged at least 65 years were invited to participate in
a telephone cognition interview (participation rate 67%).
Twins born before 1938 were interviewed in 1999–2007 and
twins born in 1938–1944 were interviewed in 2013–2017
[12]. The number of twins born in 1916–1944 with baseline
information on educational level and BMI was 14,922. A
total of 11,213 were younger than 60 years at baseline and
of them, 4,051 individuals had telephone interview data
(Figure 1). Zygosity was confirmed with deoxyribonucleic
acid (DNA) analysis for 60% of the analysis sample while
the remaining zygosities were confirmed with a validated
questionnaire showing over 90% accuracy [13].

Risk and protective factors

Education, height, weight and CV risk factors were self-
reported in 1975, 1981 and/or 1990. We used a mean BMI
from 1975 and 1981 or from one time point in case of
missing data. The dementia risk score based mainly on CV
risk factors we used was a modified version of Cardiovascular
Risk Factors, Aging and Incidence of Dementia (CAIDE)
dementia risk score [14, 15]. CAIDE score is a dementia
risk score combining educational level, age, sex and a multi-
ple of CV risk factors: hypercholesterolaemia, hypertension,
obesity and low physical activity [14]. CAIDE dementia risk
score in FTC has been described previously in detail [15] and
we used this score without education in this study (referred
to as ‘CAIDE without education’, ‘CAIDE-modified’ or
‘CAIDE-m’).

Late-life cognition

Two telephone screening instruments for cognitive impair-
ment were used in this study to evaluate cognition: tele-
phone interview for cognitive status (TICS; [16]) and tele-
phone assessment of cognition (TELE; [17]). They both
are highly valid in the Finnish population and discriminate
well between normal cognition and dementia [18]. They
test, for example, for orientation, serial subtraction, verbal
memory immediate recall and delayed recall, object naming
and attention. We used total cognitive score, a combination
of these two tools notwithstanding the overlapping items, in
this study [19] as a measure of cognitive functioning. Higher
score denotes better cognition (range 0–51).
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Figure 1. Flowcart of the participants of the older Finnish Twin Cohort included in this study.

Statistical methods

We compared the differences in baseline characteristics in
participants and non-participants of cognition interview
with a t-test for continuous variables and with χ 2-test for
categorical values (both adjusted for clustered twin data).
We used linear regression analysis without (main effects) and
with (moderation effects) interaction terms. A robust cluster
estimator was used to correct for the relatedness within twin
pairs [20]. All the analyses were adjusted for age and sex.
In interaction models, we centred age, years of education
and BMI. We present the results in beta estimates and
95% confidence intervals (CIs). The pre-specified outcome
variable, total cognitive score, had a near normal distribution
by visual inspection.

Education was used both as a continuous (years of educa-
tion) and a categorical variable (0–11 years of education or
≥12 years of education ergo primary and secondary versus
tertiary education). In addition, we provide the results with
a standardised education measure in supplementary analyses
(according to the International Standard Classification of
Education [ISCED] responding 0–6 years of education, 7–
10 years, 11–12 years, 13–15 years and ≥ 15 years; for
further details see [21]).

In the analyses with BMI, we excluded the twins aged 60
or more at the time of the relevant questionnaire (in 1981
primary or in 1975 if the answer from 1981 was missing)
to minimise possibility of reverse causation. For the analyses
with CAIDE-m, we excluded the twins aged at least 60 years
in 1981 or 1990 depending on which year they reported
information on cholesterol [15].

In within-family analyses, we selected twin pairs con-
cordant for high CV risk and performed within-twin pair

analyses in which the differences in educational level were
regressed on within-twin pair differences in cognition [22].
In these analyses, BMI was dichotomous with the World
Health Organization threshold for overweight (25) used as
a cut-off. For CAIDE-m, the cut-off was set at 5, which was
the integer nearest to the mean in the cohort. We performed
similar within-family analyses for twin pairs concordant for
low level of education (<12 years) and regressed within-
twin pair differences in CV risk on within-twin pair differ-
ences in cognition. As sensitivity analyses, we also performed
similar analyses for twin pairs concordant for low CV risk
or high education and discordant for education or CV risk
level, respectively. Further, by using interaction analysis,
we formally tested if these associations are similar in twin
pairs concordant for high versus low risk factors. We used
Stata 16.0 in all analyses (StataCorp LLC) and we followed
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) guidelines for cohort studies.

Results

Demographics

At baseline, mean age (standard deviation [SD], range) was
45.5 [6.5, 31.0–59.9] years (47.1% women) and mean
[range] BMI was 24.5 [16.5–41.3] kg/m2 and participants
had on average [SD] 7.9 [2.9] years of education (see Table 1
and Supplementary Data, Supplementary Table S1 and
Drop-out analysis are available at Age and Ageing online).
At the end of the follow-up (mean [SD] = 27.8 [6.0] years,
range 16.5–41.7), at a mean age [SD] of 73.4 [2.9] the mean
[SD] total cognitive score was 40.1 [5.3] (range 5–51).
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Table 1. Baseline characteristics of the study cohort (n = 4,051)

The older finnish twin cohort
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years, mean, SD) 45.5 (6.5)
Gender

Men (n, %) 2141 (52.8)
Women (n, %) 1910 (47.2)

BMI (kg/m2, mean, SD) 24.5 (3.0)
Years of education (mean, SD) 7.9 (2.9)
ISCED categories of years of schooling (n, %)

1: 0–6 years 1761 (43.5)
2: 7–10 years 1836 (45.3)
3: 11–12 years 10 (0.3)
4: 13–15 years 142 (3.5)
5: ≥15 years 302 (7.5)

CAIDE without education (0–12)
(mean, SD) a

4.8 (2.3)

Twin pairs concordant for education (at the accuracy of 1 year) 696
0–11 years of education 614 (88.2)
≥ 12 years of education 82 (11.8)

Twin pairs concordant for BMI (at the accuracy of the same weight category
[<25, ≥25])

888

BMI < 25
BMI ≥ 25

612 (68.9)
276 (31.1)

Twin pairs concordant for CAIDE-m (at the accuracy of the same dichotomous
category (<5, ≥5))

403

CAIDE-m < 5
CAIDE-m ≥ 5

171 (42.4)
232 (57.6)

Abbreviations: SD, standard deviation; BMI, body mass index. aNumber of twin individuals with CAIDE score without education = 2,359.

Figure 2. Contour plot of total cognitive score by BMI and continuous education. Abbreviation: BMI, body mass index. a n = 4,051.
Unadjusted BMI and years of education are used in this figure.

Main effects

Years of education in midlife was positively associated with
total cognitive score in late life when adjusted for age and
sex (B = 0.63, 95% CI: 0.59, 0.68). Middle-age BMI was

negatively associated with late-life cognition when adjusted
for age and sex (B = −0.18, 95% CI −0.23, −0.12).

Midlife CAIDE-m was negatively associated with late-life
cognition when adjusted for age and sex: B = −0.48, 95%
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Figure 3. Total cognitive score by BMI and categorical educa-
tion. Abbreviations: BMI, body mass index; β, beta coefficient;
SE, standard error; CI, confidence intervals.

CI: −0.56, −0.39 (n = 2,363) and also when adjusted for
age, sex and years of education: B = −0.37, 95% CI: −0.45,
−0.29 (n = 2,359).

Interaction analyses

Education moderated the effect of BMI on late-life cog-
nition: the effect of BMI was decreased as a function of
higher educational level both with education as a continu-
ous variable (P interaction < 0.001, Figure 2) and with educa-
tion as a dichotomous variable (P interaction < 0.01, Figure 3)
or five-category ISCED variable (see Supplementary Data,
Appendix, Supplementary Table S2, available at Age and
Ageing online).

Further, education also moderated the effect of CAIDE-
m on old-age cognition (P interaction < 0.001, see Supplemen-
tary Data, Supplementary Figure S1, Appendix, available at
Age and Ageing online). CAIDE-m had stronger association
with cognition in lower-educated individuals compared to
those with higher education.

Within-twin pair analyses

With regard to BMI, the within-twin pair differences in
education were related to within-twin pair differences in
late-life cognition in twin pairs where both co-twins were
overweight or obese (Table 2). Similarly, in sensitivity anal-
yses of twin pairs where both co-twins were normal or
underweight, within twin-pair differences in education were
related to within twin-pair differences in cognition but the
effect size for the association was smaller than in obese
or overweight twin pairs (Table 2). In twin pairs concor-
dant for high CAIDE-m, within twin-pair differences in
education were related to within twin-pair differences in
cognition. In sensitivity analyses of twin pairs concordant
for low CAIDE-m (0–5), within-twin pair differences in
education were not significantly related to within—twin
pair differences in late-life cognition (Table 2). However,
interaction analyses did not show significant interaction for
different association in twin pairs concordant for high ver-
sus low CV risk factors (P interaction for BMI and education = 0.28

and P interaction for CAIDE-m and education = 0.14). In twin pairs
concordant for the length of education, the within-twin pair
differences in BMI or CAIDE-m were not associated with
late-life cognition (Table 2).

Discussion

Education, midlife BMI and self-reported CAIDE-m
were independent predictors of old-age cognition in
our population-based sample with an average follow-up
of 28 years. We found that education moderated the
associations between midlife BMI and CAIDE-m with
late-life cognition. Negative association between midlife
BMI and cognition became smaller as a function of higher
educational attainment and BMI was no longer significantly
associated with cognition in individuals with at least 12 years
of education. Education moderated similarly the association
between midlife CAIDE-m, a measure including multiple
midlife CV risk factors, and late-life cognition suggesting
that dementia risk evaluation based on CV risk factors may
work differently in those with less and more education.

In epidemiological research, CR hypothesis is supported
if education moderates the association between risk factors
and cognition [5]. The between-family results of this study
support the CR hypothesis by showing that those with
higher education appear to tolerate the deteriorative effects
of midlife CV risk factors on old-age cognition better than
those with lower education. This finding is in accordance
with neural differences in mild Alzheimer’s disease in low ver-
sus high-educated individuals at the same level of cognitive
performance: those with 15 years of education had increased
amyloid and lower glucose uptake compared to those with
6 years of education [23].

In within-family analyses of twin pairs concordant for
being overweight, twins with higher education had better
old-age cognition compared to their co-twins with lower
education. The beneficial effect of education on cognition
was stronger among twin pairs concordant for being over-
weight than in twin pairs concordant for being normal of
underweight. However, interaction analysis showed no dif-
ference in the strength of the association in high BMI versus
normal BMI concordant pairs suggesting that education is
positively associated with old-age cognition in general when
controlling for middle-age BMI as well as unmeasured shared
genetic and environmental influences.

In twin pairs concordant for low education (as well as for
high education), the within-twin pair differences in BMI or
CAIDE-m were not associated with within–twin pair dif-
ferences in late-life cognition suggesting that the association
between midlife CV risk factors and old-age cognition is
confounded by shared genetic and environmental effects.
Also, an earlier study has suggested confounding by genetic
and environmental factors in the association of BMI and
dementia [24]. This means that the association between
middle-age risk factors and old-age cognition does not arise
from individual lifestyle choices made in midlife but from
genetics and early life experiences affecting those lifestyle
choices.
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Table 2. The within-differences in education and cardiovascular risk predicting cognitiona

Predictor Risk factor for concordance (N ’s) Twin pairs concordant for
high dementia risk

Twin pairs concordant for
low dementia risk

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Education BMI (<25 versus ≥ 25)

(BMI < 25: n = 1225 twin individuals, 612 full twin pairs;
BMI ≥ 25: n = 553 twin individuals, 276 full twin pairs)

0.71 (0.29 to 1.14) 0.46 (0.24 to 0.68)∗

CAIDE-m (<5 versus 5–12) (CAIDE-m < 5: n = 342 twin
individuals, 171 full twin pairs; CAIDE-m 5–12: n = 464 twin
individuals, 232 full twin pairs)

0.66 (0.26 to 1.07) 0.29 (−0.01 to 0.58)

BMI Education (<12 versus ≥ 12) (Education <12: n = 1230 twin
individuals, 614 full twin pairs; Education ≥12: n = 165 twin
individuals, 82 full twin pairs)

−0.13 (−0.36 to 0.10) −0.33 (−0.86 to 0.20)

CAIDE-m Education (<12 versus ≥ 12) (Education <12: n = 766 twin
individuals, 276 full twin pairs; Education ≥12: n = 114 twin
individuals, 43 full twin pairs)

−0.19 (−0.63 to 0.25) 0.15 (−1.18 to 1.48)

Abbreviations: BMI, body mass index; CAIDE-m, modified version of Cardiovascular Risk Factors, Aging and Dementia risk score. aAll analyses are adjusted for
age. Age is centered. Concordant for education signifies that the members of a twin pair have the same years of education. Concordant for BMI signifies that the
members of a twin pair have the same weight category (<25, ≥25). Concordant for CAIDE-score without education signifies that the members of a twin pair have
the same CAIDE score without education category (scores 0–5 and scores 5–12). Interaction analyses did not show significant interaction for different association
in twin pairs concordant for high versus low CV risk factors (P interaction for BMI and education = 0.28 and P interaction for CAIDE-m and education = 0.14).

Within-family results provide more evidence for the
causal effect of educational attainment on old-age cognition
whereas the support for causality independent of genetic
and environmental effects was not observed for middle-
age CV risk factors—cognition associations. Our results
are in line with studies in dementia discordant twin pairs
indicating that education rather than BMI or other CV risk
factors is related to risk of dementia or cognitive decline
when controlling for genetic and environmental effects [15,
26], although contradicting findings exist [25, 27, 28].
Similarly, other studies have provided more causal evidence
for the educational attainment—dementia association [29,
30] with some evidence indicating the importance of higher
general cognitive ability as the mechanism behind the
education-dementia association [31, 32].

Our results imply that in a natural situation without
interventions, CV risk factors do not convey any additional
risk for worse late-life cognitive performance in individuals
with high level of education over and above the environment
and genetics shared with old-age cognition. We emphasise,
however, that the importance of CV risk factors should not
be overlooked. Our study results emphasise the importance
of primary and secondary education in dementia prevention
[33]. Recent evidence synthesis from Lancet Commission
attributed 7% of dementia prevalence to low education
and only 1% of dementia prevalence to overweight and
obesity [33] Further, it was estimated that 40% of world-
wide dementias could be prevented or postponed by affecting
12 modifiable factors (low education, hypertension, hearing
impairment, smoking, obesity, depression, physical inactiv-
ity, diabetes, and low social contact, excessive alcohol con-
sumption, traumatic brain injury and air pollution; [33]).
Potential for dementia prevention is suggested to be higher
in low- and middle-income countries [29]. At the same
time, the incidence of dementia is stabilising or decreasing
in high-income countries [34], which may be explained by

the decreasing prevalence of these 12 modifiable risk factors
with education level in front.

Our results support a complex pattern of protective and
risk factors associations with dementia. According to our
results, CV risk factors could explain even a larger proportion
of dementias in low-educated individuals. On the other
hand, in countries with high level of education, the propor-
tion of dementias, which can be prevented or postponed,
may be significantly smaller. It must be also noted that both
dementia and lifestyle factors are considerably heritable [35].
Our results highlighted how closely bound the midlife CV
risk factors are with environment and genetics shared with
cognition, illustrating the difficulty in changing long-term
lifestyle habits. Interventions to change CV factors may need
to be well targeted and intensive [36].

The cut-off for high level of education in this study was
12 years. This particular cut-off is well in line with earlier
research showing that the age at which this level of education
is achieved (19 years in Finland) is likely to be also the thresh-
old at which education-associated gains in general cognitive
ability are likely to plateau [32]. Our result contrasting those
with less than 12 years of education and those with 12 years
or more education supports the suggestion that for better
dementia prevention, everyone should have access to primary
and secondary education [29]. Our data were limited in
individuals with high level of education and even more scarce
in persons with a university degree. Future studies should
systematically look if very high level of education grants even
more reserve against deteriorating effects of vascular risk on
cognition.

The strengths of our study included the midlife base-
line data and long follow-up of 28 years minimising the
possibility of reverse causation that occurs when CV risk
factors are measured in preclinical period of dementia [37].
The results from this large population-based sample with
high participation rates are well generalisable in the Finnish
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population because twins have been shown not to differ from
the general population in terms of several traits including
behaviour [38] or morbidity and mortality [39]. The preva-
lence of dementia in this study is also comparable to the
prevalence of dementia in the Finnish general population
[15]. Twin data allowed also to investigate if the protective
effect of education is evident in high CV risk individuals who
are matched according to shared environmental and genetic
background; quasi-experimental setting that cannot be used
in studies on unrelated individuals.

CV factors were self-reported, but Finns have been
shown to be reliable self-reporters of these measures [40,
41]. TELE/TICS cannot replace in-person neurological or
neuropsychological examinations and may be affected by
hearing problems. Drop-out analysis indicated selection:
the participants of the telephone screening study were more
educated. This phenomenon is common in research, and the
difference in this study was small. Further, our sample was
not selected in terms of midlife BMI. The effect sizes could
be stronger in an unselected study cohort.

Our study supported the CR hypothesis. Higher educa-
tion may allow for better tolerance of CV risk factors with
regard to old-age cognition. In twin pairs concordant for
high CV risk, the within-twin pair differences in education
were associated with within-twin pair differences in cogni-
tion highlighting the importance of education in dementia
prevention.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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