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Middle-age dementia risk scores and old-age
cognition: a quasi-experimental population-based
twin study with over 20-year follow-up
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ABSTRACT

Background Middle-age risk scores predict cognitive
impairment, but it is not known if these associations

are evident when controlling for shared genetic and
environmental factors. Using two risk scores, self-report
educational-occupational score and Cardiovascular Risk
Factors, Aging and Dementia (CAIDE), we investigated if
twins with higher middle-age dementia risk have poorer
old-age cognition compared with their co-twins with
lower risk.

Methods We used a population-based older Finnish
Twin Cohort study with middle-age questionnaire data
(n=15 169, mean age=52.0 years, SD=11.8) and old-
age cognition measured via telephone interview (mean
age=74.1, SD=4.1, n=4302). Between-family and
within-family linear regression analyses were performed.
Results In between-family analyses (N=2359), higher
educational-occupational score was related to better
cognition (B=0.76, 95% Cl 0.69 to 0.83) and higher
CAIDE score was associated with poorer cognition
(B=-0.73, 95% CI —0.82 to -0.65). Within twin-pair
differences in educational-occupational score were
significantly related to within twin-pair differences

in cognition in dizygotic (DZ) pairs (B=0.78, 95% Cl
0.25 to 1.31; N=338) but not in monozygotic (MZ)
pairs (B=0.12, 95% Cl —0.44 to 0.68; N=221). Within
twin-pair differences in CAIDE score were not related to
within twin-pair differences in cognition: DZ B=—0.38
(95% CI —0.90 to 0.14, N=343) and MZ B=-0.05 (95%
Cl—0.59 to 0.49; N=226).

Conclusion Middle-age dementia risk scores predicted
old-age cognition, but within twin-pair analyses gave
little support for associations independent of shared
environmental and genetic factors. Understanding
genetic underpinnings of risk score—cognition
associations is important for early detection of dementia
and designing intervention trials.

INTRODUCTION

Dementia is a major challenge for healthcare and
society. Currently, there is no treatment to stop or
revert Alzheimer’s disease (AD) or similar disorders
leading to old-age dementia. Multi-domain life-
style interventions may, however, delay the onset of
dementias.! Early detection of high-risk individuals
may be useful in targeting multi-domain lifestyle
interventions and finding disease-modifying drugs
for preclinical AD, and it is important because AD
process starts 2030 years prior to diagnosis.” Risk

,'? Noora Lindgren @ ,* Juha O Rinne,”

scores can predict dementia in late life, but few
midlife dementia risk scores exist. Only the Cardio-
vascular Risk Factors, Aging and Dementia (CAIDE)
risk score® of these has been externally validated.*”

Between-family associations in samples of unre-
lated individuals can support the utility of the risk
scores in detection of high-risk individuals, but they
cannot tell if these associations are evident when
controlling for shared genetic and environmental
influences. Ideally, one would randomise people
into high-risk versus low-risk groups, but this is not
possible in practice. The closest to experimental
design in humans is the use of within-family design
comparing relatives, ideally siblings with different
levels of risk factors.

Monozygotic (MZ) twins are genetically iden-
tical whereas dizygotic (DZ) twins, like non-twin
siblings, share on average 50% of their segregating
genes. Although MZ twins resemble each other
more than DZ twins with regard to dementia,
cognition and lifestyle factors such as educational
attainment and cardiovascular risk factors,® even
MZ twins in a pair can differ in any of these factors.
Quasi-experimental twin design tests if within twin-
pair differences in risk factors are related to within
twin-pair differences in cognition by controlling
for shared environmental (both in DZs and MZs)
and genetic influences (fully in MZs and partly in
DZs). Compared with studies of unrelated indi-
viduals, this design provides more robust evidence
regarding genetic and environmental underpinnings
of risk factor—cognition associations. Evidence
for an association independent of shared genetic
and environmental factors is supported when the
individual-level (between-family) associations are
evident also in within-family comparisons of both
DZ and MZ twin pairs.’ In these analyses, shared
environmental effects refer to all environmental
effects that make MZ or DZ twins within a pair
similar. If the associations in DZ or MZ twin pairs
are similar in magnitude but non-significant, then
these associations are driven by shared environ-
mental effects. If the associations are evident in
DZs but not in MZs, then the relationship between
risk factors and cognition is confounded by shared
genetic effects. Partial genetic confounding occurs
when the within-family associations are significant
but smaller than between-family associations and
MZ within twin-pair associations are about half of
the DZ within twin-pair associations. In general,
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Neurodegeneration

smaller within MZ than DZ pair associations are suggestive of
genetic confounding (ie, controlling for greater genetic similarity
yields weaker association between risk factors and cognition).

In this study, we used a population-based longitudinal older
Finnish Twin Cohort (FTC) study to investigate both between-
family and within-family associations of two middle-age dementia
risk scores—educational-occupational score'® and CAIDE’—
with old-age cognitive functioning. Educational-occupational
score was created in the FTC (no within-family analyses).'’ An
earlier study from the FTC found that self-report measure —based
CAIDE score had c-statistics of 0.74” which is comparable with
original CAIDE score.® Virta et al” used also quasi-experimental
twin design to study individual CAIDE factors (obesity, hyper-
tension, hypercholesterolemia and physical inactivity) in relation
to cognitive status (cognitively healthy vs impaired), but none
of the associations were statistically significant in 54-67 twin
pairs clearly discordant for cognitive function (TELE telephone
cognition interview score either <l6or >17.5). The current
study goes beyond Virta et al’s study” in three important ways.
First, we have a larger sample size allowing to study separately
MZ and DZ pairs. Second, we studied the association of CAIDE
score rather than individual factors with old-age cognition in
within twin-pair analyses. Third, we used a continuous outcome
measure.

The aim of the current study was to investigate if middle-age
risk scores are associated with cognitive function in old age by
conducting between-family and within-family analyses. The
hypothesis was that co-twins with higher middle-age dementia
risk have poorer old-age cognition compared with their co-twins
with lower middle-age dementia risk.

METHODS

Participants

We used a population-based longitudinal FTC study comprising
all Finnish same-sex twins born before 1958 with both co-twins

alive in 1967.% Questionnaire data were collected in 1975 and
1981 (all cohorts) and in 1990 (those born 1930 or later). The
participation rates were 89%, 84% and 77%, respectively.®
Those who were at least 65 years were invited to participate in
a telephone interview for screening of cognition in two waves:
in 1999-2007 (twins born in 1937 or earlier) and in 2013-2017
(cohorts 1938-1944) with a participation rate of 67%.% DNA-
based zygosity was available for 67% (483 full twin pairs) and
61% (1001 full twin pairs) of participants with CAIDE and
educational-occupational score, respectively. For the rest of the
participants, zygosity was determined in 1975 with a validated
questionnaire with accuracy of over 90%."!

A total of 15 169 twins participated in 1975 and/or 1981.
Of these, 14 029 had data to calculate educational-occupational
score and a total of 5193 participants (37-59 years old at base-
line) had middle-age data on factors included in the CAIDE
score (figure 1). Of these, 3982 and 2359 had cognitive data
for educational-occupational and CAIDE score analyses, respec-
tively. Finally, 2335 participants had data for both risk scores
and cognition (figure 1).

The FTC study has been conducted according to the Decla-
ration of Helsinki. Returning questionnaire was considered as
consent to participate. Questionnaire study was approved by
the National Board of Health. The study participants have been
repeatedly informed about the study and they have been able
to withdraw from it. The participants of the telephone inter-
view gave informed consent. Telephone interview protocol
was approved by the Ethical Committee of Hospital District of
Southwest Finland.

Middle-age dementia risk scores

CAIDE score

We calculated CAIDE score based on self-report measures. The
highest self-reported education (“Which schools and classes you
have attended?”) in 1975 or 1981 was used and transformed

[ 17 366 twin individuals born before 1945

l

14 029 twin individuals have educational-occupational score (from 1975 and 1981 questionnaires) and 5193 have CAIDE score (from
1981 or 1981 and partly 1990 questionnaires)

6328 twin individuals aged 265 years were invited to participate in cognition interviews
*  Both co-twins alive with known address in Finland
e Has not participated in selected earlier studies implemented

89 had died

29 refused because twin, spouse or guardian thought the twin is unable to answer
487 were not reached

1278 refused or the spouse or the guardian of the twin refused

143 were excluded for other reasons (eg. did not finish the interview)

294 excluded from the analyses of educational-occupational score because baseline
age >= 60 years

e 3982 twin individuals aged < 60 years at baseline with educational-occupational score answered the cognition interview (769 DZ twin

pairs, 470 MZ twin pairs, 4 pairs of unknown zygocity)

pairs, 1 pair of unknown zygocity)

had data for both the risk scores and cognition

2359 twin individuals aged < 60 years at baseline with CAIDE score answered the cognition interview (343 DZ twin pairs, 226 MZ twin

2335 (338 DZ pairs, 221 MZ pairs, 1 pair with unknown zygosity, and 1215 twins without a co-twin) participants aged < 60 years at baseline

Figure 1 Flowchart of the study. DZ, dizygotic; MZ, monozygotic.
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Table 1 Characteristics of the dementia risk scores with comparisons of the categorisations used in the original CAIDE study® and the current
study (modified from’)
Self-report
CAIDE in CAIDE score score (max
CAIDE categories FTC (max 15)* Educational-occupational categories 25)
Age, years <47 <47 0 Education, years Less than 6 0
47-53 47-53 3 6 4
>53 >53 4 7-8 6
9 6
Education, years =10 >10 0 10-11 7
7-9 7-9 2 12 or more 1"
0-6 0-6 3 Work status Not working 0
Home maker 1
Gender Female Female 0 Working/studying 1
Male Male 1 Nature of work Very monotonous 0
Somewhat monotonous/somewhat 2
variable
Midlife high BP Systolic BP <140 mmHg BP found to be normal 0 Very variable 2
Systolic BP >140mm Hg BP found to be high/slightly 2 Work environment Outdoors or both outdoors and indoors 0
elevated
Indoors 1
Midlife BMI <30kg/m? <30kg/m? 0 Physical loading of work ~ Heavy manual labour 0
>30kg/m? >30kg/m’ 2 Manual labour: standing and 1
walking+lifting and carrying
Manual labour: standing and walking 1
Midlife cholesterol level ~ <6.5mmol/L Cholesterol found normal 0 Mainly sitting, very little physical
activity required
>6.5mmol/L Cholesterol found high 2 Age in years >60 0
54-59 4
Midlife physical activity ~ Active (physical activity =22 Active (physical activity at 0 47-53 6
times/week, lasting at least  least six times/month, at 40-46 3
20-30min per time, causing  least 30 min mean duration, . s
<

sweating and breathlessness) intensity corresponding at

least vigorous walking)

Inactivet Inactivet 1

Educational-occupational score is based on Vuoksimaa et a/."’

*The original CAIDE score encompasses a scoring system with or without APOE allele status. We used the scoring system without APOE allele status because our MZ within-family analyses are

naturally matched for the APOE allele status.
tPhysically inactive means that the participant does not fulfil the criteria of physically active.

BMI, body mass index; BP, blood pressure; CAIDE, Cardiovascular Risk Factors, Aging and Dementia; CR, cognitive reserve; FTC, Finnish Twin Cohort.

into years of education'* (table 1). Participants were categorised
as having hypertension in 1981 (or in 1975 if missing infor-
mation in 1981) if they reported elevated or slightly elevated
blood pressure as measured by a healthcare professional during
the last Syears (5years was the exact phrasing in these ques-
tions in 1981 and 1975). Body mass index (BMI, weight/height-
squared) was calculated from self-reported weight and height
in 1975 and 1981. Self-reported weight and height are highly
correlated with measured height and weight,”® and we used a
mean BMI of 1975 and 1981 or only single time point in case
of missing data. Obesity was defined as BMI >30kg/m”. Hyper-
cholesterolemia in 1981 was based on elevated self-reported
cholesterol levels. If the cholesterol data from 1981 was missing,
the information from 1990 questionnaire (available for those
born in 1930 or later) was used. Cholesterol values from 1990
were divided according to even numbers and we used value of
at least 6.0mmol/L as the threshold for elevated total choles-
terol (6.5 mmol/L in the original CAIDE score). Physical activity
information was based on 1981 data but if missing, we used the
information from 1975 questionnaire. Participants exercising at
least six times per month with a mean duration of at last 30 min
with intensity corresponding at least vigorous walking were
categorised as ‘active’ and others were classified as physically
inactive.”

Additional covariates

The presence of doctor-diagnosed diabetes was queried both in
1975 and in 1981 and having diabetes was based on self-reported
diabetes in either year. Smoking status in 1981 (or in 1975 if
missing data in 1981) based on a detailed set of questions was
classified as having never smoked or being an occasional smoker,
former smoker or current smoker."* Depressive symptoms were
measured with Center for Epidemiologic Studies Depression
Scale (CES-D)" at the time of the telephone interview in those
born in 1938-1944 (total score ranges from 0 to 60 with higher
scores indicating more depressive symptoms). Five persons who
had four or more missing items in CES-D were excluded.

Educational-occupational score

The variables included in the educational-occupational score were
self-reported age, years of education, work status, complexity of
work, physical loading of work and work environment (table 1).
As in the CAIDE score categorisation, education was the highest
years of education either from the 1975 or 1981 questionnaire.
Work status, complexity of work, physical loading of work and
work environment were available both in 1975 and 1981 ques-
tionnaires and were categorised as presented in table 1. In order
to match the answering age of these variable to CAIDE variables,
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we used data from 1981 but if missing, data from 1975 were
used.

Telephone assessment of cognition at follow-up

Telephone interview consisted of two validated instruments:
Telephone assessment of dementia (TELE)'® and Telephone
Interview of Cognitive Status (TICS)" (Finnish versions in'®).
In this study, we used a continuous score of all TELE and TICS
item taking into account overlapping items, total score of cogni-
tion (referred in this article as ‘cognition’ with a possible range
from 0 to 51).'° We also used a categorical dementia definition
with scores of both <16 in TELE and <22.5 in TICS indicating
dementia.'

Statistical analyses

We used linear regression analysis to evaluate the relationship
between risk scores and cognition. A robust cluster variance
estimator was used to adjust standard errors and p values for
the dependence of observations in twin data.'” The results are
reported in beta estimates and 95% CIs. The length of the
follow-up was used as a covariate. In the analyses of CAIDE
risk score, the follow-up started from the baseline year 1981
or from 1990 for those who had not answered the cholesterol
question in 1981 (44.2% of the participants). In the analyses of
educational-occupational score, the follow-up began primarily
from 1981 but from 1975 for those who had not answered the
questionnaire in 1981 (8.5% of the participants). Models were
run with and without age. CES-D was used as a covariate. In
CAIDE analyses, diabetes and smoking were used as additional
covariates and we also used CAIDE score without education. For
educational-occupational score, CAIDE score without education
was used as additional covariate.

In within twin-pair analyses, we used a fixed-effect linear
conditional regression analysis. Here, the model was ran by
regressing the within twin-pair differences in the risk score on
the within twin-pair differences in cognition.?’

With regard to educational-occupational score, we ran models
with all available data (N=3982) and then in those with avail-
able CAIDE score (N=2335). CAIDE score analyses were ran
with all available data (N=2359) and also by restricting analyses
to those with a follow-up time comparable with educational-
occupational score, that is, at least 16.5 years of follow-up to
minimise the possibility of reverse causation (N=1957). Post hoc
analyses included only pairs with DNA-based zygosity.

RESULTS

Demographics

The participants had a mean age of 49.1 (SD=5.9) years at the
baseline (table 2). They had on average 8.0 (SD=2.9) years
of education, 25.9% had elevated blood pressure and 31.1%
had elevated cholesterol level; 3.9% were unemployed or on
pension. The mean follow-up time was 23.8 years (SD=6.3,
range 8.5-35.7) for CAIDE score and 28.0 years (SD=35.8, range
16.5-41.6) for educational-occupational score. The mean cogni-
tion score was 40.6 (SD=4.9) and there were 89 persons (3.8%)
with dementia.

Drop-out analyses

Twins who had cholesterol information (N=2359) had better
cognition compared with those who had no cholesterol infor-
mation (N=1632) with mean cognition scores of 40.6 (SD=4.9)
and 39.5 (SD=3.5), respectively (p<0.001). Compared with
those who participated in the telephone interview, those who

did not participate in the telephone interview were younger, less
educated, less often working or studying and their work was
more physical (table 2).

Between-family analyses

In individual-level analyses, higher middle-age educational-
occupational score was associated with better old-age cognition
and higher CAIDE score was associated with poorer old-age
cognition (tables 3 and 4, figure 2). Adjusting for depressive
symptoms reduced the beta estimates, but the risk score —cogni-
tion associations were still statistically significant. The results
with both risk scores were similar when adjusting for age and
sex ((online supplemental table 1). Educational-occupational
score without age (age as a covariate) was statistically significant
predictor of cognition (B=0.75, 95% CI 0.68 to 0.82). Similarly,
CAIDE score without age (age as a covariate) was statistically
significant predictor of cognition (B=-0.78, 95% CI —0.87 to
-0.69).

Association between educational-occupational score and
cognition remained similar after adjustment for CAIDE score
without education (table 3). Association between CAIDE score
and cognition remained similar after adjustment for education
(online supplemental table 1). Diabetes or smoking were not
associated with cognition over and above CAIDE score (table 4).
The results were similar if only twins with co-twins were included
(online supplemental table 1).

Within-family analyses

In within-family analyses, co-twins with higher educational-
occupational score had significantly better cognition compared
with their co-twins with lower educational-occupational score
(B=0.63 (95% CI 0.22 to 1.04), N=570 pairs). Significant
within-family educational-occupational score—cognition associ-
ations were evident within DZ but not within MZ twin pairs
(table 3, figure 2). Results were similar when adjusted for CAIDE
score without education but not after adjusting for depressive
symptoms (table 3).

Co-twins with higher CAIDE score did not have poorer
cognition compared with their co-twins with lower CAIDE
score (B=-0.29 (95% CI —0.69 to 0.10), N=570 pairs) and
this result was similar when adjusting for depressive symptoms
(table 4, figure 2).

Sensitivity analyses

Results were similar when including only pairs with DNA-based
zygosity (data not shown). Restricting the CAIDE score analysis
to those with at least 16.5 years of follow-up (ie, corresponding
the minimum follow-up with educational-occupational score)
yielded similar results as in the whole cohort (table 4).

DISCUSSION

In this longitudinal population-based twin cohort study, both
CAIDE and educational-occupational risk scores in middle age
were significantly associated with old-age cognition over 20
years later. These results are consistent with our earlier reports
and suggest that self-report middle-age scores are applicable
in recognising middle-aged individuals at risk for cognitive
impairment.” ' One point in CAIDE score was associated with
0.73 points poorer cognition and one point in educational-
occupational score was associated with 0.76 points higher cogni-
tion. These correspond approximately to the effect of 1.5 years
on cognitive performance in this sample. We found no additional
predictive ability of self-reported diabetes and smoking beyond
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Table 2 Baseline characteristics of the participants with available middle-age CAIDE score and educational-occupational score®

Those who had

Those who had CAIDE score
CAIDE score and did not
and participated  participate in P value for Those who had educational- Those who had educational- P value for
in cognition the cognition the difference  occupational score and occupational score and did not  the difference
interview interview between participated in cognition interview participate in the cognition between
(n=2359) (n=559) groups* (n=3982) interview (n=1315) groups*
Age (years, mean, SD) 49.1 (5.9) 47.8 (6.1) <0.0001 45.5 (6.5) 43.8 (6.9) <0.0001
Education (years, mean, SD) 8.0(2.9 7.4(2.6) <0.0001 7.9(2.9) 72(2.4) <0.0001
Blood pressure
Normal (n, %) 1748 (74.1) 413 (73.9) 3006 (76.2) 1015 (78.6)
Slightly elevated or elevated (n, %) 611 (25.9) 146 (26.1) 0.92 937 (23.8) 276 (21.4) 0.08
BMI (kg/mz, mean, SD) 245 (3.0) 243 (3.1) 0.21 245 (3.0) 243 (3.2) 0.09
Cholesterol level
Normal (n, %) 1626 (68.9) 403 (72.1) 1655 (68.7) 409 (72.3)
Elevated (n, %) 733 (31.1) 156 (27.9) 0.14 755 (31.3) 157 (27.7) 0.10
Physical activity
Active (n, %) 604 (25.6) 147 (26.2) 977 (24.6) 290 (22.2)
Inactive (n, %) 1755 (74.4) 412 (73.7) 0.74 2988 (75.4) 1019 (77.8) 0.07
Diabetes
No diabetes (n, %) 2323 (98.6) 550 (98.4) 3924 (99.0) 1285 (98.5)
Diabetes (n, %) 32(1.4) 9(1.6) 0.65 43(1.1) 19(1.5) 0.28
Smoking status
Never smoker (n, %) 1234 (52.4) 304 (54.5) 2103 (52.9) 666 (50.8)
Occasional smoker (n, %) 68 (2.9) 18(3.2) 120 (3.0) 33(2.5)
Former smoker (n, %) 604 (25.6) 120 (21.5) 954 (24.0) 264 (20.2)
Current smoker (n, %) 450 (19.1) 116 (20.8) 0.23 798 (20.1) 347 (26.5) <0.001
Work status
Working/studying (n, %) 2106 (89.4) 474 (85.1) 3420 (85.9) 1079 (82.0)
Home maker (n, %) 160 (6.8) 50 (9.0) 358(9.0) 150 (11.4)
Not working (n, %) 91 (3.9 33(5.9 0.02 204 (5.1) 86 (6.5) <0.01
Nature of work
Very monotonous (n, %) 44 (1.9) 14 (2.5) 80 (2.0) 41(10.3)
Somewhat monotonous/somewhat variable 1625 (69.4) 422 (76.6) 2800 (70.4) 974 (24.5)
(n, %)
Very variable (n, %) 672 (28.7) 115 (20.9) <0.01 1097 (27.6) 298 (7.5) <0.001
Work environment
Outdoors/outdoors and indoors (n, 741 (31.4) 167 (29.9) 1372 (34.5) 455 (34.6)
%)
Indoors (n, %) 1616 (68.6) 391 (70.1) 0.49 2610 (65.5) 860 (65.4) 0.92
Physicality of work
Heavy manual labour (n, %) 212 (9.0) 52 (9.4) 431(10.8) 155 (11.8)
Manual labour: standing and 808 (34.3) 246 (44.2) 1475 (37.0) 599 (45.6)
walking-+liftingand carrying (n, %)
Manual labour: standing and walking 427 (18.1) 99 (17.8) 695 (17.5) 227 (17.3)
(n, %)
Mainly sitting, very little physical activity 909 (38.6) 159 (28.6) <0.001 1381 (34.7) 334 (25.4) <0.001
required (n, %)
CAIDE score 6.7 (2.8) 6.5(2.7) 0.09 6.7 (2.8) 6.5(2.7) 0.10
Educational-occupational score 17.8(3.2) 17.6 (3.0) 0.10 17.5(3.3) 17.1 (3.0 <0.01

*Statistical difference tested with t-test for continuous values and with x* test for categorical values.

tThe percentage of data used from 1981 for CAIDE score (the rest of the data comes from 1990 for cholesterol values and from 1975 for the other values): cholesterol 55.8%, blood pressure
90.0%, body mass index (BMI) 96.6%, physical activity 96.4%, education 96.9% and age 55.8%. The percentage of data used from 1981 for educational-occupational score (the rest of the data
comes from 1975): education 96.9%, work status 96.5%, nature of work 96.4%, work environment 96.6%, physicality of work 96.2% and age 97.0%.

the original CAIDE score, as found in another validation study
of CAIDE score.®

We are not aware of earlier studies investigating if within
twin-pair differences in dementia risk scores are related to
within twin-pair differences in old-age cognition. This quasi-
experimental twin design indicated that the associations between
risk scores and old-age cognition are confounded by genetic and
shared environmental influences.

Considering clinical utility, our results suggest that dementia
risk scores should be used together with genetic risk. Recognising
the importance of genetic influences on the risk score—cogni-
tion associations is also important when designing intervention
trials. For example, in the Finnish Geriatric Intervention Study
to Prevent Cognitive Impairment and Disability (FINGER)
study where participants were selected according to CAIDE
score, intervention effects may be different between those with
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Table 3 Results from linear regression analysis between educational-occupational score and total cognition on average 28.0 years later*

Beta estimate for total cognitive score (95% Cls)

Between-family analysis* Within-family analysist

Within-family analysis in
DZ twins#

Within-family analysis
in MZ twins§

All with baseline age <60 years 0.78 (0.73 to 0.83)
0.76 (0.69 to 0.83)

0.74 (0.67 to 0.81)

Participants for whom also CAIDE available
Participants for whom also CAIDE available adjusted for
CAIDE score without education
Participants for whom also CAIDE available adjusted for
depressive symptoms
Participants for whom also CAIDE available adjusted for
CAIDE score without education and depressive symptoms

0.57 (0.49 to 0.65)

0.56 (0.48 to 0.64)

0.60 (0.37 to 0.85)
0.63 (0.22 to 1.04)
0.63 (0.22 to 1.04)

0.22 (-0.21 t0 0.65)

0.22 (-0.21 t0 0.65)

0.69 (0.39 to 0.99)
0.78 (0.25 to 1.31)
0.78 (0.26 to 1.31)

0.31 (-0.22 t0 0.85)

0.31 (-0.22 t0 0.85)

0.32 (-0.03 to0 0.68)
0.12 (-0.44 t0 0.68)
0.11 (-0.46 to 0.68)

—0.08 (—0.86 t0 0.71)

—0.10 (-0.91 t0 0.71)

*N=3982 all twin individuals, 2335 twin individuals for participants with also CAIDE, 2335 twin individuals in the analyses adjusted for CAIDE score without education, 1101
twin individuals in the analyses adjusted for depressive symptoms and 1101 twin individuals in the analyses adjusted for CAIDE without education and depressive symptoms.
tN=1243 all twin pairs, 570 twin pairs for participants with also CAIDE, 570 twin individuals in the analyses adjusted for CAIDE score without education, 267 twin pairs in the
analyses adjusted for depressive symptoms and 267 twin pairs in the analyses adjusted for CAIDE without education and depressive symptoms.

$N=769all twin pairs and 343 twin pairs for participants with also CAIDE, 343 twin individuals in the analyses adjusted for CAIDE score without education, 151 twin pairs in the
analyses adjusted for depressive symptoms and 151 twin pairs in the analyses adjusted for CAIDE without education and depressive symptoms.

§N=470 all twin pairs and 226 twin pairs for participants with also CAIDE, 226 twin individuals in the analyses adjusted for CAIDE score without education, 115 twin pairs in the
analyses adjusted for depressive symptoms and 115 twin pairs in the analyses adjusted for CAIDE without education and depressive symptoms.

Al the results have been adjusted for the length of follow-up. The statistically significant results are typed in bold. Higher educational-occupational score is associated with

better cognition.
DZ, dizygotic; MZ, monozygotic.

or without the Apolipoprotein E (APOE) g4-allele.”' However,
genetic risk of dementia goes beyond APOE. Although AD is
highly polygenic, current polygenic risk scores of AD account
for only a small part of its heritability.”* Within-family analyses
in MZ pairs control for all genetic effects even without any
measured variants.

The within twin-pair analyses showed that the effect of
educational-occupational score on old-age cognition was still
evidentin DZ pairs. However, within twin-pair analyses were non-
significant in MZ pairs indicating that the association between
educational-occupational score and cognition is confounded by
shared genetic factors. A recent Mendelian randomisation study
indicated that the association between higher educational attain-
ment and lower dementia risk is mostly due to genetic effects
related to intelligence.”® Also, studies with measured young adult

intelligence have suggested that the protective effect of higher
education is explained mostly by premorbid cognitive ability.***

Regarding CAIDE score, neither analyses in DZ or MZ pairs
yielded significant within-family associations suggesting that
the relationship between CAIDE score and old-age cognition is
confounded by shared environmental and possibly to a lesser
degree also by genetic effects. Our study does not support the
notion that this combination of cardiovascular risk factors would
be causally associated with late-life cognition. Mendelian rando-
misation studies addressing cardiovascular risk factors and later
dementia or AD incidence have found no consistent evidence
for a causal association between BMI and dementia or choles-
terol levels and dementia or AD.*® Further, early family factors
such as poor socioeconomic status have found to largely explain
associations between cardiovascular health and cognition.”” We

Table 4 Results from linear regression analysis between CAIDE score and total cognition on average 23.8 years later*

Beta estimate for total cognitive score (95% Cls)

Between-family analysis*

Within-family analysist

Within-family analysis in DZ
twins#

Within-family analysis in
MZ twins§

CAIDE score

CAIDE score adjusted for depressive symptoms
CAIDE score, participants with at least 16.5 years
of follow-up

CAIDE score without education adjusted with
years of education

Diabetes (from multivariate linear regression with
CAIDE score)

Smoking (from multivariate linear regression
analysis with CAIDE score)

~0.73 (~0.82 to -0.65)
~0.56 (~0.68 to —0.44)
~0.69 (~0.78 to —0.60)

-0.40 (-0.51 to —0.30)
-0.37 (-2.04 to 1.31)

-0.08 (-0.24 to 0.08)

-0.29 (-0.69 to 0.10)
—0.14 (-0.60 to 0.32)
-0.22 (-0.73 to 0.30)

-0.10 (-0.52 t0 0.31)

—0.38 (—0.90 to0 0.14)
—0.22 (-0.82 t0 0.38)
—0.29 (—0.98 to0 0.41)

—0.13 (—0.70 to 0.44)

—0.05 (—0.59 to 0.49)
0.11 (-0.62 to 0.84)
-0.03 (-0.77 t0 0.71)

—0.05 (-0.60 to 0.51)

*N=2359all twin individuals, N=1109 for analyses adjusted with depressive symptoms, N=1957 for those with follow-up of at least 16.5 years, N=2359 for analyses with CAIDE
score without education, N=2355 for diabetes analyses and N=2356 for smoking analyses.
tN=570all twin pairs, N=267 twin pairs for analyses adjusted with depressive symptoms, N=406 twin pairs for those with follow-up of at least 16.5 years and N=570 for

analyses with CAIDE score without education.

$N=343 all twin pairs, N=151 twin pairs for analyses adjusted with depressive symptoms, N=235 twin pairs for those with follow-up of at least 16.5 years and N=343 twin pairs

for analyses with CAIDE score without education.

§N=226 for all twin pairs, N=115twin pairs for analyses adjusted with depressive symptoms, N=170 twin pairs for those with follow-up at least 16.5 years and N=226 twin pairs

for analyses with CAIDE score without education.

Al the results have been adjusted for the length of follow-up. The statistically significant results are typed in bold. Higher CAIDE score is associated with poorer cognition.

Dz, dizygotic; MZ, monozygotic.
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Figure 2 Results from within-pair linear regression analysis between midlife dementia risk scores (CAIDE score and educational-occupational score)
and total cognition on average 26 years later for all twins, dizygotic (DZ) twins and monozygotic (MZ) twins. Error bars signify Cls. Higher CAIDE score is
associated with poorer cognition and higher educational-occupational score is associated with better cognition.

also note that the effects of the three main drivers of vascular
burden—blood pressure,”® BMI?’ and cholesterol levels**—on
cognition are age-dependent. In studies with short follow-up
times, these cardiovascular risk factors may operate in oppo-
site direction due to reverse causation making it important to
measure risk factors before the onset of dementia process. Our
results with CAIDE score were similar in a subgroup with at least
16.5 years of follow-up indicating that our results were likely
not attributable to reverse causation.

Age has been suggested to be the main driving factor of
dementia risk scores with other risk factors having little contri-
bution to the risk estimate beyond age.® We found that risk scores
were associated with old-age cognition over and above age (in
within-family analyses, twins were by design age-matched).
Adjustments of educational-occupational score with cardiovas-
cular risk factors did not change the results. Both middle-age
risk scores were associated with old-age cognition after adjusting
for old-age depressive symptoms in between-family analyses.
However, in within-family analyses, the significant association
between educational-occupational score was no longer signifi-
cant after adjusting for depressive symptoms. This may be due
to the smaller sample size (1101 vs 23335, depressive symptoms
available only for those born in 1938-1944) but may also reflect
depressive symptoms as prodromal feature of dementia or shared
cause of cognitive impairment and depressive symptoms.*!

Representativeness of our sample

The prevalence of dementia—based only on telephone inter-
views—in our study cohort (3.8%), mean age 72.9, range 66—87)
is comparable with the prevalence of dementia in the Finnish
general population (4.2% in a slightly younger sample of mean
age 68.4 years (range 60-76)).>* There was no significant differ-
ence in CAIDE score between participants and non-participants
of the cognitive assessment. However, participants in the cogni-
tive assessment had higher education and occupational attain-
ment than non-participants. Higher socioeconomic status and
better health in study participants are commonly observed
phenomena as seen in our study.

Limitations

Performance on telephone interview could be affected by hearing
problems or by use of external aids such as calendars or calcula-
tors, although advised against. However, only a small percentage

of our cohort reported hearing problems and the number of
different tasks in our telephone cognition screening tool is an
asset. Survival bias could affect the results, but the participants
were mostly in their 70s at the time of cognition screening.

Self-reported risk factors may be vulnerable for recall bias and
interpretation. However, self-reports of hypertension,>> BMI"
and smoking®* are shown to be reliable and valid in Finnish
population. Also, our physical activity measure is a valid tool for
identifying physically active and inactive people.* On the other
hand, the self-report of diabetes from the 1980s may represent
only the tip of the iceberg as nearly half of persons with diabetes
are unaware of it.>® Measuring cholesterol levels also was not
routine in the healthcare system in 1970s and 1980s and the
thresholds for normal cholesterol values have evolved during the
course of the study.

Finally, dementia risk scores do not capture all within-pair
variation. For example, co-twins with high school and university-
level education have similar education score. Co-twins may also
have differing levels of cholesterol and blood pressure even
being in the same CAIDE score category. However, the aim of
the study was to assess the predictive value of dementia risk
scores that used these categories.

Strengths

Strengths of our study include the long follow-up time of over
20 years and enabled dementia risk prediction early enough
for possibility of prevention. The baseline age of our cohort
(middle-age) is good because we have information on risk factors
before the probable onset of the neurodegenerative disease. The
co-twin control design enabled to control for shared genetic and
environmental effects which is the flagship of our study. The
number of MZ (N=226) and DZ (N=343) pairs was relatively
large in the co-twin analyses.

CONCLUSIONS

Both midlife dementia risk scores (CAIDE and educational-
occupational score) predicted significantly old-age cognition.
However, co-twin control study design did not support an asso-
ciation between risk scores and old-age cognition independent
of shared genetic and environmental factors but rather high-
lighted the importance of genetic and environmental influences
in early detection of high dementia risk individuals. Recognising
the importance of genetic underpinnings of these associations is
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important for understanding the pathways to cognitive impair-
ment and dementia and may also have implications for selecting
individuals into intervention trials.

Twitter Eero Vuoksimaa @Vuoksimaa

Acknowledgements We thank Kauko Heikkild and Teemu Palviainen for data
management and Ulla Kulmala-Grahn, Kristiina Saanakorpi, Maarit Mantere,

Riitta Sipila and Maarit Hanhiala for conducting the telephone interviews and Pia
Ruokolinna for data entry. Special thanks goes to all the twins who have participated
in the FTC study enabling this study.

Contributors PI-M: study concept and design, statistical analysis, interpretation
of data and drafting the manuscript. NL: acquisition of data, interpretation of
data and revising the manuscript. JK: recruitment of the study cohort, supervision
of data collection, interpretation of data, revising the manuscript and obtaining
funding. JOR: supervision of data collection, interpretation of data, revising the
manuscript and obtaining funding. EV: study concept and design, interpretation of
data, statistical analysis, drafting/revising the manuscript, study supervision and
obtaining funding. All authors have provided critical comments on the manuscript
and approved the final version.

Funding This study was supported by the Juho Vainio Foundation and the
Academy of Finland research grants (314639, 320109 to EV; 265240, 263278,
308248, 312073 to JK; 310962 to JOR). JOR was supported also by the Sigrid
Juselius Foundation and Finnish State Research Funding. NL was supported by the
Finnish Cultural Foundation, Péivikki and Sakari Sohlberg Foundation, Yrj6 Jahnsson
Foundation, Turku University Foundation, Finnish State Research Funding and Finnish
Brain Foundation.

Competing interests JOR serves as a neurology consultant for Clinical Research
Services Turku (CSRT QOy). PI-M, EV, JK and NL have nothing to disclose.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Because
of the consent given by study participants and the high degree of identifiability,

data cannot be made publicly available. Data are available through the Institute for
Molecular Medicine Finland (FIMM) Data Access Committee (DAC) for authorised
researchers who have IRB/ethics approval and an institutionally approved study plan.
For more details, please contact the FIMM DAC (fimm-dac@helsinki.fi).

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Paula Iso-Markku http://orcid.org/0000-0001-6683-919X
Jaakko Kaprio http://orcid.org/0000-0002-3716-2455
Noora Lindgren http://orcid.org/0000-0003-1054-2607
Eero Vuoksimaa http://orcid.org/0000-0002-6534-3667

REFERENCES

1 NganduT, Lehtisalo J, Solomon A, et al. A 2 year multidomain intervention of diet,
exercise, cognitive training, and vascular risk monitoring versus control to prevent
cognitive decline in at-risk elderly people (finger): a randomised controlled trial.
Lancet 2015;385:2255-63.

2 Jansen WJ, Ossenkoppele R, Knol DL, et al. Prevalence of cerebral amyloid pathology
in persons without dementia: a meta-analysis. JAMA 2015;313:1924-38.

3 Kivipelto M, Ngandu T, Laatikainen T, et a/. Risk score for the prediction of dementia
risk in 20 years among middle aged people: a longitudinal, population-based study.
Lancet Neurol 2006;5:735—-41.

4 Hou X-H, Feng L, Zhang C, et al. Models for predicting risk of dementia: a systematic
review. J Neurol Neurosurg Psychiatry 2019;90:373-9.

5 Licher S, Yilmaz P, Leening MIG, et al. External validation of four dementia prediction
models for use in the general community-dwelling population: a comparative analysis
from the Rotterdam Study. Eur J Epidemiol 2018;33:645-55.

6 Exalto LG, Quesenberry CP, Barnes D, et al. Midlife risk score for the prediction of
dementia four decades later. Alzheimers Dement 2014;10:562-70.

7 Virta JJ, Heikkila K, Perola M, et al. Midlife cardiovascular risk factors and late
cognitive impairment. £ur J Epidemiol 2013;28:405-16.

8

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Kaprio J, Bollepalli S, Buchwald J, et al. The Older Finnish Twin Cohort — 45 Years of
Follow-up. Twin Res Hum Genet 2019;22:240-54.

Dick DM, Johnson JK, Viken RJ, et al. Testing between-family associations in within-
family comparisons. Psychol Sci 2000;11:409-13.

Vuoksimaa E, Rinne JO, Lindgren N, et a/. Middle age self-report risk score

predicts cognitive functioning and dementia in 2040 years. Alzheimers Dement
2016;4:118-25.

Sarna S, Kaprio J, Sistonen P, et al. Diagnosis of twin zygosity by mailed questionnaire.
Hum Hered 1978;28:241-54.

Silventoinen K, Kaprio J, Lahelma E. Genetic and environmental contributions to the
association between body height and educational attainment: a study of adult Finnish
twins. Behav Genet 2000;30:477-85.

Tuomela J, Kaprio J, Sipila PN, et al. Accuracy of self-reported anthropometric
measures — findings from the Finnish Twin Study. Obes Res Clin Pract 2019;13:522-8.
Kaprio J, Koskenvuo M. A prospective study of psychological and socioeconomic
characteristics, health behavior and morbidity in cigarette smokers prior to quitting
compared to persistent smokers and non-smokers. J Clin Epidemiol 1988;41:139-50.
Radloff LS. The CES-D scale: a self-report depression scale for research in the general
population. App/ Psychol Measur 1977;1:385-401.

Gatz M, Reynolds CA, John R, et al. Telephone screening to identify potential
dementia cases in a population-based sample of older adults. Int Psychogeriatr
2002;14:273-89.

Brandt J, Spencer M, Folstein M. The telephone interview for cognitive status.
Neuropsychiatry Neuropsychol Behav Neurol 1998;1:111-7.

Jarvenpda T, Rinne JO, Raiha |, et al. Characteristics of two telephone screens for
cognitive impairment. Dement Geriatr Cogn Disord 2002;13:149-55.

Williams RL. A note on robust variance estimation for cluster-correlated data.
Biometrics 2000;56:645-6.

McGue M, Osler M, Christensen K. Causal inference and observational research: the
utility of twins. Perspect Psychol Sci 2010;5:546-56.

Solomon A, Turunen H, Ngandu T, et a/. Effect of the apolipoprotein E genotype on
cognitive change during a multidomain lifestyle intervention: a subgroup analysis of a
randomized clinical trial. JAMA Neurol 2018;75:462-70.

Kunkle BW, Grenier-Boley B, Sims R, et al. Genetic meta-analysis of diagnosed
Alzheimer's disease identifies new risk loci and implicates A, tau, immunity and lipid
processing. Nat Genet 2019;51:414-30.

Anderson EL, Howe LD, Wade KH, et a/. Education, intelligence and Alzheimer’s
disease: evidence from a multivariable two-sample Mendelian randomization study.
Int J Epidemiol;7.

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;116:2021-6.

Osler M, Christensen GT, Garde E, et al. Cognitive ability in young adulthood and
risk of dementia in a cohort of Danish men, brothers, and twins. Alzheimers Dement
2017;13:1355-63.

Kuzma E, Hannon E, Zhou A, et al. Which risk factors causally influence dementia?

A systematic review of Mendelian randomization studies. J Alzheimers Dis
2018;64:181-93.

Kulshreshtha A, Goetz M, Alonso A, et al. Association between cardiovascular health
and cognitive performance: a twins study. J Alzheimers Dis 2019;71:957-68.

Qiu C, Winblad B, Fratiglioni L. The age-dependent relation of blood pressure to
cognitive function and dementia. Lancet Neurol 2005;4:487-99.

Kiviméki M, Luukkonen R, Batty GD, et al. Body mass index and risk of dementia:
analysis of individual-level data from 1.3 million individuals. Alzheimers Dement
2018;14:601-9.

Power MC, Rawlings A, Sharrett AR, et al. Association of midlife lipids with 20-year
cognitive change: a cohort study. Alzheimers Dement 2018;14:167-77.
Singh-Manoux A, Dugravot A, Fournier A, et al. Trajectories of depressive symptoms
before diagnosis of dementia: a 28-year follow-up study. JAMA Psychiatry
2017;74:712-8.

Hanninen T, Hallikainen M, Tuomainen S, et al. Prevalence of mild cognitive
impairment: a population-based study in elderly subjects. Acta Neurol Scand
2002;106:148-54.

Haapanen N, Miilunpalo S, Pasanen M, et al. Agreement between questionnaire data
and medical records of chronic diseases in middle-aged and elderly Finnish men and
women. Am J Epidemiol 1997;145:762-9.

Vartiainen E, Seppéla T, Lillsunde P, et al. Validation of self reported smoking by serum
cotinine measurement in a community-based study. J Epidemiol Community Health
2002;56:167-70.

Kujala UM, Kaprio J, Sarna S, et al. Relationship of leisure-time physical activity and
mortality: the Finnish twin cohort. JAMA 1998,279:440—-4.

Yliharsila H, Lindstrom J, Eriksson JG, et al. Prevalence of diabetes and impaired
glucose regulation in 45- to 64-year-old individuals in three areas of Finland. Diabet
Med 2005;22:88-91.

330

Iso-Markku P, et al. J Neurol Neurosurg Psychiatry 2021;92:323-330. doi: 10.1136/jnnp-2020-324009

1ybuAdoo
Aq pa1oajoid 1sanb Aq TZ0zZ ‘Sz yoselN uo jwoo fwqg-duuly:dny wouy papeojumoq 020z J8qWIBA0N G U0 600172E-0202-duul/oeTT 0T Se paysiignd 1sii :AelyaAsd BinsoinaN |oinaN


https://twitter.com/Vuoksimaa
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-6683-919X
http://orcid.org/0000-0002-3716-2455
http://orcid.org/0000-0003-1054-2607
http://orcid.org/0000-0002-6534-3667
http://dx.doi.org/10.1016/S0140-6736(15)60461-5
http://dx.doi.org/10.1001/jama.2015.4668
http://dx.doi.org/10.1016/S1474-4422(06)70537-3
http://dx.doi.org/10.1136/jnnp-2018-318212
http://dx.doi.org/10.1007/s10654-018-0403-y
http://dx.doi.org/10.1016/j.jalz.2013.05.1772
http://dx.doi.org/10.1007/s10654-013-9794-y
http://dx.doi.org/10.1017/thg.2019.54
http://dx.doi.org/10.1111/1467-9280.00279
http://dx.doi.org/10.1016/j.dadm.2016.08.003
http://dx.doi.org/10.1159/000152964
http://dx.doi.org/10.1023/A:1010202902159
http://dx.doi.org/10.1016/j.orcp.2019.10.006
http://dx.doi.org/10.1016/0895-4356(88)90088-1
http://dx.doi.org/10.1017/S1041610202008475
http://dx.doi.org/10.1159/000048646
http://dx.doi.org/10.1111/j.0006-341X.2000.00645.x
http://dx.doi.org/10.1177/1745691610383511
http://dx.doi.org/10.1001/jamaneurol.2017.4365
http://dx.doi.org/10.1038/s41588-019-0358-2
http://dx.doi.org/10.1093/ije/dyz280
http://dx.doi.org/10.1073/pnas.1811537116
http://dx.doi.org/10.1016/j.jalz.2017.04.003
http://dx.doi.org/10.3233/JAD-180013
http://dx.doi.org/10.3233/JAD-190217
http://dx.doi.org/10.1016/S1474-4422(05)70141-1
http://dx.doi.org/10.1016/j.jalz.2017.09.016
http://dx.doi.org/10.1016/j.jalz.2017.07.757
http://dx.doi.org/10.1001/jamapsychiatry.2017.0660
http://dx.doi.org/10.1034/j.1600-0404.2002.01225.x
http://dx.doi.org/10.1093/aje/145.8.762
http://dx.doi.org/10.1136/jech.56.3.167
http://dx.doi.org/10.1001/jama.279.6.440
http://dx.doi.org/10.1111/j.1464-5491.2005.01420.x
http://dx.doi.org/10.1111/j.1464-5491.2005.01420.x
http://jnnp.bmj.com/

	Middle-­age dementia risk scores and old-­age cognition: a quasi-­experimental population-­based twin study with over 20-­year follow-­up
	Abstract
	Introduction
	Methods
	Participants
	Middle-age dementia risk scores
	CAIDE score
	Additional covariates
	Educational-occupational score

	Telephone assessment of cognition at follow-up
	Statistical analyses

	Results
	Demographics
	Drop-out analyses
	Between-family analyses
	Within-family analyses
	Sensitivity analyses

	Discussion
	Representativeness of our sample
	Limitations
	Strengths

	Conclusions
	References


