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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% CI 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% CI 
0.25 to 1.31; N=338) but not in monozygotic (MZ) 
pairs (B=0.12, 95% CI −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% 
CI −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.1 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 20–30 years prior to diagnosis.2 Risk 

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 score3 of these has been externally validated.4–7

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,8 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.9 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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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 score10 and CAIDE3—
with old- age cognitive functioning. Educational- occupational 
score was created in the FTC (no within- family analyses).10 An 
earlier study from the FTC found that self- report measure−based 
CAIDE score had c- statistics of 0.747 which is comparable with 
original CAIDE score.3 Virta et al7 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 <16 or >17.5). The current 
study goes beyond Virta et al’s study7 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 1967.8 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.8 
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%.8 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%.11

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 

Figure 1 Flowchart of the study. DZ, dizygotic; MZ, monozygotic.
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into years of education12 (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 5 years (5 years 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,13 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 ≥30 kg/m2. 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 6.0 mmol/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.7

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.14 Depressive symptoms were 
measured with Center for Epidemiologic Studies Depression 
Scale (CES‐D)15 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, 

Table 1 Characteristics of the dementia risk scores with comparisons of the categorisations used in the original CAIDE study3 and the current 
study (modified from7)

CAIDE categories
CAIDE in
FTC

CAIDE score
(max 15)* Educational- occupational categories

Self- report 
score (max 
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 11

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 
variable

2

Midlife high BP Systolic BP ≤140 mm Hg BP found to be normal 0 Very variable 2

Systolic BP >140 mm Hg BP found to be high/slightly 
elevated

2 Work environment Outdoors or both outdoors and indoors 0

      Indoors 1

Midlife BMI ≤30 kg/m2 ≤30 kg/m2 0 Physical loading of work Heavy manual labour 0

>30 kg/m2 >30 kg/m2 2 Manual labour: standing and 
walking+lifting and carrying

1

      Manual labour: standing and walking 1

Midlife cholesterol level ≤6.5 mmol/L Cholesterol found normal 0 Mainly sitting, very little physical 
activity required

1

>6.5 mmol/L Cholesterol found high 2 Age in years ≥60 0

      54–59 4

Midlife physical activity Active (physical activity ≥2 
times/week, lasting at least 
20–30 min per time, causing 
sweating and breathlessness)

Active (physical activity at 
least six times/month, at 
least 30 min mean duration, 
intensity corresponding at 
least vigorous walking)

0 47–53 6

40–46 8

≤39 9

Inactive† Inactive† 1   

Educational- occupational score is based on Vuoksimaa et al.10

*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.
†Physically 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.
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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)16 and Telephone 
Interview of Cognitive Status (TICS)17 (Finnish versions in18). 
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).10 We also used a categorical dementia definition 
with scores of both <16 in TELE and <22.5 in TICS indicating 
dementia.10

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.19 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.20

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=5.8, 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=5.5), 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.7 10 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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the original CAIDE score, as found in another validation study 
of CAIDE score.6

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 

Table 2 Baseline characteristics of the participants with available middle- age CAIDE score and educational- occupational score*

Those who had 
CAIDE score 
and participated 
in cognition 
interview 
(n=2359)

Those who had 
CAIDE score 
and did not 
participate in 
the cognition 
interview 
(n=559)

P value for 
the difference 
between 
groups*

Those who had educational- 
occupational score and 
participated in cognition interview 
(n=3982)

Those who had educational- 
occupational score and did not 
participate in the cognition 
interview (n=1315)

P value for 
the difference 
between 
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) 7.2 (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/m2, mean, SD) 24.5 (3.0) 24.3 (3.1) 0.21 24.5 (3.0) 24.3 (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 
(n, %)

1625 (69.4) 422 (76.6) 2800 (70.4) 974 (24.5)

  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 
walking+lifting and carrying (n, %)

808 (34.3) 246 (44.2) 1475 (37.0) 599 (45.6)

  Manual labour: standing and walking
  (n, %)

427 (18.1) 99 (17.8) 695 (17.5) 227 (17.3)

  Mainly sitting, very little physical activity 
required (n, %)

909 (38.6) 159 (28.6) <0.001 1381 (34.7) 334 (25.4) <0.001

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 χ2 test for categorical values.
†The 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%.
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or without the Apolipoprotein E (APOE) ε4- allele.21 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.22 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 
evident in 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.23 Also, studies with measured young adult 

intelligence have suggested that the protective effect of higher 
education is explained mostly by premorbid cognitive ability.24 25

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.26 Further, early family factors 
such as poor socioeconomic status have found to largely explain 
associations between cardiovascular health and cognition.27 We 

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% CIs)

Between- family analysis* Within- family analysis†
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) 0.60 (0.37 to 0.85) 0.69 (0.39 to 0.99) 0.32 (−0.03 to 0.68)

  Participants for whom also CAIDE available 0.76 (0.69 to 0.83) 0.63 (0.22 to 1.04) 0.78 (0.25 to 1.31) 0.12 (−0.44 to 0.68)

Participants for whom also CAIDE available adjusted for 
CAIDE score without education

0.74 (0.67 to 0.81) 0.63 (0.22 to 1.04) 0.78 (0.26 to 1.31) 0.11 (−0.46 to 0.68)

Participants for whom also CAIDE available adjusted for 
depressive symptoms

0.57 (0.49 to 0.65) 0.22 (−0.21 to 0.65) 0.31 (−0.22 to 0.85) −0.08 (−0.86 to 0.71)

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

0.56 (0.48 to 0.64) 0.22 (−0.21 to 0.65) 0.31 (−0.22 to 0.85) −0.10 (−0.91 to 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.
†N=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=769 all 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.
¶All 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.

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% CIs)

Between- family analysis* Within- family analysis†
Within- family analysis in DZ 
twins‡

Within- family analysis in 
MZ twins§

CAIDE score −0.73 (−0.82 to −0.65) −0.29 (−0.69 to 0.10) −0.38 (−0.90 to 0.14) −0.05 (−0.59 to 0.49)

CAIDE score adjusted for depressive symptoms −0.56 (−0.68 to −0.44) −0.14 (−0.60 to 0.32) −0.22 (−0.82 to 0.38) 0.11 (−0.62 to 0.84)

CAIDE score, participants with at least 16.5 years 
of follow- up

−0.69 (−0.78 to −0.60) −0.22 (−0.73 to 0.30) −0.29 (−0.98 to 0.41) −0.03 (−0.77 to 0.71)

CAIDE score without education adjusted with 
years of education

−0.40 (−0.51 to −0.30) −0.10 (−0.52 to 0.31) −0.13 (−0.70 to 0.44) −0.05 (−0.60 to 0.51)

Diabetes (from multivariate linear regression with 
CAIDE score)

−0.37 (−2.04 to 1.31)

Smoking (from multivariate linear regression 
analysis with CAIDE score)

−0.08 (−0.24 to 0.08)

*N=2359 all 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.
†N=570 all 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=115 twin 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.
¶All 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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also note that the effects of the three main drivers of vascular 
burden—blood pressure,28 BMI29 and cholesterol levels30—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.5 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 2335, 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.31

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)).32 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,33 BMI13 
and smoking34 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.35 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.36 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 

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 CIs. Higher CAIDE score is 
associated with poorer cognition and higher educational- occupational score is associated with better cognition.
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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
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