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Abstract.
Background: CAIDE Dementia Risk Score is the �rst validated tool for estimating dementia risk based on a midlife risk
pro�le.
Objectives:This observational study investigated longitudinal associations of CAIDE Dementia Risk Score with brain MRI,
amyloid burden evaluated with PIB-PET, and detailed cognition measures.
Methods: FINGER participants were at-risk elderly without dementia. CAIDE Risk Score was calculated using data from
previous national surveys (mean age 52.4 years). In connection to baseline FINGER visit (on average 17.6 years later, mean
age 70.1 years), 132 participants underwent MRI scans, and 48 underwent PIB-PET scans. All 1,260 participants were
cognitively assessed (Neuropsychological Test Battery, NTB). Neuroimaging assessments included brain cortical thickness
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and volumes (Freesurfer 5.0.3), visually rated medial temporal atrophy (MTA), white matter lesions (WML), and amyloid
accumulation.
Results:Higher CAIDE Dementia Risk Score was related to more pronounced deep WML (OR 1.22, 95%CI 1.05–1.43),
lower total gray matter (� -coef�cient –0.29,p= 0.001) and hippocampal volume (� -coef�cient –0.28,p= 0.003), lower
cortical thickness (� -coef�cient –0.19,p= 0.042), and poorer cognition (� -coef�cients –0.31 for total NTB score, –0.25 for
executive functioning, –0.33 for processing speed, and –0.20 for memory, allp< 0.001). Higher CAIDE Dementia Risk Score
including APOE genotype was additionally related to more pronounced MTA (OR 1.15, 95%CI 1.00–1.30). No associations
were found with periventricular WML or amyloid accumulation.
Conclusions:The CAIDE Dementia Risk Score was related to indicators of cerebrovascular changes and neurodegeneration
on MRI, and cognition. The lack of association with brain amyloid accumulation needs to be veri�ed in studies with larger
sample sizes.
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INTRODUCTION

About one third of Alzheimer’s disease (AD)
dementia cases worldwide were estimated to be
attributable to modi�able vascular and lifestyle-
related risk factors [1]. Estimating dementia risk is
important for identifying individuals who may ben-
e�t most from preventive interventions, and several
dementia risk scores have been developed [2]. How-
ever, longitudinal associations of such risk scores
with dementia-related brain changes and perfor-
mance in different cognitive domains are not fully
clear. As dementia risk scores are meant to be prac-
tical tools for prevention-related decision-making
(e.g., selecting participants in prevention trials, and
targeting the right preventive interventions toward the
right at-risk groups), it is important to investigate the
full range of properties that such tools have, includ-
ing how the estimated risk level relates to speci�c
brain changes and performance in different cogni-
tive domains. This knowledge can facilitate choosing
an appropriate risk score from all available options.
The crucial importance of adequate selection tools,
and of targeting interventions to at-risk groups was
recently emphasized by three large prevention trials
showing bene�ts of multidomain vascular/lifestyle
interventions in at-risk individuals, but not unselected
populations [3–5].

The Cardiovascular Risk Factors, Aging and
Dementia (CAIDE) Dementia Risk Score was the �rst
tool proposed for estimating dementia risk based on a
midlife risk pro�le [6], and it was validated in a large,
diverse population from the US [7]. The CAIDE
Dementia Risk Score includes age, sex, education,
blood pressure, cholesterol, body mass index (BMI),
and physical inactivity, with higher scores indicat-
ing increased risk of subsequent dementia. Another

version of the risk score additionally includes APOE
genotype [6].

Two previous studies have investigated whether
the dementia prediction ability of the CAIDE Risk
Score was related to different types of brain changes.
A longitudinal population-based study reported that
a higher CAIDE score was associated with more
severe visually rated white matter lesions (WML) and
medial temporal lobe atrophy (MTA) on magnetic
resonance imaging (MRI) [8]. In a cross-sectional
study of memory clinic patients without dementia, a
higher CAIDE score was associated with more severe
WML and MTA on MRI, as well as AD-related cere-
brospinal �uid (CSF) biomarkers: higher total tau,
and lower amyloid-� (A� )/tau ratio [9]. However, it
is not clear whether these �ndings would also apply
to a general population.

The relations of the CAIDE Risk Score with cogni-
tion were previously investigated in two longitudinal
population-based studies with different cognitive
assessments. One study focused on cognitive decline
based on �ve tests, and reported associations of higher
CAIDE score with more decline in global cogni-
tion, reasoning, and vocabulary, but not memory or
�uency domains [10]. Another study with a more
detailed test battery focused on cognitive impairment
de�ned as performance below a speci�ed cut-off, and
reported associations of higher CAIDE score with
impairment in processing speed, visuoconstruction,
and reasoning, but not executive functioning, lan-
guage, or memory [11].

The aims of this longitudinal study in older
individuals without dementia from the general pop-
ulation are to investigate associations of CAIDE
Dementia Risk Score with: 1) more detailed
neuroimaging assessments, including Pittsburgh
Compound B (PIB)-positron emission tomography
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(PET) measures of brain A� deposition, and MRI
measures of hippocampus and total gray matter (GM)
volume, cortical thickness, visually rated deep and
periventricular WML, and MTA; and 2) performance
in several cognitive domains assessed with a compre-
hensive test battery previously used in AD clinical
trials.

MATERIALS AND METHODS

Study population

This study included participants in the Finnish
Geriatric Intervention Study to Prevent Cog-
nitive Impairment and Disability (FINGER,
NCT01041989) with MRI scans (n= 132), PIB-
PET scans (n= 48), and cognitive tests (n= 1260)
conducted in connection to the baseline FINGER
visit. FINGER participants [3, 12, 13] were selected
from previous population-based non-intervention
cohort studies: the National FINRISK Study [14]
and FIN-D2D [15, 16]. The present study focused on
the CAIDE Dementia Risk Score calculated based
on FINRISK and FIN-D2D data, and neuroimaging
and cognition data collected in connection to the
baseline FINGER visit (Fig. 1). Mean age (standard
deviation, SD) for the 1,260 FINGER participants
was 56.2 (10.7) years at the FINRISK or FIN-D2D
visit, and 69.4 (4.7) years at the FINGER baseline
visit, and mean (SD) time between the FINRISK or
FIN-D2D visit and baseline FINGER visit was 13.1
(9.9) years, range 2–39 years.

The FINRISK, FIN-D2D, and FINGER studies
have been previously described in detail ([3, 12–16]
and Supplementary Material). In 2009–2011, 1,260
participants in either FINRISK or FIN-D2D non-
intervention surveys were selected to participate in
the FINGER study. To be eligible, they had to be
60 to 77 years old, with the CAIDE Dementia Risk
Score� 6 points, and cognitive performance at the
mean level or slightly lower than expected for age
according to Finnish population norms for Consor-
tium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropsychological battery [17]. People
with dementia and substantial cognitive impairment
were excluded.

Ethical approval for the FINRISK surveys was
obtained according to commonly required proce-
dures since 1972 from local Ethics Committees that
have varied over time (Coordinating Ethics Commit-
tee for the Uusimaa Hospital District since 2007).

From 1997 onwards, written informed consent was
obtained from each participant. The FINGER study
was approved by the Coordinating Ethics Committee
of the Hospital District of Helsinki and Uusimaa, and
all participants gave written informed consent.

Measurements of CAIDE Dementia Risk Score
factors in FINRISK and FIN-D2D surveys

The methodology of the FINRISK study surveys
has been kept as similar as possible over the years
and has been previously described in detail ([14]
and Supplementary Material). The 1972 and 1977
surveys were largely comparable to later surveys
1982-92 where methodology closely followed the
WHO MONICA protocol [18] and the later recom-
mendations of the European Health Risk Monitoring
project [19]. FIN-D2D survey methodology was
based on FINRISK surveys ([15, 16] and Supplemen-
tary Material).

The surveys included a self-administered question-
naire, physical measurements, and blood samples.
The CAIDE Dementia Risk Score for each sub-
ject was calculated based on FINRISK or FIN-D2D
data (age, sex, years of formal education, systolic
blood pressure, BMI, serum total cholesterol, and
physical activity) according to previously speci�ed
cut-offs and number of points [6] (Supplementary
Table 1). In addition, as speci�ed in the original pub-
lication [6], a CAIDE Dementia Risk Score including
apolipoprotein E (APOE) genotype was also calcu-
lated. For APOE assessment in FINGER, genomic
DNA was extracted from venous blood samples
with Chemagic MSM1 from PerkinElmer using mag-
netic beads. APOE genotyping was determined by
polymerase chain reaction using TaqMan genotyp-
ing assays (Applied Biosystems (ABI), Foster City,
CA, USA) for two single-nucleotide polymorphisms
(rs429358 and rs7412) and an allelic discrimination
method on the ABI 7500 platform [20].

Cognitive assessments in the FINGER study

An extended version of the neuropsychological test
battery (NTB) [21] was used for cognitive assess-
ments in the FINGER study. The NTB total score
was calculated as a composite score based on results
from 14 tests (Z scores standardized to the baseline
mean and SD; for higher scores to indicate better per-
formance, scores were inversed if needed, e.g., trail
making test) [12]. An executive functioning score
was similarly calculated from Z scores for category
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