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Abstract

The CAIDE (Cardiovascular Risk Factors, Aging and Dementia) Risk Score is a validated tool estimating dementia risk. It was previously 
associated with imaging biomarkers. However, associations between dementia risk scores (including CAIDE) and dementia-related biomarkers 
have not been studied in the context of an intervention. This study investigated associations between change in CAIDE score and change 
in neuroimaging biomarkers (brain magnetic resonance imaging [MRI] and Pittsburgh Compound B-positron emission tomography [PiB-
PET] measures) during the 2-year Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) (post-
hoc analyses). FINGER targeted at-risk older adults, aged 60–77  years, from the general population. Participants were randomized to 
either multidomain intervention (diet, exercise, cognitive training, and vascular risk management) or control group (general health advice). 
Neuroimaging (MRI and PiB-PET) data from baseline and 2-year visits were used. A toal of 112 participants had repeated brain MRI measures 
(hippocampal, total gray matter, and white matter lesion volumes, and Alzheimer’s disease signature cortical thickness). Repeated PiB-PET 
scans were available for 39 participants. Reduction in CAIDE score (indicating lower dementia risk) during the intervention was associated 
with less decline in hippocampus volume in the intervention group, but not the control group (Randomization group × CAIDE change 
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interaction β coefficient = −0.40, p =  .02). Associations for other neuroimaging measures were not significant. The intervention may have 
benefits on hippocampal volume in individuals who succeed in improving their overall risk level as indicated by a reduction in CAIDE score. 
This exploratory finding requires further testing and validation in larger studies.

Keywords:  Dementia, Hippocampus, Prevention, Risk reduction

Recent advances in the field of dementia prevention have high-
lighted the importance of modifiable risk factors (1). This pro-
vides an opportunity to intervene early, especially in individuals 
with higher risk of dementia. Given the multifactorial nature of 
dementia, no single risk factor may be sufficient for identifying 
people who are most likely to develop dementia. Dementia risk 
estimation through the use of multifactorial risk scores is a useful 
approach to identify individuals who may benefit most from risk 
reduction strategies (2). Multifactorial risk scores can be based 
only on nonmodifiable factors (eg, genetic risk scores) or include 
modifiable factors as well (3). In addition to estimating risk, the 
latter may also estimate the prevention potential, that is, a “room 
for improvement” or potential to modify the overall risk over time 
with dementia preventive strategies. Although risk and prevention 
potential are 2 sides of the same coin, most studies have so far 
focused on risk prediction, with far less emphasis on prevention 
potential.

The Cardiovascular Risk Factors, Aging and Dementia 
(CAIDE) Risk Score was the first midlife prediction tool combining 
nonmodifiable and modifiable factors. It consists of age, education, 
blood pressure, cholesterol, body mass index (BMI), and physical 
activity, and based on the midlife risk profile, it provides a 20-year 
dementia risk estimate (4). From a risk prediction perspective, the 
CAIDE score has been tested in general (5–7) and memory clinic (8) 
populations, and has been associated with dementia (4,5), cognitive 
impairment (9,10), neuroimaging measures of gray matter (GM) at-
rophy and white matter lesion (WML) (6,11,12), and vascular brain 
pathology at autopsy (13). From a prevention potential perspective, 
the CAIDE score seemed to work well as a potential surrogate out-
come in multidomain lifestyle trials when assessing intervention ef-
fects on change in overall dementia risk (14). However, no studies 
have yet investigated longitudinal associations of change in CAIDE 
score with changes in dementia-related biomarkers in the context of 
prevention trials.

The Finnish Geriatric Intervention Study to Prevent Cognitive 
Impairment And Disability (FINGER) is the first large, longer-term 
randomized controlled trial to show significant benefits on cognition 
for a 2-year multidomain lifestyle intervention in older individuals 
at risk of dementia (15). The FINGER intervention also significantly 
reduced the estimated risk of dementia measured by the change in 
CAIDE score (16). The aim of the present study was to investigate 
associations between the change in CAIDE score and changes in 
brain volumes, cortical thickness, and WML volume on magnetic 
resonance imaging (MRI), and brain amyloid load on Pittsburgh 
Compound B (PiB)-positron emission tomography (PET) scans 
during the 2-year FINGER trial (post-hoc analyses).

Method

Study Design
The 2-year multidomain randomized controlled trial (FINGER) was 
conducted in 6 sites in Finland, enrolling an at-risk segment of the 
general population. The protocol (17) and primary findings (15) of 

the FINGER trial have been previously published. The FINGER trial 
(ClinicalTrials.gov identifier NCT01041989) was approved by the 
Coordinating Ethics Committee of the Hospital District of Helsinki 
and Uusimaa. All participants gave written informed consent at the 
screening and baseline visits and the participants in the neuroimaging 
subsamples gave separate consent for MRI and PiB-PET scans.

Participants
This exploratory substudy included 112 of the 1 260 FINGER par-
ticipants with brain MRI scans available at both baseline and the 
2-year visit, and 39 participants who had both baseline and 2-year 
PiB-PET scans. The FINGER neuroimaging substudy was explora-
tory and conducted at 4 out of 6 trial sites. Study design and protocol 
including CONSORT flowchart were previously described in detail 
(12) (also in Figure 1). Participants were the most recently recruited 
individuals at the time when neuroimaging resources became avail-
able at each site, and with no contraindications for MRI/PET.

FINGER comprised 1  260 individuals recruited between 
September 7, 2009, and November 24, 2011 from previous 
population-based observational cohort studies (15,17). For inclu-
sion, the participants had to be 60–77 years old and at increased risk 
of dementia, that is, ≥6 points on the CAIDE score (4), and with per-
formance on the Consortium to Establish a Registry for Alzheimer’s 
Disease neuropsychological battery indicating cognitive perform-
ance at the mean level or slightly lower than expected for age ac-
cording to the Finnish population norms (17). Individuals having 
substantial cognitive impairment, dementia, conditions affecting safe 
participation/cooperation, or those concurrently participating in an-
other trial were excluded.

Figure 1. CONSORT diagram neuroimaging substudy in the FINGER trial. 
*Exploratory MRI outcome in a subsample at 4 trial sites (individuals [n = 155] 
most recently recruited at the time when MRI resources became available at 
a specific site, and with no contraindications). **Exploratory PET outcome 
in a subsample at 1 trial site (individuals [n = 48] with no contraindications). 
CERAD  =  Consortium to Establish a Registry for Alzheimer’s Disease; 
FINGER = Finnish Geriatric Intervention Study to Prevent Cognitive Impairment 
and Disability; MRI = magnetic resonance imaging; PET = positron emission 
tomography.
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Randomization and Masking
Study participants were randomly assigned either to intensive 
multidomain intervention group, or to regular health advice (ie, con-
trol) group. The allocations were computer-generated in blocks of 4 
(2 individuals randomly allocated to each group) at each site. Group 
allocation was not actively disclosed to participants. Outcome asses-
sors were blinded to group allocation, and they were not involved in 
intervention-related activities.

Procedures
Participants in the intervention group received 4 domains of inter-
vention (17). The nutrition component, based on the Finnish 
Nutrition Recommendations (18), included individual and group 
sessions supervised by study nutritionists. The exercise compo-
nent followed international guidelines and included gym sessions 
and aerobic exercise led by study physiotherapists (17). Cognitive 
training was guided by psychologists and included group sessions 
and computer-based individual training (web-based in-house de-
veloped program including tasks adapted from previous proto-
cols) (19). Management of metabolic and vascular risk factors was 
conducted following national evidence-based guidelines (17). The 
control group received regular health advice following established 
guidelines (17).

Calculation of CAIDE Dementia Risk Score
The CAIDE score (4) was calculated using data on age, sex, self-
reported years of formal education, systolic blood pressure, BMI, 
total cholesterol, and physical activity at the baseline and 2-year 
visits. Table 1 describes how each risk factor in the CAIDE score 
was assessed, and the predefined number of points assigned to each 
risk factor category. CAIDE score for each FINGER participant was 
calculated by summing the number of points for the appropriate cat-
egory of each of the risk factors.

MRI Assessments
Prior to quantitative analysis, 3D T1-weighted and fluid-attenuated 
inversion recovery (FLAIR) images were visually inspected by a 
neuroradiologist. Participants scans were excluded if they had unex-
pected focal brain lesions and scanning issues potentially impacting 
volumetry e.g. no full brain coverage, artifacts, intensity inhomo-
geneity, and inadequate GM/white matter (WM) contrast. At each 
MRI site, regular phantom scans were performed, and quantitative 
measures of signal-to-noise ratio, uniformity, and geometric distor-
tion were carried out.

Brain MRI scans were conducted for a subsample of 155 partici-
pants from 4 study sites of which 132 scans from 3 study sites passed 
quality control (12). Of these 132 participants, 112 were re-scanned in 
connection with the 2-year visit, and all scans passed quality control. 

Table 1. Assessment of the CAIDE Dementia Risk Score in the FINGER Trial

CAIDE Factors Points Measurements

Age
 <47 y 0 Population register
 47–53 y 3
 >53 y 4 
Sex
 Women 0 Population register
 Men 1
Education
 ≥10 y 0 Self-reported
 7–9 y 2
 0–6 y 3
Systolic blood pressure
 ≤140 mm Hg 0 Trained study nurses measured blood pressure with a validated automatic device 

(Microlife WatchBP Office) with the participant in a sitting position, using the right arm, 
after 10 min of rest. The mean value of 2 measurements was used.

 >140 mm Hg 2

BMI
 ≤30 kg/m2 0 Trained study nurses measured height (without shoes) to the nearest 0.1 cm, and weight 

(in light clothing). BMI was calculated by dividing the weight in kilograms by the squared 
height in meters.

 >30 kg/m2 2

Serum total cholesterol
 ≤6.5 mmol/L 0 Fasting venous blood samples were taken, and total serum cholesterol was determined 

enzymatically using commercial reagents from Abbott Laboratories on a clinical chemistry 
analyzer, Architect c8000 (Abbott Laboratories, Abbott Park, IL).

 >6.5 mmol/L 2

Physical activity
 Active 0 Self-reported leisure-time physical activity was assessed with the question “How often do 

you participate in leisure-time physical activity that lasts at least 20–30 minutes and causes 
breathlessness and sweating?”. Response options were as follows: 1 = 5 times a week or 
more often; 2 = 4 times a week; 3 = 3 times a week; 4 = 2 times a week; 5 = once a week; 
6 = less than once a week; 7 = I have a disability or a disease which does not enable me to 
exercise.  
Physical inactivity was defined as frequency <2 times/wk.

 Inactive 1

Notes: BMI = body mass index; CAIDE = Cardiovascular Risk Factors, Aging and Dementia; FINGER = Finnish Geriatric Intervention Study to Prevent Cogni-
tive Impairment and Disability. CAIDE score for each FINGER participant was calculated by summing the number of points for the appropriate category of each 
of the risk factors. The score was calculated at baseline and 2-y visits.
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Different MR systems were used, 1.5 T Avanto Siemens (3D-MPRAGE 
sequence, voxel size 1.2 × 1.2 × 1.2 mm,  repetition time (TR) 2400 ms, 
echo time (TE) 3.5 ms, inversion  time (TI) 1000 ms) at the Kuopio 
and Oulu sites, and 3T Ingenuity Philips (3D turbo field echo sequence 
[TFE] sequence, voxel size 1.0 × 1.0 × 1.0 mm, TR 8.1 ms, TE 3.7 ms) 
at the Turku site. Each site used the same scanner and imaging param-
eters for both baseline and 2-year scans.

Freesurfer (version 5.3, http://surfer.nmr.mgh.harvard.edu/) was 
used to measure regional brain volumes and cortical thicknesses. 
In case of geometric inaccuracy in boundaries between WM, GM, 
and cerebrospinal fluid (CSF) in the automated WM segmentation, 
manual editing was conducted. Brain volumes were normalized by 
the total intracranial volume (TIV) to account for between-person 
variations in head size (20).

WML volume was measured through the segmentation of WM 
hyperintensities (21). The method is based on the expectation -maxi-
mization algorithm. WML segmentation was done in 3 steps: (i) first, 
from T1 images, segmentation of WM into  2 classes representing 
hypointense and normal bright WM regions; (ii) second, using the 
results of the previous step as initialization, FLAIR images were seg-
mented into 3 classes: CSF, normal brain tissue, and hyperintense 
voxels; (iii) third, using the results of the previous initialization step, 
WM and subcortical regions were segmented from the FLAIR im-
ages in 2 classes. The class with higher intensities was then regarded 
as the segmentation of WM hyperintensities (12).

PiB-PET Assessments
PiB-PET scans were conducted in 48 participants in connection to 
the baseline FINGER visit, and 39 participants had a repeat scan in 
connection to the 2-year visit. PiB-PET was performed at the Turku 
trial site. [11C] PiB (N-methyl-[11 C]2-(4methylaminophenyl)-6-
hydroxybenzothiazole) was produced as described earlier (22). On 
average, 406.3 (SD 107.7) MBq of PiB was injected intravenously 
and a scan from 60 to 90  min (3- × 10-min frames) after injec-
tion was performed with a Philips Ingenuity TF PET/MR scanner 
(Philips, Amsterdam, the Netherlands). A PiB composite score was 
calculated as the average of the prefrontal, parietal, lateral temporal, 
anterior cingulate, posterior cingulate, and precuneus regions (22). 
Region-based quantification was obtained as region to cerebellar 
cortex ratio over the 60- to 90-min scan duration.

Statistical Analysis
The characteristics of the FINGER participants with 2 MRI or PET 
scans were compared between the intervention and control groups 
using t test or chi-squared test as appropriate. Analyses were done 
using Stata software version 12 (Stata Statistical Software: Release 
12; StataCorp LP, College Station, TX). The level of statistical signifi-
cance was p <.05 in all analyses.

For this post-hoc study, we chose 5 neuroimaging measurements 
(4 on MRI and 1 on PET) with clear established links to dementia/
Alzheimer’s disease (AD). As all analyses are exploratory, that is, fur-
ther testing and validation in larger studies will be needed, results for 
all 5 measurements are shown uncorrected for multiple testing. The 
following 4 MRI measures were considered: hippocampus volume, 
total GM volume, WML volume (all MRI volumes were divided by 
TIV), and a measure of cortical thickness in AD signature regions 
calculated as the average of cortical thickness in entorhinal, inferior 
temporal, middle temporal, and fusiform regions (23). The changes 
in CAIDE score, and MRI and PiB-PET measures were calculated as 
the difference between 2-year and baseline values, divided by time 
(in years).

After zero-skewness log-transformation for all the calculated 
change variables (hippocampus, total GM, and WML volume 
changes, AD signature thickness change and PIB composite change) 
that were not normally distributed, linear regression models were 
used to assess the associations between changes in each MRI measure 
or the PiB composite score (as dependent variables) and the change 
in CAIDE score. All models additionally included randomization 
group, Group × CAIDE score change interaction, site (except for the 
PiB composite score outcome, since PET scans were conducted at 
one site), and the corresponding baseline MRI or PET measure. We 
report standardized beta (β) coefficients and p values.

Results

Characteristics of the FINGER participants with and without MRI 
or PiB-PET data at the study sites where brain scans were available 
were previously described (12). The MRI/PET population was not 
significantly different in demographic, clinical, and cognitive char-
acteristics from the population without MRI/PET at these sites (12). 
Characteristics of the FINGER participants with 2 MRI or PET 
scans are presented in Tables 2 and 3. There were no significant dif-
ferences between the intervention and control groups in the MRI/
PET populations.

A reduction in CAIDE score was observed in 17 (30%) partici-
pants in the intervention, and 9 (21%) in the control group. Mean 
CAIDE score (SD) changed from 7.76 (1.70) to 7.64 (1.88) points 
in the intervention group but did not change in the control group 
(mean 7.27 points at both time points) (Table 2).

Overall, change in CAIDE score was not associated with change 
in imaging measures. However, there was a significant interaction 
between randomization group and change in CAIDE score (β coef-
ficient = −0.40, p = .02). A reduction in the CAIDE score was asso-
ciated with less pronounced decline in hippocampal volume in the 
intervention group (β coefficient = −0.27, p =  .04), but not in the 
control group (β coefficient = 0.22, p = .19) (Table 4). Results were 
similar after additional adjustment for baseline age (continuous) and 
sex (Group × CAIDE score change interaction coefficient = −0.37, 
p = .03).

Given these findings, we conducted additional analyses using 
similar linear regression models, focusing on the change in indi-
vidual components of the CAIDE score in relation to change in 
hippocampal volume. For systolic blood pressure, cholesterol, and 
BMI, the difference between 2-year and baseline values was div-
ided by time (in years). Change in physical activity was dichotom-
ized as increase vs no change/decrease in frequency from baseline 
to 2 years. The Randomization group × Change in physical activity 
interaction β coefficient was 0.30, p = .06, suggesting a trend for less 
pronounced decline in hippocampal volume with increasing physical 
activity levels. Changes in blood pressure, cholesterol, and BMI were 
not significantly associated with the change in hippocampal volume.

No significant associations were found between change in CAIDE 
score and change in other MRI measures or change in amyloid PiB-
PET (Table 4).

Discussion

In this exploratory FINGER neuroimaging substudy, a reduction in 
the CAIDE Dementia Risk Score during the intervention was associ-
ated with less decline in hippocampal volume. No associations were 
found between change in CAIDE score and changes in total GM 
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or WML volume, cortical thickness in AD signature areas, or PiB 
composite score.

We have previously reported no significant differences between 
the intervention and control groups in change in MRI measures 
during the FINGER trial (24). However, the present study suggests 

that the intervention may have some benefits on hippocampal 
volume in individuals who succeed in improving their overall risk 
level as indicated by a reduction in CAIDE score. These findings are 
important since the hippocampus is known to be affected by neur-
onal loss during aging, and also early during the course of AD (25). 

Table 2. Characteristics of the FINGER Participants With 2 MRI Scans

MRI Population Characteristics Total (N = 112) Intervention (n = 59) Control (n = 53) p

Baseline
 Age (y) 112 70.51 (4.86) 70.60 (4.64) .85
 Women, n (%) 112 24 (41) 30 (57) .09
 Education (y) 112 9.34 (2.96) 8.85 (2.13) .32
 Systolic blood pressure (mm Hg) 112 140.57 (15.73) 139.23 (14.71) .64
 Body mass index (kg/m2) 109 27.70 (3.76) 26.88 (3.52) .24
 Total cholesterol (mmol/L) 111 5.07 (1.03) 4.98 (0.91) .64
 Physically inactive, n (%) 108 13 (22) 9 (18) .63
 CAIDE Dementia Risk Score 104 7.76 (4–11) 7.27 (4–12) .16
 Total hippocampal volume (mL)a 112 7.21 (4.63–9.14) 7.05 (4.55–8.33) .33
 Total GM volume (mL)a 112 576.7 (443.4–667.3) 563.4 (406.3–709.6) .18
  WML volume (mL)a 100 11.88 (0.5–60.7) 11.71 (0.7– 74.4) .95
 Total intracranial volume (mL)a 112 1581.40 (1112.40–2039.10) 1524.4 (975.50–196.20) .13
 AD signature thickness (mm)a 112 2.77 (2.50–3.05) 2.77 (2.47–3.10) .87
2-y visit
 Systolic blood pressure (mm Hg) 110 137.25 (16.50) 136.97 (15.53) .92
 Body mass index (kg/m2) 109 27.45 (3.64) 26.44 (3.66) .14
 Total cholesterol (mmol/L) 111 4.76 (0.93) 5.10 (1.01) .07
 Physically inactive, n (%) 108 8 (15.70) 8 (14.03) .80
 CAIDE Dementia Risk Score 107 7.64 (4–11) 7.27 (4–11) .29
 Total hippocampal volume (mL)a 112 7.03 (4.3–9.1)  6.83 (4.10–8.35) .27
 Total GM volume (mL)a 112 568.60 (434.44–670.4) 556.0 (414.82–698.55) .19
 WML volume (mL)a 100 13.6 (0.4–59.9) 13.0 (0.5–84.9) .86
 AD signature thickness (mm)a 112 2.73 (2.50–3.10) 2.75 (2.33–3.10) .47

Notes: AD = Alzheimer’s disease signature (composite measure of entorhinal, inferior and middle temporal, and fusiform regions); CAIDE = Cardiovascular Risk 
Factors, Aging and Dementia; FINGER = Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability; GM = gray matter; MRI = magnetic 
resonance imaging; WML = white matter lesions. Values are means (SD) unless otherwise specified. MRI volumes presented in the table are not total intracranial 
volume-normalized. Differences between intervention and control groups were analyzed with chi-squared and t tests as appropriate.

aMRI and CAIDE values are mean (minimum–maximum), and MRI measures are based on longitudinal Freesurfer analyses. 

Table 3. Characteristics of the FINGER Participants With 2 PiB-PET Scans

PiB-PET Population Characteristics Total (N = 39) Intervention (n = 18) Control (n = 21) p

Baseline
 Age (y) 39 72.40 (5.34) 72.06 (4.84) .82
 Women, n (%) 39 6 (33) 12 (57) .13
 Education (y) 39 9.05 (2.46)  8.95 (2.38) .89
 Systolic blood pressure (mm Hg) 39 140.25 (14.95) 136.76 (14.30) .46
 Body mass index (kg/m2) 39 27.20 (3.05) 25.80 (3.30) .16
 Total cholesterol (mmol/L) 38 5.21 (1.00) 5.02 (0.94) .55
 Physically inactive, n (%) 37 5 (28) 6 (32) .80
 CAIDE Dementia Risk Score 36 7.70 (1.61) 7.17 (2.31) .45
 PiB composite 39 1.52 (0.42) 1.60 (0.35) .68
2-y visit
 Systolic blood pressure (mm Hg) 39 136.00 (15.76) 134.98 (17.84) .85
 Body mass index (kg/m2) 39 26.88 (3.11) 25.33 (3.41) .14
 Total cholesterol (mmol/L) 39 5.08 (0.94) 4.85 (0.97) .45
 Physically inactive, n (%) 39 5 (27.80) 5 (23.80) .77
 CAIDE Dementia Risk Score 39 7.70 (1.70) 6.95 (1.90) .22
 PiB composite 39 1.63 (0.50) 1.71 (0.39) .59

Notes: CAIDE = Cardiovascular Risk Factors, Aging and Dementia; FINGER = Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Dis-
ability; PiB = Pittsburgh Compound B; PET = positron emission tomography. Values are means (SD) unless otherwise specified. Differences between intervention 
and control groups were analyzed with chi-squared and t tests as appropriate.
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Mean CAIDE score did not change in the control group. Thus, the 
observed association between reduction in CAIDE score and less 
decline in hippocampal volume in the intervention group indicates 
that benefits on structural brain changes may require more intensive 
modifications of an individual’s overall risk level.

Previous longitudinal observational studies focusing on risk pre-
diction have reported links between higher baseline CAIDE score 
and several neuroimaging measures up to 30 years later, that is, lower 
hippocampal and GM volume, lower cortical thickness, more pro-
nounced medial temporal atrophy (MTA), more pronounced WML, 
and higher WML volume, but not amyloid positivity on PiB-PET scans 
(11,12). Baseline CAIDE score has also been linked with longitudinal 
rates of brain atrophy in a middle aged population without dementia 
(6). Few other dementia risk scores have been tested in connection to 
dementia-related biomarkers in observational studies. A polygenic risk 
score has been longitudinally associated with cortical thinning in healthy 
adults (26). The Australian National University Alzheimer Disease Risk 
Index has been cross-sectionally associated with lower brain volumes 
(cortical GM and default mode network) but not the hippocampus in 
community-living individuals without dementia (27). However, no pre-
vious studies have investigated the change in CAIDE score (or any other 
dementia risk score) in relation to change in neuroimaging parameters, 
especially in the context of an intervention where emphasis is on pre-
vention potential. Our findings are thus not directly comparable to pre-
vious studies, that is, it is possible that not all high-risk individuals in an 
observational, unselected cohort also have a high potential for preven-
tion with a specific type of intervention.

Few longitudinal studies have so far investigated changes in indi-
vidual risk factors for dementia in relation to changes in neuroimaging 
markers. The SMART-MR observational study reported that in pa-
tients with manifest arterial disease and higher baseline blood pres-
sure, those with declining blood pressure levels over time had less 
progression of subcortical atrophy compared to those with increasing 
blood pressure levels (28). Another observational study linked small 
increases in blood pressure over time with increased brain atrophy and 
subcortical lesions 5 years later (29). However, a small intervention 

study reported that successful treatment of blood pressure was not 
associated with regional GM volume (30). The multidomain vascular 
intervention Prevention of dementia by intensive vascular care (pre 
DIVA), targeting older individuals from general population, did not 
decrease WM hyperintensities accumulation over 3 years. However, 
better intervention effects were observed in those with higher baseline 
WM hyperintensities volumes (31). The SPRINT trial reported signifi-
cantly less increase in cerebral WML for intervention targeting systolic 
blood pressure <120  mm Hg, compared to systolic blood pressure 
<140 mm Hg. However, no significant difference in total brain volume 
change were reported for either of the groups (32).

Studies linking other risk factors with brain structure have re-
ported mixed results. Decreased levels of high-density lipoprotein 
(HDL) have been associated with GM reductions in adults with 
normal cognition (33). Lowering of total cholesterol in older patients 
undergoing antihypertensive and statin therapy has been reported to 
reduce progression of WM hyperintensities (34,35). However, HDL 
cholesterol levels were not related to hippocampal volume in the 
Rotterdam scan study (36) contrary to the findings of Wolf et  al. 
reporting an association (37). Increase in BMI over time has been 
associated with cortical thinning at midlife which continued in the 
late life. Decreasing BMI in late life has also been related to cortical 
thinning (38). Several intervention studies have reported gains in 
hippocampal volume in response to physical activity (39–41).

Although the impact of the CAIDE score reduction on less de-
cline in hippocampal volume in the present study may at least partly 
be explained by increasing levels of physical activity, we did not find 
significant associations between change in other individual risk fac-
tors included in the CAIDE score (blood pressure, BMI, total chol-
esterol) and change in neuroimaging parameters. As a weighted 
combination of several risk factors for dementia, the CAIDE score 
may be a better reflection of the overall impact of these factors taken 
together. The change in CAIDE score over time may also be a more 
accurate indicator of the impact of complex lifestyle modifications 
on the overall dementia risk. Different persons with the same overall 
risk can have different risk factor profiles. Depending on which fac-
tors make up a person’s specific profile, a reduction in overall risk 
can mean that different factors may change in different persons.

The main strengths of the present study are its randomized con-
trolled design with 2-year longitudinal neuroimaging data that are not 
very common in lifestyle intervention studies. While studies investigating 
associations between dementia risk scores and dementia-related bio-
markers have mostly been observational, the current study focused on 
change over time in both CAIDE score and neuroimaging markers in 
the context of an intervention that has previously shown significant 
benefits on cognition (15). Also, the FINGER trial included an at-risk 
population without substantial cognitive impairment, which may have 
more “room for improvement” for dementia risk modification.

The relatively small size of the FINGER neuroimaging population 
is the most important limitation of this study. As all analyses were post 
hoc, findings from the present study must be regarded as exploratory 
and will need to be verified in larger studies. For this post-hoc study, 
we chose 5 neuroimaging measurements with clear established links to 
dementia/AD. Results for all 5 measurements are shown uncorrected, 
since multiple comparison correction does not change the exploratory 
nature of the study. No interpretation can be currently made regarding 
potential effect size, that is, how much decrease in overall risk would 
be needed to see an impact on brain structure, and how this would af-
fect future dementia development. FINGER participants are represen-
tative for the at-risk segment of the Finnish general population (42), 
but validation is needed in other, preferably multi-ethnic populations. 

Table 4. Associations of CAIDE Dementia Risk Score Change With 
Change in Neuroimaging Markers

Neuroimaging 
Measures N

Standardized β Coefficients (p value)

Intervention Control

Randomization 
Group × CAIDE 
Score Change 
Interaction

Hippocampal 
volume

99 −0.27 (.04) 0.22 (.19) −0.40 (.02)

Total gray matter 
volume

99 −0.007 (.96) 0.07 (.64) −0.10 (.56)

WML volume 90 −0.01 (.94) 0.12 (.46) −0.16 (.34)
AD signature 
thickness

99 0.10 (.47) 0.03 (.87) 0.06 (.72)

PiB-PET 36 0.05 (.82) −0.25 (.30) 0.24 (.34)

Notes: AD = Alzheimer’s disease signature (composite measure of entorhinal, 
inferior and middle temporal, and fusiform regions); CAIDE  =  Cardiovas-
cular Risk Factors, Aging and Dementia; PiB  =  Pittsburgh Compound B; 
PET = positron emission tomography; WML = white matter lesions. Values 
are standardized beta (β) coefficients (p values) from linear regressions with 
neuroimaging measures as dependent variables. Standardized β coefficients in 
the intervention and control groups are reported from the stratified analyses.
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Also, the neuroimaging subgroup in this analysis may not be repre-
sentative of all FINGER trial participants (12). Another limitation 
is that different FINGER trial sites used different MRI scanners. To 
account for this, we adjusted all analyses for study site. Moreover, as 
reported previously, Freesurfer morphometric procedures have shown 
good test–retest reliability across scanner manufacturers and across 
field strengths (43,44).

In conclusion, a reduction in the overall dementia risk profile as 
indicated by the CAIDE score change initiated during the interven-
tion was related to benefits on hippocampal volume. The CAIDE 
Dementia Risk Score is a simple and practical tool not only for 
estimating dementia risk but also for quantifying prevention poten-
tial. However, considering that this score is based on simple cutoffs 
for risk factors, it is important to develop dementia risk estimation 
tools that are even more sensitive to capturing lifestyle changes, and 
their potential impact on brain structure.
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