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Abstract
Introduction: Individuals in early dementia prevention trials may differ in how much
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they benefit from interventions depending on their initial risk level. Additionally, modifiable dementia risk scores might be used as surrogate/intermediate outcomes.
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dementia risk measured with the “LIfestyle for BRAin Health” (LIBRA) score. We also
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and Disability (FINGER), we investigated in post hoc analyses (N = 1207) whether the
cognitive benefits of the 2-year multi-domain lifestyle intervention differed by baseline
investigated intervention effects on change in LIBRA score over time.
Results: Overall, higher baseline LIBRA was related to less cognitive improvement over
time. This association did not differ between the intervention and control groups. The
intervention was effective in decreasing LIBRA scores over time, regardless of baseline
demographics or cognition.
Discussion: The cognitive benefit of the FINGER intervention was similar across individuals with different LIBRA scores at baseline. Furthermore, LIBRA may be useful as
a surrogate/intermediate endpoint and surveillance tool to monitor intervention success during trial execution.
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BACKGROUND
RESEARCH IN CONTEXT

Despite extensive research efforts and financial investments, there
1. Systematic reviews: The authors reviewed the litera-

is to date no effective disease-modifying treatment for dementia. In

ture using traditional medical databases (eg, PubMed).

parallel, there is accumulating evidence for the contribution of mod-

One study using a modifiable dementia risk score to

ifiable risk and protective factors to dementia risk.1–5 This has led

investigate heterogeneity in treatment effects in a multi-

to increased recognition that lifestyle interventions represent a key
strategy for delaying or preventing dementia onset.3,4,6,7

domain dementia prevention trial was identified and one

The majority

study using dementia risk scores as surrogate outcomes

of single-domain prevention trials for cognitive decline and dementia

in multi-domain prevention trials were identified. These

have shown mainly negative results.8 Ideally, prevention trials would

studies are appropriately cited.

simultaneously target multiple health and lifestyle-related risk factors

2. Interpretation: Overall, higher baseline “LIfestyle in

early (eg, at midlife) before the onset of pathological processes lead-

BRAin Health” (LIBRA) score was related to less cognitive

ing to dementia, and follow participants over several decades to mon-

improvement over time. This association was not differ-

itor dementia incidence.9 However, such studies do not exist given

ent between the intervention and control groups. The 2-

the methodological challenges (eg, attrition, maintaining adherence

year multi-domain lifestyle intervention was effective in

to long-term lifestyle changes) and the requirement of substantial

decreasing LIBRA scores over time, regardless of demo-

resources (eg, logistics, finance).10

graphic and socioeconomic factors, baseline cognition, or

The Finnish Geriatric Intervention Study to Prevent Cognitive

apolipoprotein E (APOE) ε4 carrier status.

Impairment and Disability (FINGER) was the first large randomized

3. Future directions: The current findings encourage future

controlled trial (RCT) showing beneficial effects on cognitive outcomes,

multi-domain lifestyle interventions into dementia pre-

measured through neuropsychological tests, after a 2-year multi-

vention to include a modifiable dementia risk score as an

domain lifestyle intervention in 1260 at-risk individuals from the gen-

outcome measurement and to monitor risk modification

eral population aged 60 to 77 years.11 Participants were randomized to

over time.

either a multi-domain intervention (diet, exercise, cognition, and vascular risk management) or a control group (regular health advice).12,13
These findings strongly support the idea that preventive strategies
using multi-domain lifestyle interventions might reduce dementia risk.
Yet, heterogeneity in treatment effects (HTE) often dilutes stronger

These initial findings suggest that LIBRA may be useful in selecting

effects that exist in specific risk groups.14 If benefits are limited to

and monitoring individuals in lifestyle-based prevention trials, taking

such at-risk groups, then interventions could be more effectively tar-

into account different levels of initial risk. Therefore, the aim of the

geted. Also, modifiable risk scores might be useful for monitoring inter-

present study is two-fold: (1) to investigate whether the intervention

vention effects on dementia risk reduction. The “LIfestyle for BRAin

effects on cognition in FINGER differ across baseline LIBRA scores

Health” (LIBRA) score is a promising tool consisting of 12 risk and pro-

(based on all 12 LIBRA factors) and (2) to investigate the potential

tective factors for cognitive decline and dementia that can be targeted

use of the LIBRA score as an outcome measure in early intervention

by lifestyle interventions and vascular risk management in primary

studies.

care, with higher scores indicating higher dementia risk (ie, unhealthier lifestyle). LIBRA focuses exclusively on modifiable risk and protective factors, thereby capturing lifestyle-based prevention potential. In

2

METHODS

contrast, other available risk scores for dementia have usually combined modifiable risk factors with non-modifiable factors like age, sex,

2.1

Study sample and design

or genetics.15–17 LIBRA has been shown to predict cognitive decline
and higher dementia risk in various general population- and patient-

The current study is a post hoc analysis of the FINGER trial. The study

based cohort studies.2,18–23 In addition, LIBRA has been previously

participants (N = 1260 aged 60–77 years) were recruited from ear-

used for HTE analysis in the Prevention of Dementia by Intensive Vas-

lier national health surveys at six study sites across Finland. Inclu-

cular Care (preDIVA) RCT24 and has recently been tested as a surro-

sion criteria were Cardiovascular Risk Factors, Ageing and Dementia

gate outcome in three multi-domain lifestyle-based intervention tri-

(CAIDE) score of at least 6 points indicating presence of some mod-

als (preDIVA, Multidomain Alzheimer Preventive Trial [MAPT], Healthy

ifiable risk factors,26 and cognitive performance at the mean level or

Ageing Through Internet Counseling in the Elderly [HATICE]).25 Here,

slightly below mean of the respective age group based on the Consor-

LIBRA was responsive to the interventions with almost 80% of the par-

tium to Establish a Registry for Alzheimer’s Disease (CERAD) cogni-

ticipants experiencing a change in LIBRA scores over time and moder-

tive screening test.27 Exclusion criteria were dementia or substantial

ate but significant between-group differences. Notably, the number of

cognitive impairment (Mini-Mental State Examination [MMSE] <20 or

available LIBRA factors in these trials varied between 6 and 11 out of

clinical judgment),28 conditions preventing safe engagement in lifestyle

12 risk and protective factors.25

trial, and participation in another ongoing intervention study. The

1207

DECKERS ET AL .

present study included all FINGER participants randomly assigned

1- and 2-year visits by study psychologists who were blinded to the

in a 1:1 ratio to the intervention group (N = 631) or control group

intervention allocation. Participants who dropped out during the study

(N = 629). The intervention group received four intervention com-

period were invited to the final cognitive assessment at the 2-year

ponents: (1) a nutritional intervention, (2) a physical exercise train-

visit. Test results for each time point were calculated on a standard-

ing program, (3) cognitive training, and (4) monitoring and manage-

ized z-scale (standardized to the baseline mean and standard devia-

ment of metabolic and vascular risk factors. The control group received

tion), with higher scores indicating better performance. Zero-skewness

characteristics,13

log-transformation was applied to skewed NTB components. In the

FINGER intervention, eligibility criteria, randomization procedure,12

present study, the following cognitive outcomes were used: (1) NTB

and primary results11 have been previously described elsewhere. The

composite z-score (based on results from 14 individual cognitive tests;

FINGER trial was approved by the Coordinating Ethics Committee

the primary outcome of the trial) and (2) domain-specific NTB z-scores

of the Hospital District of Helsinki and Uusimaa. Written informed

for executive functioning, processing speed, memory, and abbreviated

consent was obtained from all participants at screening and base-

memory. Details of the specific cognitive test within each cognitive

line visit. The FINGER trial is registered with ClinicalTrials.gov (no.

domain are described elsewhere.11,31

regular health advice. More details of the sample

NCT01041989).

2.2

2.5

Demographics

Statistical analyses

Information on age and sex were derived from the Finnish national

Independent samples t-tests and χ2 -tests were used to examine

population register (https://dvv.fi/en), and years of education, marital

differences with regard to demographics and baseline cognition

status/cohabitation, and socioeconomic status were collected using

scores between participants with and without available LIBRA score

standardized questionnaires administered at baseline. Socioeconomic

data. Independent samples t-tests and one-way analysis of variance

status was based on annual household income and classified into

(ANOVA) were used to examine differences in baseline LIBRA scores

low (0–20.000€), medium (20.001–50.000€) and high (>50.000€).

among various demographic groups.

Apolipoprotein E (APOE) genotype was determined by polymerase

Linear mixed models with maximum likelihood estimation (follow-

chain reactions using TaqMan genotyping assays.29 Participants were

ing the intention-to-treat principle) tested the association between (1)

categorized as carriers of at least one ɛ4 allele versus non-carriers.

baseline (continuous) LIBRA scores and change in cognition over time
and (2) randomization group and change in LIBRA over time. The mod-

2.3

LIBRA prevention index

els included a random intercept and random slope with an unstructured covariance matrix, as suggested by likelihood ratio tests. Ran-

LIBRA is a validated poly-environmental risk score for both cognitive

domization group (dichotomous variable coded as 0 for control and

developed as an instrument to

1 for intervention), time (first study aim: continuous variable coded

show an individual’s potential for dementia prevention after trian-

as 0 for baseline, 1 for 1-year visit, and 2 for 2-year visit; second

gulation of results from a systematic literature review and an expert

study aim: discrete time variable by using dummy variables for the two

functioning and dementia

risk,18–23

LIBRA consists of a weighted sum score (theoret-

follow-ups: 1 = baseline to 1-year visit, 2 = baseline to 2 year-visit

ical range from −5.9 to +12.7; with higher scores indicating greater

to report the unstandardized regression coefficients of the change in

dementia risk) of 12 modifiable risk and protective factors for cognitive

LIBRA per intervention year), baseline LIBRA scores (continuous vari-

decline and dementia (Table 1). Risk factors are coronary heart disease,

able), and their possible interactions (Group x Time, Group x LIBRA,

diabetes, hypercholesterolemia, hypertension, depression, obesity,

Time x LIBRA, and Group x Time x LIBRA) were included in the models.

smoking, physical inactivity, and renal disease. Protective factors are

For the first study aim, we report the unstandardized regression

low-to-moderate alcohol use, high cognitive activity, and healthy diet.

coefficients (and their 95% confidence intervals [CI]) of the best-

Details of the development of the LIBRA score have been described

fitting model using Bayesian information criterion (BIC). The best-

elsewhere.2

fitting model (lowest BIC) was determined by comparing the full model

consensus

study.2

In the FINGER trial, information was available for all 12 LIBRA fac-

(all interaction terms included) to alternative models excluding non-

tors at baseline, and at the 1- and 2-year visits based on clinical (labo-

significant interaction terms. Likelihood ratio tests were used to com-

ratory and anthropometric measurements) and self-reported (dietary

pare alternative models to the full model. Besides the Group x Time

data and medical history) data from study visits. Each measure was

x LIBRA interaction (HTE analysis), the Group x Time (intervention

dichotomized according to established cut-offs as in Table S1 in sup-

effect) and Time x LIBRA (effect of baseline LIBRA on cognition over

porting information.

time) interactions are of main interest and were not excluded from the
models. In addition to looking at the continuous LIBRA score, partici-

2.4

Cognitive outcomes

pants were also classified in three risk groups based on tertiles of the
baseline LIBRA score (ie, tertile 1 = low risk, tertile 2 = intermediate

Neuropsychological tests (an extended version of the Neuropsycho-

risk, tertile 3 = high risk) to see whether specific risk groups benefited

logical Test Battery [NTB])30

more from the FINGER intervention.

were administered at baseline and at the
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TA B L E 1

Baseline characteristics of study sample (N = 1207) by FINGER randomization group
Randomization group

Variable

Participants with
information available

Intervention
(N = 609)

Control
(N = 598)

1207

69.4 (4.6)

69.1 (4.7)

Demographics
Age, mean (SD)
Female, n (%)

1207

274 (45.0)

283 (47.3)

Years of education, mean (SD)

1206

10.0 (3.5)

10.0 (3.4)

Married or cohabiting, n (%)

1203

448 (73.9)

450 (75.4)

Socioeconomic status, n (%)*

1155

Low

141 (24.2)

124 (21.6)

Medium

341 (58.6)

342 (59.7)

High

100 (17.2)

107 (18.7)

1127

181 (31.8)

189 (33.9)

Coronary heart disease, n (%)

1207

83 (13.6)

70 (11.7)

High blood sugar level, n (%)

1207

28 (4.6)

26 (4.4)

APOE ε4 gene carrier, n (%)
Health- and lifestyle (LIBRA) factors†

Hypercholesterolemia, n (%)

1207

355 (58.3)

344 (57.5)

Hypertension, n (%)

1207

318 (52.2)

311 (52.0)

Depression, n (%)

1207

99 (16.3)

112 (18.7)

Obesity, n (%)

1207

182 (29.9)

180 (30.1)

Smoking, n (%)

1207

62 (10.2)

49 (8.2)

Low-to-moderate alcohol use, n (%)

1207

443 (72.7)

411 (68.7)

Physical inactivity, n (%)

1207

183 (30.1)

169 (28.3)

High cognitive activity, n (%)‡

1207

290 (47.6)

316 (52.8)

Healthy diet, n (%)

1207

218 (35.8)

217 (36.3)

Renal dysfunction, n (%)

1207

63 (10.3)

44 (7.4)

§

1207

0.40 (2.6)

0.21 (2.6)

1206

−0.03 (0.56)

0.02 (0.59)

Executive functioning, mean (SD)

1205

−0.03 (0.66)

0.01 (0.70)

Processing speed, mean (SD)

1206

−0.03 (0.78)

0.03 (0.85)

LIBRA score, mean (SD)
Cognition¶

NTB total score, mean (SD)

Memory, mean (SD)

1206

−0.03 (0.68)

0.03 (0.66)

Abbreviated memory, mean (SD)

1185

−0.03 (0.79)

0.03 (0.74)

Abbreviations: APOE, apolipoprotein E; LIBRA, LIfestyle for BRAin Health; NTB, Neuropsychological Test Battery; SD, standard deviation.
*Percentages may not sum up to 100 because of rounding.
†
See Table S1 in supporting information for the operationalization of the health- and lifestyle (LIBRA) factors.
‡
High cognitive activity is based on self-reported engagement in daily-life leisure-time activities. Participants were categorized as cognitively active or inactive based on the median distribution of reported activities (see Table S1 in supporting information).
§
LIBRA score theoretical range: −5.9 to 12.7; observed range: −5.9 to 7.9, with higher scores indicating higher dementia risk.
¶
For the cognitive test scores, a high score indicates better performance.

For the second study aim, we report the unstandardized regression

being married/cohabitated, APOE ε4 carrier status and baseline cogni-

coefficients (and their 95% CI) of the model that included the Group x

tive performance (NTB total score). The distribution of the residuals of

Time (intervention effect on LIBRA) interaction. This model was addi-

this model (change in LIBRA score as outcome) supported the assump-

tionally corrected for age, sex, years of education, and socioeconomic

tion of normality.

status. Next, several three-way interactions (Group x Time x “Variable

All analyses were primarily adjusted for study site and were done in

Z”) were added to the model to see whether this possible association

Stata/SE 15 (StataCorp, Texas), and the level of statistical significance

was moderated by age, sex, years of education, socioeconomic status,

was P < 0.05 in two-sided tests.
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TA B L E 2 Associations between baseline LIBRA and baseline cognition, and baseline LIBRA and change in cognition over time in the total study
sample (N = 1207). Estimates are from the best fitting linear mixed model
Parameter

NTB total score

Executive functioning

Processing speed

Memory

Abbreviated memory

Estimate (95% CI), P-value
Baseline LIBRA and
baseline cognition

−0.029
(−0.041 to
−0.017)
P < 0.001

−0.023
(−0.038 to −0.009)
P = 0.001

−0.045
(−0.062 to −0.028)
P < 0.001

−0.025
(−0.039 to −0.010)
P = 0.001

−0.019
(−0.034 to −0.003)
P = 0.021

Baseline LIBRA and change
in cognition over time

−0.007
(−0.011 to
−0.003)
P < 0.001

−0.004
(−0.009 to 0.000)
P = 0.078

−0.005
(−0.010 to 0.000)
P = 0.057

−0.011
(−0.017 to −0.004)
P = 0.001

−0.009
(−0.016 to −0.003)
P = 0.007

Abbreviations: CI, confidence interval; LIBRA, LIfestyle for BRAin Health; NTB, Neuropsychological Test Battery.
Other parameters included in the best fitting model: “Group”, “Time”, “Group x Time” (see Table S2 in supporting information).
Note: parameter for “Baseline LIBRA and baseline cognition” gives the baseline differences in cognition for each 1-point increase in LIBRA; parameter for
“Baseline LIBRA and change in cognition over time” gives the change in cognition per 1-point increase in baseline LIBRA for each additional year in study.

3

RESULTS

the intermediate-risk versus the low-risk group). Participants in the
intermediate-risk and high-risk group also showed less improvement

3.1

Baseline population characteristics

on the NTB total score and in the memory and abbreviated memory domain over the 2-year study period (Table S4 in supporting

After exclusion of individuals with an incomplete baseline LIBRA score

information).

(N = 53), the study sample consisted of 1207 individuals. Those

However, LIBRA did not moderate the intervention effect on the

with missing LIBRA score data did not differ from participants with

FINGER primary outcome, ie, the effect of randomization group on

available LIBRA score data regarding demographics and baseline cog-

change in NTB total scores (Group x Time x LIBRA interaction;

nition scores (Table S2 in supporting information). Baseline character-

B = −0.001, 95% CI −0.009 to 0.007; P = 0.804), showing that the

istics of the study sample are summarised by FINGER randomization

intervention benefit on cognition was similar across LIBRA scores.

group in Table 1.

Results did not change when testing LIBRA tertiles (Group x Time x

Men had higher baseline LIBRA scores (ie, higher modifiable demen-

LIBRA interaction; LIBRA tertile 2: B = −0.044, 95% CI −0.094 to

tia risk) compared to women (mean = 0.59 [standard deviation = 2.65]

0.005; P = 0.079; LIBRA tertile 3: B = −0.010, 95% CI −0.059 to 0.040;

versus −0.03 [2.56]; P < 0.001). Individuals with a low socioeconomic

P = 0.701). Also, LIBRA did not moderate the FINGER intervention

status had higher baseline LIBRA scores compared to participants with

effect on the secondary cognitive outcomes NTB executive function-

a medium or high socioeconomic status (low: 0.71 [2.82]; medium:

ing, processing speed, or memory domains (results not shown).

0.16 [2.56]; high: 0.25 [2.56]; P = 0.015). People who lived alone had
higher LIBRA scores compared to people who were married or cohabiting (0.58 [2.69] versus 0.22 [2.60]; P = 0.039). Further, younger age

3.3
time

Intervention effects on change in LIBRA over

(<70 years) was associated with higher LIBRA scores at baseline (0.48
[2.74] versus 0.10 [2.47]; P = 0.013). There were no significant differ-

At baseline, there was no difference in LIBRA scores between the two

ences in baseline LIBRA scores for APOE ε4 gene carrier status or years

randomization groups (B = 0.134, 95% CI −0.151 to 0.419; P = 0.357).

of education (<9 years versus 9 years or more).

LIBRA scores declined more in the intervention group than in the control group after one (B = −0.44; 95% CI −0.72 to −0.16; P = 0.002)

3.2

Baseline LIBRA and cognition

and two years (B = −0.35; 95% CI −0.64 to −0.07; P = 0.016; Figure 1).
Results did not change after correcting for age, sex, years of education,

At baseline, higher (continuous) LIBRA scores were cross-sectionally

and socioeconomic status. Age, sex, years of education, socioeconomic

associated with lower scores on all cognitive outcomes in the total sam-

status, being married/cohabitated, APOE ε4 carrier status, and baseline

ple. Higher LIBRA scores at baseline predicted less improvement on the

cognitive performance (NTB total score) did not moderate the FINGER

NTB total score and in the memory and abbreviated memory domain

intervention effect on change in LIBRA over time (results not shown).

over the 2-year study period in the entire population (Table 2; Table-S3
in supporting information). Further, the intermediate-risk (LIBRA

4

DISCUSSION

tertile 2) and high-risk groups (LIBRA tertile 3) had lower scores on
all cognitive outcomes at baseline compared to the low-risk group

The multi-domain FINGER intervention was effective in decreasing

(LIBRA tertile 1; except for memory and abbreviated memory in

LIBRA scores over time. This decrease in LIBRA was more pronounced
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4.2
Heterogeneity in treatment effects on
cognition
Further, LIBRA scores at baseline did not modify the previously
reported FINGER intervention effect on the primary cognitive outcome NTB total score, meaning that the cognitive benefit of the FINGER intervention was similar across individuals with different LIBRA
scores at baseline. This was most likely due to the fact that people were already selected in FINGER based on their elevated CAIDE
dementia risk score, in addition to cognitive performance at the
mean level or slightly lower than expected for age. Notably, there is
some overlap between risk factors included in CAIDE and LIBRA (eg,
blood pressure/hypertension, body mass index/obesity, total cholesterol/hypercholesterolemia, and physical activity). Alternatively, this
F I G U R E 1 Change in LIBRA over time for individuals in the
intervention and control group
Notes: Figure shows estimated mean LIBRA score at baseline, 1-, and
2-year visits (lower scores indicate lower dementia risk). Error bars
are confidence intervals. Linear mixed models were used to assess
differences in LIBRA change between intervention and control group
over the 2-year study period (Group x Time interaction).
Abbreviations: LIBRA, LIfestyle for BRAin Health

finding can also imply that there was no HTE, meaning that the FINGER
intervention benefits everybody.

4.3
LIBRA score, cognition, and sociodemographic
factors
In the entire FINGER population, higher LIBRA scores (eg, an unhealthier lifestyle) at baseline were associated with lower baseline cognitive performance in all domains, and also less cognitive improvement
over time in NTB total score and the memory domain. This is in line

during the first year of the FINGER intervention, after which LIBRA

with findings from a previous LIBRA validation study in 2347 cognitive

stayed relatively stable during the second intervention year. Further,

healthy middle-aged individuals of the Doetinchem Cohort Study.20

factors related to health inequalities (eg, low socioeconomic status and

In this observational study, higher baseline LIBRA scores predicted

fewer years of education) did not have an impact on the intervention

faster decline in verbal memory, cognitive flexibility, and mental speed.

benefit on change in LIBRA over time.

As in FINGER, men had higher LIBRA score at baseline compared
to women.20 In a community-dwelling prospective cohort study from
the United Kingdom, individuals with a low socioeconomic status had

4.1

LIBRA as surrogate outcome

higher LIBRA scores and a higher dementia risk compared to individuals with a high socioeconomic status. Mediation analysis showed that

Our findings give further weight that multi-domain lifestyle interven-

the difference in dementia risk between individuals with a high socioe-

tions for dementia risk reduction are effective by showing that the

conomic status and individuals with a low socioeconomic status could

lifestyle-based risk score declined more in the intervention arm during

be for more than 50% explained by differences in modifiable health

the first year of intervention already and was sustained over 2 years.

conditions and lifestyle factors (LIBRA).19 In the FINGER trial, partic-

Yet, effects on cognition became more visible later in a time-lagged

ipants with a low socioeconomic status also had higher LIBRA scores

fashion after 2 years.11 It could be suggested that this decrease in

at baseline compared to participants with a medium or high socioeco-

LIBRA during the first year of the intervention could be related to the

nomic status, but no significant difference in intervention benefit on

intensity of the intervention components during this first year and that

change in estimated dementia risk (LIBRA) was found between socioe-

the stabilization of LIBRA can be explained by less adherence during

conomic groups or years of education. This means that less privileged

the second year of the intervention. Alternatively, this could also be

groups (lower socioeconomic status and fewer years of education) ben-

explained by an individual-specific floor effect on how much one can

efited as much from the FINGER intervention in terms of change in esti-

change their risk (eg, their room for improvement was already tack-

mated dementia risk as more privileged groups, thereby not widening

led after 1 year of intervention). Hence, LIBRA might be used as an

the health gap between the rich and the poor. This finding is particu-

instrument to monitor progress in risk reduction within a relatively

larly important given a previous study reporting that lower income was

short timeframe during trial execution, upon which the intervention

associated with poorer adherence to the nutritional component of the

can be intensified or tailored toward specific risk factors, and as a sur-

FINGER intervention.35 The beneficial effect of the FINGER interven-

rogate/intermediate endpoint in future multi-domain lifestyle inter-

tion on cognition regardless of sociodemographic (eg, age, sex, years

ventions. These findings can be taken into account in the design and

of education), socioeconomic status, baseline cognitive performance,

execution of future FINGER-type interventions, eg, in the context of

and cardiovascular risk factors (eg, body mass index, cholesterol, blood

the World Wide FINGERS initiative.32–34

pressure) has already been reported.36
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4.4

Strengths and limitations

and Jalmari and Rauha Ahokas Foundation, Finland. R. Antikainen
received research funding from EVO/VTR grants of Oulu University

Strengths of this study were the administration of a comprehen-

Hospital and Oulu City Hospital (Finland). H. Soininen received funding

sive neuropsychological test battery, the low drop-out rate, and the

from EU 7th framework collaborative project grant (HATICE), EU Joint

thorough randomization and masking/blinding.35

Further, the FINGER

Programme–Neurodegenerative Disease Research (MIND-AD), UEF

population is representative for the at-risk segment of the older gen-

Strategic funding for UEFBRAIN (Finland), and EVO/VTR funding from

eral population without substantial cognitive impairment/dementia,

Kuopio University Hospital (Finland). M. Kivipelto received research

who is also most likely to benefit from the intervention.13 Conventional

support from the Academy of Finland (317465), Finnish Social Insur-

subgroup analyses use single participant characteristics for stratifica-

ance Institution, Finnish Ministry of Education and Culture, Juho Vainio

HTE.37

In

Foundation (Finland), EU Joint Programme–Neurodegenerative Dis-

contrast, multivariable risk scores, such as LIBRA, account for multi-

ease Research (MIND-AD and EURO-FINGERS), Alzheimer’s Research

ple relevant characteristics simultaneously and are more relevant for

and Prevention Foundation (US), Alzheimerfonden (Sweden), Swedish

HTE analysis.38,39 Yet, this study has some limitations. First, FINGER

Research Council, Center for Innovative Medicine (CIMED) at Karolin-

participants were recruited from persons who had earlier participated

ska Institutet, Region Stockholm (ALF, NSV), Knut and Alice Wal-

in population surveys. This might have led to a selection of individu-

lenberg Foundation (Sweden), Stiftelsen Stockholms sjukhem (Swe-

als who were more willing to adhere to the intervention and were in

den), Konung Gustaf V:s och Drottning Victorias Frimurarstiftelse

general more interested in (improving) their personal health. Previous

(Sweden). A. Solomon received research funding from the Euro-

LIBRA studies had a prospective cohort design and the mean LIBRA

pean Research Council grant 804371, Academy of Finland (287490,

score in these studies was somewhat higher compared to the present

294061, 319318), Finnish Cultural Foundation, Yrjö Jahnsson Founda-

study.18–20 Yet, it has to be noted that in none of the previous studies

tion (Finland), Alzheimerfonden, and Region Stockholm ALF (Sweden).

tion, but this approach is often unable to explain even large

all 12 LIBRA factors were available, making direct comparisons difficult

The funding sources had no role in study design; in the collection,

(in most cases the protective factors high cognitive activity and healthy

analysis, and interpretation of data; in the writing of the report; and in

diet were not measured, which may have resulted in higher overall

the decision to submit the article for publication.

scores). Next, despite the relatively large sample size, there may be lack
of statistical power for post hoc subgroup analyses such as three-way
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