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Alzheimer’s disease and coronary artery disease are common late-life chronic conditions and share multiple risk fac-

tors, including the apolipoprotein E (APOE) 4 allele. A meta-analysis of two multidomain lifestyle intervention trials 

found greater cognitive benefits in APOE4 carriers compared with non-carriers. This study investigated the impact 

of genetic risk scores for Alzheimer’s disease and coronary artery disease (AD-GRS, CAD-GRS) on cognition in the 

Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) randomized controlled 

trial.

FINGER included 1259 at-risk individuals without dementia from the general population, aged 60–77 years. 

Participants were randomized 1:1 to a 2-year multidomain lifestyle intervention or regular health advice. The primary 

outcome was change in cognition based on a modified Neuropsychological Test Battery (14 tests). Previous compre-

hensive AD-GRS and CAD-GRS were calculated using genome-wide association study data (1177 participants, with 

585 in the control and 592 in the intervention groups, exploratory analysis).

The intervention-control difference in annual overall cognition change (95% confidence interval) for participants with 

AD-GRS above/below the median (i.e. higher/lower risk) was 0.032 (0.002–0.063) versus 0.017 (−0.011 to 0.045), and for 

CAD-GRS above/below the median was 0.031 (0.002 to 0.059) versus 0.016 (−0.012 to 0.044). AD-GRS or CAD-GRS were 

not significantly related to the intervention effect overall (P > 0.46), but for AD-GRS there were differences between fe-

males and males (P = 0.024). The intervention-control difference in annual overall score change was 0.045 (0.004 to 

0.087) for higher-risk females, 0.003 (−0.040 to 0.047) for lower-risk females, 0.019 (−0.026 to 0.064) for higher-risk males, 

and 0.027 (−0.009 to 0.064) for lower-risk males.

People with genetic susceptibility for Alzheimer’s disease/dementia or coronary artery disease can benefit from multi-

domain lifestyle interventions. Although the findings for the AD-GRS and CAD-GRS risk groups were similar to APOE4 

carrier status, with additional gender differences for AD-GRS, these exploratory findings need to be verified across sev-

eral multidomain lifestyle trials to ensure adequate statistical power and inclusion of genetically diverse populations.
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Introduction

Alzheimer’s disease, the most common cause of dementia, and cor-

onary artery disease, the most common type of cardiovascular dis-

ease, are the main disabling chronic conditions at older ages. 

Dementias and cardiovascular diseases have a multifactorial aeti-

ology, partly attributed to genetic predisposition, but also signifi-

cantly influenced by a wide range of shared environmental, 

lifestyle and behavioural factors.1 Precision prevention strategies 

addressing modifiable risk factors and their interplay with genetic 

factors are important for reducing the burden of multimorbidity 

that is increasingly common in older populations. Multidomain 

lifestyle interventions with or without pharmacological compo-

nents targeting several risk factors and disease mechanisms simul-

taneously are an established feature of cardiovascular prevention 

research.2 However, multidomain lifestyle interventions have 

only recently started to be adapted for dementia risk reduction. 

This has been tested successfully in randomized controlled trials 

(RCTs) such as the Finnish Geriatric Intervention Study to Prevent 

Cognitive Impairment and Disability (FINGER), which reported sig-

nificant beneficial intervention effects on the primary cognitive 

outcome (change in overall cognitive score) after 2 years.3-5 It also 

showed multiple additional health benefits, including lower risk 

of cardio/cerebrovascular events up to 8-year follow-up, reduced 

frailty and reduced utilization of healthcare services and indication 

for cost-effectiveness.6-8

The interplay between genetic risk (e.g. in the form of polygenic 

scores) and lifestyle factors has been studied extensively for cardio-

vascular disease prevention9 but only to a limited degree in the con-

text of dementia prevention. Two RCTs have so far reported the 

impact of the apolipoprotein 4 (APOE4) allele (the strongest genetic 

risk factor for Alzheimer’s disease and a risk factor for coronary ar-

tery disease) on the cognitive benefits of multidomain lifestyle in-

terventions. FINGER3 and the Multidomain Alzheimer Preventive 

Trial (MAPT)10 included a total of 2940 community-dwelling older 

participants at-risk for dementia, randomized to different 2-year 

or 3-year multidomain lifestyle interventions or control (regular 

health advice). Although neither trial alone was sufficiently pow-

ered to detect APOE4 effects, a meta-analysis combining the trials 

indicated potentially more cognitive benefits in APOE4 carriers 

compared with non-carriers.11 This is important for dementia risk 

reduction strategies because the APOE4-related genetic susceptibil-

ity for Alzheimer’s disease did not counteract the benefits of 

healthy lifestyle changes.

While the APOE4 allele is widely recognized as the main genetic 

risk factor for sporadic Alzheimer’s disease, genome-wide associ-

ation studies (GWAS) have identified additional genetic loci asso-

ciated with Alzheimer’s disease.12,13 It was recently estimated 

that the entire Alzheimer’s disease genetic risk may be explained 

by up to 100 causal common variants.14 Several polygenic risk 

scores have been developed by combining multiple risk alleles to 

provide a quantifiable measure of overall Alzheimer’s disease gen-

etic risk.12 The most comprehensive Alzheimer’s disease genetic 

risk score (AD-GRS) to date incorporates 83 genome-wide signifi-

cant variants, not including APOE.13 The AD-GRS has a relatively 

small but significant impact on Alzheimer’s disease/dementia 

risk in addition to the impact of age, independently of APOE geno-

type.13 It is also related to amyloid pathology and predicts faster 

progression of tau pathology and cognitive decline in people with 

Alzheimer’s disease.15 However, polygenic scores such as the 

AD-GRS have never been tested in multidomain lifestyle-based de-

mentia prevention trials.

This study aims to investigate whether the AD-GRS can modify 

the previously reported cognitive benefits of the FINGER multido-

main lifestyle intervention (exploratory analysis of a 2-year RCT). 

Given that several risk factors for dementia addressed by the 

FINGER intervention are also risk factors for cardiovascular dis-

eases/coronary artery disease, we also investigated a previously va-

lidated comprehensive CAD-GRS (coronary artery disease-genetic 

risk score; 6 630 150 variants).16 We hypothesized that older adults 

at-risk for dementia but without substantial impairment can bene-

fit from multidomain lifestyle intervention even in the presence of 
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genetic susceptibility for Alzheimer’s disease or coronary artery 

disease. In addition, we investigate potential gender differences, 

based on previous reports of different impacts of genetic risk in fe-

males versus males for both Alzheimer’s disease and coronary ar-

tery disease.17,18

Materials and methods

Study design

Details of the FINGER trial protocol,3 study population characteris-

tics19 and primary outcomes5 have been published. FINGER was a 

randomized controlled, parallel-group trial conducted at six sites 

across Finland. The trial received ethical approval from the 

Coordinating Ethics Committee of the Hospital District of Helsinki 

and Uusimaa.3

Participants

Participants were enrolled from previous population-based observa-

tional studies. Inclusion criteria were age 60–77 years, an elevated 

Cardiovascular Risk Factors, Aging, and Dementia (CAIDE) risk score, 

and cognitive abilities within the average range or slightly below, with-

out any diagnosed or suspected dementia (Supplementary Table 1 and 

Supplementary material). Written informed consent was obtained 

from all participants, and all data were de-identified. Gender data 

were collected as recorded in the Finnish population registry.

Randomization and masking

Participants were randomly assigned (1:1 ratio) into two groups: an 

intensive multidomain lifestyle intervention group or a regular 

health advice group (control). Randomization was done at each 

study site by the study nurse using computerized allocation in 

blocks of four (two participants randomized to each group). 

Outcome assessors were masked to the group allocation and did 

not participate in intervention implementation. Participants were 

not actively informed about their group allocation.

Procedures

The intervention group was provided with four different domains 

of intervention: nutrition, physical exercise, cognitive training 

and management of metabolic and vascular risk factors (described 

in Supplementary Table 2, the Supplementary material and the 

trial protocol5). Social engagement was promoted through group 

meetings of the other intervention domains. The control group re-

ceived standard health guidance.

Outcomes

The study psychologist administered an extended version of the 

Neuropsychological Test Battery (NTB) to assess participants’ cognition 

at the beginning, after 12 months, and subsequently after 24 months. 

The primary outcome was change in the NTB total score derived 

from 14 tests, with higher scores indicating better performance (calcu-

lated as z-scores, standardized to the baseline mean and standard de-

viation). The secondary outcomes encompassed change in composite 

z-scores for memory, executive functioning and processing speed. 

Post hoc analyses included an abbreviated memory domain based on 

a subset of memory tests requiring more complex processing.

To address skewed distributions, a log transformation with zero 

skewness was applied to NTB components. The z-scores for the test 

results at each time point were standardized based on the mean 

and standard deviation at the baseline assessment. The NTB total 

score and domain scores for executive functioning, processing 

speed and memory were derived by calculating the mean of the in-

dividual NTB component z-scores.

Genome-wide association study

The genomic DNA was extracted from venous blood samples using 

magnetic bead-based extraction techniques conducted with the 

PerkinElmer Chemagic MSM1 system. AD-GRS was calculated in ac-

cordance with the approach described by Bellenguez et al.13 To sum-

marize the process, it entailed assessing the genotype dosage of 

each risk allele for all 83 documented variants and subsequently 

multiplying them by their associated weights, which were derived 

from the effect sizes found in their meta-GWAS. The GRS is the cu-

mulative sum of these products across all the variants. CAD-GRS se-

lection16 and calculation are described in Supplementary Table 4. 

APOE4 genotyping was performed as previously described.20

Statistical analysis

The present study is an exploratory analysis based on GWAS con-

ducted on existing DNA samples during 2022–23. To ensure consist-

ency, AD-GRS and CAD-GRS were standardized based on their 

respective means and standard deviations. Before standardization, 

zero-skewness log-transformation was applied to the CAD-GRS to 

correct skewness. Comparisons of baseline characteristics between 

intervention and control groups, females and males, and by GWAS 

data availability were done using t-tests or 2 tests as appropriate.

Mixed effects regression models with maximum likelihood esti-

mation were used to analyse change in cognitive scores as a func-

tion of randomization group, time, continuous GRS (AD-GRS or 

CAD-GRS), and their interactions (Group × Time, Group × GRS, 

Time × GRS, Group × Time × GRS). Analyses were adjusted for study 

site, baseline age, gender, and their effect on change in cognition 

(Age × Time, Gender × Time). As AD-GRS excludes APOE, AD-GRS 

analyses were additionally adjusted for APOE4 carrier status and 

APOE4 × Time. This was not done for CAD-GRS, which includes 

APOE genotype. We report the Group × Time × GRS interaction as 

the main result. To facilitate interpretation of three-way interac-

tions, we also show forest plots of the Group × Time interaction 

(i.e. mean difference between intervention and control in cognitive 

change per year) from analyses stratified by GRS above versus be-

low the median. For comparison, previously reported FINGER trial 

results for APOE4 carrier status20 are included in the figures.

Potential gender differences were investigated using mixed ef-

fects regression models with maximum likelihood estimation 

where change in cognitive scores were analysed as a function of ran-

domization group, time, continuous GRS (AD-GRS or CAD-GRS), gen-

der, and their interactions (Group × Time, Group × GRS, Group ×  

Gender, Time × GRS, Gender × GRS, Gender × Time; Group × Time ×  

GRS, Group × Time × Gender, Group × GRS × Gender, Time × GRS ×  

Gender; and Group × Time × GRS × Gender). Analyses were adjusted 

for study site, age, Age × Time, and (for AD-GRS) APOE4 carrier status 

and APOE4 × Time. We report the Group × Time × GRS × Gender 

interaction as the main result, and also forest plots of the Group ×  

Time interactions from analyses stratified by females and males, 

and GRS above versus below the median.

Additional analyses were conducted to investigate if AD-GRS and 

CAD-GRS were related to cognition at baseline and overall change in 

cognition over time (irrespective of randomization group). Mixed ef-

fects regression models with maximum likelihood estimation were 
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used to analyse change in cognitive scores as a function of continu-

ous GRS (AD-GRS or CAD-GRS), time and GRS × Time interaction, ad-

justed for randomization group, Group × Time interaction, study 

site, baseline age, Age × Time, gender, Gender × Time, and (for 

AD-GRS) APOE4 carrier status and APOE4 × Time. We report esti-

mates (95% CI) for continuous GRS, indicating cross-sectional asso-

ciations with cognition at baseline, and for GRS × Time, indicating 

longitudinal associations with cognitive change.

The level of significance was set to P < 0.05 in all analyses, and 

STATA software, version 14 (STATACorp), was used. The FINGER 

trial was registered on ClinicalTrials.gov, identifier NCT01041989.

Results

In total 2654 individuals were screened between 7 September 2009 

and 24 November 2011, and 1260 were assigned randomly to the 

intervention group (n = 631) or control group (n = 629; 628 

after one individual withdrew consent; Supplementary Fig. 1). 

There were 1177 participants (585 control, 592 intervention) with 

available GWAS data, and 1112 of them had APOE4 carrier status, 

assessed separately.20 At baseline, there were no differences in 

age, gender distribution, APOE4 carrier status, AD-GRS, CAD-GRS 

or cognitive performance between the control and intervention 

groups (Table 1). Participants with or without available GWAS 

data were not significantly different (Supplementary Table 5).

The intervention effect on the primary cognitive outcome 

by genetic risk level is shown in Fig. 1 and Supplementary Tables 

6 and 7. The Randomization group × Time × Continuous GRS inter-

actions were not statistically significant: P = 0.46 for AD-GRS 

and P = 0.65 for CAD-GRS, similar to the previously reported 

Group × Time × APOE4 interaction, P = 0.30.20 Stratified analysis by 

genetic risk level showed similar patterns for all three genetic 

risk measures. The intervention had a beneficial effect on primary 

cognitive outcome among participants with AD-GRS above 

the median (estimate = 0.032, 95% CI = 0.002 to 0.063, P = 0.038; 

Supplementary Table 6) and those with CAD-GRS above the median 

(estimate = 0.031, 95% CI = 0.002 to 0.059, P = 0.031; Supplementary 

Table 7), similar to APOE4 carriers (estimate = 0.037, 95% CI = 0.001 

to 0.073, P = 0.045).20 The intervention-control difference, although 

favouring intervention, was not statistically significant among peo-

ple with lower genetic risk levels (Fig. 1).

The intervention effects on NTB memory, abbreviated memory, 

executive function and processing speed scores by genetic risk level 

are shown in Fig. 2 and Supplementary Tables 6 and 7. Neither 

Randomization group × Time × Continuous GRS interactions, nor 

previously reported Group × Time × APOE4 interactions were statis-

tically significant. Stratified analysis by CAD-GRS level showed a 

significant difference between intervention and control groups, 

favouring intervention in processing speed (estimate = 0.045, 95% 

CI = 0.007 to 0.083, P = 0.021), with a similar trend for executive func-

tion (estimate = 0.035, 95% CI = −0.001 to 0.072, P = 0.056) among par-

ticipants with CAD-GRS above the median. This was not observed for 

memory scores. For processing speed, but not other cognitive do-

mains, there was a trend favouring intervention in participants 

with AD-GRS below the median (estimate = 0.038, 95% CI = −0.002 

to 0.077, P = 0.061). In comparison, there was a significant 

intervention-control difference among APOE4 carriers for abbre-

viated memory (estimate = 0.070, 95% CI = 0.006 to 0.135, P = 0.03), 

with a similar trend for executive functioning (estimate = 0.045, 95% 

CI = −0.002 to 0.091, P = 0.059), but not other cognitive domains.

There was some evidence for potential gender differences for 

the impact of AD-GRS on the intervention effect on NTB total score 

and memory: Randomization group × Time × Continuous AD-GRS ×  

Gender interaction, P = 0.024 for NTB total score and P = 0.089 for mem-

ory (Fig. 3 and Supplementary Table 8). For all cognitive domains, 

the Group × Time × AD-GRS interaction consistently showed positive 

estimates for females and negative estimates for males in analyses 

stratified by gender. This was not observed for CAD-GRS or APOE4 

(Supplementary Tables 9 and 10). Baseline population characteristics 

by gender are shown in Supplementary Table 11. Females were 

Table 1 Baseline characteristics of the FINGER population with 
available genetic data

Characteristics n Control Intervention P

Age, years 1177 68.8 (4.74) 68.9 (4.68) 0.63

Female, n (%) 1177 275 (47.0) 261 (44.1) 0.31

Education, years 1175 9.99 (3.44) 9.98 (3.50) 0.96

APOE4 carriers, n (%) 1112 184 (33.1) 174 (31.3) 0.52

AD-GRS 1177 0.01 (0.97) −0.01 (1.03) 0.75

CAD-GRS 1177 0.01 (0.98) −0.01 (1.02) 0.65

NTB-Total score 1176 0.02 (0.59) −0.03 (0.56) 0.13

NTB-Memory 1176 0.02 (0.66) −0.04 (0.69) 0.12

NTB-Abbreviated 

memory

1155 0.02 (0.74) −0.03 (0.78) 0.20

NTB-Executive 

functioning

1175 0.01 (0.70) −0.03 (0.66) 0.42

NTB-Processing speed 1176 0.03 (0.84) −0.03 (0.78) 0.16

Values are means (standard deviation) unless otherwise specified. All values for 

AD-GRS, CAD-GRS and cognitive scores are shown as z-scores. APOE4 =  

Apolipoprotein 4 allele; AD-GRS = Alzheimer’s disease genetic risk score; CAD-GRS  

= coronary artery disease genetic risk score; FINGER = Finnish Geriatric Intervention 

Study to Prevent Cognitive Impairment and Disability randomized controlled trial; 

NTB = Neuropsychological Test Battery.

Figure 1 Intervention effect on the primary cognitive outcome stratified 
by genetic risk. Mixed-model repeated-measures analyses were used to 
investigate whether AD-GRS or CAD-GRS influenced intervention effects 
on cognitive performance (Group × Time × Continuous GRS interac-
tions). To determine estimates for the difference between intervention 
and control groups per year, analyses were stratified by GRS above ver-
sus below the median. A positive value of the estimate for the difference 
between intervention and control groups indicates that the effect is in fa-
vour of the intervention group. Estimates for groups with higher genetic 
risk (APOE4 carriers, GRS above the median) are shown in red. Estimates 
for groups with lower genetic risk (APOE4 non-carriers, GRS below 
the median) are shown in blue. Estimates from Solomon et al.20 for 
APOE are shown for comparison. The 95% confidence intervals indicate 
statistical significance for within-group effects (all three-way interactions 
were not statistically significant). APOE4 = Apolipoprotein 4 allele; 
AD-GRS = Alzheimer’s disease genetic risk score; CAD-GRS = coronary 
artery disease genetic risk score; GRS = genetic risk score.
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somewhat older, had slightly lower education level and better perform-

ance in NTB total, memory, abbreviated memory and processing speed 

but worse performance on executive function compared with males.

Cross-sectional and longitudinal associations of AD-GRS and 

CAD-GRS with cognition (irrespective of randomization group) are 

shown in Supplementary Table 12. Higher AD-GRS was significantly as-

sociated with lower baseline memory (P = 0.033) and abbreviated mem-

ory (P = 0.050) but not other cognitive domains or change in cognition 

over time. CAD-GRS was not associated with baseline cognition, but 

higher CAD-GRS showed a trend for association with an increase in ab-

breviated memory (P = 0.079) and processing speed (P = 0.056) over time.

Additional analyses controlling for education and Education × Time 

interactions did not significantly change any of the results (results not 

shown). Analyses of CAD-GRS without APOE showed results nearly 

identical to the original CAD-GRS (Supplementary Tables 7, 10 and 12).

Discussion

This study provides the first RCT-based evidence that a multido-

main lifestyle intervention can have cognitive benefits in older 

adults with lifestyle/vascular risk for dementia, regardless of their 

overall genetic risk level for Alzheimer’s disease or coronary artery 

disease. In the 2-year FINGER RCT, a comprehensive AD-GRS13 or 

CAD-GRS16 did not show a statistically significant impact (test of 

interaction) on the previously reported intervention benefits on 

cognition.5 However, within-group findings by polygenic risk level 

above versus below the median showed beneficial intervention ef-

fects on the overall cognitive performance (primary outcome NTB 

total score), particularly among participants with higher 

Alzheimer’s disease or coronary artery disease risk. Within-group 

findings for specific cognitive domains (secondary outcomes) sug-

gested intervention benefits on executive function and processing 

speed, but not memory, particularly in the higher CAD-GRS risk 

group. There did not seem to be a consistent pattern for AD-GRS 

risk groups in relation to overall intervention effects on secondary 

cognitive outcomes. Interestingly, the results suggested potential 

gender differences regarding AD-GRS (but not APOE4 or 

CAD-GRS), with more pronounced intervention benefits on the 

NTB total score and memory among females with higher AD-GRS.

A key question regarding dementia risk reduction strategies is 

whether people with genetic susceptibility can still benefit from 

Figure 2 Intervention effect on the secondary cognitive outcomes stratified by genetic risk. Mixed-model repeated-measures analyses were used to 
investigate whether AD-GRS or CAD-GRS influenced intervention effects on cognitive performance (Group × Time × Continuous GRS interactions). 
To determine estimates for the difference between intervention and control groups per year, analyses were stratified by GRS above versus below 
the median. A positive value of the estimate for the difference between intervention and control groups indicates that the effect is in favour of the 
intervention group. Estimates for groups with higher genetic risk (APOE4 carriers, GRS above the median) are shown in red. Estimates for groups 
with lower genetic risk (APOE4 non-carriers, GRS below the median) are shown in blue. Estimates from Solomon et al.20 for APOE are shown for com-
parison. The 95% confidence intervals indicate statistical significance for within-group effects (all three-way interactions were not statistically signifi-
cant). APOE4 = apolipoprotein 4 allele; AD-GRS = Alzheimer’s disease genetic risk score; CAD-GRS = coronary artery disease genetic risk score; GRS =  

genetic risk score; NTB = Neuropsychological Test Battery.
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lifestyle intervention. The first evidence that APOE4 carriers may 

have more cognitive benefit from multidomain lifestyle interven-

tions compared with non-carriers was provided by a meta-analysis 

combining the FINGER and MAPT trials.11 The FINGER-based 

Japanese J-Mint trial has also recently reported cognitive benefits 

in APOE4 carriers.21 While the APOE4 allele is widely recognized 

as the main genetic risk factor for sporadic Alzheimer’s disease, it 

has been estimated that the full Alzheimer’s disease genetic risk 

may be explained by up to 100 causal common genetic variants.14

Thus, our findings have positive implications for lifestyle-based de-

mentia risk reduction, because having a higher genetic risk for AD 

did not seem to hinder the intervention benefits on cognition 

even after adjusting for APOE4.

There may be similar positive implications for people with high-

er cardiovascular genetic risk who adopt healthier lifestyles. This is 

important because the FINGER multidomain lifestyle intervention 

simultaneously addressed several modifiable factors previously 

linked to the risk for both dementia and coronary artery disease. 

Alzheimer’s disease and coronary artery disease are complex 

multifactorial diseases, with overlapping vascular/metabolic and 

lifestyle-related factors. APOE is a pleiotropic gene impacting both 

diseases, with APOE4 increasing the risk of Alzheimer’s disease 

and coronary artery disease, APOE2 being associated with a poten-

tially beneficial impact and APOE3 falling somewhat in the mid-

dle.22 Although APOE4 has much less impact on coronary artery 

disease than on Alzheimer’s disease risk,23 and the two conditions 

have limited genetic overlap beyond APOE genotype, a significant 

overlap has been described in the mechanistic pathways affected 

by risk genes. An extensively studied example is lipid dysregula-

tion, which increases the risk for both Alzheimer’s disease and 

coronary artery disease. For example, oxysterols such as 

27-hydroxycholesterol, which showed reduction during the 

FINGER intervention related to cognitive improvement,24 have 

been identified as a missing link between peripheral and brain chol-

esterol. The exact mechanisms underlying the cognitive benefits 

from intervention in people with higher CAD-GRS need to be fur-

ther studied. This is important because higher coronary artery dis-

ease polygenic risk, although not directly related to dementia risk, 

has been shown to impact the association between clinically mani-

fest cardiovascular conditions and dementia.25

It is currently unclear whether individuals with higher AD-GRS 

or CAD-GRS may benefit more from a multidomain lifestyle inter-

vention compared with those with lower AD-GRS or CAD-GRS. 

Reporting guidelines for RCTs emphasize tests of interaction as 

most appropriate for investigating whether the effects of interven-

tions vary between individuals based on specific characteristics.26

However, few single trials are sufficiently powered to detect signifi-

cant interactions. Regarding the example of APOE genotype, tests of 

interaction in the FINGER trial (1260 participants) or MAPT trial 

(1680 participants) did not initially show significant differences in 

intervention benefits on cognition between APOE4 carriers and 

non-carriers. However, combining the results from the two trials 

in a meta-analysis resulted in increased statistical power to detect 

a greater cognitive benefit in carriers compared with non-carriers.11

The impact of polygenic risk for Alzheimer’s disease or coronary ar-

tery disease will thus need to be further tested in joint analyses 

from multiple lifestyle RCTs. For example, several FINGER-based 

RCTs are currently ongoing as part of World-Wide FINGERS, the first 

global network of multidomain lifestyle-based dementia preven-

tion trials (currently >60 member countries, https://fbhi.se/world- 

wide-fingers-network). The inclusion of genetically diverse popula-

tions is particularly important in this context, as the predictive per-

formance of polygenic risk scores generally varies between 

populations with different ancestries.16

Although we also report analyses stratified by AD-GRS or 

CAD-GRS above versus below the median, these within-group find-

ings are primarily presented for descriptive purposes to facilitate 

the interpretation of complex three-way interactions involving 

continuous polygenic scores. Reporting guidelines for RCTs caution 

against over-interpretation of within-group analyses, i.e. hetero-

geneity of intervention effects should not be assumed based only 

on significant within-group results. Dividing the trial population 

into smaller groups can also limit statistical power for detecting sig-

nificant intervention-control differences and may lead to non- 

significant results, e.g. it should not be assumed that individuals 

with lower genetic risk do not benefit from the intervention.

Within-group findings for the primary cognitive outcome 

showed a similar pattern of intervention benefit for all high-risk 

groups, i.e. APOE4 carriers, and AD-GRS or CAD-GRS above the me-

dian. However, within-group findings for secondary cognitive out-

comes did not show a consistent pattern for AD-GRS compared 

with APOE4 carrier status. APOE4 and other genetic risk factors 

may contribute to disease risk in mechanistically different ways, 

e.g. APOE4 mainly via amyloid-related pathways and other genetic 

factors mainly via non-amyloid-related pathways.27 For CAD-GRS, 

although the intervention effects on memory outcomes did not 

vary by genetic risk level, within-group findings suggested inter-

vention benefits on executive function and processing speed in 

the higher genetic risk group. This is interesting because executive 

function and processing speed domains are commonly affected in 

vascular conditions.28 However, the present study cannot clarify 

the potential underlying mechanisms and to what extent they are 

Figure 3 Intervention effect on the primary cognitive outcomes strati-
fied by AD-GRS risk in males and females. Mixed-model repeated- 
measures analyses were used to investigate whether AD-GRS influenced 
intervention effects on cognitive performance differently by gender 
(Group × Time ×Continuous AD-GRS × Gender interactions). To deter-
mine estimates for the difference between the intervention and control 
groups per year, analyses were stratified by GRS above versus below the 
median, as well as by males versus females. A positive value of the esti-
mate for the difference between intervention and control groups indi-
cates that the effect is in favour of the intervention group. Estimates 
for groups with AD-GRS above the median are shown in red. Estimates 
for groups with AD-GRS below the median are shown in blue. The 95% 
confidence intervals indicate statistical significance for within-group ef-
fects (four-way interaction was statistically significant). AD-GRS =  

Alzheimer’s disease genetic risk score; GRS = genetic risk score.
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related to Alzheimer’s disease and/or vascular pathophysiological 

processes.

Previous studies have reported that genetic risk factors may 

have a different impact in females versus males, e.g. females with 

at least one APOE- 4 allele have higher Alzheimer’s disease risk, 

earlier disease onset, and faster cognitive decline and disease pro-

gression compared with males.18 Gender differences have also 

been described for genetic factors related to coronary artery dis-

ease,17 which has a higher incidence in males than in females at 

all ages.29 We thus investigated whether the impact of APOE4 car-

rier status, AD-GRS or CAD-GRS on the intervention-related cogni-

tive benefits was different between females and males. This has not 

previously been studied in multidomain lifestyle RCTs for dementia 

risk reduction. Results suggested potential gender differences re-

garding AD-GRS but not APOE4 or CAD-GRS. Because these analyses 

include complex four-way interactions, they are, by default, low in 

power and highly exploratory, i.e. this study cannot provide defini-

tive evidence on gender differences related to genetic factors for 

Alzheimer’s disease or coronary artery disease. However, the con-

sistently different patterns observed for AD-GRS in females versus 

males across all cognitive outcomes represent an intriguing signal 

worth exploring across multiple multidomain lifestyle-based inter-

vention RCTs. This is particularly relevant for dementia prevention 

strategies since our findings suggest that females with higher 

AD-GRS, i.e. the highest Alzheimer’s disease risk group, may have 

the most significant intervention-related cognitive benefits. 

Importantly, these results should not be interpreted to indicate a 

lack of intervention benefit among males with higher AD-GRS. 

Regarding CAD-GRS, if the benefit is indeed similar for females 

and males, irrespective of coronary artery disease polygenic risk le-

vel, this is also relevant because the higher coronary artery disease 

incidence in males has been linked to cognitive decline with brain 

microvascular lesions.29

Adherence to the FINGER lifestyle intervention was previously 

shown to be similar for females compared with males.30

Participants were not aware of their genetic risks for either 

Alzheimer’s disease or coronary artery disease, i.e. this knowledge 

did not impact their participation in the lifestyle-related activities. 

The overall intervention benefits on cognition were also not signifi-

cantly different between females and males.30 Although the inter-

vention and control groups did not differ in baseline age, 

education, cognitive measures, AD-GRS or CAD-GRS, there were 

baseline differences in age, education and cognitive measures 

(but not AD-GRS and CAD-GRS) between females and males in the 

GWAS population. Females were on average slightly older, had 

somewhat lower education and better cognitive performance, ex-

cept for executive function. It is unclear if these differences are ran-

dom or suggest that females may be in earlier risk/disease stages 

and may benefit more due to an early start of intervention. While 

this study cannot determine potential mechanisms, previous stud-

ies have reported faster progression of Alzheimer’s disease-related 

pathology in cognitively normal females compared with males.31

The key strengths of this study include its randomized con-

trolled design with a thoroughly conducted 2-year multidomain 

lifestyle intervention that addressed multiple modifiable risk fac-

tors simultaneously and comprehensive assessment of genetic 

risk factors for both Alzheimer’s disease and coronary artery dis-

ease. Nonetheless, there are several limitations. The study focused 

on at-risk older individuals from the general population who did 

not have dementia or significant cognitive decline (cognitive per-

formance <0.5 standard deviations of the mean for the cognitively 

normal Finnish population). This is an early intervention, i.e. we 

cannot determine how genetic factors may influence the interven-

tion effect on dementia incidence. Our findings may not necessarily 

apply to interventions conducted in individuals who already have 

cognitive impairment. The FINGER 11-year extended follow-up 

will provide more data on longer-term intervention effects, as 

well as the shorter- versus longer-term influences of genetic fac-

tors. Since all analyses in this study were exploratory, and statistic-

al power was limited for interaction analyses, the results should be 

considered exploratory, and further validation through larger-scale 

studies is required. Owing to statistical power limitations, it was 

not possible to investigate potential interactions between the 

AD-GRS and CAD-GRS in relation to cognitive outcomes. The me-

chanisms behind potential gender differences and the benefit ob-

served, especially in females with higher AD-GRS, could not be 

determined.

In conclusion, people with genetic susceptibility for Alzheimer’s 

disease/dementia or coronary artery disease can benefit from 

lifestyle-based preventive interventions. Whether the previously re-

ported pattern of higher cognitive benefits in APOE4 carriers com-

pared with non-carriers may also apply to higher versus lower 

Alzheimer’s disease or coronary artery disease polygenic risk needs 

to be further tested across several multidomain lifestyle trials to en-

sure adequate statistical power and inclusion of genetically diverse 

populations. Although exploratory, this study provides the first pre-

liminary evidence on how genetic factors for both Alzheimer’s disease 

and coronary artery disease interact with lifestyle interventions in the 

context of cognitive decline prevention. Precision prevention strat-

egies addressing modifiable risk factors shared by dementia and car-

diovascular diseases, and their interplay with genetic factors, may 

ultimately contribute to reducing the burden of multimorbidity that 

is increasingly common in older populations.
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