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Abstract

INTRODUCTION: Dementia risk scores constitute promising surrogate outcomes for

lifestyle interventions targeting cognitive function.We investigatedwhether dementia

risk, assessed using the LIfestyle for BRAin health (LIBRA) index, was reduced by the

AgeWell.de intervention.

METHODS: Secondary analyses of the AgeWell trial, testing a multicomponent inter-

vention (including optimization of nutrition, medication, and physical, social, and

cognitive activity) in older adults with increased dementia risk. We analyzed data

from n = 461 participants with complete information on risk/protective factors com-

prised by LIBRA at the 24-month follow-up. Intervention effects on LIBRA and LIBRA

components were assessed using generalized linear models.

RESULTS: The intervention reduced LIBRA scores, indicating decreased dementia risk

at follow-up (b = –0.63, 95% confidence interval [CI]: –1.14, –0.12). Intervention

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2024 The Author(s). Alzheimer’s & Dementia published byWiley Periodicals LLC on behalf of Alzheimer’s Association.

5684 wileyonlinelibrary.com/journal/alz Alzheimer’s Dement. 2024;20:5684–5694.

https://orcid.org/0000-0002-6026-8573
mailto:andrea.zuelke@medizin.uni-leipzig.de
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/alz
http://crossmark.crossref.org/dialog/?doi=10.1002%2Falz.14097&domain=pdf&date_stamp=2024-07-05


ZÜLKE ET AL. 5685

effects were particularly due to improvements in diet (odds ratio [OR]: 1.60, 95% CI:

1.16, 2.22) and hypertension (OR: 1.61, 95%CI: 1.19, 2.18).

DISCUSSION: The AgeWell.de intervention reduced dementia risk. However, several

risk factors did not improve, possibly requiringmore intensive interventions.
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dementia, lifestyle, prevention, randomized controlled trial, risk factor

Highlights

∙ TheAgeWell.de intervention reduceddementia risk according to LIfestyle forBRAin

health (LIBRA) scores.

∙ Beneficial effects on LIBRA aremainly due to changes in diet and blood pressure.

∙ A pragmatic lifestyle intervention is apt to reduce dementia risk in an at-risk

population.

1 BACKGROUND

Despite recent pharmacological advancements, for example, the devel-

opment of amyloid beta (Aβ) antibodies able to slow cognitive decline

in early Alzheimer’s disease (AD),1,2 dementia currently cannot be

cured.3 The eligible patient population for the respective therapies

includes patients with mild cognitive impairment (MCI) due to AD or

prodromal AD. While the prevalence of prodromal AD has been esti-

mated to amount to 15.2 million persons in Europe,4 low detection

rates ofMCI and barriers to diagnosis may limit potential benefits. The

population in Europe potentially eligible for treatmentwith lecanemab

is estimated at 5.4 million. Assuming pricing similarly as in the United

States, treating all eligible patients would amount to 133 billion Euro

per year, > 50% of the overall expenditures for pharmaceuticals in

the European Union.5 Therefore, prevention of cognitive decline and

dementia is emphasized as a key priority by the World Health Orga-

nization in its global action plan on the public health response to

dementia.6

Evidence suggests that up to 40% of dementia cases could be pre-

vented by risk factor modification.7 These findings encouraged the

design of numerous lifestyle interventions, targeting modifiable risk

factors to preserve cognitive function and reducedementia risk.Owing

to the multifactorial etiology of dementia, interventions addressing

several risk factors simultaneously are considered particularly promis-

ing. First evidence that amultidomain intervention, targeting nutrition,

physical and cognitive activity, as well as management of vascular

risk factors, improved cognitive function against treatment as usual

(TAU) and regular health advice was provided by the Finnish Geriatric

Intervention Study to Prevent Cognitive Impairment and Disability

(FINGER).8

To provide targeted means of dementia risk reduction, identifying

individuals at increased risk is crucial. Several multifactorial scores

have been developed to quantify dementia risk, including the Cardio-

vascular Risk Factors, Aging, and Dementia (CAIDE) risk score,9 the

Australian National University Alzheimer’s Disease Risk Index (ANU-

ADRI),10 and the LIfestyle for BRAin health (LIBRA) score.11 The use

of dementia risk scores as outcome measures in multidomain preven-

tive trials has been limited so far, although smaller short-term trials

have used, for example, the ANU-ADRI as primary outcome, suggest-

ing beneficial effects of amultidomain intervention on dementia risk.12

Including dementia risk scores as outcomes in respective studies has

been suggested a promising approach, especially as lifestyle interven-

tions require rather long time spans to result in changes in cognitive

function.13,14 A reduction in dementia risk could in turn contribute to

lower rates of incident dementia in the long term. Post hoc analyses of

FINGER showed that the intervention reduced total LIBRA scores.15

As LIBRA exclusively relies on modifiable risk factors, it is particularly

suitable for detecting changes due to lifestyle interventions, possi-

bly providing more realistic estimates for prevention potential than

risk scores relying on non-modifiable factors.16 In line with this, the

LIBRA was found more responsive to change in joint post hoc analy-

ses of theMultidomain Alzheimer Preventive Trial (MAPT), Prevention

of Dementia by Intensive Vascular Care (preDIVA), and Healthy Age-

ing Through Internet Counselling in the Elderly (HATICE) trial than

the established CAIDE score.14 LIBRA emphasizes the role of vascu-

lar, metabolic, and lifestyle risk factors for dementia, domains targeted

by the AgeWell.de intervention (see “Study Design and Participants”),

while ANU-ADRI is also largely influenced by age and sex. This might

make the LIBRA a more fitting surrogate outcome for a FINGER-like

intervention. Post hoc analyses of FINGER revealed no intervention

effects on changes in ANU-ADRI scores at 24-month follow-up.17

Further, the ANU-ADRI algorithm does not take into account risk

factors like obesity and elevated cholesterol for people aged ≥ 60

years, factors targeted by our intervention. Last, certain information

required for calculation of ANU-ADRI was not available in our data

(pesticide exposure). The present study therefore aims to assess inter-

vention effects on dementia risk, assessed using the LIBRA score, in

participants of the AgeWell.de trial.
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2 METHODS

2.1 Study design and participants

This study uses data from the multicentric cluster-randomized

AgeWell.de trial, testing the effectiveness of an adapted FINGER

intervention on global cognitive performance (primary outcome) and

several secondary outcomes in a sample of older primary care

patients at increased risk for dementia in Germany. Global cogni-

tive performance (primary outcome) was assessed using a composite

z score, based on a cognitive test battery covering the domains

attention (Trail Making Test A [TMT-A]),18 executive function (TMT-

B–TMT-A),18 learning/memory (Consortium to Establish a Registry for

Alzheimer’s Disease [CERAD] Word List Memory),19 language (Verbal

Fluency Test “Animals”),19 perceptual-motor skills (CERAD Construc-

tional Praxis),19 and social cognition (Reading the Mind in the Eyes

Test, revised version).20 The composite score was calculated by aver-

aging z scores of the respective domain-specific tests. Secondary

outcomes included intervention effects on quality of life (QOL), health-

related quality of life (HR-QOL), depressive symptoms, mortality,

nursing home placement, (instrumental) activities of daily living, and

cost effectiveness of the intervention. Study design and rationale,21

baseline characteristics of participants,22 and main results23 are

described in detail elsewhere. Results revealed no between-group

differences in global cognitive performance (primary outcome) at

follow-up after 2 years. In the overall sample, however, the interven-

tion improved HR-QOL, while in women, the intervention reduced

depressive symptoms.23

In short, participants were recruited via general practitioner (GP)

practices at five study sites in Germany (Leipzig, Halle, Munich, Kiel,

and Greifswald). GP patients aged between 60 and 77 years at

increased risk for dementia, according to a CAIDE9 score ≥ 9 points

were eligible for participation. Exclusion criteria were a diagnosis of

dementia; severe impairments of hearing, vision, or mobility; insuf-

ficient command of the German language; severe illness prohibiting

safe participation in the multidomain intervention; and concurrent

participation in another intervention trial.

Baseline assessments were conducted from July 2018 to October

2019,withn=1030participants randomized toeither themultidomain

intervention (n = 487) or control group (CG; 543). Intervention group

(IG) participants conductedamultidomain intervention, comprising the

following components:

1. Enhancement of physical activity: standardized exercises for

strength and flexibility/balance, conducted at home twice/week;

individual goals for aerobic exercises (3–5 times/week), based on

participants’ preferences; pedometer to track daily steps walked

2. Enhancement of social activity: individual goals for social activities

with participants

3. Enhancement of cognitive activity: cognitive training using tablet

computers and the cognitive training software NeuroNation, to be

used three times/week for ≥ 15minutes; individual goals for cogni-

tively stimulating activities, based on participants’ preferences

Research in context

1. Systematic review: We searched PubMed for publica-

tions describing effects of multidomain interventions on

dementia risk scores. Dementia risk scores appear mod-

ifiable by multidomain lifestyle interventions; respective

publications are cited accordingly. Several ongoing trials

include dementia risk scores as outcomes. Risk scores

comprising non-modifiable risk factors (e.g., apolipopro-

tein E ε4 genotype) showed slightly less responsivity than
risk scores solely includingmodifiable risk factors.

2. Interpretation: Aligning with previous findings, we found

that a multidomain lifestyle intervention can reduce

dementia risk captured usingmultifactorial dementia risk

scores.

3. Future directions: Our findings suggest that even mul-

tidomain interventions that are less intensive than those

tested in previous trials are apt to reduce dementia risk

in a population at increased risk for dementia, strength-

ening the rationale for including dementia risk scores as

outcomes in future trials. Further studies are warranted

to assess the utility of dementia risk scores for moni-

toring adherence to multidomain lifestyle interventions

throughout trials.

4. Optimizationof nutrition: advicebasedonguidelinesof theGerman

Nutrition Society (DGE), targeting, for example, consumption of≥ 5

portions of fruit and vegetables per day, limiting intake of salt and

sugar, drinking unsweetened beverages

5. Optimization of medication: information obtained from attend-

ing GP and participant; electronic evaluation to identify anti-

cholinergic drugs, potentially missing medication for cardiovas-

cular diseases or diabetes mellitus, potentially serious drug–

drug interactions, potential contraindications due to renal impair-

ment; standardized recommendations (mail) to attending GP

with suggestions for modification of participants’ medication, if

applicable

6. If applicable:management of cardiovascular risk factors for demen-

tia (smoking, obesity): oral and written information on the respec-

tive risk factors andways to reduce risk (e.g., smoking cessation)

7. If applicable: intervention targeting depressive symptoms and grief

after bereavement: encouragement to contact attending GP; infor-

mation on depression, grief reactions, addresses of local self-help

groups and help lines

Following instructions by study nurses after the baseline interview

at participants’ homes, the intervention was conducted by the partici-

pants independently.During the same interventionperiod (24months),

theCG received an information brochure on lifestyle anddementia risk

and GP treatment as usual (GPTAU).
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The study was approved by the responsible ethics boards of the

coordinating study center of AgeWell.de (Ethics Committee of the

Medical Faculty of the University of Leipzig; 369/17-ek) and of all par-

ticipating study sites. AgeWell.de is registered at the German Clinical

Trials Register (DRKS; ID: DRKS00013555).

2.1.1 Diversity, equity, and inclusion

During the planning of the AgeWell.de study, members of the com-

munity senior citizen board of the city of Leipzig were involved in

discussing the study design and intervention. Criteria for inclusion and

exclusion aimed to facilitate participation for as many GP patients as

possible. Applying a multicentric study design, with recruitment cen-

ters at both urban and rural areas in Germany, AgeWell.de was set

out to include GP patients from a variety of different regional and

sociodemographic backgrounds.

2.1.2 Outcomes and covariates

The main outcome of the current study is dementia risk, as captured

by the LIBRA score, at follow-up 24 months after the baseline exam-

ination. LIBRA captures an individual’s potential for dementia risk

reduction, based on 12 modifiable risk (coronary heart disease, dia-

betes mellitus, hypercholesterolemia, arterial hypertension, depres-

sion, obesity, smoking, physical inactivity, and chronic kidney disease)

and protective factors (low-to-moderate alcohol consumption, high

cognitive activity, healthy diet) by calculating a weighted sum score

(range: −5.9 to 12.7, higher scores indicating higher risk for demen-

tia). Conceptualization of LIBRA is based on results of a systematic

review and Delphi consensus study.24 Information on all 12 risk and

protective factors contributing to LIBRA was collected at baseline and

follow-up in AgeWell.de. Study nurses assessed anthropometric mea-

sures (height, weight) during the baseline and follow-up assessments,

which were used to assess obesity (bodymass index [BMI]≥ 30 kg/m2)

and systolic and diastolic blood pressure (SBP, DBP). Participating GPs

provided information on participants’ diagnoses including coronary

heart disease, diabetes mellitus, hypercholesterolemia, renal dysfunc-

tion, and depression using structured questionnaires both at baseline

and follow-up. During the baseline and follow-up assessment, partic-

ipants provided information on nutrition and alcohol consumption,

using a validated food frequency questionnaire. The original LIBRA

score considers adherence to aMediterranean diet as a protective fac-

tor. Since respective information were not available in AgeWell.de, a

point for healthy nutrition was awarded for high consumption of fruit

and vegetables, that is, eating ≥ 650 g of fruit and vegetables daily,

which constitutes a key component of a Mediterranean diet. Partici-

pants further provided information on physical and cognitive activities,

using structured questionnaires, as well as smoking (current smokers

vs. non-smokers). Depressive symptoms were assessed using the Geri-

atric Depression Scale (GDS), with ≥ 6 points indicating depressive

symptoms, or a respective diagnosis of depression. Table S1 in sup-

porting information summarizesoperationalizationof individual LIBRA

factors in AgeWell.de.

Diagnoses of chronic diseases such as coronary heart disease or

renal dysfunction are treated as permanent diagnoses in the German

health-care system, regardless of treatment or changes in, for exam-

ple, blood sugar levels. Therefore, if the attending GP did not provide

information on LIBRA components coronary heart disease, diabetes

mellitus, hypercholesterolemia, and renal dysfunction at follow-up,

baseline information of said diagnoses were assumed to further apply

at follow-up to avoid loss of observations for analyses.

Due to the dichotomous assessment of individual risk factors

(present/absent) and the respective cutoffs, the responsiveness of

dementia risk scores to change may be limited. For instance, a BMI of

≥ 30 corresponds to a 1.6 point higher risk for dementia according to

LIBRA. If a person’s BMI at baseline was 30.1, a much smaller change

in BMI (i.e., 0.2) would be sufficient to induce a reduction in the total

LIBRA score than for a person with a BMI of 34 at baseline. Therefore,

it has been suggested that z score versions of risk scores like the LIBRA

may be suitable approaches for detecting changes due to a multido-

main lifestyle intervention. Based on the approach of Coley et al.,14 we

used (1) the original LIBRA score and its components, (2) a z score ver-

sion of LIBRA, based on z scores of allmodifiable risk factors comprised

by the index (see Table S1 for details) as outcomes in our analyses.

Information on the covariates age, sex, and education was col-

lected during the baseline assessment, using structured face-to-face-

interviews. To control for potential confounding effects of cognitive

function, we further included baseline cognitive performance in our

analyses (composite z score, based on performance in domain-specific

tests of attention, memory, executive function, language, perceptual-

motor abilities, and social cognition; for further details see Zülke

et al.23).

2.1.3 Statistical analyses

Observations with available data on all 12 factors of the LIBRA score

were compared to observations with missing data on LIBRA factors

using chi2 and two-sided t tests, as appropriate. Descriptive analy-

ses of the study sample were conducted using chi2 and two-sided

t tests to compare IG and CG participants with regard to sociode-

mographic information, cognitive performance, presence of individual

LIBRA factors, and total LIBRA score.

Effects of the multidomain intervention on the LIBRA score were

analyzed using generalized linear mixed models (GLM) with cluster-

robust standard errors to account for clustering of participants in GP

practices. Because values of LIBRA approximately followed a normal

distribution, analyses were run with identity link and Gaussian distri-

bution errors. LIBRA score at follow-up served as outcome and group

(IG vs. CG) as predictor. We adjusted for sex, age, and education, and

also included the baseline LIBRA score to account for possible differ-

ences in LIBRA scores between IG and CG, which might otherwise

induce regression to themeanand lead tounderestimationof interven-

tion effects.25 Further, as previous studies using data from the FINGER
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study suggest associations between cognitive performance and LIBRA

score, with higher LIBRA scores being linked to lower levels of cogni-

tive function,15 we further controlled for differences in global cognitive

performance at baseline. Substituting themain analyses, we conducted

stratified analyses by sex and age group to assess possible differences

in intervention effects on LIBRA scores.

We further assessed intervention effects on individual LIBRA com-

ponents (risk factor present = 0 versus risk factor absent = 1 /

protective factor absent = 0 versus protective factor present = 1)

using logistic regression analyses, controlling for sex, age, education,

cognitive performance, and baseline value of respective component.

All outcomes were recoded such that odds ratios (ORs) > 1 implied

higher odds of absence of a risk factor/presence of a protective factor

at follow-up.

3 RESULTS

3.1 Sample characteristics

Of n = 1030 participants at baseline, n = 819 completed the follow-up

assessment 24 months after baseline (IG/CG: 378/441). After exclud-

ing participants with missing information on any component of the

LIBRA score at baseline (n=184) or follow-up (n=173), n=461partic-

ipants were available for analyses (IG/CG: 217/244). Participants with

missing LIBRA information at baseline tended to have lower baseline

cognitive function than those with available information (P = 0.002).

No differences regarding sex (P = 0.319), age (P = 0.345), inter-

vention group (P = 0.601), or education (P = 0.266) were detected

between participants with available and missing LIBRA information

(not tabulated).

Table 1 describes participants in the current analyses at baseline.

Regarding individual LIBRA factors, hypertension was observed more

often in IG than in CG participants (P = 0.001). No other differences

regarding LIBRA factors, sociodemographic information, or cognitive

performance were observed between IG and CG participants. Total

LIBRA scores ranged from −5.9 to 8.8 points (IG: −5.9, 8.0; CG: −4.6,
8.8; no significant difference in mean LIBRA score between groups,

P = 0.103). Men and women did not differ in baseline LIBRA scores

(P = 0.070). Older age was linked to higher LIBRA scores at baseline

(P = 0.003), while a high level, but not an intermediate level, of educa-

tionwas associatedwith a lower baseline LIBRA score (ref.: low level of

education; P< 0.001; P= 0.098, respectively). Better cognitive perfor-

mance at baseline (composite z score)was linked to lower LIBRA scores

(P< 0.001).

3.2 Intervention effects on dementia risk (LIBRA
score)

Results of multivariable generalized linear regression analyses are

described in Table 2. Adjusted for covariates, participants in the IG

had lower LIBRA scores at follow-up (b = −0.63, 95% confidence

interval [CI]: −1.14, −0.12) than participants in the CG. Stratifying

analyses by sex, men in the IG had lower LIBRA scores at follow-up

(b = −0.94, 95% CI: −1.61, −0.27), while this was not observed in

women (b = −0.40, 95% CI: −1.02, 0.21). Stratifying analyses by age

group, younger (60–69 years) IG participants had lower LIBRA scores

at follow-up (b = −0.86, 95% CI: −1.48, −0.24), while this was not

observed in older IG participants (b=−0.36, 95%CI:−1.01, 0.29).

3.3 Intervention effects on individual LIBRA
components

Effects of the multidomain intervention on individual LIBRA compo-

nents, assessed using logistic regression analyses, are described in

Table 3.

The intervention reduced the odds of hypertension (OR: 1.61, 95%

CI: 1.19, 2.18) in the total sample. In stratified analyses, reduced odds

of hypertension were also detected for men (OR: 2.07; 95% CI: 1.31,

3.27), in younger (OR: 1.53; 95% CI: 1.02, 2.31) and older participants

(OR: 1.69; 95% CI: 1.08, 2.65), but not for women (OR: 1.38; 95% CI:

0.96, 2.00). When using SBP as outcome, intervention effects were

highly similar (btotal: −2.59, 95% CI: −5.08, −0.10; bmen = −4.10, 95%
CI: −7.85, −0.35; bwomen = −1.51, 95% CI: −4.68, 1.65; b60-69 = −1.12,
95% CI: −4.18, 1.95; b70-77 = −4.40, 95% CI: −8.36, −0.43). Mean

change in SBP amounted to −5.9 mmHg in the IG and −1.3 mmHg in

the CG (P = 0.014, not tabulated). Further, beneficial effects of the

intervention were detected for a healthy diet in the total sample (OR:

1.60, 95% CI: 1.16, 2.22). Stratifying analyses by sex and age, respec-

tively, this beneficial effectwas foundamongwomen (OR:1.93; 95%CI:

1.26, 2.96) andolder participants (OR: 1.95; 95%CI: 1.32, 2.88), but not

amongmen (OR: 1.30; 95%CI: 0.81, 2.08) or younger participants (OR:

1.36; 95% CI: 0.86, 2.15). While no intervention effect on high cogni-

tive activitywas detected in the overall sample (OR: 1.42; 95%CI: 0.95,

2.13), the intervention increased the odds of high cognitive activity for

younger participants (OR: 2.00; 95% CI: 1.20, 3.34). For the remain-

ing LIBRA factors, no effect of the intervention was found either in the

total sample or in age- and sex-specific analyses.

When applying a z score version of the LIBRA index as outcomes,

results were highly similar (Table S2 in supporting information). Par-

ticipants in the IG had lower LIBRA scores at follow-up (b = −0.60;
95% CI: −1.18, −0.01). Further, z scores for LIBRA factors hyperten-

sion (b= −0.13; 95% CI:−0.26,−0.01) and nutrition (b = 0.21; 95% CI:

0.36, 0.07; inversely coded) indicated improvement in said risk factors

in IG participants at follow-up. In female IG participants, depressive

symptomswere reduced (b=−1.25; 95%CI:−2.25,−0.25).
To control for possible influences of changes in participants’medica-

tion on the observed intervention effect on hypertension, we assessed

rates of participantswith hypertension taking any kind of hypertensive

medicationatbaselineand follow-up.Atbaseline, 93.2%ofparticipants

with hypertension were regularly taking antihypertensive medication

(IG/CG: 92.3%/94.2%, P = 0.435). These figures were changed only

marginally at follow-up (% total: 93.6, IG/CG: 92.4%/94.7%, P= 0.354).

The number of participants with untreated hypertension at baseline
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TABLE 1 Sample characteristics at baseline, by intervention group.

Variable

Total

(n= 461)

Intervention group

(n= 217)

Control group

(n= 244) P

Sociodemographic information

Age,M (SD) 68.7 (4.8) 68.7 (4.8) 68.6 (4.8) 0.850

Female, n (%) 230 (49.9) 104 (47.9) 126 (51.6) 0.426

Education, n (%)

Low 102 (22.1) 54 (24.9) 48 (20.0) 0.298

Intermediate 239 (51.8) 112 (51.6) 127 (52.1)

High 120 (26.0) 51 (23.5) 69 (28.3)

Cognitive performance total score;M (SD) 0.1 (0.9) 0.1 (1.0) 0.2 (0.9) 0.372

LIBRA factors

Coronary heart disease, n (%) 75 (16.3) 38 (17.5) 37 (15.2) 0.495

Hypertension, n (%) 228 (49.5) 125 (57.6) 103 (42.2) 0.001

Hypercholesterolemia, n (%) 270 (58.6) 126 (58.1) 144 (59.0) 0.836

Diabetes mellitus, n (%) 337 (73.1) 153 (70.5) 184 (75.4) 0.236

Depression, n (%) 17 (3.7) 9 (4.2) 8 (3.3) 0.621

Obesity, n (%) 118 (25.6) 57 (26.3) 61 (25.0) 0.756

Smoking, n (%) 49 (10.6) 25 (11.5) 24 (9.8) 0.558

Low/moderate alcohol consumption, n (%) 215 (46.6) 96 (44.2) 119 (48.8) 0.330

Physical inactivity, n (%) 203 (44.03) 87 (40.1) 116 (47.5) 0.108

High cognitive activity, n (%) 186 (40.4) 79 (36.4) 107 (43.9) 0.104

Healthy diet, n (%) 222 (48.2) 105 (48.4) 117 (48.0) 0.925

Renal dysfunction, n (%) 98 (21.3) 42 (19.4) 56 (23.0) 0.346

LIBRA total score, M (SD) 1.5 (2.7) 1.7 (2.6) 1.3 (2.8) 0.103

Note: Education assessed according to CASMIN; n denotes participants with available information at baseline; significant group differences highlighted in

bold type.

Abbreviations: CASMIN, comparative analyses of social mobility in industrial nations; LIBRA, LIfestyle for BRAin health; SD, standard deviation.

TABLE 2 Effects of themultidomain intervention on LIBRA score at follow-up.

Overall sample (n= 461)

Variable b 95%CI P

Intervention group (ref.:

control group)

−0.63 −1.14;
−0.12

0.016

Men (n= 231) Women (n= 230)

Variable b 95%CI P b 95%CI P

Intervention group (ref.:

control group)

−0.94 −1.61;−0.27 0.006 −0.40 −1.02; 0.21 0.200

Age 60–69 years (n= 261) Age= 70–77 years (n= 200)

b 95%CI P b 95%CI P

Intervention group (ref.:

control group)

−0.86 −1.48;−0.24 0.007 −0.36 −1.01; 0.29 0.281

Note: Outcome: LIBRA score at follow-up; higher LIBRA scores indicate higher dementia risk, that is, negative values of b coefficients indicate lower dementia

risk at follow-up; all models adjusted for age (except age-stratified analyses), sex (except sex-stratified analyses), education, baseline cognitive performance,

and baseline LIBRA score. Significant effects highlighted in bold type.

Abbreviations: CI, confidence interval; LIBRA, LIfestyle for BRAin health; ref: reference

 15525279, 2024, 8, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.14097 by Fak-M

artin L
uther U

niversitats, W
iley O

nline L
ibrary on [27/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5690 ZÜLKE ET AL.

T
A
B
L
E
3

In
te
rv
en

ti
o
n
ef
fe
ct
s
o
n
in
d
iv
id
u
al
LI
B
R
A
fa
ct
o
rs
.

To
ta
ls
am

p
le

M
en

W
o
m
en

6
0
–
6
9
ye
ar
s

7
0
–
7
7
ye
ar
s

LI
B
R
A
fa
ct
o
r

O
R
(9
5
%
C
I)

P
O
R
(9
5
%
C
I)

P
O
R
(9
5
%
C
I)

P
O
R
(9
5
%
C
I)

P
O
R
(9
5
%
C
I)

P

C
o
ro
n
ar
y
h
ea
rt
d
is
ea
se

0
.7
3
(0
.3
6
;1
.4
7
)

0
.3
8
0

0
.6
5
(0
.2
9
;1
.4
8
)

0
.3
0
4

0
.8
3
(0
.3
4
;2
.0
7
)

0
.6
9
3

0
.3
9
(0
.1
3
;1
.2
0
)

0
.1
0
2

0
.9
8
(0
.4
3
;2
.2
2
)

0
.9
6
4

H
yp

er
te
n
si
o
n

1
.6
1
(1
.1
9
;2
.1
8
)

0
.0
0
2

2
.0
7
(1
.3
1
;3
.2
7
)

0
.0
0
2

1
.3
8
(0
.9
6
;2
.0
0
)

0
.0
8
4

1
.5
3
(1
.0
2
;2
.3
1
)

0
.0
4
2

1
.6
9
(1
.0
8
;2
.6
5
)

0
.0
2
2

H
yp

er
ch
o
le
st
er
o
le
m
ia

N
o
ch
an

ge
s

D
ia
b
et
es

m
el
lit
u
s

1
.2
0
(0
.7
3
;1
.9
7
)

0
.4
6
6

0
.7
8
(0
.3
7
;1
.6
8
)

0
.5
3
3

1
.7
3
(0
.8
7
;3
.4
2
)

0
.1
1
8

1
.5
0
(0
.8
0
;2
.8
1
)

0
.2
1
0

1
.0
0
(0
.5
0
;2
.0
1
)

0
.9
9
3

D
ep

re
ss
io
n

1
.0
2
(0
.5
1
;2
.0
3
)

0
.9
5
1

0
.8
4
(0
.3
2
;2
.2
1
)

0
.7
2
1

1
.3
1
(0
.4
6
;3
.7
5
)

0
.6
1
8

0
.8
4
(0
.2
6
;2
.6
6
)

0
.7
6
7

1
.2
4
(0
.5
4
;2
.8
4
)

0
.6
1
5

O
b
es
it
y

0
.9
2
(0
.5
8
;1
.4
6
)

0
.7
1
3

0
.9
1
(0
.4
9
;1
.6
8
)

0
.7
5
3

0
.9
1
(0
.4
8
;1
.7
2
)

0
.7
7
7

0
.9
5
(0
.5
7
;1
.5
9
)

0
.8
4
3

0
.8
9
(0
.3
8
;2
.0
8
)

0
.7
8
1

Sm
o
ki
n
g

0
.6
0
(0
.2
1
;1
.7
4
)

0
.3
4
5

1
.3
3
(0
.3
2
;5
.5
9
)

0
.6
9
4

0
.2
6
(0
.0
5
;1
.5
4
)

0
.1
3
9

0
.3
6
(0
.1
0
;1
.2
3
)

0
.1
0
3

N
o
ch
an

ge
s

Lo
w
/m

o
d
er
at
e
al
co
h
o
l

co
n
su
m
p
ti
o
n

1
.2
2
(0
.8
1
;1
.8
5
)

0
.3
4
0

1
.2
6
(0
.7
5
;2
.1
0
)

0
.3
8
2

1
.1
6
(0
.6
0
;2
.2
5
)

0
.6
6
4

1
.4
8
(0
.8
7
;2
.5
4
)

0
.1
4
8

0
.9
3
(0
.4
3
;1
.9
8
)

0
.8
4
3

P
hy
si
ca
li
n
ac
ti
vi
ty

1
.2
6
(0
.9
0
;1
.7
8
)

0
.1
8
0

1
.1
0
(0
.6
4
;1
.8
9
)

0
.7
3
6

1
.4
0
(0
.8
6
;2
.2
7
)

0
.1
7
9

1
.2
2
(0
.8
1
;1
.8
4
)

0
.3
4
9

1
.3
6
(0
.8
3
;2
.2
4
)

0
.2
2
0

H
ig
h
co
gn

it
iv
e
ac
ti
vi
ty

1
.4
2
(0
.9
5
;2
.1
3
)

0
.0
8
7

1
.6
7
(0
.9
5
;2
.9
4
)

0
.0
7
4

1
.3
2
(0
.7
9
;2
.2
0
)

0
.2
9
5

2
.0
0
(1
.2
0
;3
.3
4
)

0
.0
0
8

0
.8
5
(0
.4
5
;1
.5
7
)

0
.5
9
5

H
ea
lt
hy

d
ie
t

1
.6
0
(1
.1
6
;2
.2
2
)

0
.0
0
4

1
.3
0
(0
.8
1
;2
.0
8
)

0
.2
7
7

1
.9
3
(1
.2
6
;2
.9
6
)

0
.0
0
3

1
.3
6
(0
.8
6
;2
.1
5
)

0
.1
9
2

1
.9
5
(1
.3
2
;2
.8
8
)

<
0
.0
0
1

R
en

al
d
ys
fu
n
ct
io
n

1
.1
0
(0
.6
1
;1
.9
9
)

0
.7
4
8

1
.1
6
(0
.5
3
;2
.5
6
)

0
.7
1
4

1
.0
7
(0
.5
5
;2
.1
1
)

0
.8
3
7

0
.9
8
(0
.4
6
;2
.1
0
)

0
.9
6
8

1
.2
1
(0
.5
8
;2
.5
3
)

0
.6
0
6

N
ot
e:
O
u
tc
o
m
e:
LI
B
R
A
co
m
p
o
n
en

ts
at

fo
llo

w
-u
p
;v
al
u
es
&
am

p
;#
x0

0
0
A
0
;>
&
am

p
;#
x0

0
0
A
0
;1
in
d
ic
at
e
h
ig
h
er

o
d
d
s
o
f
p
o
si
ti
ve

o
u
tc
o
m
e
at

fo
llo

w
-u
p
(i
.e
.,
ab

se
n
ce

o
f
ri
sk

fa
ct
o
r
o
r
p
re
se
n
ce

o
f
p
ro
te
ct
iv
e
fa
ct
o
r)
;a
ll

m
o
d
el
s
ad

ju
st
ed

fo
r
ag
e
(e
xc
ep

ta
ge
-s
tr
at
if
ie
d
an

al
ys
es
),
se
x
(e
xc
ep

ts
ex
-s
tr
at
if
ie
d
an

al
ys
es
),
ed

u
ca
ti
o
n
,b
as
el
in
e
co
gn

it
iv
e
p
er
fo
rm

an
ce
,a
n
d
b
as
el
in
e
va
lu
e
o
fr
es
p
ec
ti
ve

LI
B
R
A
fa
ct
o
r.
Si
gn

if
ic
an

te
ff
ec
ts
h
ig
h
lig
h
te
d

in
b
o
ld
ty
p
e.

A
b
b
re
vi
at
io
n
s:
C
I,
co
n
fi
d
en

ce
in
te
rv
al
;L
IB
R
A
,L
If
es
ty
le
fo
r
B
R
A
in
h
ea
lt
h
;O

R
,o
d
d
s
ra
ti
o
.

 15525279, 2024, 8, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.14097 by Fak-M

artin L
uther U

niversitats, W
iley O

nline L
ibrary on [27/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



ZÜLKE ET AL. 5691

who were taking newly prescribed antihypertensive medication at

follow-up did not differ between groups (n= 7, IG/CG: 4/3, P= 0.762).

4 DISCUSSION

We analyzed effects of a multidomain lifestyle intervention on demen-

tia risk, assessed using the LIBRA score. Using data from the cluster-

randomized AgeWell.de trial, conducted in a population at increased

risk for dementia, we showed that the intervention successfully

reduced overall LIBRA scores, indicating reduced risk for dementia.

This effect was found in the overall sample, as well as in younger and

male participants. Looking more closely at individual dementia risk

and protective factors included in the LIBRA, this was particularly due

to beneficial changes in hypertension and diet. Further, a beneficial

effect of the intervention was found for cognitive activity in younger

participants.

While not initially developed as outcome measures for these tri-

als, dementia risk scores such as the LIBRA or CAIDE score have been

investigated as surrogate outcomes of interventions aimed at preserv-

ing cognitive function in older adults.14,15,26,27 Intervention effects on

respective risk scores might, on a population level, lead to lower rates

of incident cases of dementia in the long term.

The beneficial intervention effects on LIBRA scores as detected

in our study are particularly due to favorable changes in hyperten-

sion (both dichotomously, i.e., SBP < 140 vs. ≥ 140, and continuously,

i.e., SBP) and diet. This finding is in line with a previous study assess-

ing effects of the MAPT, preDIVA, and HATICE trials, showing that

said LIBRA factors were particularly responsive to change.14 This indi-

cates favorable changes in diet and blood pressure levels due to the

AgeWell.de intervention that were large enough to induce a significant

reduction of the overall LIBRA in the intervention group. Further cor-

roborating the results of Coley et al.,14 LIBRA factors like diabetes or

coronary heart disease showed no responsiveness to the intervention.

We detected beneficial intervention effects on the LIBRA fac-

tor “high cognitive activity”; however, only in younger participants

(aged 60–69 years). The respective intervention component relied

particularly on regular use of a digital cognitive training program (Neu-

roNation, conducted using tablet PCs). Familiaritywith apps and tablet

usemay have been greater in younger participants, possibly facilitating

conduct of this intervention component. In line with this interpreta-

tion, older age was a significant predictor of lower adherence to the

cognitive training component in the FINGER study.28 Because we did

not assess previous experience using computers or apps, however,

this explanation needs to be interpreted with caution. As digital liter-

acy and internet usage is increasing among older adults,29 respective

intervention components may bemore feasible in future studies.

While particularly the MAPT and HATICE trials were able to

increase levels of physical activity anddecrease levels of alcohol intake,

no respective effects were observed in the current analyses. Possi-

bly, the AgeWell.de intervention, although aimed at increasing, among

other factors, physical activity, was not intensive enough to result

in meaningful changes in physical activity. Further, the intervention

period was hampered by the COVID-19 pandemic, limiting partici-

pants’ opportunities for physical activity throughout a long period

of time.30 On another note, participants conducted the respective

intervention component independently, other than, for example, par-

ticipants of FINGER, who attended supervised courses for aerobic and

strength training,31 which may have further reduced intensity of the

respective intervention component.23 Results from the AgeWell.de

baseline assessment revealed that, among participants who were not

regularly physically active, 41% reported no intention to increase their

physical activity in the upcoming 6 months, implying relatively low

levels of motivation for behavior change.32

Despite the promising finding of beneficial intervention effects

on the total LIBRA score, several risk/protective factors revealed

no change due to the intervention. One possible explanation lies in

the study design, including an active control group: CG participants

receivedGPTAU,whichmay have involved preventive elements similar

to those of the multidomain intervention, as conditions like, for exam-

ple, obesity, hypertension, and so forth were highly common among

study participants due to the inclusion criteria (CAIDE≥9). Our results

therefore constitute rather conservative estimates. On another note,

more intensive interventions might be needed to evoke changes in the

other LIBRA factors, for example, by providing more support for par-

ticipants regarding enhancement of physical activity, weight loss, or

smoking cessation. In FINGER, adherence to the multidomain inter-

vention was lowest for the intervention component that participants

conducted independently, that is, cognitive training, while adherence

was higher for intervention components that entailed more guidance

and support.28 Nevertheless, lifestyle changes are challenging, espe-

cially for older adults, and might also require longer intervention

periods to consolidate newbehaviors. Several studies point toward the

crucial role of self-efficacy in behavior change in older age (for a review,

see French et al.33). Analyses of the AgeWell.de study revealed that

self-efficacy was the single strongest determinant of motivation for

physical activity enhancement32 and regular physical activity uptake

(see Cardona et al.34). Enhancing older adults’ self-efficacy and pro-

viding tailored interventions based on current stage of motivation for

behavior change may improve intervention adherence and, in the long

term, lead to even more pronounced improvements in dementia risk

profiles.35

In addition to the original LIBRA score and its individual compo-

nents, we further applied a z score version of the LIBRA to also detect

small changes, which might not pass the cutoff of individual LIBRA

factors. Respective results were highly comparable to those observed

using the original LIBRA, except for a decrease in depressive symp-

toms observed in female IG participants, which was not detected

when applying the original LIBRA. This implies that both the original

LIBRA score and a continuous z score version are equally apt to detect

changes in lifestyle factors after a 2-year intervention period.

5 STRENGTHS AND LIMITATIONS

Our study is strengthened by being able to include all n=12 LIBRA fac-

tors in our analyses, facilitating comparisons to other studies and using

the full potential of the original LIBRA score. As AgeWell.de is part of
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theWW-FINGERS consortium36 and the intervention closely followed

the FINGER approach, our results provide valuable insights for other

randomized controlled trials (RCTs) adapting the FINGER intervention

and testing multidomain interventions for the protection of cognitive

function in older adults at increased dementia risk. By showing that

modifiable dementia risk is amendable to change after a 2-year inter-

vention period, this study further underscores the value of dementia

risk scores as outcomes for RCTs aiming at dementia risk reduction.

Certain limitations need to be mentioned when interpreting our

findings. Unfortunately, a large number of observations were excluded

due tomissing values on individual LIBRA factors. In cases inwhich this

concerned diagnoses of, for example, diabetes or coronary heart dis-

ease, baseline values of respective diagnoses were assumed to remain

present at follow-up. This rationale is deemed justified because these

diagnoses are not discarded frompatients’ health records even despite

ongoing treatment. Further, analyses from the MAPT, preDIVA, and

HATICE trials suggested none to very small changes in these condi-

tions due to amultidomain intervention.14 Therefore, we are confident

that this procedure did not significantly alter our findings. However,

the rather high amount of missing data might limit generalizability of

our findings. Further, we relied on different sources of information

for calculating the LIBRA. While information on (chronic) conditions

were provided by GPs, data on diet and physical and cognitive activity

were gathered using self-report data, which might make this informa-

tionmore susceptible to social desirability.While 48.2%of participants

were characterized as eating healthily, based on self-reported regular

and sufficient consumption of fruit and vegetables, the share of older

(≥ 65 years) men and women in Germany reporting daily consumption

of fruit and vegetables was 28.9% and 48.7% in a recent population-

based study,37 indicating a small potential bias due to social desirability.

However, we are confident that this did not substantially affect the

observed beneficial change in nutrition due to the intervention. Last,

hypertension at baseline was more common in IG than in CG partici-

pants. This might indicate that the observed intervention benefits on

hypertension are, at least partially, due tomore room for improvement

in the IG. Analyses of the AgeWell.de intervention component regard-

ing optimization of medication, including prescription/intensification

of antihypertensive treatments, is currently pending and will further

clarify this issue.However, analyseswere controlled for baseline values

for hypertension, and we assessed numbers of participants initiating

antihypertensive treatment during the study; therefore, we do not

expect that these differences should have significantly affected our

findings.

6 CONCLUSION

While the AgeWell.de intervention did not improve global cognitive

function in a sample of older adults at increased risk for dementia

in Germany, our results suggest that AgeWell.de reduced modifiable

dementia risk as captured by the LIBRA score. Our findings imply

that even an intervention less intensive in character than the suc-

cessful FINGER intervention (due to both the pragmatic trial design

and restrictions in intervention implementation due to the COVID-

19 pandemic) can provide positive changes in lifestyle, particularly

regarding nutrition and hypertension. If beneficial lifestyle changes

are maintained beyond the intervention period, this might contribute

to decreased rates of incident dementia in the long run. Future stud-

ies with extensive follow-up investigations and endpoints like incident

dementia/cognitive decline are warranted to confirm these lines of

thought. The findings underscore the utility of dementia risk scores as

outcomes for lifestyle interventions in older adults and might further

be used tomonitor intervention conduct.
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