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Abstract

Introduction: Lifestyle interventions may prevent cognitive decline, but the sufficient

dose of intervention activities and lifestyle changes is unknown. We investigated how

intervention adherence affects cognition in the FINGER trial (pre-specified subgroup

analyses).
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Methods: FINGER is a multicenter randomized controlled trial examining the effi-

cacy of multidomain lifestyle intervention (ClinicalTrials.gov NCT01041989). A total

of 1260 participants aged 60 to 77 with increased dementia risk were randomized to

a lifestyle intervention and control groups. Percentage of completed intervention ses-

sions, and change inmultidomain lifestyle score (self-reported diet; physical, cognitive,

and social activity; vascular risk) were examined in relation to change in Neuropsycho-

logical Test Battery (NTB) scores.

Results: Active participation was associated with better trajectories in NTB total and

all cognitive subdomains. Improvement in lifestyle was associated with improvement

in NTB total and executive function.

Discussion:Multidomain lifestyle changes are beneficial for cognitive functioning, but

future interventions should be intensive enough, and supporting adherence is essen-

tial.

KEYWORDS

cognition, lifestyle, multidomain, prevention

1 BACKGROUND

Healthy lifestyles are associated with a lower risk of cognitive

impairment, including dementia and Alzheimer’s disease.1 Emerg-

ing evidence from randomized controlled trials suggests that

lifestyle interventions may reduce the risk of cognitive decline.2

Given the multifactorial nature of old-age cognitive impair-

ment, multidomain interventions are a promising prevention

strategy.

Adherence to lifestyle intervention is crucial to have an effect on

cognition; not only participation in the proposed activities, but also

adopting healthy lifestyles in everyday life. What constitutes a suf-

ficient dose of lifestyle intervention remains unclear. Although some

lifestyle trials targeting prevention of cognitive decline have reported

attendance to intervention visits3,4 or change in lifestyle,5–7 few stud-

ies have investigated how adherence impacts cognitive outcomes, with

indication of positive association.8,9 Knowledge of the magnitude of

intervention activities needed would improve the efficacy of future

trials.

The Finnish Geriatric Intervention Study to Prevent Cognitive

Impairment and Disability (FINGER) was the first large multido-

main lifestyle trial reporting beneficial effects on cognitive function

among older adults.10 The aim of the current study is to inves-

tigate how intervention adherence explains the observed degree

of cognitive change (prespecified subgroup analyses). The analyses

examine adherence defined as (1) participation in the intervention

activities and (2) achieved changes in lifestyles during the 2-year

intervention.

2 METHODS

2.1 Setting and population

FINGER is a multidomain lifestyle intervention trial conducted in six

areas in Finland (ClinicalTrials.gov NCT01041989).11 The study com-

prises a population-based sample aged 60 to 77 years, with an elevated

risk for dementia. Persons with CAIDE (Cardiovascular Risk Factors,

Aging, and Dementia) risk score12 ≥6 were invited to a screening visit

where they underwent brief neuropsychological testing and a medi-

cal examination. They were eligible if free of dementia and conditions

affecting safe engagement in the intervention, and with cognitive per-

formance at an average level or slightly below expected.10 The study

was approved by the Coordinating Ethics Committee of Helsinki and

Uusimaa Hospital District, and all participants gave written informed

consent. The study flowchart is presented as Figure S1 in supporting

information. Participantswere randomized1:1 tomultidomain lifestyle

(intervention) or regular health advice (control) groups using comput-

erized algorithm in blocks of four (two individuals randomly allocated

to each group) at each site after baseline by the study nurse. Double-

blindingwas pursued asmuch as possible: The outcome assessorswere

blinded, and the randomization group was not actively told to the

participants.

2.2 Interventions

Participants in the multidomain group received all four intervention

components: dietary counseling, exercise training, cognitive training,
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NGANDU ET AL. 1327

and management of cardiovascular and metabolic factors (vascular

management).

The dietary interventionwas based onnational recommendations13

and included nutrient intake goals operationalized by using food-

level recommendations, for example increased consumption of fruits,

berries, vegetables, wholegrain cereal, vegetable fats, and fish; individ-

ually tailored for each participant. The intervention comprised three

individual counseling and six to eight group sessions with a study

nutritionist.6

The physical exercise intervention followed international guidelines

and previous Finnish trials.14,15 Individually tailored progressive

strength training was provided one to three times per week, with

exercises for eight main muscle groups and exercises to improve

balance. Progression of strength training was based on repetition

maximum measurements (4RM). Aerobic exercise (goal 2–5 times

per week) included mainly self-guided activities planned with a study

physiotherapist.

The cognitive intervention consisted of six group sessions (educa-

tional content and guidance to computerized cognitive training pro-

gram) and individual training with the computer program. The web-

based cognitive training programwas available at home or at the study

site, for two periods of 6 months each with 72 training sessions (three

times per week). It included tasks focusing on executive processes,

workingmemory, episodic memory, andmental speed.16,17

Intensive management of metabolic and vascular risk factors (vas-

cular intervention) was based on national guidelines aimed at improv-

ing blood pressure, lipids, glucose, and body weight with improving

lifestyles. Study physicians did not prescribe medication, but strongly

recommended contacting local health care if needed. The intervention

group met a study nurse (at 3, 9, and 18 months), and the study physi-

cian (at 3, 6, and 12months) for additional measurement and advice.

All participants received mini-intervention with the study nurse at

baseline andwritten feedback on their vascular risk factors.

2.3 Adherence measures

Adherence to the intervention comprises two aspects: (1) participa-

tion in offered activities in the intervention group (prespecified defini-

tion) and (2) participants’ lifestyle changes in intervention and control

groups (details in Supplementary Methods and Table S1 in supporting

information).

2.3.1 Participation in intervention activities

The prespecified definition was applied as non-adherent (0 sessions;

0 points), partially adherent (<50% completed; 1 point), or adher-

ent (≥50% completed; 2 points) for each intervention component,

summed to reflect multi-participation (range 0–8). In component-

specific analyses an alternative categorization for diet (0–50; 51–75;

and 76–100%) and vascular (0–75; 76–90; 91–100%) interventions

wasused, requiring higher participation, due to a small numbers of non-

HIGHLIGHTS

∙ Active participation in lifestyle intervention was associ-

ated with better cognition.

∙ A2-year lifestyle intervention resulted in improvements in

everyday lifestyles.

∙ Lifestyle improvements were also associated with better

cognitive change.

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed literatureusing

PubMed and their own files for trials investigating adher-

ence to lifestyle interventions in relation to cognitive out-

comes. While several observational studies have linked

lifestyle factors and cognition, there are few large trials

investigating the efficacy of lifestyle interventions, and

thus limited evidence on how intensive a lifestyle inter-

vention needs to be for achieving cognitive benefits.

2. Interpretation: Our results showed that older adults who

participated most actively in the intervention activities

had better cognitive trajectories compared to the control

group. Improvements in everyday lifestyles were more

often observed among the most active participants. The

lifestyle improvement was also linked to better cognitive

outcomes.

3. Future directions: The accumulated evidence suggests

that even in older age, lifestyle modification is benefi-

cial for cognitive outcomes. Quite an intensive interven-

tion is needed to promote cognitive health, andmeasures

to support adherence are important in future trials and

implementation.

adherent participants. Participation was not measured in the control

group.

2.3.2 Lifestyles

Self-reported lifestyles and measured vascular factors were collected

annually for both intervention and control groups. Diet score was

based on 3-day food records ranging from none to all dietary goals (0–

9).6 Average number of weekly moderate to vigorous physical activity

sessions was calculated based on a validated questionnaire.18 An aver-

age number of weekly cognitive and social activities (cognitive activ-

ity) was collected with a frequency-based questionnaire. Cardiovascu-

lar risk was assessed with the validated Finnish FINRISK score divided
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1328 NGANDU ET AL.

by the score of age- and sex-matched person without vascular risk

factors.19

Healthy lifestyle pattern at baseline was based on tertiles of each

component: 0 points for low (unfavorable), 1 for intermediate, and 2

for upper tertile (favorable); and thehealthymultidomain lifestyle com-

posite (multi-lifestyle score) was calculated as the sum (range 0–8).

Multi-lifestyle score is used as outcome and predictor in the analyses.

Change in each lifestyle was defined as the difference score between

baseline and 2-year visit as worsening (0 points), stable (1 point), or

improvement (2points; cut-offs inTable S1).Measure formulti-lifestyle

change from worsening in all to improvement in all lifestyle compo-

nents ranged from 0 to 8.

2.4 Neuropsychological examination

A trained study psychologist blinded to group allocation administered

the Neuropsychological Test Battery (NTB)10,20 at baseline and annu-

ally thereafter. Primary outcome was a composite score reflecting

global cognition, calculated as an average of 14 tests standardized to Z

scores with higher scores indicating better performance as described.

Secondary outcomes included cognitive domain Z scores for executive

function, processing speed, andmemory.

2.5 Statistical analyses

Baseline characteristics were compared using t-tests for continuous

and Chi2 tests for categorical variables. Linear mixed modeling was

applied with continuous cognitive or lifestyle scores as outcomes and

time as a random factor. Predictor variableswere: (1) intervention allo-

cation (lifestyle outcome only), (2) participation (within intervention

group), (3) participation compared to the control group, (4) baseline

lifestyles (cognition outcome only), and (5) change in lifestyles (cog-

nition outcome only). Analyses with lifestyle as predictor included all

participants adjusting for the intervention allocation (group x time),

and effect modification by the intervention allocationwas investigated

(group x time x lifestyle). A sensitivity analysis compared the interven-

tion participation groups to control group participants who improved

their lifestyle.

All analyses were adjusted for age, education, sex, study area, mar-

ital status, systolic blood pressure, total cholesterol, body mass index

(BMI), and depressive symptoms at baseline. Missing baseline val-

ues were supplemented with values from later years, and depres-

sive symptoms were entered using categories: missing data, no indica-

tion of depression (Zung score < 40), and suspected depression (Zung

score>= 40).

The change in lifestyle was measurable only for those who com-

pleted the study, and the proportion of missing values was relatively

high even among completers. For sensitivity analyses, we imputed

missing values with maximum likelihood estimation, using the same

lifestyle variable fromother time points, and other questions that eval-

uated the same lifestyle, age, education, sex, and marital status. Only

statistically significant (P < 0.05) predictors were included. Imputed

values were categorized as the observed values. Stata/SE version 16

was used for all analyses.

3 RESULTS

3.1 Baseline characteristics and lifestyle changes

The mean age of the 1259 participants was 68.9 years, and 54% were

men; 12% dropped out.

Most intervention participants met the prespecified definition for

adherent participation in diet (n = 557, 88%) and vascular (n = 587,

93%) intervention components; and approximately one half in exercise

(n=361, 57%) and cognitive training (n=295, 47%) components. Alto-

gether 37% were adherent to all intervention components (adherent

multi-participation), 42% at least in two components (partially adher-

ent), and 21% less (non-adherent). The intervention and control groups

were similar, but adherent intervention participants were younger,

more often married, less often had diabetes, and had fewer depres-

sive symptoms and faster processing speed than non-adherent ones

(Table 1), who in turn had several less favorable characteristics than

the control group. Compared to the control group, the non-adherent

or partially adherent participants in the intervention group had lower

multi-lifestyle score at baseline, and adherent participants had higher.

The multi-lifestyle score was available for 1142 (90%) at baseline

and965 (86%) at 2 years, resulting in 899 estimates for lifestyle change

(80%). Data were most often missing for exercise (n = 83; 7% at base-

line). Themulti-lifestyle score improvedmore in the intervention group

(annual improvement 0.24 points, P = < 0.001) than in the control

group (annual improvement 0.09 points, P = 0.003), with a significant

difference in change (P = 0.002). The participation was unrelated to

lifestyle change within the intervention group (annual difference in

change between non-adherent vs. adherent at 0.15 points, P = 0.150),

but both partially and highly adherent participants improved their

lifestyle more than the control group (Figure 1).

3.2 Change in cognition in relation to
multi-participation and multi-lifestyle changes

Adherent multi-participation predicted more improvement in global

cognition compared to the non-adherent or the control group (Fig-

ure 2) and was related to improvement in all cognitive domains, espe-

cially executive function and memory (Table 2). Memory improved

less in the non-adherent group than in the control group. Results

remained largely unchanged after adjusting for observed lifestyle

changes. Adherent multi-participation was related to more improve-

ment in global cognition even compared to the control group partic-

ipants who improved their lifestyle (n = 214 with imputation; annual

difference in change 0.06 points; P= 0.001).

A multi-lifestyle score at baseline predicted improvement in global

cognition, processing speed, and memory (Table 3). Healthier lifestyle
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NGANDU ET AL. 1329

TABLE 1 Baseline characteristics of the participants according to intervention allocation and participation activity in the intervention group

Adherence groupswithin intervention

Control

(n= 628)

Intervention

(n= 631)

Non-adherent

(n= 132)

Partially

adherent

(n= 265)

Adherent

(n= 234)

Age (years) 68.7 (4.7) 69.0 (4.7) 69.5 (5.0) 69.5 (4.8) † 68.2 (4.3) *

Education (years) 10.0 (3.4) 10.0 (3.5) 10.1 (3.8) 10.1 (3.7) 9.8 (2.9)

Women (n, %) 301 (48%) 286 (45%) 57 (43%) 124 (47%) 105 (45%)

Married or cohabiting (n, %) 473 (76%) 459 (73%) 83 (63%)† 185 (71%) 191 (82%)*,†

APOE ε4 carrier (n, %) 199 (34%) 189 (32%) 40 (33%) 81 (33%) 68 (31%)

Diabetes (n, %) 131 (21%) 132 (21%) 43 (33%)† 52 (20%)* 37 (16%)*

Systolic blood pressure (mmHg) 140 (16) 140 (17) 140 (18) 140 (17) 140 (16)

Total cholesterol (mmol/l) 5.1 (1.0) 5.2 (1.0) 5.2 (1.0) 5.2 (1.0) 5.1 (0.9)

Bodymass index (kg/m2) 28.1 (4.9) 28.3 (4.5) 27.8 (4.3) 28.4 (4.7) 28.4 (4.3)

Zung depression score 32.9 (8.3) 32.7 (9.0) 33.6 (9.5) 33.5 (9.1) 31.4 (8.4) *,†

NTBGlobal cognition 0.02 (0.59) −0.04 (0.56) −0.07 (0.58) −0.02 (0.61) −0.03 (0.50)

NTB Executive function domain 0.01 (0.69) −0.04 (0.66) −0.02 (0.71) −0.04 (0.70) −0.04 (0.59)

NTB Processing speed domain 0.03 (0.85) −0.04 (0.79) −0.18 (0.84) † −0.04 (0.80) 0.05 (0.74) *

NTBMemory domain 0.03 (0.66) −0.03 (0.69) −0.05 (0.70) 0.00 (0.72) −0.06 (0.64)

Multi-lifestyle score 4.1 (1.6) 4.0 (1.6) 3.6 (1.7) † 3.9 (1.6) † 4.2 (1.5) *

Diet score (number of goals) 5.0 (1.6) 5.0 (1.5) 4.8 (1.6) 5.0 (1.6) 5.1 (1.5) *

Physical activity (times per week) 4.7 (4.3) 4.3 (3.9) 3.8 (3.5) † 4.2 (3.9) 4.8 (4.1) *

Cognitive activity (activities per week) 16.5 (7.1) 15.8 (7.0) 15.2 (6.9) 15.4 (7.3) † 16.6 (6.6)

Vascular risk score 1.8 (1.2) 1.9 (1.2) 2.3 (1.6) † 1.9 (1.1) * 1.7 (0.9) *

Abbreviations: APOE, apolipoprotein E; NTB, Neuropsychological Test Battery.
*Statistically significant (P< .05) difference compared to non-adherent participants in the intervention group (within-intervention difference); t-test or Chi2

test.
†Statistically significant (P< .05) difference compared to the control group (pairwise comparison for each intervention intensity); analysis of variance or Chi2

test.

0.19; reference

0.21; P=0.914

0.45; P=0.027

0.52; P=0.005

Intervention combined 0.48;
p (vs Control)=0.002
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Intervention, Partially active
Intervention, Active

F IGURE 1 Changes in themulti-lifestyle score over 2 years
according to the level of participation in intervention activities. Lines
represent change inmulti-lifestyle score over the 2-year period,
estimates obtained from linear mixedmodel including interaction
term participation x time.Model adjusted for baseline age, education,
sex, study area, marital status, systolic blood pressure, total
cholesterol, bodymass index, and Zung depression score

0.16; reference

0.08; p=0.055

0.15; p=0.675

0.31; p<0.001
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F IGURE 2 Changes in the global cognition over 2 years according
to the level of participation in intervention activities. Lines represent
change in global cognitive function (Neuropsychological Test Battery
[NTB] z-score) over the 2-year period, estimates obtained from linear
mixedmodel including interaction term participation x time.Model
adjusted for baseline age, education, sex, study area, marital status,
systolic blood pressure, total cholesterol, bodymass index, and Zung
depression score
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1330 NGANDU ET AL.

TABLE 2 Change in cognitive performance over 2 years according to intervention participation (A) within the intervention group and (B)
compared to the control group

Control (n= 628) Non-adherent (n= 132) Partially adherent (n= 265) Adherent (n= 234)

b (SE) P b (SE) P b (SE) P

Model A1: Intervention participation

Global cognition (ref) 0.03 (0.02) .111 0.11 (0.02) <.001

Executive function (ref) 0.04 (0.03) .140 0.09 (0.03) .001

Processing speed (ref) −0.03 (0.03) .324 0.05 (0.03) .109

Memory (ref) 0.05 (0.03) .112 0.16 (0.03) <.001

Model A2: Intervention participation adjusted for lifestyle change

Global cognition (ref) 0.03 (0.02) .146 0.11 (0.02) <.001

Executive function (ref) 0.03 (0.03) .219 0.08 (0.03) .006

Processing speed (ref) −0.02 (0.03) .401 0.05 (0.03) .084

Memory (ref) 0.05 (0.03) .139 0.15 (0.03) <.001

Model B1: Intervention participation compared to the control group

Global cognition (ref) −0.04 (0.02) .055 −0.01 (0.01) .675 0.07 (0.01) <.001

Executive function (ref) −0.03 (0.03) .221 0.01 (0.02) .539 0.06 (0.02) <.001

Processing speed (ref) 0.02 (0.03) .375 0.00 (0.02) .784 0.07 (0.02) <.001

Memory (ref) −0.07 (0.03) .027 −0.02 (0.02) .380 0.09 (0.02) <.001

Model B2: Intervention participation compared to the control group adjusted for lifestyle change

Global cognition (ref) −0.04 (0.02) .061 −0.01 (0.01) .607 0.07 (0.01) <.001

Executive function (ref) −0.03 (0.03) .253 0.01 (0.02) .645 0.05 (0.02) .002

Processing speed (ref) 0.02 (0.03) .393 0.00 (0.02) .806 0.07 (0.02) <.001

Memory (ref) −0.07 (0.03) .030 −0.02 (0.02) .351 0.08 (0.02) <.001

Note: Coefficient and P-values presented for difference in annual rate of cognitive change compared to the reference group (over the 2-year period), obtained

from linear mixed models (participation x time interaction). Models adjusted for baseline age, education, sex, study area, marital status, systolic blood pres-

sure, total cholesterol, bodymass index, and depression score.

TABLE 3 Change in cognitive performance over 2 years according to baseline lifestyles and lifestyle change (intervention and control groups
combined)

Baselinemulti-lifestyle score Multidomain change

Unfavorable Intermediate Favorable Decrease Stable Improvement

b (SE) P b (SE) P b (SE) P b (SE) P

Model A: Observed lifestyle assessments

Global cognition (ref) 0.01 (0.01) .620 0.05 (0.02) .001 (ref) 0.02 (0.01) .133 0.04 (0.02) .011

Executive function (ref) −0.01 (0.02) .687 0.01 (0.02) .453 (ref) 0.04 (0.02) .007 0.08 (0.02) <.001

Processing speed (ref) 0.01 (0.02) .645 0.06 (0.02) .003 (ref) −0.01 (0.02) .613 0.01 (0.02) .815

Memory (ref) 0.01 (0.02) .505 0.07 (0.02) .005 (ref) 0.01 (0.02) .507 0.03 (0.03) .220

Model B: Imputed lifestyle assessments

Global cognition (ref) 0.01 (0.01) .649 0.04 (0.01) .003 (ref) 0.01 (0.01) .264 0.04 (0.01) .005

Executive function (ref) −0.01 (0.01) .596 0.02 (0.02) .269 (ref) 0.03 (0.02) 0.032 0.08 (0.02) <.001

Processing speed (ref) 0.00 (0.02) .870 0.04 (0.02) .024 (ref) −0.02 (0.02) 0.156 −0.01 (0.02) .691

Memory (ref) 0.01 (0.02) .493 0.06 (0.02) .013 (ref) 0.02 (0.02) 0.308 0.04 (0.02) .075

Notes: Coefficient andP-values presented for difference in annual rate of cognitive change compared to the reference group (over the2-year period), obtained

from linear mixed models (lifestyle x time interaction). Models adjusted for baseline age, education, sex, study area, marital status, systolic blood pressure,

total cholesterol, bodymass index, depression score, intervention allocation, and allocation x time interaction.

Abbreviation: SE, standard error.
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NGANDU ET AL. 1331

at baseline also showed cross-sectional association with better global

cognition and all cognitive domains (results not shown). Improvement

in multi-lifestyle score was associated with improvement in global

cognition and executive function. These results were similar in the

observed data (Model A) and also imputed data (Model B). Interven-

tion allocation modified the association between lifestyle and execu-

tive function (time x group x lifestyle interaction P= 0.020 for lifestyle

change), but not for other cognitive domains, such that improvement in

lifestyleswas associatedwith improvement in executive function in the

intervention group only (Figure S2 and Table S2 in supporting informa-

tion).

3.3 Change in cognition in relation to
participation and changes in different lifestyle
components

Adherent participation in each intervention component predicted

improvement in global cognition compared to the control group (Table

S3 in supporting information). Adherent participation in diet interven-

tion, physical exercise, and cognitive training predicted improvement in

all cognitive domains. Adherent participants in the vascular component

had more improvement in processing speed, but non-adherent had

more negative change in global cognition and executive function than

the control group. Participation in lifestyle components was strongly

intercorrelated.

The healthiest baseline diet and the lowest vascular risk score pre-

dicted improvement in global cognition andmemory, and the healthiest

diet in processing speed (Table S4 in supporting information). Interme-

diate baseline cognitive activity was related to cognitive improvement,

but the highest activity was not. Increasing cognitive activity in every-

day life was associated with more positive change in global cognition

and executive function. Improvements in diet and vascular risk were

related to improvement in executive function, but change in physical

activity showed no associations with cognition. The observed associ-

ations remained similar when lifestyle components were adjusted for

each other (results not shown).

4 DISCUSSION

In a 2-year multidomain intervention trial comprising dietary and vas-

cular risk counseling, and exercise and cognitive training, adherent par-

ticipation resulted in improvement in both cognitive performance and

lifestyles. Improved lifestyles were linked to cognitive improvement.

Lifestyle changes measured in this study did not, however, explain the

participation-related improvement, suggesting that both played a role

in the observed cognitive changes. Participation may have benefits

beyond the observed measures, for example through social stimula-

tion; and all lifestyle changes induced by the participation may not be

captured by thesemeasures.

Several lifestyle interventions have been conducted for the preven-

tion of cognitive impairment,2,21 but only a few have shown effects on

cognitive outcomes,2 and most have not analyzed cognition in relation

to adherence. In earlier analyses of FINGER, adherence to the dietary

goals was linked to improvement in executive function.9 In other tri-

als active memory training was associated with immediate benefits

on memory but not on subsequent cognitive trajectories among par-

ticipants without cognitive impairement,22 and adherence to physical

and cognitive training among persons with mild cognitive impairment

was linked to some cognitive improvement.8 In an uncontrolled clinic-

based study, participantswith lower or higher adherence to preventive

recommendations improved in cognitionmore than observational con-

trols but did not differ from each other.23

Today, it is unclear how intensive an intervention has to be to influ-

ence cognitive performance. Twoother previous long-term lifestyle tri-

als, the Multidomain Alzheimer Preventive Trial24 and the Prevention

ofDementia by IntensiveVascularCare,25 both less intensive thanFIN-

GER, showed no effect in main analyses, although the latter showed

reduced dementia risk among adherent participants with untreated

hypertension or no previous cardiovascular disease.25 In the Finnish

Diabetes Prevention study, achieving lifestyle intervention goals was

associated with better cognition 9 years after the intervention.26 Con-

sidering the current results showing greatest benefits among those

who participated in at least half of all proposed activities, or improved

in at least two lifestyle components, evidence suggests quite an inten-

sive program and high adherence. Participants with low adherence dif-

fered from those with higher level of adherence in some characteris-

tics, for example they had less favorable lifestyles to begin with. Deter-

minants of adherence to FINGER intervention have been investigated

previously.3,16 Additional tailored support forparticipants at riskof low

adherencemay improve intervention outcomes.

Participation in all intervention components contributed to the

observed effects on cognition in all cognitive domains, but their rel-

ative importance cannot be estimated due to a strong multicollinear-

ity. Actual changes in lifestyle were more independent of each other,

and all observed associations remained significant after being included

in the same model. Lifestyle changes were linked mainly to changes

in executive functioning and global cognition but not to changes in

other cognitive domains. Executive functions could be more sensitive

for effects of lifestyle modification in early prevention trials as they

are suggested to be the first cognitive changes observed in preclini-

cal dementia.27 Diet, vascular risk control, and cognitive activity, but

not physical activity, contributed to associations. Given that physical

activity has the strongest previous evidence for beneficial effects,21

this might indicate that scales used to measure physical activity in the

current study were not optimal.

No gold standard for defining adherence to lifestyle intervention

has been established, and it is unlikely that one definition would fit all

studies. Most often participation in intervention sessions is used,3,4,28

or sometimes actual lifestyle changes.5,29 Participation in intervention

visits that mainly include counseling is not a direct indicator of tar-

geted behavior change. Therefore, in addition to measuring partici-

pation (prespecified analyses), we also investigated the effect of the

achieved lifestyle changes. For all intervention components correla-

tions between intervention participation and changes in self-reported
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1332 NGANDU ET AL.

lifestyleswere relatively low, indicating that theymay represent differ-

ent aspects of the same lifestyle components. It is plausible that simi-

lar lifestyle changes would produce similar effects in both intervention

and control groups.

Overall, lifestyles improved in both intervention and control groups,

which may be to some extent due to a mini-intervention at the start of

the trial or regular monitoring of risk factors and lifestyles during the

trial. However, lifestyle changes were larger in the intervention group.

Active or partially active intervention group participants showed sim-

ilar magnitude of lifestyle changes and they did not significantly dif-

fer from the non-active participants, which may be due to lack of sta-

tistical power, lack of sensitivity in the lifestyle measures used, or the

fact that participants even in the non-active group often were active in

some of the intervention components. Compared to the control group,

the active and partially active intervention groups both improved their

lifestyles.

The strengths of this study include the carefully designed and long-

term randomized controlled trial, low drop-out rate, careful measure-

ment of standardized cognitive outcomes, and inclusion of a represen-

tative sample of older adults at increased risk of dementia.30 The main

limitation is that the trial was not designed to study different intensi-

ties of intervention, and thus the groups with different participation

rates differed in many characteristics. This may explain the fact that

for some cognitive outcomes, the non-adherent intervention group

participants had worse trajectories than the control group. Data from

drug trials show that adherence to placebo can be associated with bet-

ter outcomes, supporting the “healthy adherer” effect,31 and we also

detected healthier baseline lifestyle among the adherent people. We

adjusted the analyses for several potential confounders but residual

confounding is possible. However, cognitive improvement among the

adherent intervention participants was greater than for control group

participants with the most improvement in lifestyle, who supposedly

would be the “healthy adherers” in their group.

The variables for each componentwere not directly comparable: for

diet and vascular risk, the intervention visits were easy to attend, but

participation did not automatically mean any improvement in lifestyle,

whereas participation in exercise and cognitive training was already an

indicator of lifestyle change. Data on lifestyle were all self-reported,

and some of the scales were not optimal for measuring changes, for

example diet score was based on dichotomous cut-offs, and the cog-

nitive and physical activity scales focused on frequency rather than

on changes in content or intensity. The cognitive activity scale did not

include activities thatwere initiatedwithin the intervention. Thus, con-

sidering that the intervention group had frequent activities offered by

the study, it is possible that they actually had less time for other kinds

of activities. The resultingmultidomainparticipation score and lifestyle

score are crude measures, aggregating a large set of variables into a

single score. However, similar approaches have linked overall healthy

lifestyles with dementia32 and other chronic diseases33,34 in large epi-

demiological studies.

Although observational evidence linking lifestyle to cognition is

abundant, we are not aware of any previous trials documenting the

role of multifactorial lifestyle change in this regard. This is important,

because a single measurement of a lifestyle reflects its presence over

many years, even throughout life. To prevent cognitive impairment, it

is important to know types of changes and activities provided that are

needed to achieve beneficial effects in people at an old age.

Our findings support the multidomain approach to cognition-

enhancing intervention, and indicate that both high participation and

improvements in everyday lifestyles contribute to the efficacy of the

intervention applied in the FINGER. It seems important to offer suffi-

ciently intensive lifestyle interventions, and emphasize measures that

support adherence in upcoming trials and implementation activities

to promote good cognitive functioning. Newly initiated trials follow-

ing the FINGERmodel could investigate the role of adherence in other

settings.35 The long-term follow-up of the FINGER participants will

show if the adopted healthier lifestyles will be sustained, and if the

adherence affects the longer term outcomes.

ACKNOWLEDGMENTS

This study was supported by the Academy of Finland (317465,

287490, 294061 [AS]; 319318 [MK]), Finnish Social Insurance Insti-

tution (MK), Finnish Ministry of Education and Culture (MK), Juho

Vainio Foundation, Finland (TN, MK), EU Joint Programme - Neurode-

generative Disease Research (MIND-AD [MK] and EURO-FINGERS

[TN, MK]), Alzheimer’s Research and Prevention Foundation, US

(MK), Alzheimerfonden, Sweden (AS,MK), Hjärnfonden, Sweden (MK),

Swedish Research Council (LB, MK), Center for Innovative Medicine

(CIMED) at Karolinska Institutet, Sweden (MK), Region Stockholm

(ALF, NSV), Sweden (AS, MK), Knut and Alice Wallenberg Foundation,

Sweden (MK), Stiftelsen Stockholms sjukhem, Sweden (MK), Konung

Gustaf V:s och Drottning Victorias Frimurarstiftelse, Sweden (MK),

Finnish Cultural Foundation (TN, AS), Jalmari and Rauha Ahokas Foun-

dation, Finland (TN), Yrjö Jahnsson Foundation, Finland (AS,MK), State

research funding (EVO/VTR grants) of Oulu University Hospital and

Oulu City Hospital, Finland (RA) and Kuopio University Hospital, Fin-

land (HS), UEF Strategic funding for UEFBRAIN, Finland (HS), Euro-

pean Research Council (grant 804371) (AS), Swedish Research Coun-

cil for Health,Working Life andWelfare (ASN,MK), The Heart Disease

Foundation, Finland (TL), UmeåUniversity (ASN). Study funders had no

role in study design; in the collection, analysis, interpretation of data;

or in the writing of the report. We sincerely thank all participants of

the FINGER study and all people involved in the data collection, par-

ticularly the nurses, psychologists, physicians, nutritionists and physio-

therapists conducting the field work.

CONFLICTS OF INTEREST

Research grants received outside the submitted work from European

Union H2020 (TN, HS, MK), Academy of Finland (HS), Emil Aalto-

nen Foundation (SK), BBSCR student fellowship (SK), Oulu University

(RA), Wallenberg Foundation (ASN), Region Värmland (ASN), Karlstad

Universitet (ASN), Region Stockholm (ASN), Riksbankens Jubileums-

fond (ASN), Swedish Research Council (ASN), AXA Research Founda-

tion (MK), IMI (MK), EiT-Health (MK), KI-Janssen Strategic Collabora-

tion (MK), Imperial College ITMAT (MK), Gates Ventures/ADDI (MK),

Alzheimer’s Drug Discovery Foundation (MK), Part the Cloud (MK).

 15525279, 2022, 7, D
ow

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

iley.com
/doi/10.1002/alz.12492 by U

niversity O
f O

ulu K
P2408100, W

iley O
nline L

ibrary on [16/11/2022]. 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



NGANDU ET AL. 1333

Other disclosure/support outside the submitted work: TN reports

travel support from Alzheimer Association. JLe reports personal lec-

ture fees from University of Helsinki. SK reports University of Cam-

bridge travel grant. RA has served as board member for Fimea and

Duodecim. JT reports personal fees from Eli Lilly (consultant), Inter-

national Association of the Diabetes and Pregnancy Study Group and

Elintarviketeollisuusliitto ry (lecture fees), travel support from Euro-

pean Association for the Study of Diabetes, East African Diabetes

Study Group, University of Cambridge, and International Diabetes

Federation, and he has served as president for the World Commu-

nity for Prevention of Diabetes. HS reports personal fees from Novo

Nordisk (consultant);l she has served as ACImmune Data Safety Mon-

itoring Board member, and head of board of the Finnish Alzheimer

Association. MK reports personal lecture fees from Biogen, Nutri-

cia, and Roche;, she serves as advisory board member for Combinos-

tics, Swedish Care International, Roche, Biogen; and as board member

in WHO Board of Governors for the Guidelines development group,

Alzheimers Drug Discovery Foundation, UK Dementia Research Insti-

tute, Global Council on Brain Health, and Swedish Research Council

Committee for Clinical Intervention Research.

ORCID

TiiaNgandu https://orcid.org/0000-0002-3698-2021

REFERENCES

1. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,

intervention, and care: 2020 report of the Lancet Commission. Lancet.
2020;396:413-446.

2. KivipeltoM,Mangialasche F, Ngandu T. Lifestyle interventions to pre-

vent cognitive impairment, dementia and Alzheimer disease. Nat Rev
Neurol. 2018;14:653-666.

3. Coley N, Ngandu T, Lehtisalo J, et al. Adherence to multidomain inter-

ventions for dementia prevention: data from the FINGER and MAPT

trials. Alzheimers Dement. 2019;15:729-741.
4. BeishuizenCRL, ColeyN,Moll vanCharante EP, vanGoolWA, Richard

E, Andrieu S. Determinants of dropout and nonadherence in a demen-

tia prevention randomized controlled trial: the prevention of dementia

by intensive vascular care trial. J AmGeriatr Soc. 2017;65:1505-1513.
5. Clare L, Nelis SM, Jones IR, et al. The Agewell trial: a pilot ran-

domised controlled trial of a behaviour change intervention to pro-

mote healthy ageing and reduce risk of dementia in later life. BMC Psy-
chiatry. 2015;15:25.

6. Lehtisalo J, Ngandu T, Valve P, et al. Nutrient intake and dietary

changes during a 2-year multi-domain lifestyle intervention among

older adults: secondary analysis of the Finnish Geriatric Intervention

Study to Prevent Cognitive Impairment and Disability (FINGER) ran-

domised controlled trial. Br J Nutr. 2017;118:291-302.
7. de Souto Barreto P, Rolland Y, Cesari M, Dupuy C, Andrieu S, Vel-

las B. Effects of multidomain lifestyle intervention, omega-3 supple-

mentation or their combination on physical activity levels in older

adults: secondary analysis of the Multidomain Alzheimer Preventive

Trial (MAPT) randomised controlled trial. Age Ageing. 2018;47:281-
288.

8. Lam LC, Chan WC, Leung T, Fung AW, Leung EM. Would older adults

with mild cognitive impairment adhere to and benefit from a struc-

tured lifestyle activity intervention to enhance cognition?: a cluster

randomized controlled trial. PLoS One. 2015;10:e0118173.
9. Lehtisalo J, Levalahti E, Lindstrom J, et al. Dietary changes and cogni-

tion over 2 years within a multidomain intervention trial-The Finnish

Geriatric Intervention Study to Prevent Cognitive Impairment and

Disability (FINGER). Alzheimers Dement. 2018;15:410-417.
10. Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain inter-

vention of diet, exercise, cognitive training, and vascular risk monitor-

ing versus control to prevent cognitive decline in at-risk elderly people

(FINGER): a randomised controlled trial. Lancet. 2015;385:2255-2263.
11. Kivipelto M, Solomon A, Ahtiluoto S, et al. The Finnish Geriatric Inter-

vention Study to Prevent Cognitive Impairment and Disability (FIN-

GER): study design and progress. Alzheimers Dement. 2013;9:657-665.
12. KivipeltoM, Ngandu T, Laatikainen T,Winblad B, SoininenH, Tuomile-

hto J. Risk score for the prediction of dementia risk in 20 years among

middle aged people: a longitudinal, population-based study. Lancet
Neurol. 2006;5:735-741.

13. National Nutrition Council. Finnish nutrition recommendations - Diet

and physical activity in balance. Edita Publishing Ltd; Helsinki. 2005.

14. Komulainen P, Kivipelto M, Lakka TA, et al. Exercise, fitness and cog-

nition - A randomised controlled trial in older individuals: the DR’s

EXTRA study. Eur Geriatr Med. 2010;1:266-272.
15. Nelson ME, Rejeski WJ, Blair SN, et al. Physical activity and public

health in older adults: recommendation from the American College

of Sports Medicine and the American Heart Association. Circulation.
2007;116:1094-1105.

16. Turunen M, Hokkanen L, Backman L, et al. Computer-based cogni-

tive training for older adults: determinants of adherence. PLoS One.
2019;14:e0219541.

17. Dahlin E, Neely AS, Larsson A, Backman L, Nyberg L. Transfer of

learning after updating training mediated by the striatum. Science.
2008;320:1510-1512.

18. Lakka TA, Venalainen JM, Rauramaa R, Salonen R, Tuomilehto J, Salo-

nen JT. Relation of leisure-time physical activity and cardiorespira-

tory fitness to the risk of acute myocardial infarction. N Engl J Med.
1994;330:1549-1554.

19. Rosenberg A, Ngandu T, RusanenM, et al. Multidomain lifestyle inter-

vention benefits a large elderly population at risk for cognitive decline

and dementia regardless of baseline characteristics: the FINGER trial.

Alzheimers Dement. 2018;14:263-270.
20. Harrison J, Minassian SL, Jenkins L, Black RS, Koller M, Grundman M.

A neuropsychological test battery for use in Alzheimer disease clinical

trials. Arch Neurol. 2007;64:1323-1329.
21. Risk reduction of cognitive decline and dementia: WHO guidelines.

Geneva: World Health Organization; 2019. Licence: CC BY-NCSA 3.0

IGO.

22. Rebok GW, Langbaum JB, Jones RN, et al. Memory training in the

ACTIVE study: how much is needed and who benefits?. J Aging Health.
2013;25:21S-42S.

23. Isaacson RS, Hristov H, Saif N, et al. Individualized clinical manage-

ment of patients at risk for Alzheimer’s dementia. Alzheimers Dement.
2019;15:1588-1602.

24. Andrieu S, Guyonnet S, Coley N, et al. Effect of long-term omega 3

polyunsaturated fatty acid supplementation with or without multido-

main intervention on cognitive function in elderly adults with mem-

ory complaints (MAPT): a randomised, placebo-controlled trial. Lancet
Neurol. 2017;16:377-389.

25. Moll van Charante EP, Richard E, Eurelings LS, et al. Effective-

ness of a 6-year multidomain vascular care intervention to prevent

dementia (preDIVA): a cluster-randomised controlled trial. Lancet.
2016;388:797-805.

26. LindstromJ, Ilanne-ParikkaP, PeltonenM, et al. Sustained reduction in

the incidence of type 2 diabetes by lifestyle intervention: follow-up of

the Finnish Diabetes Prevention Study. Lancet. 2006;368:1673-1679.
27. HarringtonMG,Chiang J, Pogoda JM, et al. Executive function changes

before memory in preclinical Alzheimer’s pathology: a prospective,

cross-sectional, case control study. PLoS One. 2013;8:e79378.
28. Fiatarone Singh MA, Gates N, Saigal N, et al. The Study of Men-

tal and Resistance Training (SMART) study-resistance training and/or

 15525279, 2022, 7, D
ow

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

iley.com
/doi/10.1002/alz.12492 by U

niversity O
f O

ulu K
P2408100, W

iley O
nline L

ibrary on [16/11/2022]. 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

https://orcid.org/0000-0002-3698-2021
https://orcid.org/0000-0002-3698-2021


1334 NGANDU ET AL.

cognitive training in mild cognitive impairment: a randomized, double-

blind, double-sham controlled trial. J Am Med Dir Assoc. 2014;15:873-
880.

29. MatzK, Teuschl Y, FirlingerB, et al.Multidomain lifestyle interventions

for the prevention of cognitive decline after ischemic stroke: random-

ized trial. Stroke. 2015;46:2874-2880.
30. NganduT, Lehtisalo J, Levälahti E, et al. Recruitment andbaseline char-

acteristics of participants in the Finnish Geriatric Intervention Study

toPreventCognitive Impairment andDisability (FINGER)—a random-

ized controlled lifestyle trial. Int J Env Res Public Health. 2014;11:9345-
9360.

31. Simpson SH, Eurich DT, Majumdar SR, et al. A meta-analysis of the

association between adherence to drug therapy and mortality. BMJ.
2006;333:15.

32. Lourida I, Hannon E, Littlejohns TJ, et al. Association of lifestyle and

genetic risk with incidence of dementia. JAMA. 2019;322:430-437.
33. Nyberg ST, Singh-Manoux A, Pentti J, et al. Association of healthy

lifestyle with years lived without major chronic diseases. JAMA Intern
Med. 2020;180:760-768.

34. Rutten-Jacobs LC, Larsson SC, Malik R, et al. Genetic risk, inci-

dent stroke, and the benefits of adhering to a healthy lifestyle:

cohort study of 306 473 UK Biobank participants. BMJ. 2018;363:
k4168.

35. Kivipelto M, Mangialasche F, Snyder HM, et al. World-Wide FIN-

GERS Network: a global approach to risk reduction and prevention of

dementia. Alzheimers Dement. 2020;16:1078-1094.

SUPPORTING INFORMATION

Additional supporting information may be found in the online version

of the article at the publisher’s website.

How to cite this article: Ngandu T, Lehtisalo J, Korkki S, et al.

The effect of adherence on cognition in amultidomain lifestyle

intervention (FINGER). Alzheimer’s Dement.

2022;18:1325–1334. https://doi.org/10.1002/alz.12492

 15525279, 2022, 7, D
ow

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

iley.com
/doi/10.1002/alz.12492 by U

niversity O
f O

ulu K
P2408100, W

iley O
nline L

ibrary on [16/11/2022]. 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

https://doi.org/10.1002/alz.12492

	The effect of adherence on cognition in a multidomain lifestyle intervention (FINGER)
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Setting and population
	2.2 | Interventions
	2.3 | Adherence measures
	2.3.1 | Participation in intervention activities
	2.3.2 | Lifestyles

	2.4 | Neuropsychological examination
	2.5 | Statistical analyses

	3 | RESULTS
	3.1 | Baseline characteristics and lifestyle changes
	3.2 | Change in cognition in relation to multi-participation and multi-lifestyle changes
	3.3 | Change in cognition in relation to participation and changes in different lifestyle components

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


