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Abstract

BACKGROUND: The number of people with dementia is increasing in Japan, and

establishing evidence for preventing dementia is necessary.

METHODS: This study was a randomized controlled trial in cognitively normal

community-dwelling older adults aged 65 to 85 with diabetes and/or hypertension.

Participants were randomly assigned in a 1:1 ratio. The intervention group underwent

90 min of group-based weekly physical exercise, cognitive training, nutritional coun-

seling, and vascular risk management for 18 months. The primary endpoint was the

change in a cognitive composite score calculated by averaging the z-scores of seven

neuropsychological tests from baseline to 18months.

RESULTS: We randomly assigned 203 participants to two groups, and 178 (87.7%)

completed the18-month follow-up. Therewas a significant groupdifference in the cog-

nitive composite score change at 18 months (mean difference 0.16, 95% confidence

interval: 0.04 to 0.27; p= 0.009).

DISCUSSION:An 18-monthmultimodal intervention for older adults at risk of demen-

tia could improve their cognitive function. The trial was registered in the Clinical Trial

Registration System (UMIN000041938).

KEYWORDS

cognitive function, dementia, J-MINT PRIME Tamba, multimodal intervention, prevention, ran-
domized controlled trial,World-Wide FINGERS

Highlights

∙ Japan-Multimodal Intervention Trial for Prevention of Dementia (J-MINT) PRIME

Tambawas a randomized controlled trial to prevent dementia.

∙ We provided a multifactorial intervention based on the Finnish Geriatric Inter-

vention Study to Prevent Cognitive Impairment and Disability (FINGER) trial

methodology.
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∙ The primary outcome, the cognitive composite score, improved with our interven-

tion.

∙ Executive function/processing speed and memory improved in the intervention

group.

∙ Intervention adherence was high, and no serious adverse events occurred.

1 BACKGROUND

Thenumberof people livingwithdementiaworldwide in2019hasbeen

estimated at 55.2 million and is expected to grow to 139 million by

2050.1 Japan has the highest aging rate in the world, and it is esti-

mated that one in fiveolder adultswill havedementia by2025,2 making

it a social problem. Recently, the Japanese government approved a

disease-modifying therapy called lecanemab,3,4 but it cannot prevent

the deterioration of cognitive functions in patients with Alzheimer’s

disease once the symptoms appear. From this viewpoint, prevention

strategies are essential, and non-pharmacological interventions are

also receiving attention.

Risk factors for cognitive impairment and dementia vary by age,

and potentially modifiable lifestyle risk factors include smoking, phys-

ical inactivity, diabetes, depression, social isolation, and cognitive

inactivity.5 A 2-year multifactorial intervention (the Finnish Geriatric

Intervention Study to Prevent Cognitive Impairment and Disability

[FINGER]) targeting these risk factors showed improved cognitive

function and was an effective preventive strategy for older adults at

risk of dementia.6

Based on these results, studies have been conducted worldwide

to test the effectiveness of multidomain interventions. In 2017, the

World-Wide FINGERS (WW-FINGERS) network was launched based

on the FINGER methodology. Over 60 countries currently partici-

pate in this network, which aims to accumulate data and generalize

strategies to prevent cognitive impairment and dementia by promoting

new clinical research practices.7 Similar initiatives inside and outside

WW-FINGERS have also been successfully implemented, particularly

in Asia.8,9 In Japan, the Japan-Multimodal Intervention Trial for Pre-

vention of Dementia (J-MINT)10 was started in 2019 andwas included

in the WW-FINGERS network. The J-MINT PRIME Tamba study is a

randomized controlled trial (RCT) that uses a protocol similar to that

of the J-MINT study and is an extension study conducted in the city

of Tamba by Kobe University. Tamba is in the northeastern region of

Hyogo Prefecture, Japan, with approximately 62,000 residents and the

aging rate for those 65 and over is 35% as of April 2022. This region

is characterized by a substantial older population and a high rate of

people at risk of vascular diseases, such as hypertension and diabetes.

We designed a RCT to examine the efficacy of a multidomain

dementia prevention program consisting of lifestyle-related disease

management, physical exercise, nutritional counseling, and cognitive

training to improve or maintain cognitive function or reduce cognitive

decline in older adults at risk of dementia.

2 METHODS

The study protocol is described in detail in a previously published

paper11 and the Supplemental Materials (pp. 2 to 22) of this

article.

2.1 Study design

The J-MINT PRIME Tamba trial was designed as a RCT of community-

dwelling older adults in Tamba,Hyogo, Japan,with a 1:1 allocation ratio

between the intervention and control groups. Baseline assessments of

both groups were conducted in September 2020, followed by assess-

ments every 6 months. The intervention group received 78 weekly

interventions over 18months beginning in October 2020.

2.2 Participants

The inclusion criteria were as follows: residents of Tamba, aged

65 to 85 years at enrollment, Dementia Assessment Sheet in the

Community-based Care System-21 items (DASC-21)12 score from 22

to 30, and those with at least one of the following vascular risks: under

treatment for hypertension; systolic blood pressure ≥140 mmHg;

diastolic blood pressure ≥85 mmHg; under treatment for diabetes;

hemoglobin A1c (HbA1c) ≥ 6.0%. Those with a Mini-Mental State

Examination (MMSE)13 score <24 and those already receiving public

long-term care were excluded from the study.

To recruit participants, those who had undergone the DASC-21

among those who had undergone special health check-ups conducted

by Tamba City between April 2019 andMarch 2020 for those aged 65

years and older were invited by mail to participate in the study. Addi-

tional participants were recruited using newspaper inserts and local

press releases. After being briefed on the study content, the partic-

ipants were screened for DASC-21, MMSE, and vascular risk status.

Those who met the eligibility criteria were given detailed explanations

orally and in writing and were enrolled in the study after signing a

consent form.

The J-MINT PRIME Tamba research plan was reviewed and

approved by the Kobe University Ethics Committee for Health Sci-

ences (Approval No.: 922). The trial was registered in the University

Hospital Medical Information Network Clinical Trial Registration Sys-

tem (UMIN000041938). All participantswere fully informed about the
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OKI ET AL. 3

study, understood the benefits and potential risks of participation, and

provided written informed consent.

2.3 Randomization and masking

Based on age, sex, and MMSE score information obtained at screen-

ing, participants were randomized into one of two groups at a 1:1

ratio using a dynamic allocation method with stratification factors.

The stratification criteria were as follows: (1) age, 65 to 74 or 75

to 85 years; (2) sex, female or male; and (3) MMSE score, 24 to 27

or 28 to 30. The researchers enrolled participants in an electronic

data capture (EDC) system, and an external organization performed

dynamic allocation using an algorithm blinded to the researchers and

participants.

All participants knew their allocation group, but the assessors and

intervention advocates were blinded to the allocation and were not

involved in the intervention activities at each time point. For the

researchers and administrators with access to the EDC system, one

researcher and three administrators were present at the intervention

site for their riskmanagement and reception roles duringphysical exer-

cise. However, they were not involved in collaborative intervention or

assessment at each timepoint.

2.4 Procedures

All participants underwent physical function assessment and neu-

ropsychological testing by trained physical therapists, occupational

therapists, and nurses at baseline, 6, 12, and 18 months. Blood sam-

ples were collected at baseline, 6 months, and 18 months. To avoid

compromising the effectiveness of the intervention, the results of each

6-month assessmentwere not disclosed to participants until the end of

the study, except in the case of serious findings.

The intervention group receivedmultidomain interventions, includ-

ing lifestyle-related diseasemanagement, physical exercise, nutritional

counseling, and cognitive training. First, lifestyle-related diseaseswere

managed. According to clinical practice guidelines,14–16 participants

with diabetes, hypertension, or dyslipidemia were managed by super-

visors who were health professionals, such as public health nurses and

nutritionists.

Then came the physical exercise. Participants underwent an exer-

cise program consisting of 50-min aerobic exercise, 20-min dual-task

exercise, resistance training, and 20-min group meetings for a total

of 90 min per session once a week for 18 months. The participants’

pulse rate determined the intensity of the aerobic exercise, which

gradually increased from 40% to 80%. Program instructors were quali-

fied health professionals, such as physical and occupational therapists.

Nutrition counseling followed. Participants received dietary counsel-

ing from health professionals, such as public health nurses, nurses,

and dieticians, through face-to-face interviews at 1, 7, and 13 months

and telephone follow-ups every 5 weeks after the visits. The dietary

advice program consisted of dietary assessment; behavioral goal set-

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the litera-

ture on multimodal interventions for the prevention of

dementia. Published systematic reviews have found slight

improvements in cognitive function in groups of partici-

pants who received multimodal interventions. However,

there is no clear evidence and no specific views on

interventionmethods or assessment items.

2. Interpretation: This study is the first well-designed, ran-

domized controlled trial of a multifactorial intervention

for older adults in Japan. Our results showed improve-

ments in global cognitive composite score and physical

function. Despite the relatively short intervention period

of 18 months, the mean difference in global cognitive

composite scores between groups in this studywas larger

than in previous studies.

3. Future directions: Multimodal interventions can improve

andmaintain cognitive and physical function in older pop-

ulations. The important question that arises is how to

promote social implementation so thatmanyolder people

can benefit from the results of this research.

ting; consumption of foods suitable for dementia prevention such as

fish, chicken, beans/soy products, vegetables/seaweed, seasonal foods,

and colorful and varied food combinations; and oral care advice on oral

frailty. Finally, for cognitive training, participants underwent cognitive

training using a tablet with the BrainHQ software program (Posit Sci-

ence, San Francisco, CA, USA). Nestle Japan (Tokyo, Japan) operated

the version of BrainHQ used in this study, which consisted of 13 visual

exercises focusing on specific cognitive abilities, such as attention,

processing speed, memory, mental flexibility, and visuospatial ability.

Exercise difficulty was adjusted based on the cognitive abilities of each

individual to ensure and sustain engagement of attention and moti-

vation. Participants underwent cognitive function training for at least

30 min per day, ≥4 days/week, with practice and rest periods every 3

months. Every 3 months, they received feedback on changes in their

performance over time.

The control group received written health-related information

every 2 months on how to prevent/manage dementia, frailty, low back

pain, malnutrition, health-related illnesses, sleep disorders, falls, and

fall-related fractures; the benefits of social participation and physi-

cal activity; and the management of vascular risk factors according to

current guidelines.

2.5 Outcomes

The primary outcome measure was the change from baseline at 18

months in a global cognitive composite score using several neuropsy-
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4 OKI ET AL.

chological tests, including tests of global cognitive function (MMSE);

memory (Logical Memory I and II subset of the Wechsler Memory

Scale-Revised [WMS-R]17 and Free andCued Selective Reminding Test

[FCSRT]18); and attention (Digit Span of the Wechsler Adult Intelli-

gence Scale [WAIS-III]19), executive function/processing speed (Trail-

Making Test [TMT],20 Digit Symbol Substitution Test (DSST) subset of

theWAIS-III, and LetterWord Fluency Test20). The neuropsychological

test scores for each participant in each periodwere standardized using

the baseline assessment’s mean and standard deviation (SD) from the

full population analysis set.

Secondary outcome measures included changes in global compos-

ite scores from baseline to 6 and 12 months for cognitive function;

changes from baseline to 6, 12, and 18 months for each neuropsycho-

logical test; changes from baseline to 6, 12, and 18 months for blood

test values; changes in activities of daily living (ADL)21,22 function and

frailty23–25 from baseline to 6, 12, and 18 months; and changes in

digital cognitive tests (Cogstate Brief Battery; Cogstate, Melbourne,

Australia)26 from baseline to 18months.

Post hoc analyses were performed to measure changes in each

domain (memory, attention, and executive function/processing speed)

cognitive composite score from baseline to 18 months and in walk-

ing speed, grip strength, five times sit-to-stand test (FTSST), and

inspiratory and expiratory muscle strength, measured as maximal

inspiratory pressure (PImax) andmaximal expiratory pressure (PEmax)

from baseline to 18months.

Information on adherence, such as the participation rate in face-

to-face interventions and cognitive training at home, was recorded.

All adverse events were recorded, and all participants were asked at

the 6-, 12-, and 18-month visits whether they had experienced any

study-related adverse events such as falls or musculoskeletal pain.

2.6 Statistical analyses

The sample size was estimated from a meta-analysis of RCTs using

cognitive training as an intervention. According to this meta-analysis,

overall cognitive function improved in the intervention group, with

Hedges’ g of 0.419.27 The sample size required for a two-tailed t test

with a 5% risk rate, 80% power, and a 1:1 allocation ratio was 182

participants, assuming a similar effect size in the present study. We

assumed a dropout rate of approximately 10% from baseline to 18

months and set a minimum sample size of 200 participants. To calcu-

late the composite score for cognitive function, we first calculated the

z-scores for the MMSE, Logical Memory I and II, FCSRT, Digit Span,

TMT, DSST, and LetterWord Fluency Test using the baseline mean and

SD. The composite score was the mean z-score for each assessment

item (included in Supplemental materials, Figure S1). If some values

were missing, composite scores were calculated using only items that

could be measured. The sign was reversed for the TMT only because

the lower the value, the better the cognitive function. A mixed model

for repeated measures (MMRM) was used for the primary endpoint,

the cognitive function composite score changes from baseline to 18

months between the intervention and control groups. The change in

the composite score at each time point was used as the objective vari-

able, and the randomization group, evaluation time point, interaction

between the randomization group andevaluation timepoint, age group

at allocation (<75 years, ≥75 years), sex, and baseline cognitive com-

posite score were used as fixed effects. The covariance structure was

assumed tobeunstructured, and thedegreesof freedomwereadjusted

using Kenward–Roger approximation.28 The Bonferroni adjustment

methodwas used for between-group comparisons.

For the secondary outcomes of physical, social, and oral frailty, pro-

portions and 95% confidence intervals (CIs) were calculated for each

group at each time point, with the 95% CIs being calculated using the

Clopper–Pearson method.29 Cases and proportions at each time point

were calculated and compared using generalized estimating equa-

tions (GEEs) with logit link functions. Effects and covariates included

in the model were the same as for the primary outcome. The type

of correlation coefficient matrix was unstructured. The incidences of

serious adverse eventswere pooled between the intervention and con-

trol groups. The frequency and incidence of adverse events were also

tabulated, and 95% CIs were calculated using the Clopper–Pearson

method. For demographic characteristics and other items, means and

SDs for continuous variables and proportions for categorical variables

were used as indices. A significance level of less than 5% was used for

all analyses. SPSS Statistics 29 (IBM, Armonk, NY, USA) was used for

all calculations, andGraphPad Prism 9 (GraphPad Software, SanDiego,

CA, USA) was used to generate the figures.

3 RESULTS

Between September 16, 2020, and October 15, 2020, 206 individ-

uals were screened and 203 were randomized to the intervention

(n = 101) or control group (n = 102; Figure 1). A total of 189 (93.1%),

185 (91.1%), and 178 (87.7%) participants completed the 6-, 12-, and

18-month assessments, respectively. Three participants refused the

neuropsychological tests at the final assessment, so they received only

other assessments. There was no significant difference in dropout

rates between the intervention (eight participants [7.9%]) and con-

trol groups (17 participants [16.7%]). The main reasons for dropping

out were family-related issues (n = 11 [44.0%]), health reasons (n = 5

[20.8%]), and lack of motivation for the study (n = 4 [16.7%]). Four

participants died during the study. The baseline characteristics of the

intervention and control groups were similar (Table 1). The mean (SD)

age, years of education, and MMSE and DASC-21 scores of the popu-

lation were 73.9 (4.8), 12.6 (1.9), 28.7 (1.4), and 24.1 (1.9), respectively.

The proportion of apolipoprotein E epsilon 4 carriers was 18.7% (Table

S1). The study participants in both groups had a daily exercise routine,

very few smokers, and a very high fish intake, which means they had a

high level of health consciousness.

The interventionhad a significant beneficial effect on the global cog-

nitive composite score (Figure 2, Table 2, and Tables S2 and S3). The

estimated mean change in the global composite score at 18 months

was 0.55 (standard error [SE] 0.04) in the intervention group and 0.39

(SE 0.04) in the control group, indicating a statistically significant group
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months months

months
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F IGURE 1 Trial profile: flow diagram showing process of enrollment, allocation, follow-up, and analysis for the J-MINT PRIME Tamba. J-MINT,
Japan-Multimodal Intervention Trial for Prevention of Dementia.

difference (mean difference 0.16, 95% CI 0.04 to 0.27; p = 0.009). At

18 months, the improvement in the global composite score was 41.0%

higher in the intervention group than in the control group. There were

also significant intervention effects on the post hoc analysis results

for executive function/processing speed (p = 0.03) and memory func-

tion (p = 0.04; Figure 2, Table 2). However, there was no significant

difference in attention between the groups.

Among the secondary endpoints, the frailty states at 18 months

were as follows: physical frailty (intervention vs control: 1.1% vs 1.2%,

p > 0.99), social frailty (27.6% vs 41.2%, p = 0.07), and oral frailty

(34.5% vs 32.9%, p = 0.10) (included in Table S4). In addition, for the

other secondary outcome, the digital cognitive tests (Cogstate Brief

Battery; Cogstate, Melbourne, Australia), the composite score consist-

ing of the reaction speed and attention scores (101.17 [SE 0.82] vs

97.84 [0.84]; p < 0.01) showed a significant difference between the

groups (Table 3).

The changes from baseline to 18 months in the post hoc anal-

ysis showed significant differences in the FTSST (p = 0.002) and

PEmax (p = 0.04) (included in Table S5). There were no appar-

ent differences in blood test values or ADL scores between groups

(Tables S6 and S7).

Adherence to the intervention components (with orwithout partici-

pation) was high except for cognitive training using a tablet (nutritional

counseling, n = 91 [97.8%]; physical exercise, n = 91 [97.8%]; cognitive

training, n= 16 [17.2%]; recording and groupwork tomonitor vascular

risk factors, n = 91 [97.8%]). The average participation rate for all 78

group exercises was 87.8% (SD 3.4%, Table 4).

Few adverse events that could have resulted from study partici-

pation were reported, with the most common being falls (two [2.0%]

participants in the intervention group). No serious adverse events

related to the intervention were reported, and no hospitalization was

required (Table 5).

4 DISCUSSION

This study showed that an 18-month multifactorial intervention for

preventing dementia improved the cognitive function composite score

in the intervention group compared to the control group. Serious

adverse events from the intervention were rare, and participant

dropout rates were low, confirming the safety of the study and

that it was conducted according to the study objectives. The results
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TABLE 1 Baseline characteristics of participants.

Characteristics at baseline

Participants with

information available

Intervention

group (n= 101)

Control group

(n= 102)

Demographic characteristics

Age at baseline visit (years) 203 74.28 (4.76) 73.52 (4.88)

Sex (female, %) 203 75 (74.3) 70 (68.6)

Education (years) 203 12.53 (1.99) 12.72 (1.80)

Vascular factors

Systolic blood pressure (mmHg) 203 142.41 (16.94) 146.89 (15.66)

Diastolic blood pressure (mmHg) 203 81.66 (9.93) 82.70 (10.77)

Serum total cholesterol (mg/ml) 203 207.8 (32.69) 202.72 (32.83)

Hemoglobin A1c (%) 203 5.71 (0.68) 5.80 (0.55)

Bodymass index (kg/m2) 203 22.78 (3.48) 23.37 (3.29)

Lifestyle-related factors

Physical activity at least once/week (%) 201 82 (83.7) 75 (73.5)

Current smokers (%) 201 1 (1.0) 3 (3.0)

Alcohol drinking at least once/week (%) 201 36 (36.3) 41 (40.1)

Fish intake at least twice/week (%) 201 100 (100) 101 (99.0)

Daily intake of vegetables (%) 201 70 (70.7) 65 (63.7)

Self-reportedmedical conditions

Hypertension (%) 203 58 (57.4) 63 (61.7)

Hypercholesterolemia (%) 203 38 (37.6) 27 (26.5)

Diabetes (%) 203 23 (22.8) 24 (23.5)

History of stroke (%) 203 9 (8.9) 0 (0)

Cancer (%) 203 11 (10.9) 12 (11.8)

Atrial fibrillation (%) 203 4 (4.0) 3 (3.0)

Congestive heart failure (%) 203 1 (1.0) 0 (0)

Chronic kidney failure (%) 203 5 (5.0) 1 (1.0)

Liver disease (%) 203 2 (2.0) 5 (5.0)

Coronary artery disease (%) 203 3 (3.0) 6 (6.0)

Parkinson’s disease (%) 203 0 (0) 0 (0)

Depression (%) 203 2 (2.0) 3 (3.0)

Insomnia (%) 203 3 (3.0) 8 (8.0)

Asthma (%) 203 5 (5.0) 5 (5.0)

Chronic obstructive pulmonary disease (%) 203 1 (1.0) 0 (0)

Interstitial lung disease (%) 203 0 (0) 0 (0)

Cognition

Global composite score 203 −0.02 (0.58) 0.01 (0.57)

Attention 201 0.01 (0.81) −0.01 (0.88)

Executive functioning/processing speed 201 −0.01 (0.75) 0.01 (0.70)

Memory 201 −0.02 (0.86) 0.01 (0.72)

Mini-Mental State Examination 203 28.70 (1.41) 28.60 (1.31)

DASC-21 203 24.11 (1.98) 24.12 (1.89)

(Continues)
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TABLE 1 (Continued)

Characteristics at baseline

Participants with

information available

Intervention

group (n= 101)

Control group

(n= 102)

Physical function

Gait speed (m/s) 201 1.30 (0.23) 1.30 (0.25)

Grip strength of male (kg) 57 35.75 (6.85) 37.09 (5.63)

Grip strength of female (kg) 144 24.20 (3.58) 24.20 (2.87)

FTSST (s) 201 9.57 (2.91) 9.50 (2.72)

Inspiratorymuscle strength 201 51.69 (19.74) 52.13 (27.85)

Expiratorymuscle strength 201 67.97 (22.42) 69.87 (21.79)

Frailty status

Physical frailty 201 4 (4.0) 1 (1.0)

Social frailty 200 28 (28.6) 34 (33.3)

Oral frailty 200 41 (41.8) 30 (29.4)

Notes: Data are presented as n, n (%), or mean (standard deviation). The analysis was performed in a modified intention-to-treat population (participants

underwent at least one post-baseline evaluation of the primary efficacy endpoint).

*Scores on the global composite score, attention, executive functioning/processing speed, and memory are the mean values of the z-scores of the cognitive
tests included in each cognitive outcome, with higher scores indicating better performance.

Abbreviations: DASC-21, 21-itemDementia Assessment Sheet for the Community-based Integrated Care System; FTSST, five times sit-to-stand test.
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F IGURE 2 Change in cognitive performance during 18-month intervention. The figure shows the estimatedmean change in cognitive
performance from baseline to 6, 12, and 18months (higher scores suggest better performance) in the full analysis set. Error bars are standard
errors. Mixedmodels for repeatedmeasures analyses were used to assess between-group differences in changes from baseline to 18months
based on participant data with at least one post-baselinemeasurement. Global composite scores were calculated using all neuropsychological
tests. Memory-domain composite scores were calculated using the LogicalMemory of theWechslerMemory Scale-Revised and the Free and Cued
Selective Reminding Test. Attention-domain composite scores were calculated using the Digit Span ofWAIS-III. Executive function/processing
speed domain composite scores were calculated using the Trail-Making Test, the Digit Symbol Substitution Test of theWAIS-III, and the Letter
Word Fluency Test.WAIS-III, Wechsler Adult Intelligence Scale.
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8 OKI ET AL.

TABLE 2 Primary and secondary cognitive endpoints from baseline to 18months, modified intention-to-treat population.

Intervention Control

Difference between intervention and

control groups

Cognitive composite score Mean change (SE) Mean change (SE) Estimate (95%CI) p value Cohen’s d

Primary

Global composite score 0.55 (0.04) 0.39 (0.04) 0.16 (0.04 to 0.27) 0.009 0.38

Post hoc analysis

Attention 0.32 (0.09) 0.20 (0.09) 0.12 (−0.10 to 0.35) 0.28 0.16

Executive functioning Processing

speed

0.32 (0.06) 0.16 (0.06) 0.16 (0.02 to 0.30) 0.03 0.37

Memory 1.01 (0.07) 0.83 (0.07) 0.19 (0.01 to 0.37) 0.04 0.29

Notes: Themixedmodel for repeatedmeasures analyses assessedbetween-groupdifferences (group× time interaction) in themodeled changes frombaseline

to 18 months, based on data from all participants with at least one post-baseline measurement. Scores on the global composite score, attention, executive

functioning/processing speed, andmemory-domain scoreswere estimated asmean values (standard errors) of z-scores of the cognitive tests included in each
cognitive outcome, with higher scores indicating better performance. A positive value of the estimate of between-group differences indicates that the effect

favors the intervention group.

Abbreviations: CI, confidence interval; SE, standard error.

TABLE 3 Change from baseline to 18months in Cogstate Brief Battery.

Score of the Cogstate Brief

Battery Intervention Control

Cognitive endpoint Time Mean (SE) 95%CI Mean (SE) 95%CI

Composite Score A Baseline 98.51 (0.75) 97.04 to 99.98 98.51 (0.74) 97.05 to 99.97

18months 101.17 (0.82) 99.55 to 102.79 97.84 (0.84) 96.18 to 99.49

Composite Score B Baseline 95.29 (1.45) 93.03 to 97.55 93.85 (1.14) 91.60 to 96.10

18months 99.06 (1.21) 96.67 to 101.45 96.95 (1.24) 94.51 to 99.39

Abbreviations: CI, confidence interval; Composite Score A, composite scores of reaction speed and attention; Composite Score B, composite scores of visual

learning andmemory; SE, standard error.

support the findings of three previous large-scale, high-quality stud-

ies conducted in recent years, the FINGER study,6 the Taiwan Health

Promotion Intervention Study for Elders (THISCE),8 and the Taiwan

Integrated Geriatric Care (TIGER) study.9 Although it is widely known

that lifestyle-related diseases such as hypertension anddiabetes, phys-

ical inactivity, andpoornutritional status are risk factors fordementia,5

our study shows that these factors can be overcome by multifacto-

rial interventionsprobablydue to increasing cognitive reserve,30 which

may prevent or delay the onset of dementia. The study was also suc-

cessful in showing that multifactorial interventions are effective in

maintaining and improving cognitive function across cultures and prac-

tices. While some previous reports, including the present study, have

been able to prove the effects of the interventions described above,

others have failed to do so.31 Although certain conclusions havenot yet

been reached, we considered that it would be difficult to prove efficacy

unless the right combination of the right subject, the right intervention

and the right evaluation were achieved, and in view of the FINGER6

and MAPT32 studies, this study may have been particularly successful

in targeting elderly people with vascular risk factors.

The post hoc analyses showed that the intervention group had

improved executive function/processing speed and memory function

among the domain-specific cognitive function composite scores com-

pared with the control group. The improvement in the executive

function/processing speeddomainwas consistentwith the result of the

main secondary analysis of the FINGER study. In addition, to the best

of our knowledge, no previous studies reported the effect of a multi-

factorial intervention for dementia prevention on the improvement of

composite scores in memory domains. We believe that the main rea-

son for improving memory function is that our intervention included

“Cognicise,” a dual-task training program developed in Japan that com-

bines physical and cognitive training. A previous study reported that

MMSE and Logical Memory II scores improved in participants who

performed Cognicise for 40 weeks.33 In the present study, participa-

tion in the weekly 90-min intervention, including 20-min Cognicise,

remained high, which may have improved cognitive function in many

domains. The physical exercise program that occupied most of the

intervention time in this study included stretching, strength train-

ing, and aerobic exercise,34,35 but also the Cognicise.33 It has been

reported that combining cognitive and physical training can improve

cognitive performancemore than either alone.36–40 Implementing cog-

nitive training alone may burden subjects psychologically.41–43 The

tablet-based home cognitive training implementation rate gradually
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OKI ET AL. 9

TABLE 4 Data on recorded adherence in intervention
components.

Number of sessions

Participants

(%)

Nutritional intervention, individual interview:> two

times

Yes 97.8

No 2.2

Nutritional intervention, telephone interview:>

seven times

Yes 98.9

No 1.1

Exercise training, group exercise:> 75% participation

rate

Yes 97.8

No 2.2

Average participation rate in all sessions 87.8

Cognitive training, use of applications:> 1 h/week

Yes 17.2

No 82.8

Monitoring of vascular/metabolic factors:> 75%

participation rate

Yes 97.8

No 2.2

Note: Data on dropouts during the process are excluded.

decreased during the entire study period. In contrast, adherence to

physical exercise, including the dual-task exercise, was high, suggesting

that these exercises are practical.

Despite the relatively short intervention period of 18 months, the

mean (95%CI) difference in global cognitive composite scores between

the groups in this study was 0.16 (0.04 to 0.27), which is greater than

the 0.03 (0.01 to 0.06) obtained in a recent meta-analysis44 of three

studies. We believe that our interventions including Cognicise and

their high adherence have had a positive impact.

In this study, the Cogstate Brief Battery, a tablet-based cognitive

evaluation, showed a significant difference in the composite score of

the reaction speed and attention scores in the intervention group.

The results were similar to the primary outcomes, suggesting that

the tablet-based Cogstate Brief Battery can demonstrate intervention

effects while reducing the human burden and that the Cogstate Brief

Battery may be a useful evaluation tool for the social implementation

of dementia prevention in the future.

An analysis of physical functions revealed that there were signif-

icant differences in the intervention group in the FTSST and PEmax

from baseline to 18 months. The FTSST is commonly used to assess

lower extremity functional strength, transitional movements, balance,

and fall risk in older people.45 The positive results on lower extrem-

ity muscle strength and respiratory muscle strength suggested that

our program, including aerobic and resistance exercise, was enough

for older people in the intervention group to improve their physical

functions.46 The mechanism and extent to which the enhancement

of respiratory muscle strength contributes to the improvement of

cognitive function are still unclear, and further research explicitly

focusing on the relationship between aerobic exercise, respiratory

muscle strength, and cognitive function in older people may provide

additional insight.

Although Japan was in the middle of a COVID-19 pandemic situa-

tion during this study, the number of COVID-19 cases in Tamba was

low because of its rural location, and we continued our face-to-face

group-based intervention throughout this study, which was very for-

tunate and advantageous. COVID-19 restrictions have been reported

to cause adverse lifestyle changes, including feelings of loneliness,

sleep disturbance, and reduced physical activity.47,48 In exercise inter-

ventions for older people, the effects may be enhanced by mutual

influence amongparticipants.49 A cluster randomized trial showed that

group-based resistance and balance training could improve older peo-

ple’s balance confidence and ability more than home-based or walking

programs.50 Unsurprisingly, participation in group-based interventions

can also ameliorate social isolation,51–54 which is a risk factor for

dementia. We not only included time for group discussions during our

weekly interventions but also allowed participants to interact with

each other at any time via the social media we had set up. We believed

that we could promote positive interactions among participants, which

resulted in their enjoying the intervention, achieving high participation

rates (average participation rate in all sessions: 87.8%), and achieving

high efficacy.

Although there were significant group differences in the change

in the global cognitive composite score, the score improved not only

in the intervention but also in the control group. Similar trends were

observed in the FINGER study and other studies. In this study, the

control group received only health-related pamphlets, and no other

informationwas provided. The increase in the global cognitive compos-

ite score in the control groupmay be due to a specific learning effect on

each neuropsychological test and/or to behavioral changes that con-

tribute to maintaining or improving cognitive function caused by just

participating in this study. Ultimately, the intervention group showed

better results than the control group, and there is no doubt that the

intervention effect outweighs the improvement in the control group.

The strengths of this study are that it demonstrated significant

cognitive improvement effects of the intervention based on a well-

designed protocol, a supervised exercise program, high adherence

rates, and the use of validated outcomemeasures. However, this study

has several limitations. First of all, this was a single-center study con-

ducted in a rural area, and we have yet to validate the effectiveness

of our methodology in urban populations of Japan. We hope to clarify

this through a meta-analysis of the results of the J-MINT study, which

conducted a similar intervention in urban areas. Second, although

our study protocol was based on the FINGER methodology, the out-

come measures of the neuropsychological tests used in both studies

were not completely consistent. In the secondary analysis, the FINGER

study analyzed the three domains of executive functioning, process-

ing speed, and memory, whereas we analyzed attention, executive
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10 OKI ET AL.

TABLE 5 Self-reported adverse events during study.

Events

Total

(n= 203)

Intervention

(n= 101)

Control

(n= 102)

All adverse events 90 (44.3, 37.4 to 51.5) 46 (45.5, 35.6 to 55.8) 44 (43.1, 33.4 to 53.3)

Regarding causal linkwith study

Clearly relevant 2 (1.0, 0.1 to 3.5) 2 (2.0, 0.2 to 7.0) 0 (0, 0 to 3.6)

Possibly relevant 2 (1.0, 0.1 to 3.5) 2 (2.0, 0.2 to 7.0) 0 (0, 0 to 3.6)

Not related 86 (42.4, 35.5 to 49.5) 42 (41.6, 31.9 to 51.8) 44 (43.1, 33.3 to 53.3)

List of adverse events

Fall 24 (11.8, 7.7 to 17.1) 17 (16.8, 10.1 to 25.6) 7 (6.9, 2.8 to 13.6)

Musculoskeletal pain 18 (8.9, 5.3 to 13.7) 6 (5.9, 2.2 to 12.5) 12 (11.8, 6.2 to 19.6)

Fracture 7 (3.4, 1.4 to 7.0) 7 (6.9, 2.8 to 13.8) 0 (0, 0 to 3.6)

Stroke 3 (1.5, 0.03 to 2.7) 2 (2.0, 0.2 to 7.0) 1 (1.0, 0.02 to 5.3)

Subarachnoid hemorrhage 1 (0.5, 0.01 to 2.7) 0 (0, 0 to 3.6) 1 (1.0, 0.02 to 5.3)

Parkinson’s disease 1 (0.5, 0.01 to 2.7) 0 (0, 0 to 3.6) 1 (1.0, 0.02 to 5.3)

Cancer 8 (3.9, 1.7 to 7.6) 4 (4.0, 1.1 to 9.8) 4 (3.9, 1.1 to 9.7)

COVID-19 1 (0.5, 0.01 to 2.7) 0 (0, 0 to 3.6) 1 (1.0, 0.02 to 5.3)

Medical disorder 11 (5.4, 2.7 to 9.5) 4 (4.0, 1.1 to 9.8) 7 (6.9, 2.8 to 13.6)

Other 18 (8.9, 5.3 to 13.7) 7 (6.9, 2.8 to 13.8) 11 (10.8, 5.5 to 18.5)

Death during study 4 (2.0, 0.05 to 5.0) 2 (2.0, 0.2 to 7.0) 2 (2.0, 0.2 to 6.9)

Note: Diagnoses weremade between baseline visit and June 9, 2022. Data are presented as n (%; 95% confidence interval).

function/processing speed, and memory. The assignment of each neu-

ropsychological test in the areas of cognitive function that best reflect

it should be thoroughly discussed in the future. Third, although most

of our interventions were successful, adherence to cognitive train-

ing using tablets at home was low. The percentage of participants

who used the device at a frequency of 1 to 60 min/week was 55.9%

through regular monitoring of use, advice on improving their efforts,

and encouragement to users during the weekly face-to-face interven-

tion. However, only 17.2% of the participants used the device for 61

min or more per week, which was our target, suggesting that the inter-

vention needed to be improved. In the next opportunity, we may need

to reexamine our interventions to consider differences in participants’

skills and knowledge of electronic devices. Last, head magnetic res-

onance imaging and biomarker blood sampling were not sufficiently

performed on the subjects in this study, and it is currently unclearwhat

brain pathologywas actually present.Wehope that this can be clarified

in future follow-up studies.

In conclusion, community-dwelling older adults at high risk of

dementia had improved cognitive composite scores with an 18-month

multifactorial non-pharmacological intervention consisting of lifestyle-

related disease management, physical exercise, nutritional counseling,

and cognitive training. Serious adverse events were rare, and dropout

rates were low, demonstrating the safety and effectiveness of the

intervention in this study for older people at future risk of dementia.
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