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Abstract

BACKGROUND/OBJECTIVES: The Japan-multimodal
intervention trial for prevention of dementia (J-MINT)
is intended to verify the effectiveness of multi-domain
interventions and to clarify the mechanism of cognitive
improvement and deterioration by carrying out assessment of
dementia-related biomarkers, omics analysis and brain imaging
analysis among older adults at high risk of dementia. Moreover,
the J-MINT trial collaborates with partnering private enterprises
in the implementation of relevant interventional measures. This
manuscript describes the study protocol.

DESIGN/SETTING: Eighteen-month, multi-centered,
randomized controlled trial.

PARTICIPANTS: We plan to recruit 500 older adults aged
65-85 years with mild cognitive impairment. Subjects will be
centrally randomized into intervention and control groups at a
1:1 allocation ratio using the dynamic allocation method with all
subjects stratified by age, sex, and cognition.

INTERVENTION: The multi-domain intervention program
includes: (1) management of vascular risk factors; (2) group-
based physical exercise and self-monitoring of physical activity;
(3) nutritional counseling; and (4) cognitive training. Health-
related information will be provided to the control group every
two months.

MEASUREMENTS: The primary and secondary outcomes will
be assessed at baseline, 6-, 12-, and 18-month follow-up. The
primary outcome is the change from baseline to 18 months in a
global composite score combining several neuropsychological
domains. Secondary outcomes include: cognitive change in
each neuropsychological test, incident dementia, changes in
blood and dementia-related biomarkers, changes in geriatric
assessment including activities of daily living, frailty status and
neuroimaging, and number of medications taken.
CONCLUSIONS: This trial that enlist the support of private
enterprises will lead to the creation of new services for dementia
prevention as well as to verify the effectiveness of multi-domain
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interventions for dementia prevention.

Key words: Cognitive decline, multidomain intervention, physical
exercise, nutrition, cognitive training.

Introduction

he number of people living with dementia is

estimated at 46.8 million in 2015 worldwide,

and is expected to increase to 131.5 million by
2050 (1). In recent years, several studies have reported a
decreasing incidence of dementia in Western countries
(2-4), which, however, is not the case in Japan (5). Given
the high drug development failure rate in Alzheimer’s
disease (AD) (6), especially for disease-modifying
therapies, developing successful non-pharmacological
strategies to prevent dementia is an urgent priority.

To date, several large multi-domain prevention
trials have shown that interventions targeting multiple
modifiable risk factors for dementia simultaneously
in older adults, especially in those at increased
risk of dementia, could slow cognitive decline and
reduce incident dementia (7-9). The Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment
and Disability (FINGER) is the first large randomized
controlled trial (RCT) which demonstrated that a multi-
domain lifestyle intervention (dietary counseling,
physical exercise, cognitive training, and vascular and
metabolic risk monitoring) could ameliorate cognitive
decline in older adults at increased risk of developing
dementia, though the effect size (difference between
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Figure 1. Study flow of the Japan-multidomain intervention trial for prevention of dementia (J-MINT)
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control and intervention groups) was very small (Cohen’s
d = 0.13) (7). Sub-group analyses of the other two RCTs,
the Prevention of Dementia by Intensive Vascular Care
(PreDIVA) (8) and the Multidomain Alzheimer Preventive
Trial (MAPT) (9) also showed the effectiveness of multi-
domain intervention in older adults at increased risk
of dementia, although the primary outcomes were not
statistically significant. These studies provide important
methodological lessons: selection of at-risk individuals;
appropriate timing and intensity of the interventions
implemented; and selection of appropriate sensitive tools
to detect changes in cognition (10, 11). However, further
studies are still needed to verify the superior effectiveness
of multi-domain interventions in different settings and
populations (10, 11). In addition, the mechanism of
effectiveness of such interventions should be further
explored. In this context, the World-Wide FINGERS
(WW-FINGERS) Network was launched at the 2017
Alzheimer’s Association International Conference (AAIC)
in London (12). This network aims to test, adapt, and
optimize the FINGER multi-domain lifestyle model for
use in various populations and settings. Furthermore,
data sharing is an important mission of this network, with
about 30 countries around the world participating in the
network (12).

In Japan, the Japan-Multimodal Intervention Trial for
Prevention of Dementia (J-MINT) was started in 2019
and included in the WW-FINGERS Network (12). The
aim of the J-MINT trial is to verify whether multi-domain
intervention, which consists of management of vascular
risk factors, group-based physical exercise and self-
monitoring of physical activity, nutritional counseling,
and cognitive training, could prevent the progression of
cognitive decline among older adults with mild cognitive
impairment. Specifically, assessment of blood-based
biomarkers, omics analysis and neuroimaging make up
the core of the J-MINT trial toward elucidation of the
mechanism of cognitive improvement and deterioration.
Additionally, the J-MINT trial collaborates with

partnering private enterprises in the implementation
of relevant interventional measures. This manuscript
describes the study protocol for the J-MINT trial
developed in accordance with the Standard Protocol
Items: Recommendations for Interventional Trials
(SPIRIT) 2013 statement (see Appendix 1).

Methods

Study design

The J-MINT trial is designed as an 18-month,
open-labeled, randomized, controlled, multicenter
trial of multidomain interventions designed to target
modifiable risk factors for dementia among older adults
with mild cognitive impairment. Being organized by
a central coordinating center at the National Center
for Geriatrics and Gerontology (NCGG), this study
involves the following 4 other centers located in Japan:
Nagoya University; Nagoya City University, Fujita
Health University, and Tokyo Metropolitan Institute
of Gerontology. A total of 500 subjects being recruited
at these centers will be randomized into intervention
or control groups during the course of the trial. Multi-
domain interventions provided by partnering private
enterprises will cover the following 4 domains:
management of vascular risk factors (diabetes,
hypertension, and dyslipidemia), group-based physical
exercise and increasing physical activity, nutritional
counselling, and cognitive training using Brain HQ (Posit
Science Corporation). The control group will be given
instructions on the management of vascular risk factors
and health-related information in writing. The primary
and secondary outcomes will be assessed in both groups
at baseline, 6, 12, and 18 months. The study flow diagram
is shown in Figure 1.
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Table 1. Inclusion and exclusion criteria for ]-MINT study

Inclusion criteria
Subjects who:
1. Are 65-85 years old at study enrollment;

domains as measured by the NCGG-FAT; and

Exclusion criteria

Subjects who:

ischemic heart disease, and cardiopulmonary disorders;
Have been diagnosed with dementia;

Have a MMSE score of less than 24;

Have a care certificate for long-term care;

Are unable to speak in Japanese;

SN RIS O S

Are unable to perform cognitive tests; and

2, Have an age- and education-adjusted cognitive decline (i.e., at least SD of 1.0 from the reference threshold in any cognitive

3 Have provided written informed consent for themselves.

1. Need to restrict their physical exercise and/or diet due to functional decline, including bone or joint disease, renal failure,

s Are deemed ineligible for study entry by the responsible investigator or co-investigator at each site.

Note. Abbreviations: J-MINT, Japan-multimodal intervention trial for prevention of dementia; MMSE, Mini-mental state examination; NCGG-FAT, National Center for

Geriatrics and Gerontology-Functional Assessment Tool; SD, standard deviation.

Ethic committee review and approval

All study procedures have been reviewed and
approved by the Institutional Review Boards (IRBs) at
each study site and the trial has been registered with
the University Hospital Medical Information Network
Clinical Trials Registry (UMIN-CTR) as number
UMINO000038671. The purpose, nature, and potential risks
of participation in the trial will be fully explained to the
participants, and all participants will provide written
informed consent before participating in the trial.

Eligibility criteria (Inclusion/exclusion criteria)

Table 1 shows the inclusion and exclusion criteria of
the J-MINT trial. In order to focus on those at increased
risk of dementia, the target population for the trial was
defined as older adults with mild cognitive impairment.
All prospective participants will be evaluated for the
presence of mild cognitive impairment by using
the National Center for Geriatrics and Gerontology
Functional Assessment Tool (NCGG-FAT) which has
been established as a screening tool for older adults at
high risk of incident dementia (13, 14). Participants are
to be deemed eligible for entry in the J-MINT trial (1) if
they are 65-85 years old at the time of enrollment; (2) if
they have age- and education-adjusted cognitive decline
with a standard deviation (SD) of 1.0 or more from the
reference threshold for one or more of the four cognitive
domains of memory, attention, executive function, and
processing speed, as measured with the NCGG-FAT; and
(3) if they are able to provide written informed consent
for themselves (Table 1).

Participants are to be excluded: (1) if they need to
restrict any physical exercise and/or diet due to
functional decline, including severe bone or joint disease,
renal failure, and unstable ischemic heart disease and
cardiopulmonary disorders; (2) if they were diagnosed
with dementia; (3) if they have a Mini-Mental State
Examination (MMSE) score of less than 24 (15); (4) if
they have a care certificate for long-term care facilities;
(5) if they are unable to speak Japanese; (6) if they are
unable to undergo cognitive tests; (7) if they are deemed
ineligible for enrollment by the responsible investigator or
co-investigator at each study site (Table 1).

Enrollment and assessment procedures

Recruitment

The NCGG and 4 other centers are to recruit
participants from their hospital and /or community-based
cohorts. In some cohorts, the cognitive test results to be
obtained at the time of participation are to be used to
select participants who are likely to meet the selection
criteria, and an invitation is to be directly sent by mail to
those who have met the criteria. In addition, prospective
participants, i.e., patients as well as community residents,
are to be informed of the call for recruitment in this
study through posters, newspaper advertisements, and
public relations papers. Research staff is to fully explain
the purpose, nature, and potential risks of participation
in this trial for prospective participants before trial
participation. Then, participants who provided written
informed consent are to be assessed for their cognitive
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Figure 2. Timeline for scheduled assessments of the J-MINT trial
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and Gerontology. Abbreviations: CT, computed tomography; J]-MINT, Japan-multidomain intervention trial for prevention of dementia; MRI, magnetic resonance imaging;

NfL, neurofilament light chain; SPECT, single photon emission computed tomography.

function (the NCGG-FAT (13, 14), and the MMSE (15)).
Participants are to be evaluated for final eligibility by
the research staff and clinicians according to the trial’s
inclusion and exclusion criteria. Participant recruitment
was started in November, 2019 and completed in
December, 2020.

Assessment

Figure 2 shows the timeline in the J-MINT
trial for assessments scheduled according to the
SPIRIT guidelines. All participants are to complete
neuropsychological tests at baseline, as well as at 6-, 12-,
and 18-month follow-up and to undergo comprehensive
geriatric assessments (CGA) at baseline, as well as 6-
and 18-month follow-up. Additionally, the participants
are to undergo blood tests, dementia-related biomarker

tests, and brain magnetic resonance imaging (MRI) or
computed tomography (CT) evaluations at baseline
and at 18-month follow-up. The participants are to be
evaluated for adherence to and satisfaction with the
intervention protocol, and all adverse events experienced
by the participants are to be recorded during the trial.

Primary outcome measure: cognitive change at
18-month follow-up (composite score)

The primary outcome measure is the change from
baseline at 18 months in a global composite score using
several neuropsychological tests, which include tests of
global cognitive function (MMSE (15)); memory (Logical
memory I and II subset of the Wechsler Memory Scale-
Revised (WMS-R) (16) and the Free and Cued Selective
Reminding Test (FCSRT) (17)); attention (Digit Span of
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the Wechsler Adult Intelligence Scale (WAIS)-III (18));
executive function/processing speed (Trail Making Test
(TMT) (19), Digit Symbol Substitution Test (DSST) subset
of the WAIS-III (18), Letter word fluency test (19)).

Neuropsychological tests are to be performed at each
site by trained and board-certificated psychologists,
occupational therapists, and/or speech therapists,
who were trained in the implementation and scoring
of neuropsychological tests through participation in a
training session held at the NCGG. Moreover, the Logical
memory I and II subset of the WMS-R is to be scored by
two psychologists from the NCGG to minimize variability
in scoring. Then, the composite score is to be generated
by averaging the Z scores of each neuropsychological
test standardized by the baseline mean and standard
deviation (SD) for each test from the full-analysis set
population. A Z score of -1, for example, represents a
score 1 SD below the baseline mean. A 1-point decrease on
the composite score indicates an average decline of 1 SD
across the neuropsychological tests.

Secondary outcome measures

Secondary outcome measures of cognitive changes are:
change from the baseline to 6 and 12 months in global
composite score; change from baseline in score of each
neuropsychological test at 6-/12-/18-month follow-up;
and incident dementia. At follow-up conducted every 6
months, participants are to be advised to receive primary
health care or present to a memory clinic for further
evaluation (e.g., neuropsychological tests, blood tests,
brain MRI, CT, or single photon emission computed
tomography (SPECT)) (1) if they have complaints about
cognitive decline; (2) if they have a MMSE score of less
than 24 or (3) if they have a decline in MMSE score
of 3 points or more from the baseline. They are to be
confirmed to have incident dementia, by consensus of
two or more physicians, according to the criteria of the
National Institute on Aging-Alzheimer’s Association
(NIA/AA) workgroups (20), with the diagnosis of
incident dementia confirmed, as required, in consultation
with the Endpoint (incident dementia) Committee of the
J-MINT trial (see Appendix 2).

Other secondary outcome measures are changes in
each component of CGA including activities of daily
living (ADL) and frailty status, blood markers, dementia-
related blood biomarkers, neuroimaging assessed using
MRI or CT, and number of medications taken.

a) Comprehensive geriatric assessment

CGA includes the following self-administered
questionnaires and physical and cognitive performance:

- ADL: Participants are to be assessed for basic and
instrumental ADL. Basic ADL is to be assessed using
the Barthel index (21), which assesses basic self-care
abilities, such as feeding, transferring from a bed to a

chair, bathing, bowel control, and bladder control, with
the score ranging from 0 (complete dependence) to 100
(complete independence). Instrumental ADL is to be
assessed using the Lawton index (22), which includes
8 items, such as using the telephone, shopping, and
handling medications, with the score ranging from 0
(low function) to 8 (high function).

- Frailty status: Participants are to be assessed for
physical frailty status based on the frailty phenotype
proposed by Fried et al. in the Cardiovascular Health
Study (23). The components of the frailty phenotype
include shrinking, weakness, slowness, self-reported
exhaustion, and low physical activity. Participants
are to be assessed for social frailty status based on
the following 5 items: living alone, going out less
frequently than last year, not visiting friends often, not
feeling like helping friends or family, and not talking
with anybody every day (24). Participants are also to
be assessed for oral frailty status by using the Oral
Frailty Index-8 (25), which includes 8 items: subjective
difficulties in eating hard food, choking on tea or
soup, using denture, caring for dry mouth, going out,
chewing hard food such as pickled radish or shredded
and dried squid, brushing teeth at least twice a day,
and regularly visiting a dental clinic.

- Dietary diversity: The 11-item Food Diversity
Score Kyoto (26) has been modified to assess each
participant’s dietary diversity by asking about
frequency in consumption of 14 foods for the past week
(i.e., cereals, fish and shellfish, meat, eggs, milk, dairy
products, beans, seaweed, potatoes, fruit, nuts, and oils
and fat).

- Nutritional status: Participants are to be assessed
for nutritional status using the Mini-Nutritional
Assessment Short-Form (MNA-SF) (27) composed of
6 questions, whose score ranges from 0 to 14, with a
higher score indicating better nutritional status.

- Appetite: Participants are to be assessed for their
appetite using the Council on Nutritional Appetite
Questionnaire (28). The total score ranges from 8 to 40,
with a higher score indicating a better appetite.

- Depressive symptoms: Participants are to be assessed
for depressive symptoms using self-rated 15-item
Geriatric Depression Scale (29). This scale ranges from
0 to 15, with a higher score indicating a higher level of
depressive symptoms.

- History of falls and fall risk: Participants are to be
evaluated for history of falls within the past 12 months
and fall risk, with the latter assessed using the Fall
Risk Index (30) composed of 21 questions to detect the
risk of falls, including the following 3 subcategories:
physical function (8 items), geriatric syndrome (8
items) and environmental hazards (5 items). Each item
receives a score of 1 (risk present) or 0 (risk absent),
with a higher sum for each category indicating a higher
risk of falls.

- Social network: Participants are to be assessed for
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social network using the Lubben Social Network Scale
6 (31), which is composed of 6 questions. The score
ranges from 0 to 30, with a higher score indicating
better social network.

Health-related quality of life: Participants are to be
assessed for health-related quality of life using a health
index of the EQ-5D (32) consisting of 5 dimensions
(mobility, self-care, pain/discomfort, usual activities,
and anxiety/depression). The scores for these five
dimensions are combined to obtain up to 3,125 possible
health states, from which a single index (utility) score is
computed.

Sleep quality: Participants are to be assessed for their
sleep quality using the Pittsburgh Sleep Quality Index
(PSQI) (33), which is intended to assess subjective sleep
quality, sleep latency, sleep duration, sleep efficiency,
sleep disturbances, use of sleeping medication, and
daytime dysfunction. This index score ranges from 0 to
21 and higher score indicates poor sleep quality.

Social participation: Participants are to be assessed
for social participation using the questionnaire about
social engagement in eight types of groups (34): (1)
neighborhood associations/senior citizen clubs/
fire-fighting teams (Local Community); (2) hobby
groups (Hobby); (3) sports groups or clubs (Sports);
(4) political organizations or groups (Politics); (5)
industrial or trade associations (Industry); (6) religious
organizations or groups (Religion); (7) volunteer
groups (Volunteer); and (8) Others.

Handicap from hearing loss: Participants are to be
assessed for handicap from hearing loss using Hearing
Handicap Inventory for the Elderly (HHIE) (35), which
consists of 25 questions, with 13 questions of these
evaluating emotional aspects of hearing-related QOL,
and the remaining 12 evaluating social haring-related
QOL among older adults. The total score ranges from 0
to 100, and a higher total score indicates a more severe
subjective hearing-related handicap.

Anthropometric measurements: Participants are to
undergo anthropometric measurements including
height, body weight, and calf circumference, with
body mass index calculated as body weight in
kilograms divided by height in square meters (kg/
m?). In addition, optionally, participants are to be
evaluated for presence or absence of sarcopenia (36)
with appendicular muscle mass (AMM) measured by
bioelectrical impedance analysis (BIA), and skeletal
muscle mass index calculated as AMM divided by
height in square meters (kg/m?).

Physical performance: Participants are to be evaluated
for usual gait speed over a distance of 2.4 m at the
middle of the walkway that has both acceleration and
deceleration zones each 1 m long, with the gait speed
measured twice and the mean value calculated (37).
Hand grip strength of both right and left hand are to be
measured in the participants using a standard digital
hand grip dynamometer (Takei Scientific Instruments

STUDY PROTOCOL FOR THE J-MINT STUDY

Co., Ltd, Japan) in standing position with the shoulder
adducted and neutrally rotated and the elbow fully
extended (38). Participants are to be assessed for lower
extremity muscular strength by the Five-Times-Sit-
to-Stand test (39), which measures the time (seconds)
required to perform five successive chair stands as
quickly as possible from the initial seated position with
their arms crossed on their chest and sitting with their
back against a chair.

- Visual function and vision-related QOL (optional):
Participants are to be assessed for visual acuity (naked-
and best corrected-visual acuity), visual refraction,
and intra-ocular pressure. Slit lump examination and
fundus examination are to be performed. The retinal
and peripapillary nerve fiber layer thickness is to be
measured by the optical coherence tomography (Model
RS-3000, Nidek, Japan) without pupil dilatation.
Additionally, the 25-Item National Eye Institute Visual
Functioning Questionnaire (NEI-VFQ-25) (40) is to be
used to assess their vision-specific health related QOL.

- Cognitive function (optional): Participants are to be
assessed for cognitive function by CogEvo (Total
Brain Care, Kobe, Japan) (41) and Japanese version
of the Montreal Cognitive Assessment (MoCA-J)
(42). CogEvo is a computer-aided cognitive function
test battery, which allows for evaluation fo cognitive
function including orientation, attention, memory,
executive function and spatial cognition. MoCA-] is
a brief cognitive screening tool for detecting older
adults with mild cognitive impairment by assessing
nine domains of cognition including attention,
concentration, executive functions, memory, language,
visuoconstructional skills, conceptual thinking,
calculation, and orientation.

b) Blood and urinary tests

Blood markers assessed in all participants at
baseline and 18-month follow-up are to include
glucose, insulin, hemoglobin Alc, glycoalbumin, total
protein, albumin (Alb), aspartate aminotransferase,
alanine aminotransferase, y-glutamyl transpeptidase,
total cholesterol, high density lipoprotein-cholesterol,
triglyceride, creatinine (Cr), estimated glomerular
filtration rate, blood urea nitrogen, sodium, potassium,
chloride, calcium, phosphorus, free triiodothyronine,
free thyroxine, thyroid stimulating hormone, rapid
plasma reagin, treponema pallidum hemagglutination,
vitamin B1, vitamin B12, folate, and C-reactive protein. In
addition, all participants will be assessed at baseline for
their apolipoprotein E (APOE) phenotype.

Optionally, the following are to be measured: brain
natriuretic peptide, interleukin-6, 25-hydroxyvitamin
D, ghrelin, glucagon-like peptide-1, blood ketone
bodies, carnitine, total bile acid, osmotic pressure,
catecholamines, fatty acids, leptin, creatine, creatine
kinase, nicotinamide phosphoribosyltransferase,
and microRNAs. Urine glucose, urine protein, occult
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Figure 3. Network of the Japan-multidomain intervention trial for prevention of dementia
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blood, urine Alb/Cr (u-Alb/Cr), and 8-Hydroxy-
deoxyguanosine are also to be assessed optionally.

c) Blood-based dementia-related biomarkers

Participants recruited from the NCGG are to be
assessed for dementia-related biomarkers. To assess
amyloid-B (AB) deposition in the brain, which is the
earliest pathological signature of AD, ratios of plasma
Ap-related peptides, APP669-711/AP1-42 and AP1-40/
AP1-42, and their composites are to be measured using
the immunoprecipitation-mass spectrometry assay (43).
In addition, plasma concentrations of tau phosphorylated
at threonine 181 (p-taul81) and neurofilament light chain
(NfL) are to be assessed using the single-molecule array
(SimoaTM) platform (44, 45).

d) Whole genome sequencing

Whole genome sequencing is to be applied to blood
samples from participants recruited from the NCGG,
which is being used to conduct a comprehensive search
for mutations within genes known to be associated with
dementia and to identify novel pathogenic genes.

e) Brain MRI and CT

At baseline and 18-month follow-up, brain MRI or CT
will be performed by the scanner available at each site
to detect any local lesion, such as cerebral infarction, that
could greatly affect cognitive function. At the NCGG,
three-dimensional (3D) T1-weighted images, T2-weighted
images, T2*-weighted images, 3D fluid attenuation
inversion recovery (FLAIR) images, diffusion-weighted
images, and diffusion kurtosis images are to be acquired
on a Siemens Magnetom Skyra 3T MRI scanner (Siemens

Medical Solutions, Erlangen Germany). To elucidate the
mechanisms of cognitive improvement and deterioration
during the intervention period, brain structural
alterations, such as atrophy, cerebral small vessel disease
and micro structural change in white matter and gray
matter, are to be analyzed.

Adverse events and serious adverse events

To evaluate the safety of the intervention, all adverse
events (AEs) and serious AEs are to be monitored during
the course of the trial. Information to be collected about
AEs is to include their date of onset, severity, associated
treatment, consequences, and causation. Serious AEs are
to be reported to the principal investigator, the IRB, and
the co-investigators immediately.

Interventions procedures

Intervention arm

The intervention group is to receive multi-domain
intervention programs including: (1) management of
vascular risk factors; (2) group-based physical exercises
and self-monitoring of physical activity; (3) nutritional
counseling; and (4) cognitive training using Brain HQ.
Figure 3 shows the J-MINT trial network, where the
NCGG and the 4 other centers are to manage vascular
risk factors and supervise the implementation of the
multi-domain intervention, while working with Sompo
Holdings, Inc. and Sompo Care Inc., care management
companies in Japan. Group-based physical exercise
programs, nutritional counseling, and cognitive training
are to be provided by Konami Sports Co., Ltd., Sompo
Health Support Inc., and Posit Science Corporation,
respectively.
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Management of vascular risk factors

Diabetes mellitus, hypertension, and dyslipidemia in
the participants are to be treated according to relevant
clinical practice guidelines in Japan, with diabetes
managed based on the treatment guideline for elderly
patients with diabetes mellitus 2017 by the Japan
Diabetes Society (JDS)/Japan Geriatric Society (JGS)
Joint Committee (46), Hypertension managed based
on the Japanese Society of Hypertension Guidelines
for the Management of Hypertension (JSH 2019)
(47), and dyslipidemia managed based on the Japan
Atherosclerosis Society (JAS) Guidelines for Prevention of
Atherosclerotic Cardiovascular Diseases 2017 (48). Results
of blood tests and brain MRI or CT will be mailed to all
participants in both the intervention and control arms,
together with letters recommending that they contact
primary health care as required.

Group-based physical exercise and self- monitoring
of physical activity

Participants are to engage in the group-based physical
exercise session lasting 90 minutes at each site once a
week for a total 78 sessions. Trained instructors are to
provide group-based physical exercise sessions, each
of which includes muscle stretching, muscle strength
training, aerobic exercise, dual-task training combining
exercise and cognitive tasks, namely “cognicise” (“cogni”
for cognition + “cise” for exercise), and a group meeting
to promote behavioral change, consistently with a
previous trial (49). Intervention with combined cognitive
and physical exercise was shown to improve cognitive
and physical performance in older adults with mild
cognitive impairment (49).

Two types of exercise session are to be provided: (1)
one involving muscle strength training, which consists
of 10 minutes of muscle stretching, 15-20 minutes of
muscle strength training, 5 minutes of rest, 20-30 minutes
of aerobic exercise, 5 minutes of rest, 20-30 minutes of
dual-task training; (2) the other involving group meeting,
which consist of 10 minutes of stretching, 20-30 minutes
of aerobic exercise, 5 minutes of rest, 20-30 minutes of
dual-task training, 5 minutes of rest, and 15-20 minutes
of group meeting. The sessions involving muscle strength
training and group meeting are to be provided at a ratio
of 1:1 and 3:1 per month from baseline to 6 months
and from 6 months to 18 months, respectively. Aerobic
exercise is to be set at moderate intensity and to be
progressively intensified from 40% to 80% of maximum
heart rate (HR) over the study period. The maximum HR
is to be estimated by age-predicted maximal HR formula
(207 - 0.7 x age). HR during aerobic exercise is to be
monitored by using the wrist-worn device (Fitbit® Inspire
HR activity monitor). Instructors are also to monitor
their HR and exercise intensity using an iPad Air tablet
computer synchronizing with participant’s Fitbit® Inspire
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HR activity monitor. These devices are to be distributed to
all participants in the intervention arm.

In group meetings, health-related information
including that on prevention of dementia, frailty, knee
and low back pain, malnutrition, sleep disorder, and
falls and fall-related fracture, and the beneficial effect of
social participation and physical activity is to be provided
to promote healthy behaviors. Moreover, participants
are also to be assessed for their subjective physical
activity, perceived benefit and barrier to exercise, and
satisfaction with the intervention programs by using the
Global Physical Activity Questionnaire (50), the Exercise
Benefits/Barriers Scale (51), and the Client Satisfaction
Questionnaire (52), respectively, at the start of the
intervention, as well as at 6-, 12-, and 18-month follow-up.

Participants are to receive several exercise videos/
messages every week via an iPad Air tablet computer
to promote home-based muscle strengthening exercises,
aerobic exercise, and dual-task training three or more
times a week. Moreover, participants are also to be
advised to monitor their daily steps, HR, and sleep using
an iPad Air tablet computer synchronizing with their
Fitbit® Inspire HR activity monitor.

Nutritional counseling

Nutritional counseling is to be offered individually
by qualified health consultants (registered dieticians,
nurses, or public health nurses). Participants are to
receive face-to-face counseling (60 minutes per session)
once and telephone counseling 4 times during a 6-month
period, with face-to-face counseling 3 times and twelve
times telephone counseling are scheduled to occur 3
and 12 times, respectively, during the course of thel8-
month intervention period. In face-to-face counseling,
health consultants are to assess each participant’s current
situation and problems, propose coping methods, and
set individual goals together with the participant. In
telephone counseling, health consultants are to assess
changes in lifestyle and track goal achievement.
Participants are to be requested to monitor their body
weight and to track goal achievement everyday using a
study-provided booklet.

For the first 6 months, nutritional counseling is to focus
on improvement of lifestyle (sleep and waking times)
and dietary behavior (dietary timing, frequency, and
regularity) based on the body’s circadian rhythm (chrono-
nutrition). From the next 7 to 18 months, nutritional
counseling is to include guidance on dietary intake
required to improve cognitive and physical condition,
including frailty and sarcopenia and on chewing and
swallowing function and oral care (assessment of
oral frailty (25), brushing teeth, and regular visits to
a dental clinic). Appropriate dietary intakes are to be
determined based on the Dietary Reference Intakes
for Japanese (2020) (53), which provide the reference
intakes of proteins, fats, carbohydrates, vitamins, and
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minerals and guidance on energy-providing nutrient
balance for older adults 65-74 years old and 75 years
or older, respectively. Moreover, participants are to be
instructed to take a well-balanced diet and increase
dietary diversity, which is reported to be associated with
better physical and cognitive performance in Japanese
older community-dwelling adults (54, 55). Participants
are also to be requested to monitor their dietary diversity
every day using a study-provided booklet. Additionally,
based on the evidence from previous cohort studies and
clinical trial (56-60), intake of fish and seafood containing
eicosapentaenoic and docosahexaenoic acids, milk and
dairy products, fruits, vegetables, and green tea is to be
also recommended.

Cognitive training

Participants are to be instructed to engage in
cognitive training individually using an iPad Air tablet
computer wherein the Brain HQ (Japanese version)
has been installed. The Brain HQ (Japanese version) is
customized for the J-MINT trial and consists of 13 visual
exercises focusing on specific cognitive abilities, such as
attention, processing speed, memory, mental flexibility,
and visuospatial ability. Exercise difficulty is adjusted
based on cognitive abilities of each individual to ensure
and sustain engagement of attention and motivation.
Brain HQ exercise is reported to be beneficial for several
cognitive domains including processing speed and
memory in an RCT conducted specifically in older adults
(61).

During the 4-6, 10-12, and 16-18 months (intensive
training periods) in the 18-month intervention period,
participants are to be instructed to engage in intensive
training lasting at least 30 minutes per day for 4 or more
days per week. Participants are to be monitored for
adherence during each intensive training period as well
as in the entire 18-month intervention period. Lower
adherence may also be expected in cognitive training
due to its use of tablet computers involving operational
difficulties. Therefore, continuous support is to be
provided not only in terms of instructions on the tablet
computer operations at the start of the program, but in
the form of a free consultation desk to be put in place
during the intervention period.

Delivery of intervention during the coronavirus
disease-19 (COVID-19) pandemic

The declaration by the Japanese government of a state
of emergency due to the COVID-19 pandemic is expected
to result in travel restrictions, social distancing, and
avoidance of “3Cs” (closed spaces, crowded places, and
close-contact settings, particularly their combination) and
is likely to lead to part of the ]-MINT intervention being
restricted, especially group-based physical exercise and
face-to-face nutritional counseling. In such situation, the

J-MINT trial is to provide on-line intervention programs
for physical exercise and nutritional counseling.

Price sensitivity measurement

At the completion of the intervention programs, a
price sensitivity measurement approach is to be drawn
on to discuss the appropriate price of each intervention
program in view of its future implementation in the real-
world setting.

Control arm

The control group is to receive health-related
information in writing every 2 months on how
to prevent/manage dementia, frailty, low back pain,
malnutrition, health-related disease, sleep disorder and
falls and fall-related fracture, as well as on the beneficial
effect of social participation and physical activity and
how to manage vascular risk factors according to current
clinical practice guidelines.

Statistical considerations

Sample size

Since, to date, no multi-domain intervention trials
have detected changes in our global composite score
consisting of several neuropsychological tests, sample
size calculation was based on the previous randomized
controlled trial that evaluated the effect of an exercise
program combined with physical and cognitive tasks in
308 older adults with mild cognitive impairment shown
to have an age-adjusted cognitive decline (an SD of 1.5 or
more from the reference threshold in any of the cognitive
domains determined by using the NCGG-FAT (49)). In
this trial, the intervention group showed a significantly
greater score change on the MMSE than the control group
(Intervention group vs. control group, 0.0 + 2.48 vs. -0.8
+ 2.48 after the 40-week trial. Based on this trial, we
hypothesized that the present study is also likely to detect
a difference of change in cognitive function between
the intervention and control groups. With a two-sided
significance level of 5% and a statistical power of 80%,
the total sample size required by the t-test was calculated
as 302. In addition, the dropout rate at final follow-up
is estimated to be 40% at each trial site. Thus, it was
assumed that the trial required to enroll a total of 500
patients.

Randomization and blinding

In this trial, participants are to be centrally randomized
at a 1:1 allocation ratio into intervention and control
groups using the dynamic allocation method through
stratification by the following variables:

473



1) Age at enrollment (65-74 years vs. 75-85 years).

2) Sex (female vs. male).

3) MMSE (24-27 vs. 28-30)

4) Presence of memory impairment as determined by the
NCGG-FAT (amnestic vs. non-amnestic)

Participants are to be randomized electronically via a
web-based system constructed by a trial statistician (F.
K.) and a co-investigator (A. H.). Study participants and
research staff including investigators and clinicians at
each site are to be blinded to the next assignment in the
sequence using electronic assignment and a dynamic
allocation algorithm.

Data collection forms and data monitoring

All variables are to be measured by trained research
staff at each site, and most of the measured outcome
data are to be collected in the form of hard copy forms.
Then, these data are to be collected through entry of these
data by assessors using an electronic data capture (EDC)
system. All hard copy forms are to be retained as back-
ups as required at each site.

On-site monitoring is to be conducted at each site to
ensure that the patient rights are protected, the reported
data are accurate, and the conduct of the trial is compliant
with the current approved protocol. The monitor is to
ensure that (1) written informed consent is obtained from
all participants before their participation in the trial; (2)
primary outcome data reported in the EDC are complete
and accurate; and (3) all AEs and serious AEs are reported
appropriately.

Data analyses

In this trial, we defined the following four analysis
sets: (1) the intention-to-treat (ITT) analysis set, which
includes all subjects randomized regardless of whether
or not they received the intervention programs/health-
related information; (2) the full analysis set (FAS), which
includes subjects who received the intervention program/
health-related information at least once and had at least
one post-baseline assessment of neuropsychological tests;
(3) the per protocol set (PPS), which includes subjects
who received the intervention program/health-related
information for 18-month or more; (4) the safety analysis
set (SAF), which includes subjects who received the
intervention program/health-related information at least
once. The primary efficacy analysis is to be performed
using the FAS, and the secondary efficacy analysis is to be
performed using the ITT and the PPS.

Data are to be presented as means, medians, standard
deviations, ranges and interquartile ranges for continuous
and ordinal variables, and counts and percentages for
categorical variables. Differences in baseline clinical
characteristics between the intervention and control
groups are to be examined for significance by using
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the t-test or the Mann-Whitney U test for continuous
variables and by the chi-squared test or the Fisher’s exact
test for categorical variables, as appropriate.

To evaluate differences from baseline in cognitive
changes at 18-month follow-up between the intervention
and control groups, the mixed-effects model for repeated
measures (MMRM) with an unstructured covariance
structure is to be used with groups, time of visit, group
by time interaction, age at randomization, sex, presence
of memory impairment at randomization (amnestic or
non-amnestic), and baseline composite cognitive score as
covariates. For the secondary continuous variables, the
same analyses are to be performed using MMRM. For
the secondary categorical variables, logistic regression
analyses or chi-squared tests will be used as appropriate.
Frequencies of serious AEs are to be summarized for the
intervention and control groups.

All statistical analyses are to be performed using SAS
(SAS Institute, Inc., Cary, NC, USA). P-values of < 0.05 are
to be considered statistically significant.

Discussion

The J-MINT trial will be the first not only to
demonstrate the effectiveness of multi-domain
interventions but to clarify the mechanism of cognitive
improvement and deterioration through assessment of
dementia-related biomarkers, omics analysis and brain
image analysis. Moreover, along with the creation of
evidence for prevention of dementia, collaborative
research with partnering companies is expected to allow
creation of new services and manuals for proposed
ideal services. The J-MINT trial raises some concern
that high-intensity intervention programs may result
in an insufficient level of adherence, which lead to
minimal beneficial effect. To address this issue, group-
based physical exercise and nutritional counseling have
been designed, in light of encouraging results from the
FINGER and MAPT trials, to include face-to-face contacts,
which may increase adherence (62). Moreover, there
is still lack of consensus about the level of sustained
adherence deemed acceptable or sufficient for prevention
of cognitive decline. Given that all participants are to be
monitored for adherence to its intervention programs
during the intervention period, the J-MINT may provide
insight into the level of sustained adherence deemed
acceptable or sufficient for each intervention program
among older adults at higher risk of dementia.

Finally, the ]-MINT Prime trial incorporating two RCTs,
Japan-multimodal Intervention Trial for Prevention of
Dementia in Kanagawa (UMIN000041887) and Japan-
multimodal Intervention Trial for Prevention of Dementia
PRIME Tamba Study (UMINO000041938), was initiated
in Japan to clarify the effectiveness of multi-domain
intervention in different settings and populations in
Japan. Both the J-MINT trial and the J-MINT Prime trial
are intended to evaluate cognitive and other outcomes
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measures, with their combined data-analyses being
planned. These results are expected to contribute
to the development of a mechanism through which a
sustainable dementia prevention service may be made
widely available to those in need.
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