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ABSTRACT

Introduction Few clinical trials have examined the
effects of home-based exercise programmes on health-
related quality of life (HR-QoL) in older adults with frailty.
Radio-Taiso is the most famous exercise programme in
Japan. A home-based Radio-Taiso exercise programme
may serve as an accessible, scalable and sustainable
care intervention for older adults with frailty. The primary
aim of this trial is to test whether older adults with

frailty who are prescribed our home-based Radio-Taiso
exercise programme will receive greater benefits for
HR-QoL compared with those who are not prescribed the
exercise programme. Potential mechanisms underlying
the effectiveness of the programme and the effects of the
programme on daily lifestyle will also be investigated.
Methods and analysis This assessor-blind randomised
controlled trial will be conducted at the Tokyo Metropolitan
Institute of Gerontology (TMIG) in Itabashi-ku, Tokyo,
Japan. From April to May 2022, 226 older adults with
prefrailty or frailty according to the revised Japanese
version of the Cardiovascular Health Study criteria will
be included from a large database. After a baseline
assessment in June 2022, participants will be randomly
assigned to the intervention (home-based Radio-Taiso
exercise and nutrition programme) or control (nutrition
programme) groups at a 1:1 ratio. After intervention
completion, a follow-up assessment will be conducted

in September 2022. The primary outcome is the change
in the mental domain of HR-QoL assessed using SF-36.
Secondary outcomes include physical and role/social
domains and subscales of HR-QoL, frailty phenotype,
physical fitness, posture, cognition, exercise self-efficacy,
depressive symptoms, brain-derived neurotrophic factor,
social network, habitual energy intake, physical activity
and sleep conditions.

Ethics and dissemination The Research Ethics
Committee of TMIG has approved the research protocol.
This trial will be conducted in accordance with the
principles of the Declaration of Helsinki. The findings will
be presented at international academic conferences and
published in peer-reviewed international journals.

Trial registration number UMIN000047229.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The feasibility of this phase Ill trial has been en-
hanced based on the processes, resources, man-
agement and scientific data of a pilot trial.

= The trial will include older adults with frailty defined
using a validated assessment tool.

= Random allocation, blinding of assessors and ana-
lysts, interpretation of results based on the intention-
to-treat principle and disclosure of protocol papers
will reduce the risk of selection, measurement, re-
duction and reporting bias.

= The non-blinding of allocation information to partic-
ipants and care providers may increase the risk of
performance bias.

= The generalisability of the study findings to non-
Japanese populations is unclear.

INTRODUCTION

Frailty is defined as vulnerability of homeo-
static responses to stressors due to cumu-
lative age-related decline of physiological
systems.' Research suggests that 7% and 47%
of older adults have frailty and prefrailty,
respectively, and their risk of falls, disabil-
ities, nursing home admission, and death is
significantly higher than that of robust older
adults.” Interventions to reduce frailty prev-
alence and severity may benefit older adults
with care needs, their caregivers and the
public social insurance system. However, clin-
ical trials involving older adults with frailty
defined using validated assessment tools are
required to confirm the effectiveness of these
interventions.'

Interventions such as exercise and nutri-
tional programmes are useful for reducing
the prevalence of frailty, but stakeholders
have raised concerns that research on these
interventions has focused predominantly
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Pictures of Radio-Taiso as a firmly established,

Figure 1
traditional Japanese exercise programme. (A) Community-
dwelling children get together to practice Radio-Taiso. (B)
Physical education classes. (C) Practice in the workplace.
(D) Gathering and practising during community events. All
pictures were provided by courtesy of Japan Post Insurance
Co., Ltd.

on improving physical outcomes.” Studies focusing on
patientreported outcomes (eg, health-related quality of
life (HR-QoL)) may address the gaps between scientific
evidence and clinical practice.® Exercise interventions
are reportedly the most effective for improving HR-QoL
among older adults with frailty, but this warrants vali-
dation in robust clinical trials.” Nevertheless, evidence
for the effects of home-based exercise interventions on
HR-QoL. remains scarce.® As older adults with frailty
exhibit decreased mobility,” readily available home-
based exercise programmes are feasible and rational
interventions.

Radio-Taiso is the most famous Japanese exercise
programme, with reports suggesting that approximately
96.9% of the national population are aware of it.* In
1928, the Postal Life Insurance Bureau of the Ministry
of Communications (successor agency: Japan Post Insur-
ance) developed Radio-Taiso as a ‘National Health
Exercise’ to improve health among Japanese people.’
Radio-Taiso is customarily practised in numerous settings
and is firmly established in Japanese culture (figure 1)."
Itis broadcasted daily by the Japan Broadcasting Corpora-
tion via public radio and television, thus facilitating home
access by Japanese older adults with frailty.

Our recent pilot randomised controlled trial examined
the feasibility and potential effectiveness of a home-based
Radio-Taiso exercise programme in community-dwelling
older adults with prefrailty and frailty. Participants demon-
strated high adherence and the results suggested that the

programme may lead to clinically important improve-
ments in the mental domain of HR-QoL (under review).
However, the effectiveness of the programme remains to
be validated by robust clinical trials.

This trial aims to test whether older adults with
prefrailty and frailty who undergo the programme will
experience greater benefits in the mental domain of
HR-QoL compared with those who do not undergo the
programme. Furthermore, the trial aims to identify the
mechanisms underlying programme effectiveness and
the impact of the programme on participants’ lifestyles
(figure 2).

METHODS AND ANALYSIS

Study design, setting and procedures

This is a 12-week randomised, assessor-blind, parallel-
design, two-arm, phase III trial. The protocol was designed
in accordance with the Standard Protocol Items: Recom-
mendations for Interventional Trials (SPIRIT) statement
(online supplemental material 1) and several aspects of
the SPIRIT-PRO Extension.

All outcomes will be assessed at the Tokyo Metropolitan
Institute of Gerontology (TMIG) in Itabashi-ku, Tokyo,
Japan. Participants will practice the programme at home.
Six face-to-face group sessions will be conducted at the
TMIG or nearby community facilities (figure 3). Recruit-
ment will be conducted in April 2022. Informed consent
will be obtained in the subsequent month (May 2022).
Baseline and follow-up assessments will be conducted in
June and September 2022, respectively. After baseline
assessments, participants who meet the eligibility criteria
will be included in the trial and randomly assigned to
the intervention (home-based Radio-Taiso exercise
programme-+nutrition programme) or control (nutrition
programme) groups. The intervention will begin and end
in June and September 2022, respectively.

Participants

Inclusion criteria are: (1) aged 65 years or older and
(2) frailty or prefrailty, as defined by the revised Japa-
nese version of the Cardiovascular Health Study (J-CHS)
criteria (see below).

Exclusion criteria are: (1) inability to participate in
both baseline and follow-up assessments, (2) diagnosed
with dementia or prescribed antidementia drugs, (3) self-
reports of being unable to eat, excrete, dress, move or
bathe independently, (4) not allowed to exercise (except
for light-intensity exercise) by the family physician, (5)
unstable/severe medical conditions that prevent trial
physicians from permitting study participation, (6) angina
pectoris, myocardial infarction or cardiac surgery in the
past 3 months, having a terminal illness, or receiving
palliative care, (7) practising Radio-Taiso exercises for
=1 day/week for the past month, (8) participating in a
specific rehabilitation programme, (9) unable to walk
>10m independently, (10) participating or will partici-
pate in other clinical trials, (11) lacking a television at
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Physical parameters
» Frailty phenotype
» Agility/dynamic balance
» Strength
» Flexibility
» Aerobic endurance
» Posture

Psychophysiological parameters
» Attention
» Executive function
» Exercise self-efficacy

Radio-Taiso » Depressive symptoms

3 times/days

Biochemical parameters
» Brain-derived neurotrophic
factor

Sociological parameters
» Social network

Habitual lifestyle parameters
» Energy intake
» Physical activity
» Sleep conditions

HR-QoL

Physical function

Body pain

PCS

Physical role

General health
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Vitality

RCS

Emotional role

Social function

Figure 2 A conceptual model for explaining the mechanisms of the effect of the home-based Radio-Taiso exercise
programme. HR-QoL, health-related quality of life; MCS, mental component summary; PCS, physical component summary;

RCS, role/social component summary.

home, (12) difficulty communicating in Japanese, (13)
deemed by the principal investigator and/or trial physi-
cians to be ineligible and (14) unable to provide consent
to participate.

Potential participants will be recruited from a large
database of trial-ready cohorts managed by the TMIG. In
our pilot trial in 2020, 902 individuals were newly enrolled
or had their information updated. Of these, 514 (60%)
met the prefrailty or frailty criteria and 186 (recruitment
rate: 20.6%) met all eligibility criteria and were willing
to participate. Thus, at least 1097 new registrations or
updates are required to ensure that the target number of

226 participants is reached (described in more detail in
the sample size section).

Invitation letters and eligibility criteria checklists will
be sent to individuals diagnosed with frailty or prefrailty
between October 2021 and March 2022. Participants who
meet all eligibility criteria and intend to participate will
be provided a detailed verbal explanation of the study (ie,
aims, procedures, confidentiality, possible benefits and
disadvantages, anticipated risks and methods to address
risks). Only individuals who provide written informed
consent will participate. If more individuals are willing to
participate than the target sample size, participants will be

Study events Enrolment IC asBs?eZZIri::nt Instruction Intervention (84 days) aE::::vn-llgr)lt
Days -90 -60 0 7 14 |21 |28 | 35|49 |63 | 77 | 91 98
Allowance +30 +3 +3 +3 +3 [ +3 [ +3 | £3 | £3 | £3 | £3 | 3 +3
ENROLMENT:
Eligibility assessment X X X
IC X
Allocation X
INTERVENTIONS:
RT exercise program X X[ X[ X|X X
Nutrition program X X | X | XX
ASSESSMENTS:
Baseline variables X
Outcome variables X X
Adverse events X X| X[ X]|X|X

Figure 3 Study flow diagram. IC, informed consent; RT, Radio-Taiso.
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randomly selected using a computer-generated random
sequence. During baseline assessments, trial physicians
will assess compliance with exclusion criteria numbered
2,5 and 6.

Allocation and blinding

After baseline assessments, participants will be randomly
allocated to the intervention and control groups at a 1:1
ratio. The sequence for generating the allocation code
will be stratified by sex (male or female), age (<75o0r
275 years) and frailty severity (prefrailty or frailty). Block
randomisation will be applied.

The principal investigator (YO) at the TMIG will send
identification codes of eligible participants to an allo-
cator (KM) who has no contact with participants. KM will
combine the codes with a prescribed randomisation code,
which will be generated prior to baseline assessments. An
independent research staff member will inform partici-
pants of their group based on the allocation code sent by
KM. Group labels will not be disclosed to the assessor and
statistical analyst until completion of the primary analysis.

Intervention

During the 12-week intervention period, participants will
be instructed to avoid starting new exercise or nutrition
programmes. To address the ethical disadvantages of the
control group, a nutrition programme will be provided to
both groups.

Home-based Radio-Taiso exercise programme

Radio-Taiso includes three exercise patterns: Radio-Taiso
No. I and 2 and Minna no Taiso. These patterns comprise
8-13 rhythmic whole-body movements with music. Each
pattern starts with a low-intensity movement, gradually
increases in intensity and ends with another low-intensity
movement, allowing safe practice. The smooth execution
of movements requires fitness in various physical domains
(strength, flexibility, endurance and balance), making
Radio-Taiso a multicomponent exercise programme
(details in online supplemental table 1-3).

The home-based programme comprises six 60 min face-
to-face group sessions with a certified instructor from
the Japan Radio-Taiso Federation and daily practice in
participants’ homes. Before the programme, the inter-
vention group will receive a face-to-face group session on
correctly performing the three exercise patterns. In the
first 4 weeks of the intervention, participants will receive
face-to-face group sessions on effectively performing the
exercise programmes. In week 8, a face-to-face group
session will be provided to review the key points of each
exercise programme.

Participants will be instructed to complete a three-
pattern exercise programme once daily at home by
themselves via a broadcast by the Japan Broadcasting
Corporation or on DVD. If the participants feel unwell
while performing any exercise or feel that the exer-
cise intensity is too high, they will be instructed to stop
or reduce the number of sessions. Participants will be

required to record (1) whether they performed the exer-
cise programme and (2) compliance with key points for
effective programme implementation in an exercise diary.
On the day of face-to-face group sessions, research staff
will check the exercise diary, adverse events and participa-
tion in the new rehabilitation programme. In weeks when
sessions are not provided, these details will be checked by
telephone every fortnight.

The pilot trial confirmed good adherence to the
home-based Radio-Taiso exercise programme (retention
rate: 100%; median (IQR) practice rate: 97.6% (88.1%—
98.8%)). However, no trend towards improvements in
physical outcomes was observed. Radio-Taiso may not
include properties that significantly improve physical
outcomes because it predominately consists of flexibility
exercises. However, thoroughly completing the purpose
of each movement in Radio-Taiso necessitates quicker
and larger movements, which require muscle endur-
ance and whole-body endurance. In this regards, several
participants who received face-to-face instructions in the
pilot study reported that it is important to understand the
purpose of each movement of the Radio-Taiso via face-
to-face instructions to improve the quality of practice at
home. Thus, to provide participants with a programme
that yields better physical outcomes, the number of face-
to-face sessions will be increased from three to six and
include processes that help participants familiarise with
the key points of the programme. An item will be added to
the exercise diary to check compliance with these points.

Nutrition programme

The nutrition programme comprises: (1) distribution
of a nutrition leaflet, (2) recording of a dietary variety
score and (3) telephonic nutrition counselling. One week
before intervention onset, participants will receive a face-
to-face briefing from a dietitian on programme implemen-
tation. A nutrition leaflet will be distributed once weekly
during the first 4 weeks of the intervention, detailing the
nutritional role and recommended intake amounts of
protein, calcium, vitamins/minerals and carbohydrates/
fats, alongside specific recipes for the efficient intake of
these nutrients. Participants will be instructed to record
daily in a nutrition diary the consumption of 10 food
groups (meat, seafood, eggs, soya and soya products,
milk, green and yellow vegetables, seaweed, potatoes,
fruit and oil) using a dietary variety score. Participants
will be requested to provide scores on intake of these food
groups on a 10-point scale."" A high dietary variety score
has been associated with lower frailty severity.'* Partici-
pants will be allowed to call the dietitian 1 day per week to
discuss how to proceed with the nutrition programme or
to ask any questions.

Outcome measures

The primary outcome changes in the mental component
summary (MCS) score of HR-QoL. Secondary outcomes
are the physical component summary (PCS) score,
role/social component summary (RCS) score and eight
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subscales of HR-QoL as well as frailty phenotype, agility/
dynamic balance, strength, flexibility, aerobic endur-
ance, posture, attention, executive function, exercise self-
efficacy, depressive symptoms, brain-derived neurotrophic
factor (BDNF), social network, habitual energy intake,
physical activity, sleep conditions, safety and adherence.
All outcomes excluding habitual physical activity will be
assessed at a baseline survey within 2 weeks prior to the
start of the intervention and at a follow-up survey within
1week after the end of the intervention (figure 3).

Baseline information

Baseline information including age, sex, disease history
(hypertension, heart disease, diabetes, hyperlipidaemia,
osteoporosis and respiratory disease) and low-back and
knee pain will be obtained by face-to-face interview.

Assessments

Objective outcomes including physical fitness, posture,
cognition, BDNF and physical activity will be assessed by
research staff blinded to allocation information.

HR-QoL

HR-QoL will be assessed using the Japanese version of
the SF-36, which is a widely used, reliable and validated
tool."”” '* The SF-36 measures eight health domains: phys-
ical function, physical role, body pain, general health,
vitality, social function, emotional role and mental health.
These domains are aggregated and scored into the MCS,
PCS and RCS (figure 2)."” These scores are standardised
as Tscores using the 2017 Japanese national norm.'® A
change of three or more points in the MCS or two or
more points in the PCS constitutes a minimal clinically
important difference, enabling clinical interpretation of
changes in scores.'”

Frailty phenotype

Frailty phenotype will be assessed using Fried’s frailty
criteria, characterised by five limitations: slowness,
weakness, exhaustion, low activity and weight loss.? The
trial will use the revised J-CHS criteria to define frailty
(three or more limitations) and pre-frailty (one or two
limitations)."®

Slowness

Slowness will be assessed based on usual gait speed. An
11 m walking path will be used, with a 3m acceleration/
deceleration path at each end. The assessor will measure
the time taken between the 3 m and 8 m markers.'” The
measurement will be performed once. Slowness will be
defined as a gait speed of less than 1.0m/s.

Weakness

Weakness will be assessed based on grip strength using
a handheld Smedley-type dynamometer. Participants will
be instructed to grip the device as strongly as possible
with their dominant hand in a standing position.19 The
measurement will be performed once. Weakness will be

defined as less than 28 kg and 18kg for men and women,
respectively.

Exhaustion

Exhaustion will be assessed using question 25 of the
Kihon checklist developed by the Ministry of Health,
Labour and Welfare, as follows®": “In the last 2 weeks, have
you felt tired for no reason?’ Exhaustion will be defined
as an ‘yes’ response.

Low activity

Low activity will be assessed using two simple questions
regarding participation in exercise or physical activity,
as follows: (1) ‘How often do you engage in light inten-
sity exercise or calisthenics?” and (2) ‘How often do you
engage in exercise or sports activities’? Low activity will be
defined by a response of ‘less than once a week’ to both
questions.

Weight loss
Weight loss will be assessed using question 11 of the Kihon
checklist developed by the Ministry of Health, Labour
and Welfare, as follows>": ‘Have you lost 2kg or more in
the past 6 months?” Weight loss will be defined as a ‘yes’
response.

Physical fitness

Six physical fitness domains (agility/dynamic balance,
lower body strength, upper body strength, lower body
flexibility, upper body flexibility and aerobic endurance)
will be assessed using Senior Fitness Tests.?!

Agility and dynamic balance

Agility and dynamic balance will be assessed using the
8-foot up-and-go test. Participants will be instructed to
stand up at the start signal, walk around a cone 8ft away,
turn around and sit down again. This sequence must
be performed as quickly as possible. After one practice
session, two trials will be performed. The values for the
minimum time required will be used in the analysis.

Lower body strength

Lower body strength will be assessed using the chair
stand test. At test onset, participants will be instructed
to stand up and sit down again with their arms crossed
in front of the chest. After 2-3 practice sequences of
this exercise, a single trial will be performed, in which
the sequence is repeated as quickly as possible for 30s.
The number of sequences achieved will be used in the
analysis.

Upper body strength

Upper body strength will be assessed using the arm curl
test. Participants will be requested to flex and extend the
elbow of the favourite arm while holding a dumbbell (8 1b
for men and 5 Ib for women) at the start signal, with both
upper arms in a natural down position. After 2-3 practice
sequences, a single trial will be performed, in which the
sequence will be repeated as quickly as possible for 30s.
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Lower body flexibility

Lower body flexibility will be assessed using the chair sit-
and-reach test. Participants will be requested to sit in a
shallow position on a chair and extend their favourite leg.
Participants will then be instructed to place the finger-
tips of both hands together, slowly flex the upper body
towards the toes of the favourite leg until reaching their
limit and remain still for 2s. Participants will be instructed
to hold the ankle joint at 90°. The assessor will measure
the distance between the toes of the favourite leg and
fingertips of both hands using a ruler. After two practice
sessions, the measurements will be performed two times.
The best values will be used in the analysis.

Upper body flexibility

Upper body flexibility will be assessed using the back
scratch test. In an upright position, the participant
will be instructed to rotate the favourite hand back-
wards obliquely upward and the other hand backwards
obliquely downward to the posterior region. The assessor
will measure the shortest distance between the middle
fingers of both hands using a ruler. The measurement will
be performed two times. The best values will be used in
the analysis.

Aerobic endurance

Aerobic endurance will be assessed using a 2min step-in-
place test. The assessor will mark a wall with masking tape
midway between the participant’s patella and iliac crest.
The participant will be instructed to stand next to the wall
and march in place for 2min. Participants who face diffi-
culties marching for the 2min will be allowed to take a
break and hold the wall or a stable chair. The assessor will
record the number of times the right knee reaches the
marker within 2min. The trial will be conducted once.

Anthropometric indices

Height, body weight and body mass index

Height will be measured using a digital height meter
(DSN-70; MURATEC-KDS Corporation, Kyoto, Japan).
Body weight is measured using a body composition anal-
yser (InBody770, InBody, Seoul, Korea). Body mass index
is calculated by dividing the weight (kg) by the square of
the height (m).

Posture

Posture will be assessed by the degree of kyphosis and the
range of motion of the spine. The degree of kyphosis is
assessed by the thoracic kyphosis angle (KA) and lumbar
lordosis angle.22 #

Thoracic KA and lumbar lordosis angles are measured
using the Idiag M360 (Idiag AG, Switzerland). The partic-
ipant is first instructed to stand in a normal position, and
then the assessor moves the Idiag M360 along the spinous
processes from the vertebra prominens (C7) to the third
cervical vertebra (C3). The trial is conducted once, and
the smaller the angle of the thoracic KA, the severer the
kyphosis, whereas the larger the lumbar lordosis angle,
the severer the kyphosis.”***

The range of motion of the spine is measured using
the Idiag M360 (Idiag AG, Switzerland).**** The assessor
moves the Idiag M360 over the spinous processes from
C7 to C3 in the maximum forward flexion and extension
positions. Range of motion is assessed as the difference
between the thoracic KA and lumbar lordosis angle at
maximum forward flexion and maximum extension,
based on the angles measured for the thoracic KA and
lumbar lordosis angle.

Cognition

Attention and executive function will be assessed using
parts A and B of the trail making test.** In part A, partici-
pants must connect the numbers in ascending order, and
the time taken for finalising the task is measured (ie, 1-2-
3-4...). In part B, the task is to connect the numbers and
kana characters in an alternating order (ie, 1-A-2-1...),
and the time taken to finalise the task is measured.

Home-based exercise self-efficacy

The participants’ home-based exercise self-efficacy will
be assessed using the Home-Exercise Barrier Self-Efficacy
Scale.” Participants will be asked to respond to six exer-
cise situations at home (1: when I am tired, 2: when I am
in pain, 3: when I do not feel very good, 4: when I do
not have time, 5: when I do not have the equipment or
environment to exercise and 6: when I am alone) on a
5-point Likert scale ranging from 1 (not at all confident)
to b (absolutely confident). Details on items and scoring are
described in prior research.” Total scores range from 6
to 30, with higher scores indicating greater self-efficacy in
home-based exercise.

Depressive symptoms

Depressive symptoms will be assessed using the short
version of the Geriatric Depression Scale.”® Partici-
pants will be asked to answer to 15 yes-or-no questions
about their daily mood. Details on items and scoring are
described in prior research.? Total scores range from 0 to
15, with higher scores indicating a more depressed mood.

Brain-derived neurotrophic factor
BDNF is the most widely expressed neurotrophin in
the mammalian brain and an important regulator of
the development and function of neural circuits in the
brain.”” Exercise-induced BDNF mediates neuronal
differentiation and growth, synapse formation and plas-
ticity, and may explain how exercise training improves
mental health and cognitive function.”®

Participants will fast for at least 2hours and a blood
sample will be collected from the anterior elbow vein.
To exclude the potential effects of acute exercise, partic-
ipants will be asked to refrain from engaging in vigorous
intensity exercise for 36 hours before the blood sample
collection. To control for diurnal variation, participants
will have their blood drawn at the same time of day in
both the baseline and follow-up assessments. Blood
samples will be processed according to the manufactur-
er’s specifications: plasma is obtained by centrifugation at
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3000g for 10min at 22°C, aliquoted and stored at —-80°C
until measurement. Plasma samples will be assessed for
BDNF concentrations using a commercially available
two-site sandwich ELISA kit (R&D Systems, Minneapolis,
Minnesota). The analysis will be conducted centrally in
an independent laboratory.

Social network

Social network will be assessed using the Japanese version
of the Lubben Social Network Scale-6.’ Participants will
answer six questions regarding support, indicating the
number of family members and friends who can provide
them with emotional and instrumental support from the
five given options. Details on items/scoring are described
in prior research.” Total scores range from 0 to 30, with
higher scores indicating a larger social network.

Habitual energy intake

Habitual energy intake will be assessed using a reliable
and valid, brief, self-administered diet history question-
naire developed to provide a simple estimate of energy
intake over the past month.”*! Participants will be asked
to recall their average dietary habits over the past month
and indicate the frequency of consumption of each food
item. Habitual energy intake will be calculated using
special software provided by Gender Medical Research
Co. Japan.

Habitual physical activity

Habitual physical activity levels will be assessed based on
the average number of daily steps taken. The number
of steps will be measured using validated tri-axis accel-
erometers and algorithms (Active style Pro HJA-750C;
Omron Healthcare, Tokyo, ]apan).32 33 Participants will
be instructed to wear the device around the waist for
7 days from baseline to follow-up assessments during all
activities of daily living, from waking to bedtime, except
for underwater activities (eg, bathing and swimming). A
record is valid if the device is worn for at least 10 hour/
day.* If valid records are collected for more than 3 days,
the number of daily steps is calculated.

Habitual sleep conditions

Sleep conditions will be subjectively assessed using
the Japanese version of the Pittsburgh Sleep Quality
Index,” ** comprising seven components: sleep quality,
time to fall asleep, time stayed asleep, sleep efficiency,
difficulty sleeping, use of sleeping pills and difficulty
waking up during the day in the past month. Details on
items and scoring are described in prior research.” *°
Total scores range from 0 to 21, with higher scores indi-
cating a worse subjective sleep condition.

Adverse events

Adverse events are defined in this study as any undesirable /
unintended sign, symptom or disease occurring during
the intervention, regardless of causality. The number of
adverse events that occur during the intervention period
will be assessed. Trial physicians will determine adverse

event severity and potential relevance to the interven-
tion. Any adverse events (eg, subjective symptoms, falls
and other surgical or medical findings) suspected to be
related to the intervention will be recorded. Every fort-
night, research staff will ask participants, telephonically
or in person, whether they have experienced an adverse
event.

Adherence

Adherence will be assessed via the retention rate during
the intervention period and the rate of practice of the
Radio-Taiso exercise programme. The retention rate
will be calculated as the percentage of participants who
complete the follow-up assessment. The rate of practice of
the programme will be calculated by dividing the number
of practice days (days when the exercises are practised at
least once a day) by 84 days. The total number of practice
sessions of the programme will also be assessed.

Sample size

Based on the pilot trial, the effect size (Cohen’s d) of the
programme on the MCS score is 0.395. Using G*Power
V.3.1.9.2 for Windows (Heinrich-Heine-Universitit
Diusseldorf, Germany) ,37 with the alpha error set at 5%, a
power of 80%, and this effect size, the sample required is
204. Considering a 10% drop-out rate, the target sample
is 226.

Data management

Data quality control comprises (1) measurements based
on established standard operating procedures, (2)
manual checks (visual checks) of questionnaires and
case reports and (3) data entry using the double-entry
method. Manual checks include confirmation of compli-
ance with eligibility criteria, missing measurements and
value ranges. After entering all the data, the person
responsible for the analysis will perform logical checks
(programming checks) and data coding to ensure and fix
any issues pertaining to data quality. These checks include
examining for outliers.

Statistical analysis

As ‘tests of baseline homogeneity’ in randomised
controlled trials do not have any practical value,® compar-
ison of baseline characteristics will not be performed in
this study. At baseline, continuous variables are presented
as means (SD) or medians (IQRs) and categorical vari-
ablesasn (%).

Main analysis

To test programme effectiveness, changes in the primary
outcome will be compared between the groups using an
analysis of covariance model adjusted for allocation strati-
fication factors and baseline values. Changes in secondary
outcomes will be compared using the same model. Differ-
ences between groups in the change of each outcome will
be expressed as differences in adjusted means (95% ClIs).
Statistical significance will be set at a p<0.05.
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The results of the main analyses will be interpreted based
on the intention-to-treat principle. The full analysis set will
exclude participants (1) who are subsequently found not to
meet the eligibility criteria; (2) who never participated in
the intervention programme or (3) for whom no postran-
domisation data are available®; the resulting sample will
be applied as the main analysis population. The Interna-
tional Council for Harmonisation guideline recommends
applying a full analysis set that excludes these participants
from the main analyses as a conservative strategy.”’

Additional analyses

Additional analyses using a per-protocol set will be
conducted to assess the extent to which adherence affects
the results. The per-protocol set will include participants
who have practised at least 75% of the stipulated home-
based Radio-Taiso exercises."’

A sensitivity analysis will be performed to assess hetero-
geneity owing to missing follow-up data (missing data
bias). Missing data will be processed through multiple
imputation by applying the chained equation method
to generate 20 imputed data sets based on the outcome,
allocation and group variables at baseline.

To assess study generalisability, subgroup analyses will
be conducted based on participants’ background data
(male vs female, <75vs 275 years of age and frailty vs
prefrailty).

Retention rates and the incidence of adverse events (one
or more for those who report them) will be compared
between groups using Fisher’s exact test or the y” test. All
analyses will be carried out using R'V.4.1.2 or higher (The
R Foundation for Statistical Computing, Vienna, Austria).

Patient and public involvement

This study will be conducted without participant involve-
ment. Participants will not be invited to comment on
study design, define relevant outcomes or interpret the
results, nor contribute to the writing or editing of this
paper for readability or accuracy.

ETHICS AND DISSEMINATION
The research protocol will be conducted in accor-
dance with the Declaration of Helsinki. The Research
Ethics Committee of TMIG approved the protocol on 16
December 2021. The study protocol was registered with the
University Hospital Medical Information Network Clinical
Trials Registry (UMIN-CTR) on 20 March 2022. All amend-
ments to the study protocol will be disclosed to UMIN-CTR.
Study results will be presented at an international scien-
tific conference and reported in a peer-reviewed interna-
tional journal. After publication, a summary of the results
will be published on the TMIG and Japan Post Insurance.
websites.

DISCUSSION
Few trials have examined the effect of exercise interven-
tions on HR-QoL in older adults with frailty, diagnosed

with validated assessment tools.” ° ® Thus, this robustly
designed trial will strengthen the evidence needed for
or against the effectiveness of home-based exercise
programmes on HR-QoL. International health policy
bodies, regulators and patients are increasingly recog-
nising the importance of patientreported outcomes,
including HR-QoL, for health.*’ The results of this study
will provide valuable insights that may serve to address the
evidence and clinical practice gaps associated with care
programmes for older adults with frailty. This study will
also contribute to a better understanding of the potential
mechanisms by which home-based exercise programmes
can improve HR-QoL, by analysing various secondary
outcomes.

Researchers have systematically compared HR-QoL
between frailty and non-frailty groups, showing amoderate
or greater standardised mean difference between the
groups and that the frailty group had a worse HR-QoL.*
The measures to curb the COVID-19 pandemic also limit
the life-space mobility of older adults with frailty and have
a significant impact on QoL.* Patient-reported outcomes
from clinical trials using scientifically robust methodolo-
giesare reflected in clinical decision-making and influence
health and social care policy.*' Thus, if this study helps
to clarify the effectiveness of the proposed programme
on HR-QoL, this may enable invested stakeholders to
develop a policy framework for care programmes of older
adults with frailty.

For a care programme targeting people with frailty to
be implemented in public health policy, it must be acces-
sible (ie, low cost and high acceptability/availability)
and be delivered equitably and continuously." A care
programme that draws on existing cultural and social
resources may be able to meet these requirements. In
Japan, the Radio-Taiso exercise programme has a long
history of being customarily watched in different settings
and is familiar to many older adults; thus, it is a cultural
exercise programme in the country.'’ In fact, our pilot
trial confirmed that adherence to the programme is very
high and that itis highly compatible with daily life. Radio-
Taiso is also available at low cost to everyone via televi-
sion/radio on a daily basis. To date, more than 24600
certified Radio-Taiso instructors have been trained, and
the programme is practised nationwide at more than 2000
regional bases.** Rich in cultural and social resources, the
Radio-Taiso exercise programme may serve as a socially
implementable public health strategy.

This study has several limitations. First, although the
study addresses measurement, attrition and reporting
bias, participants and treatment providers will not be
blinded to allocation information; this increases the risk
of performance bias and reduces effect estimation accu-
racy. Second, calisthenic programmes such as Radio-Taiso
are popular in some countries, such as China, Korea,
and Scandinavian countries, but it remains unclear to
what extent the usefulness of the Radio-Taiso exercise
programmes is generalisable to non-Japanese older adults
with frailty.
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