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ABSTRACT
Introduction Falls have a multifactorial aetiology,
which may limit the effectiveness of the common
approach of exercise as the sole intervention strategy.
Multifactorial interventions could be more effective
in people at high risk of falling; however, the focus of
such interventions has traditionally been quite narrow.
This paper describes the design of a randomised
controlled trial that will evaluate the effectiveness of
an eHealth programme, which addresses cumulative
effects of key fall-risk factors across the triad of
physical, affective and cognitive functions on falls in
older people.
Methods and analysis 518 older people aged 65
years and over with high fall risk, defined as having
a history of falls in the past 6 months, self-reported
fear of falling or being aged 80 years or over, will be
recruited via local advertisements, newsletters and
presentations, and randomised to an intervention
or health education control group. The intervention
comprises balance exercise, cognitive-motor exercise
and cognitive–behavioural therapy, with their dosage
based on participant’s baseline balance, executive
function and mood. The primary outcome is the rate of
falls in the 12 months after randomisation. Secondary
outcomes at 6 and 12 months comprise programme
adherence, healthcare use, physical activity, balance
and mobility, cognitive function, psychological
well-being, quality of life, health literacy and user
experience and attitudes towards the programme. Data
will be analysed following intention to treat to gauge
real-world effectiveness. We will further determine
complier averaged causal effects to correct for varying
adherence and conduct economic analyses to gain
insight into cost-effectiveness and cost–utility.
Ethics and dissemination Ethical approval was
obtained from the University of New South Wales
(UNSW) Human Research Ethics Committee in
December 2017. Outcomes will be disseminated via
peer-reviewed articles, conference presentations,
community events and media releases.

Strengths and limitations of this study
►► The randomised controlled design provides a rig-

orous means to investigate the effectiveness of a
tailored eHealth programme on reducing fall rates
in older people.
►► The multifactorial programme addresses balance,
dual-tasking ability and mood, targeting important
fall-risk factors.
►► The use of technology allows for remote and personalised intervention with intensity progression
over time.
►► COVID-19 has required us to switch to telehealth for
(re)assessments mid-trial, which will likely increase
noise and reduce statistical power for secondary
outcomes.
►► Our statistical analysis is not powered to disentangle
programme component effectiveness on our primary outcome of fall rates.

Trial registration number ACTRN12619000540112.

INTRODUCTION
Effective and scalable strategies for fall
prevention are essential to support the healthcare system. With ageing population, falls
and falls injuries are increasing and currently
available fall prevention programmes are
not able to curb the incidence at a public
health level. eHealth provides an opportunity to deliver fall prevention interventions
that are highly scalable at relatively low
costs. These technology-
supported interventions have the advantage that they overcome common barriers to adherence, such
as being intimidated by group settings, lack
of motivation to attend a session and organisational barriers of location accessibility
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and caring responsibilities.1 Previous studies have shown
that eHealth is acceptable and feasible for older people,
with high average dose adherence rates of up to 140%
(eg,2 3). Our recent study, using the eHealth balance exercise intervention StandingTall, showed that 52% of older
participants achieved an average weekly dose of 120.3 min
that was sustained over a 2-year intervention period.4 The
StandingTall eHealth intervention reduced fall rates by
16% and reduced the proportion of people experiencing
injurious falls by 20%.4
Falls are often caused by a reduced balance control
which is known to gradually decline with advancing
age.5 However, psychological distress and decline of
cognitive abilities, especially executive function, can also
contribute to falls in older people independent of poor
balance.6 7 It has been shown that a marked deficiency
in just one domain is sufficient to increase fall risk.8
However, multiple deficiencies of only moderate severity
add cumulatively and their summation can also increase
fall risk.9 Research has shown that older people have an
increased reliance on cognitive control while walking
and doing their daily activities, as partial compensation
for age-related changes in physical function.10 Therefore,
in combination with poor balance, even mild cognitive
impairment can result in an increased risk of falling.11
Similarly, psychological distress competes for resources in
working memory, and might interfere with tasks requiring
complex attention and coordination,12 which can then
result in an increased risk of falls.13 Concomitant deficiencies across physical, affective and cognitive domains
are more common in old age, resulting in an exponential
increase in fall risk as people age.
The multifactorial aetiology of falls warrants a multifactorial intervention, but improvements in focus and
delivery are needed. Common strategies in multifactorial programmes overlook the cognitive and affective risk
domains that contribute to falls in older people. Perhaps
because of this, evidence of their effectiveness is inconclusive and effect sizes are moderate at a 23% reduction of
fall rates.14 Dual-task exercise and cognitive–behavioural
therapy (CBT) address cognitive and affective domains
and have been shown to reduce falls or fall risk factors
in people with high fall risk.15 16 Moreover, multifactorial
interventions should be carefully targeted to avoid unnecessary efforts and costs.17 Therefore, we will evaluate
an individually tailored approach addressing physical,
affective and cognitive domains with balance exercise,
cognitive-
motor and CBT to reduce falls in high-
risk
older people. We will use eHealth to optimise the delivery
of the different intervention components and maximise
adherence. This will allow us to offer a complex intervention programme that is easy to use, with high flexibility
and other benefits to overcome many of the barriers to
uptake and adherence identified in previous multifactorial research trials.
This paper describes the protocol of a randomised
controlled trial in community-dwelling older people at
high risk of falling (defined as falls in the past 6 months,
2

fear of falling or aged 80+ years). The primary aim is to
test the hypothesis that a tailored, multifactorial eHealth
programme will lead to a lower incidence of falls over a
12-month period, when compared with a health promotion programme. The secondary aims are to determine
the efficacy of the programme on known (physical, affective, cognitive) fall-risk factors and to calculate the cost-
effectiveness of the intervention.

METHODS AND ANALYSIS
Design
We will conduct a two-arm, assessor-blinded randomised
controlled trial to examine the effectiveness of our
tailored StandingTall+ programme over 1 year. Recruitment started in June 2019 and the trial is expected to
finish by December 2021. Both intervention and control
groups will receive a health education programme,
in addition to usual care. Our primary outcome will
be rate of falls over 1 year, with secondary outcomes of
programme adherence, healthcare use, physical activity,
balance and mobility, cognitive function, psychological well-being, quality of life, health literacy and user
experience and attitudes towards the programme. The
trial protocol has been registered prior to starting on
the Australian and New Zealand Clinical Trial Registry
(ACTRN12619000540112; summary in figure 1, table 1).
Participants
We will recruit 518 older people at high risk for falls based
on the following self-reported criteria: experienced ≥1
falls in the past 6 months or have a self-reported fear of
falling or are aged 80 years or over. Participants will all be
aged 65 years or over, living in the community, proficient
in English, independent in activities of daily living, able to
walk household distances (defined as 10 m) without the
use of a walking aid, willing to provide informed consent
and comply with the study protocol (all self-reported).
Exclusion criteria (self-
reported except if specified)
are having an unstable or acute medical condition that
precludes exercise participation, progressive neurological
condition, cognitive impairment (determined by a Short
Portable Mental Status Questionnaire score <8,18 severe
depression or suicidal thoughts (determined by a Patient
Health Questionnaire-9 score≥20 or a score of 3 on item
9,19 acute psychiatric condition with psychosis, or are
currently participating in a fall prevention programme.
Recruitment
Participants will be recruited primarily through presentation of the study to senior audiences, sourced via contacts
at independent living facilities, advertisements in community services newsletters, notice boards, local newspapers,
websites and social media. People who are interested in
the study will call our automatic voice message system or
visit our website and leave their contact details. They will
receive a call back during which we provide information
about the study and screen for eligibility after a verbal
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Figure 1

Study design.

consent. If screening criteria are met and the person is
interested in participating in the study, they will receive
the participant information statement and consent form
via email. An appointment with study personnel for
signing the informed consent (provided as online supplemental file 1) and the baseline assessment will be made
during a second call, allowing for time to read the participant information statement and consent form.
Group allocation
Participants will be randomly allocated to the intervention or health education control group after the baseline
assessment. Permuted block randomisation (1:1 allocation ratio) will be performed using a custom randomisation programme. People living in the same household
will be allocated together to prevent contamination,
and randomised in their own blocks to ensure that both
groups have an equal number of couples. Allocation
will be concealed until 1 week after baseline to ensure
blinding of the assessors (table 2). Assessors will be
blinded throughout the study; participants will be aware
of their group allocation but are reminded to not disclose

this during assessments by blinded assessors. Unblinded
study personnel are available to help with setting up the
programme and answer any study-related queries.
Intervention components
The StandingTall+ intervention comprises 12 months
of tailored balance exercise, CBT and cognitive-motor
training (CMT). The intervention group will receive up
to three programmes depending on their baseline status
of balance, executive function and mood (table 3). All
programmes are delivered through a tablet computer
(provided by the research team if necessary) and are
complemented by personalised encouragement messages
and compliance-promoting features.
StandingTall balance exercise
All intervention participants will receive the StandingTall
balance exercise programme starting from week 1 to
week 52, and 10 monthly fact sheets on the importance of
an active and healthy lifestyle. The home-based exercise
training offers an effective way for people to reduce their
fall risk, improve balance and increase quality of life.4
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Table 1 Trial registration data

Table 1 Continued

Category

Information

Category

Information

Trail registry

anzctr.org.au: ACTRN12619000540112

Registration
date

4 April 2019

Key secondary
outcomes

Source of
support

NHMRC grant: APP1139673

Proportion fallers/multiple fallers in each group,
programme adherence, healthcare use, physical
activity, balance and mobility, cognitive function,
psychological well-being, quality of life, health
literacy and user experience and attitudes
towards the programme

Primary sponsor Neuroscience Research Australia, contact:
d.mckay@neura.edu.au
Public/scientific
queries

Profesor Delbaere, k.delbaere@neura.edu.au

Public title

StandingTall-Plus: A 1- year randomised
controlled trial of a novel multifactorial
intervention for preventing falls in older
people

Scientific title

A novel multifactorial intervention for preventing
falls in older people over 1 year: randomised
controlled trial

Country of
recruitment

Australia

Health problem
studied

Accidental falls

Intervention

Active comparator: Multifactorial tailored
eHealth intervention including a home-
based balance exercise programme
(StandingTall), CBT (myCompass), and/or CMT
(StandingTall+Cognitive)

ACTRN, Australian and New Zealand Clinical Trial Registry; CBT,
cognitive–behavioural therapy; CMT, cognitive-motor therapy;
NHMRC, National Health and Medical Research Council; PHQ-9,
Patient Health Questionnaire-9; SPMSQ, Short Portable Mental Status
Questionnaire.

It comprises standing balance (eg, standing on a foam
surface), transferring (eg, sit-stand transitions), walking
(eg, walking in circles or to targets in a grid), stepping
(eg, step and lift) and box (eg, step up and over a box)
exercises (figure 2). The programme is fully optimised
to deliver unsupervised and individually tailored balance
exercises that increase in difficulty over time. Participants
will be instructed to complete 40 min/week of exercise in
the first 2 weeks. This weekly exercise dosage will increase
by 20 min fortnightly, to finally reach a dose of 2 or 3 hour/
week. This final dosage of 2 or 3 hour/week will be based
on their baseline assessment of executive function and
balance. Participants with intact executive functioning
(defined as a trail making test part B minus part A duration <50 s,9 who have a poor balance (defined as a Physiological Profile Assessment score >0.69 or, if this score is
not available, tandem stance duration <30 s20 will be asked
to adhere to a dose of 3 hours per week. All others will
be asked to adhere to a dose of 2 hours per week. Participants have full autonomy to choose the timing and duration of their sessions to achieve their weekly dose.

Control comparator: Health promotion education
programme
Inclusion/
Ages eligible for study: ≥65 years; sexes eligible:
exclusion criteria all
Healthy volunteers at high risk of falls: a history of
falls in the past 6 months or self-reported fear of
falling or 80+ years
Inclusion criteria: 65 years old or over, living in the
community, proficient in English, independent in
activities of daily living, able to walk household
distances without the use of a walking aid, and
willing to give informed consent and comply with
the study protocol

StandingTall+Cognitive CMT
Intervention participants with poor executive functioning
(defined as a baseline trail making test part B minus part
A duration >50 s9 will receive the StandingTall+Cognitive
CMT programme to improve executive function and
attention from week 5 to week 52. Concomitant cognitive
tasks, relying primarily on executive function, are added
to the StandingTall balance exercises by using auditory
and visual cues (figure 2). Three core executive functions are engaged: inhibition (the ability to consciously
override automated or dominant responses), working
memory (the ability to hold, process and manipulate
information in mind) and task shifting (the ability to
switch flexibly between tasks or mental sets). Participants
will receive 50% (if on a 2-hour StandingTall dose) or 33%
(if on a 3-hour StandingTall dose) of their weekly StandingTall balance exercise dose, with a final dose of 1 hour per
week, as StandingTall+Cognitive programme.

Exclusion criteria: unstable or acute medical
condition precluding exercise, progressive
neurological condition, cognitive impairment
(SPMSQ <8), severe depressive symptoms or
suicidal thoughts (PHQ-9 ≥20 or score of 3 on
last PHQ-9 item) or current participation in fall
prevention programme
Study type

Interventional
Allocation: randomised; intervention model:
parallel; masking: single blinded
Primary purpose: prevention
Phases 2–3

First enrolment
date

11 June 2019

Target sample
size

518

Recruitment
status

Target sample size reached

Primary
outcome

Rate of falling in each group (time frame:
12 months after randomisation)

Continued

4

MyCompass CBT
Intervention participants with depressive symptoms
(defined as a baseline 15-item geriatric depression scale
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Table 2 List of measurements and time points
Enrolment

Allocation

Post-allocation

0 week

1 week

<-1 week

−1 week

5 weeks 7 weeks

26 weeks

52 weeks

 Patient Health Questionnaire-9

X

 

 Short Portable Mental Status
Questionnaire

X

 

 

 

 

 

 

 

 Sociodemographic
 characteristics

X

 

 

 

 

 Informed consent

 

X

 Allocation

 

 

 

 

 

 

 

 

 Health Education Programme (all)

 

 

<----------------------------------------------------------->

 
StandingTall Balance Exercise
Programme (intervention)

 

 

<----------------------------------------------------------->

 
MyCompass CBT Programme (if
indicated)

 

 

<------------------------------>

 
StandingTall+Cognitive CMT
Programme (if indicated)

 

 

 

 Age, gender, education, living-
situation, fall history

 

X

 

 

 

 Charlson Comorbidity Index

Enrolment

X

Interventions

 

 

<------------------------------------------------>

Assessments
Descriptive characteristics

 

X

 

 

 

 NEO-FFI Neuroticism and Openness  

X

 

 

 

 Montreal Cognitive Assessment

 

X

 

 

 

 Spot the Word

 

X

 

 

 

Falls, adverse events, adherence and costs
 Falls and adverse events

 

 

<----------------------------------------------------------->

 Adverse events

 

 

<----------------------------------------------------------->

 Adherence

 

 

<----------------------------------------------------------->

 Healthcare use—questionnaire

 

 

<----------------------------------------------------------->

 Healthcare use—linked data

 

 

 

 

X

 Intervention costs

 

 

 

 

X

Physical activity, balance and mobility
 Incidental and Planned Exercise
Questionnaire

 

X

 

X

X

 1 week of mobility monitoring

 

X

 

X

X

 Physiological Profile Assessment*

 

X

 

X

 

 Standing balance with feet in
different positions

 

X

 

X

 

 Maximum anteroposterior lean test*

 

X

 

X

 

 Coordinated stability test*

 

X

 

X

 

 Short Physical Performance Battery

 

X

 

X

 

 Timed up-and-go test

 

X

 

X

 

 Five time sit-to-stand test

 

X

 

X

 

 Timed 10 m walk test (4 m walk via
telehealth)

 

X

 

X

 

 Timed 10 m walk test with cognitive
dual task*

 

X

 

X

 

 Patient’s Global Impression of
Change Scales

 

 

 

X

X

Continued
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Table 2 Continued
Enrolment
<-1 week

−1 week

 Cogstate Groton maze learning test

 

X

 Cogstate one-back test

 

 Trail Making Test A & B

 

 Colour choice hand reaction time
test*

Allocation

Post-allocation

0 week

1 week

5 weeks 7 weeks

26 weeks

52 weeks

 

X

X

X

 

X

X

X

 

X

X

 

X

 

X

 

 Catch-the-ruler” ReacStick test*

 

X

 

X

 

 Choice Stepping Reaction Time
tests*

 

X

 

X

 

 Stroop Stepping Test*

 

X

 

X

 

 Geriatric Depression Scale

 

X

 

X

X

 Depression, Anxiety and Stress
Scales

 

X

 

X

X

 Iconographic Falls Efficacy Scale

 

X

 

X

X

 COMPAS-W scale of well-being

 

X

 

X

X

 Daily Life Events Scale

 

 

 

 

X

 European QoL-5 Dimensions

 

X

 

X

X

 WHO Disability Assessment
Schedule

 

X

 

X

X

 ICEpop CAPability

 

X

 

X

X

 

X

 

X

X

 Physical Activity Enjoyment Scale

 

 

 

X

X

 System Usability Scale

 

 

 

X

X

 Attitudes to Falls Related
Intervention Scale

 

 

 

X

X

 Exercise Self-Efficacy Scale

 

 

 

X

X

Cognitive functions

Psychological wellbeing
X

Quality of life

Health literacy
 Health Literacy Questionnaire
Process outcomes

*Indicates tests that are not available for assessments via telehealth.
CBT, cognitive–behavioural therapy; CMT, cognitive-motor therapy.

score >56 will receive the myCompass automated web-based
CBT programme from week 1 to week 7. The myCompass programme offers self-
directed, evidence-
based
and interactive psychological modules that users can
complete at any time and on any internet-enabled tablet

or computer.21 Each module comprises three 10 min
educational sessions combined with activities. Users are
asked to undertake home practice tasks in between their
online sessions (ie, completion of one full module per
week followed by 1 week of practice), which are intended

Table 3 Intervention personalisation
Intervention

Dose

Who

Focus

StandingTall

2 hours/week

All

Balance

StandingTall

add 1 hour/week

TMT B-A<50 s and
(PPA≥0.6 points OR tandem stance <30 s)*

Balance

StandingTall+Cognitive

add 1 hour/week

TMT B-A≥50 s

Dual tasking

MyCompass

add 30 min/week for 7 weeks

GDS-15≤15 points

Mood

*Changed in March 2019 as we switched to telehealth assessments due to COVID-19.
GDS-15, 15-item Geriatric Depression Scale; PPA, Physiological Profile Assessment; TMT B-A, Trail Making Test B minus A.
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Figure 2 Examples of exercises from the StandingTall (top row; floor, grid, dartboard, step box exercises) and
StandingTall+Cognitive programme (bottom row; attention, pattern recognition, inhibition, memory exercises).

to promote skill generalisation. In the current study,
participants will be instructed to complete one module
per week and self-monitor their behaviour daily (total of
30 min per week), with the aim of completing three full
modules during the first 7 weeks of the trial.
Health promotion education control programme
All participants will receive the health promotion education programme. This programme comprises 52 weekly
factsheets with a focus on general health concerns in
older people (eg, blood pressure, healthy diet and medication). The programme will be provided to participants
through a website with weekly email updates. Participants
are set up with the programme during their group allocation call, 1 week after baseline. Tablets will be provided
to all participants, with 4G connectivity for those without
internet connection, to access the programmes and
respond to questionnaires.
Onboarding
The intervention group will additionally receive a
1.5 hours onboarding session during which a trained
exercise physiologist will explain the intervention and its
relevant programme components. The exercise specialist
will conduct StandingTall’s inbuilt balance assessment (a
composite score of standing balance with feet in different
positions, which is repeated monthly) to ensure that the
exercise difficulty level is appropriate for the participant’s abilities. They will further explain the exercise and
safety instructions, scheduling, tracking and goal setting

features, and help the participant access the myCompass
programme if appropriate.
Adherence promotion and technical support
All participants will receive a semi-structured phone call
around week 4 as reminder of the health promotion
education programme and, when relevant, follow-
up
on adherence. If the participant is in the intervention
programme, and has poor executive functioning, the
phone call around week 4 will also serve as a reminder
that the StandingTall+Cognitive programme will become
available as of week 5. During the first 6 months, participants not achieving their programme dose for two consecutive weeks will be contacted by telephone to discuss any
issues that have arisen, and to encourage adherence.
Phone, email and in-person/telehealth support will be
available as needed for the entire duration of the study.
The frequency and duration of this support will be registered for our economic evaluations.
Assessments and impact of COVID-19
All outcome measures will be obtained by trained exercise
physiologists or physiotherapists blinded to group allocation. Due to the COVID-19 pandemic, all recruitment
efforts, assessments, onboarding and other participant
contacts were moved online using telehealth. Participants
enrolled before March 2020 were seen in-person at our
offices at Neuroscience Research Australia (NeuRA) for
their assessments, and at home for the onboarding procedure. Participants enrolled after March 2020, and where
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possible any follow-
up assessments for existing participants, will be seen via encrypted teleconferencing software. Where this is impracticable because of participant’s
home situations or access to technology, we will organise
a face-to-face visit to our laboratory abiding to all applicable COVID-19 safety procedures. This change renders
it unfeasible or unsafe to obtain some of our secondary
outcomes, as detailed in the outcomes section below.
Sample size calculation
A sample size calculation using custom Stata code with
p<0.05, power of 0.8 and 20% drop-out rate4 indicates
that a total sample size of 518 will be necessary to see an
effect on the fall rate. An α value (measure of overdispersion in negative binomial regression) of 1.2 was
taken from a previous fall prevention trial.22 The control
group fall rate was assumed to be 1.098 falls per person-
year.9 An incidence rate ratio of 0.67 was chosen as the
smallest worthwhile effect that justifies associated costs,
risks and inconveniences,23 which was also supported by
meta-regression results for exercise24 and multifactorial
interventions.25
Outcomes
Primary outcome
Our primary outcome is the rate of falls (expressed as the
number of falls per person-year) in the 12 months after
randomisation assessed by monthly digital fall calendars
and confirmed via telephone contact. A fall is defined as
an ‘event that resulted in a person coming to rest unintentionally on the ground or other lower level’.26 Participants are instructed that this definition includes trips and
slips in which they lost their balance and landed on the
floor or ground or lower level. We further obtain information on the location of the fall, activity at time of the
fall, alleged cause of the fall, and any injuries and medical
visits that resulted as consequence of the fall.
Descriptive characteristics
Potential covariates for secondary analyses are weight,
height, age, gender, years of education, living situation,
fall history, the Charlson Comorbidity Index,27 NEO-FFI
Neuroticism and Openness questionnaire,28 Montreal
Cognitive Assessment29 and Spot the Word test.30
Secondary outcomes
Secondary outcomes span the proportion of fallers, and
assessments across sensorimotor, cognitive and affective
domains (see table 2 for an overview and timings). These
outcomes are obtained at baseline and 6 months, and a
short version is obtained at 12 months.
Fallers: Proportion of fallers, multiple fallers and injurious falls over 12 months. Injurious falls are defined as
falls resulting in any injury (eg, bruises, cuts/grazes, joint
dislocations, sprains/strains, fractures, pain), or falls that
required medical care (eg, visit to physician, emergency
department).
Physical activity, balance and mobility: Self-
reported
frequency and duration of physical activity will be
8

obtained using the Incidental and Planned Exercise
Questionnaire.31 Physical activity levels and mobility
during daily life activities will be monitored over 1 week
using the McRoberts MoveMonitor (McRoberts, the
Netherlands).32 Fall risk will be assessed using the Physiological Profile Assessment, which contains individual
tests of knee extension strength, postural sway, a limb
matching task, simple hand reaction time (RT) and the
Melbourne-
edge test of contrast sensitivity8—not available for assessments via telehealth). Standing balance is
assessed during different feet positions for a maximum
of 30 s per condition (feet together, near-tandem, tandem
and on left and right foot on floor, if any position was
sustained for ≥15 s, the position was repeated on a foam
cushion).8 Controlled leaning balance is assessed using
the maximum anteroposterior lean test and coordinated
stability test8—not available for assessments via telehealth), which requires participants to lean back and forth
as far as they can and follow a butterfly shape by leaning
their body without moving their feet. Mobility is assessed
using the Short Physical Performance Battery,33 Timed
Up-and-Go,34 5-times sit-to-stand,35 10 m walk test36(4 m
walk test for assessments via telehealth) and 10 m walk
test with a cognitive dual task of calling out every second
letter of the alphabet37—not available for assessments via
telehealth). Participants are asked to perform the 5-times
sit-to-stand as quickly as possible while staying safe; they
are instructed to perform all other mobility tests at their
habitual walking speed. Self-reported change in balance,
physical activity and overall quality of life will be obtained
using the Patient’s Global Impression of Change Scale.38
Cognitive function: Executive functioning is assessed
using the Cogstate Groton maze and one-
back tests39
40
and trail making tests (conditions A and B). Processing
speed is assessed using five RT tests (not available for
assessments via telehealth): three stepping RT tests on
an electronic step mat with six target panels (ie, Choice,
Stroop and inhibitory go/no-go (ref Lord)); Cars choice
RT test involving foot and hand responses41 and ReacStick
‘catch-
the-
ruler’ test under simple and inhibitory go/
no-go conditions.42
Psychological well-
being, quality of life and health
literacy: Depressive symptoms are assessed using the
15-
item Geriatric Depression Scale43 and Depression,
Anxiety and Stress Scales.44 Concern about falling is
assessed using the iconographic Falls Efficacy Scale.45
Well-
being is assessed using the 26-
item COMPAS-
W
scale of wellbeing46 and the occurrence of major daily
life events is recorded using the Daily Life Event scale.47
Quality of life is assessed using the 5-level European QoL-5
dimensions,48 WHO Disability Assessment Schedule49
and the ICEpop CAPability measure for Older people.50
Health literacy is assessed using the Health Literacy
Questionnaire.51
User experience: User experience will be assessed using
the Physical Activity Enjoyment Scale,52 System Usability
Scale,53 Attitudes to Falls Related Intervention Scale54 and
Exercise Self-Efficacy Scale.55
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Adherence, healthcare use and intervention costs:
Adherence will be obtained from our customer management systems as weekly exercise minutes for StandingTall and StandingTall+Cognitive, as modules completed
for myCompass, and as factsheets accessed for the health
education promotion programme. Healthcare use will
be obtained using a monthly questionnaire on use of
health and community services, and on inpatient hospitalisations, ambulance calls, emergency department
presentations, pharmaceutical prescriptions and medical
services via data linkage with the Centre for Health
Record Linkage. Intervention costs will be obtained from
the project financial records and include resource and
personnel costs (eg, purchase of iPads, 3/4G access, costs
of RAs).
Adverse events: All adverse events (defined as any
untoward medical occurrences that happen to a participant during the study), that are reported by the participant or observed by the investigators or study staff, will
be recorded. Falls that do not involve study procedures or
equipment will not be considered untoward and will not
be included as adverse events. Given the relatively low risk
of the trial, adverse events will be continuously reviewed,
reported to the NeuRA’s safety committee and UNSW’s
Ethics as appropriate, and discussed during yearly safety
committee meetings (online supplemental file 2).
Data analysis plan
Effectiveness analysis
Analysis of effectiveness on the primary and secondary
outcomes will use intention to treat, and will be blinded
for intervention allocation by having a researcher not
involved in the analyses recode the groups using two
random numbers (eg, groups ‘1’ and ‘2’, instead of
‘intervention’ and ‘control’). Our primary outcome will
be compared between groups as the number of falls per
person-year using Poisson or negative binomial regression (depending on the data distribution). In secondary
analyses, complier averaged causal effect analysis will be
used to correct for imperfect adherence, and the proportion of fallers will be compared between groups using
modified Poisson or logistic regression (depending on
the data distribution). The effect of group allocation on
secondary outcomes will be analysed using generalised
linear models. The effect of in-person versus telehealth
assessment will be explored using a covariate accounting
for method of assessment.
Economic analysis
Economic analysis will be conducted from a health and
community care provider perspective and comprise a
cost-effectiveness analysis and a cost–utility analysis.56 The
analysis will include costs associated with intervention
delivery and healthcare utilisation, and the outcomes of
interest will be the number of falls prevented and health-
related quality of life. Bootstrapping will be used to estimate a distribution around costs and health outcomes,
and to calculate the confidence intervals around the

incremental cost-effectiveness ratios. A cost-effectiveness
acceptability curve will be plotted to provide information
about the probability that the intervention is cost-effective
at different willingness to pay thresholds.
Data integrity and missingness
Data will be regularly monitored for omissions and errors.
All analyses will follow a detailed statistical analysis plan,
which will be publicly registered prior to analysis of the
data. We will not have to account for missing data in the
primary outcome as a correction for follow-up duration is
part of the analysis. Missing data in other outcomes will
be imputed using estimated means or multiple imputation depending on the mechanism of missingness. In case
of a large proportion of missing data, which is anticipated
for some outcomes due to our switch to telehealth, we will
report both imputed and complete cases results where
appropriate.

ETHICS AND DISSEMINATION
Ethical approval has been obtained from the University
of New South Wales Human Research Ethics Committee
(HC17977). The study is considered to pose a low risk to
participant safety. Intervention participants will engage in
balance exercise, which poses a small risk for musculoskeletal complaints and accidental falls. These risks are
considered inherent to physical activity, which generally provides more benefit than harm when practised in
reasonable amounts. The switch to telehealth reduces
accessibility to the study for older people without internet
access. This issue is partially remediated by providing
3/4G connectivity to participants who do not have
internet access.
Dissemination of study findings is planned via peer-
reviewed journals, national and international conferences, community events and media releases. Data will be
available for secondary analyses by contacting the corresponding author. The results of this study will provide
evidence towards a more effective and accessible multifactorial fall prevention programme for high-risk populations, by addressing physical, affective and cognitive fall
risk factors. StandingTall+ promotes active engagement by
the older person and the use of technology allows tailoring
without increasing complexity of the intervention. The
use of technology will also allow rapid translation into
scalable and sustainable improvements in clinical practice and patient outcomes. The cost-effectiveness evaluation will be a crucial step to convince health promotion
practitioners and public health policy makers towards the
broad implementation of our proposed model towards
assigning people to certain tailored intervention strategies as part of routine healthcare.
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