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Abstract
Background: Disability and falls are particularly common among older people who have recently
been hospitalised. There is evidence that disability severity and fall rates can be reduced by well-
designed exercise interventions. However, the potential for exercise to have these benefits in older
people who have spent time in hospital has not been established.

This randomised controlled trial will investigate the effects of a home-based exercise program on
disability and falls among people who have had recent hospital stays. The cost-effectiveness of the
exercise program from the health and community service provider's perspective will be established.
In addition, predictors for adherence with the exercise program will be determined.

Methods and design: Three hundred and fifty older people who have recently had hospital stays
will participate in the study. Participants will have no medical contraindications to exercise and will
be cognitively and physically able to complete the assessments and exercise program.

The primary outcome measures will be mobility-related disability (measured with 12 monthly
questionnaires and the Short Physical Performance Battery) and falls (measured with 12 monthly
calendars). Secondary measures will be tests of risk of falling, additional measures of mobility,
strength and flexibility, quality of life, fall-related self efficacy, health-system and community-service
contact, assistance from others, difficulty with daily tasks, physical activity levels and adverse events.

After discharge from hospital and completion of all hospital-related treatments, participants will be
randomly allocated to an intervention group or usual-care control group. For the intervention
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group, an individualised home exercise program will be established and progressed during ten
home visits from a physiotherapist. Participants will be asked to exercise at home up to 6 times per
week for the 12-month study period.

Discussion: The study will determine the impact of this exercise intervention on mobility-related
disability and falls in older people who have been in hospital as well as cost-effectiveness and
predictors of adherence to the program. Thus, the results will have direct implications for the
design and implementation of interventions for this high-risk group of older people.

Trial Registration: The protocol for this study is registered with the Australian New Zealand
Clinical Trials Registry ACTRN12607000563460.

Background
The development and implementation of effective strate-
gies to minimize disability and falls among older people
is an urgent public health challenge due to the increasing
proportion of older people in the global population.
Around 500 million people worldwide are aged 65 and
older and this number is predicted to increase to 1 billion
by 2030 which will represent one eighth of the global
population. Developing countries are predicted to have a
140 percent increase in older people by 2030.[1]

In the World Health Organization's International Classifi-
cation of Functioning, Disability and Health (ICF).[2],
disability is an umbrella term for impairments (in body
structure or physiological function), activity limitations
(difficulties an individual may have in executing activities,
tasks or actions) and participation restrictions (difficulties
with involvement in life situations). Mobility is a domain
of the ICF which poses difficulties for many older people.
Australian data indicate that close to one quarter of peo-
ple aged over 65 years report a severe or profound limita-
tion of core activities (self-care, mobility or
communication) and that 84% of these people report
mobility limitations.[3] There is increasing evidence that
this mobility-related disability in older people can be
reduced by well-designed exercise programs. The LIFE-P
randomized trial found that mobility-related disability
(measured on the Short Physical Performance Scale)
could be reduced with a combination of supervised and
home-based exercises.[4]

At least 30% of people aged 65 and over fall at least once
each year.[5] Fall rates are even higher in people who have
been in hospital. Fourteen percent of people fall in the
first month after discharge from hospital.[6] Systematic
reviews of falls prevention strategies in older people have
found that falls can be prevented by certain exercise pro-
grams.[7] In particular, ongoing exercise which targets
balance can prevent up to 40% of falls.[8]

Admissions to hospital in older people are strongly asso-
ciated with a decreased level of functioning and subse-
quent falls. A prospective study found that people without

pre-existing disability are many times more likely to
develop a disability within a month of a hospital stay than
those who have not had hospital admission (adjusted
hazard ratio = 59.8, 95% CI 46.6 to 76.8).[9] Thus, people
after recent hospital stays are clearly a group who may
benefit from exercise programs designed to lessen or pre-
vent this disability. In one of the few trials of exercise in a
post-hospital population [10], intensive training (three
sessions a week for three months) improved physical per-
formance significantly and between-group differences
were maintained two years later.[11] We have found that
home-based exercise programs which include balance and
strength training can improve performance on physical
tests which are predictive of falls.[12] However, it is not
clear whether fall prevention exercise programs can be
effectively implemented in people who have recently been
hospitalized. A previous study found no effect of a seated
strengthening program on fall rates in people who had
been in hospital (relative risk = 0.96, 95% CI 0.67–
1.36).[13]

While the increased risk of falls and disability after hospi-
tal discharge decreases with time for many individuals, for
many others this risk will not return to pre-admission lev-
els without specific intervention. Evidence suggests that a
substantial number of people who have been recently
hospitalized will be at an increased likelihood of falls and
disability and their consequences: fractures, fear of falling,
activity restriction, further decline in physical functioning
and a move to institutional care.[14] Therefore, we have
designed a post-hospital home-based intervention which
aims to minimize disability and falls in the high-risk post-
hospital population and will evaluate this intervention in
a randomized controlled trial. In order for an intervention
to be implemented, an understanding of its cost-effective-
ness as well as its effectiveness is required. Thus, we will
also conduct an economic analysis.

Adherence to exercise programs is a major issue in public
health research and clinical practice. Predictors of adher-
ence to exercise programs in older people at risk of falls
and disability are not well understood [15] but useful
descriptive work has been undertaken.[16] There is some
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evidence that longer term adherence to exercise may be
better with home-based rather than center-based pro-
grams for older adults.[17] Within our randomized trial
we will also establish predictors for adherence to a home-
based exercise program in the post-hospital population.

To date, there is little evidence that falls and/or mobility-
related disability can be minimized in older people
recently discharged from hospital. This randomised con-
trolled trial aims to evaluate the effect of an intervention
primarily based on the Weight-bearing Exercise for Better
Balance (WEBB) exercise program in preventing falls and
minimizing disability in people who have recently been
in hospital. The trial will also establish predictors of adop-
tion and adherence to the exercise program and enable an
analysis of cost effectiveness.

Methods and design
Design
A randomized controlled trial will be conducted among
approximately 350 participants recently discharged from
hospital. Figure 1 gives an overview of the study design.

Participants
Participants will be consenting people aged 60 years and
over who have been admitted to and subsequently dis-

charged from participating public hospital wards in Syd-
ney, Australia.

People will be ineligible to participate in the trial if they:
reside in a high-care residential facility, have a cognitive
impairment (a Folstein Mini-Mental State Examination
[18] score of less than 24 after any acute confusional state
has resolved), have insufficient English language skills to
understand the assessment and/or intervention proce-
dures (unless they have a carer who can assist), are unable
to walk more than one meter despite assistance from a
walking aid and/or another person, have a progressive
neurological disease (e.g. Parkinson's disease) or suffer
from any medical condition precluding exercise (e.g.
unstable cardiac disease).

Interest in study participation will be sought during the
hospital stay but assessment and randomization will
occur after discharge from hospital and after any associ-
ated home rehabilitation organized as a result of the hos-
pital admission.

The University of Sydney Human Research Ethics Com-
mittee (HREC) approved the study protocol (HREC
Number 12-2006/9682) as have ethics committees at the
participating hospitals.

Randomization
After completion of the baseline assessment, participants
will be formally entered into the study and randomized to
intervention or control groups. Randomization will be
stratified by hospital site and falls history (0–1 versus 2+
falls in the previous 12 months) using a computer-gener-
ated random number schedule with variable block sizes of
2–6. Randomization will be performed centrally by an
investigator not involved in recruitment or assessments.

Intervention
Prior to commencement of the intervention, each partici-
pant's medical practitioner will be contacted to ensure
that no new medical issues have arisen and that he/she
supports the participant's involvement in the study.

Each participant in the intervention group will receive 10
home visits from a physiotherapist (physical therapist) in
the 12-month study period. Each visit will last 40 – 60
minutes as required, and the participants will then be
requested to undertake a 20 – 30 minute program of lower
limb balance and strengthening exercises up to 6 times per
week at home for 12 months.

The exercise intervention program will be based on the
Weight-bearing Exercise for Better Balance (WEBB) pro-
gram developed by two of the authors (CS and CMD) and
colleagues. [19] Exercises will be primarily conducted
while standing. We have previously found additional

Flow of participants through the trialFigure 1
Flow of participants through the trial.
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mobility benefits of standing exercise over seated exercise
without adverse effects.[12,20-22] In addition, our recent
meta-analysis found that exercise which challenges bal-
ance to a greater extent has greater effects on falls preven-
tion.[8].

The exercises will aim to reduce falls and enhance balance
and mobility by targeting postural control and muscle
strength. After an assessment of each participant's physical
abilities, study physiotherapists will individually pre-
scribe the number and choice of exercises, number of rep-
etitions to be completed and level of difficulty of
prescribed exercises. Exercises which primarily target pos-
tural control (balance) include standing with a narrower
base (aiming for tandem or single leg stance), forwards
and sideways stepping/walking, and graded reaching
activities in standing. The lower limb extensor muscle
groups, which act to prevent collapse of the lower limb
(hip and knee extensors and ankle plantarflexors) will be
targeted with exercises which aim to enhance muscle
strength and control. Strengthening exercises will include
sit-to-stand, forward and lateral step-ups onto a small
block, and heel raises in standing. Resistance for strength-
ening exercises will be added to these tasks by the use of
weight-belts worn around the waist or weighted vests. The
appropriateness of using added resistance for each indi-
vidual participant will be assessed by the study physio-
therapist in consultation with medical practitioners. The
use of upper limbs to support the body while exercising
will be minimized but will be encouraged where necessary
to ensure safety.

As this study involves the prescription of home-based
exercise to a high risk population, safety while exercising
will be a prime consideration when exercises are pre-
scribed. Participants will be instructed how to perform
exercises with stable supports (such as a table) located
nearby to hold onto if needed. Where appropriate, family
members and/or carers will be encouraged to assist with
supervision of the exercise program. If a participant
becomes unwell or has another admission to hospital, the
program will be resumed when the participant and the rel-
evant professionals deem him/her well enough to partici-
pate again.

The optimal intensity and type of exercises for each indi-
vidual participant will be regularly assessed and adjusted
by the study physiotherapists to ensure that the interven-
tion remains challenging as a participant's performance
improves. A manual for physiotherapists has been devel-
oped to assist in the use of this program and is available
from the authors upon request.

Participants will be provided with a booklet containing
safety precautions, instructions and photographs of exer-
cises for use in exercise sessions at home. In addition, they

will be provided with a logbook for recording exercises
completed and effects of exercise (e.g. muscle soreness).
The Physical Activity Stage of Change model [23] will be
used by the study physiotherapists to guide their approach
to encouraging ongoing home-based exercise participa-
tion.

The control group will receive their usual care from their
medical practitioners and community services so will not
be disadvantaged by being in the study.

Participants in both groups will also receive an education
booklet about fall prevention.

Outcomes
Data collection
Data will be collected from medical records, postal ques-
tionnaires and calendars, and physical assessments. Infor-
mation on medical history, diagnoses, medication and
unintentional weight loss will be collected from medical
records while participants are still in hospital.

All participants will undergo three home-based assess-
ments. The baseline assessment will be conducted prior to
randomization. Further assessments will be conducted
three and 12 months after randomization. Assessments
will be conducted by physiotherapists or trained research
assistants and will involve questionnaires and physical
performance assessments. Each assessment will take
about one and a half hours to complete. All assessors will
be unaware of group allocation of participants they are
assessing. Participants will be instructed not to inform the
assessors of their intervention status, and all exercise
equipment will be removed prior to assessment.

All participants will receive 12 calendars and question-
naires at the time of the baseline assessment. Participants
will be asked to record falls and use of health and commu-
nity services on the calendars and complete question-
naires about mobility-related disability (monthly) and
quality of life (3-monthly) and return completed calen-
dars in pre-paid envelopes to the research centre each
month. Participants who do not return calendars or ques-
tionnaires will be telephoned to ask for the information.
Participants who report falling will also be telephoned to
seek more information about the circumstances and con-
sequences of the fall. Staff who receive calendars and
questionnaires, make follow up phone calls and enter
data will be unaware of group allocation.

Primary outcome measures
Mobility-related disability and falls are the primary out-
come measures in this trial.

Mobility-related disability will be measured monthly with
a self-reported test and at 3- and 12-months after rand-
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omization using a performance-based test. The monthly
mobility measure will involve a self-reported question-
naire about difficulty in mobility tasks using the physical
and movement items suggested by Haley et al.[24]

The performance-based mobility measure will be the
lower extremity Summary Performance Score version [25]
of the Short Physical Performance Battery.[26] This bat-
tery gives a composite score based on timed performance
of three mobility tasks: the ability to stand for up to 10 sec
with feet in different positions (together side by side,
semi-tandem and tandem), 4-meter walk and time to rise
from a chair five times.

Falls will be measured monthly using the calendars as out-
lined above. A fall will be defined according to the Kellogg
definition [27] as an incident in which the body uninten-
tionally comes to rest on the ground or other lower level
which is not as a result of a violent blow, loss of con-
sciousness, sudden onset of paralysis as in a stroke or an
epileptic seizure.

Secondary outcome measures
Secondary outcome measures will be risk of falling, addi-
tional measures of mobility, strength and flexibility, qual-
ity of life, fall-related self efficacy, health-system and
community-service contact, assistance from others, diffi-
culty with daily tasks, physical activity levels and adverse
events. These aim to enhance understanding of the effects
of exercise on multiple factors that contribute to an older
person's abilities and quality of life, and to enable eco-
nomic analyses to be conducted. These outcome measures
are described below.

Fall risk will be assessed using the Physiological Profile
Assessment [28] which includes measures of knee exten-
sion strength, postural sway, lower limb proprioception,
reaction time and visual contrast sensitivity. Choice Step-
ping Reaction Time has been found to be a composite
measure of risk of falling when assessed with an electronic
device.[29] We will measure this in a modified manner
with a portable mat. A mat with four white squares will be
placed in front of the standing subjects, and they will be
asked to make a standard number of steps with either foot
to a particular square and back again, using a standardized
script. The time for the entire routine will be recorded in
seconds.

Additional measures of mobility to further explore pos-
ited effects of the intervention will be assessed using the
Maximal Balance Range and Coordinated Stability Tests.[30]
The Maximal Balance Range test assesses subjects' ability
to lean as far forward and backwards as possible. The
Coordinated Stability requires subjects to adjust their
body position in a steady and coordinated manner when

near the limits of their base of support. Grip strength will
be assessed using a portable dynamometer (JAMAR
Hydraulic Hand Dynamometer manufactured by Sam-
mons Prestons). Ankle flexibility will be measured in a
torque-controlled manner using a modification of the
Lidcombe template procedure [31] in which the person is
sitting rather than lying and an inclinometer is used to
assess changes in ankle angle. In addition, the effects of
the intervention on the individual components of the
Short Physical Performance Battery and single leg stance
time will be assessed.

Quality of life will be assessed using the SF 12™Version 2
at baseline, 3 and 12 months and each 3 months using the
postal EQ-5D.[32]

Fall-related self-efficacy will be assessed using the Falls
Efficacy Scale-International [33] in which level of concern
about falling when carrying out a range of activities is
rated on a 4-point scale.

Health and community service contact will be assessed using
calendars as described above. Participants will be asked
about the need for assistance from others.

The level of difficulty with daily tasks will be assessed using
the personal care and instrumental items suggested by
Haley at al.[24]

Physical activity levels will be assessed with the Physical
Activity Questionnaire for older people (developed by
SRL).

Exercise program adherence rates and minor adverse effects
(eg. muscle pain not limiting daily activities) of the exer-
cise program will be monitored using exercise diaries kept
by participants. Participants will be advised to telephone
study staff if they experience any major adverse effects (e.g.
chest pain, muscle soreness lasting for more than 48 hours
and interfering with daily activities or requiring medical
attention).

Exercise self-efficacy will also be assessed and participants
will be asked to identify reasons for exercise adherence at the
follow-up interviews.

Statistical analysis
The number of falls per person-year will be analyzed using
negative binomial regression to estimate the difference in
fall rates between the two groups.[34] The proportion of
fallers in the two groups will also be compared using the
relative risk statistic. Longitudinal mixed models will be
used to assess the effect of group allocation on the contin-
uously-scored primary and secondary outcome measures.
Logistic regression models will be used to compare groups
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on dichotomous outcome measures. An intention-to-treat
approach will be used for all analyses. Analyses will be
conducted using the SPSS and STATA software packages.
Predictors of exercise adherence will be established using
multivariate modeling techniques.

Economic analysis
Data will be collected regarding costs of exercise program
delivery (including staff costs, training, capital costs and
consumables), inpatient hospital admissions, emergency
department presentations and other health and commu-
nity service contact (from the monthly calendars). Incre-
mental cost-effectiveness ratios will be calculated in terms
of a) the incremental cost per participant achieving a sig-
nificant increase in physical functioning (half of one
point on the Short Physical Performance Battery which is
considered to be a small meaningful change [35]), b) the
incremental cost per fall prevented, and c) the incremen-
tal cost per quality-adjusted life year (QALY) gained in the
exercise group compared with the control group. Results
will be plotted on a cost-effectiveness plane. Bootstrap-
ping will be used to estimate a distribution around costs
and health outcomes, and to estimate the confidence
intervals around the incremental cost-effectiveness ratio.
One-way sensitivity analysis will be conducted around
key variables, and a probabilistic sensitivity analysis will
be conducted to estimate the joint uncertainty in all
parameters; a cost-effectiveness acceptability curve
(CEAC) will be plotted. A CEAC provides information
about the probability that an intervention is cost-effective,
given a decision maker's willingness to pay for each addi-
tional QALY.

Sample size calculation
A total of 350 participants (175 per group) will be
recruited. The study will have 80% power to detect as sig-
nificant at the 5% level a 30% reduction in the rate of fall-
ing (i.e. an IRR of 0.70 using negative binomial regression
analysis) in the 12-month follow-up period. This number
will also be sufficient to detect clinically- and statistically-
significant 10% between-group differences in lower
extremity Summary Performance Scores and the self-
reported mobility-related disability measure (power =
80%, p = 0.05, dropouts = 15%). A previous study among
community dwellers found a 12% between-group differ-
ence on a similar measure of independence in activities of
daily living.[36]

Discussion
There is mounting evidence that falls and disability can be
minimized in older people with well-designed exercise
interventions. It is likely that bigger absolute effects would
be seen in those at increased risk of falls and disability.
Targeting exercise intervention programs to people at
increased risk without expensive large-scale screening pro-

grams would be difficult. People who have been in hospi-
tal are known to be at increased risk of falls and disability
so we have developed an exercise program and recruit-
ment strategy for use in this population.

It is likely that a program with a greater amount of contact
from a health professional would have greater effects on
falls and disability. However, a high-contact program
would be harder to implement in routine care due to the
limited resources of health systems internationally. Thus,
we aimed to develop a program which is intense enough
to be effective yet inexpensive enough to be widely imple-
mented if shown to be effective. The economic analysis
will establish costs and benefits of our program.

The WEBB exercise program which we are trialing has
been based on many years of research and clinical experi-
ence into the prescription of exercise for older people. The
program allows for flexibility in exercise prescription to
best cater for the needs of this relatively heterogeneous
population. Thus, this program is optimally designed to
address the major problems of falls and disability in older
adults and could be readily translated into clinical prac-
tice. The study we are undertaking is designed and ade-
quately-powered to assess the effect of the program.

This study will determine the impact of this exercise inter-
vention on mobility-related disability and falls in older
people who have recently been in hospital. In addition
this project will identify of predictors of adherence with
the program and will involve an economic analysis. There
will be far-reaching benefits for older people, their carers
and the community if this program can be demonstrated
to assist in improving the level of physical functioning
and reduce the number of falls in this high-risk popula-
tion.
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