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Abstract
Objectives To determine whether a lifestyle integrated approach to
balance and strength training is effective in reducing the rate of falls in
older, high risk people living at home.

Design Three arm, randomised parallel trial; assessments at baseline
and after six and 12months. Randomisation done by computer generated
random blocks, stratified by sex and fall history and concealed by an
independent secure website.

Setting Residents in metropolitan Sydney, Australia.

Participants Participants aged 70 years or older who had two or more
falls or one injurious fall in past 12 months, recruited from Veteran’s
Affairs databases and general practice databases. Exclusion criteria
were moderate to severe cognitive problems, inability to ambulate
independently, neurological conditions that severely influenced gait and
mobility, resident in a nursing home or hostel, or any unstable or terminal
illness that would affect ability to do exercises.

Interventions Three home based interventions: Lifestyle integrated
Functional Exercise (LiFE) approach (n=107; taught principles of balance
and strength training and integrated selected activities into everyday
routines), structured programme (n=105; exercises for balance and lower
limb strength, done three times a week), sham control programme
(n=105; gentle exercise). LiFE and structured groups received five
sessions with two booster visits and two phone calls; controls received
three home visits and six phone calls. Assessments made at baseline
and after six and 12 months.

Main outcomemeasuresPrimary measure: rate of falls over 12months,
collected by self report. Secondary measures: static and dynamic
balance; ankle, knee and hip strength; balance self efficacy; daily living

activities; participation; habitual physical activity; quality of life; energy
expenditure; body mass index; and fat free mass.

Results After 12 months’ follow-up, we recorded 172, 193, and 224 falls
in the LiFE, structured exercise, and control groups, respectively. The
overall incidence of falls in the LiFE programme was 1.66 per person
years, compared with 1.90 in the structured programme and 2.28 in the
control group. We saw a significant reduction of 31% in the rate of falls
for the LiFE programme compared with controls (incidence rate ratio
0.69 (95% confidence interval 0.48 to 0.99)); the corresponding difference
between the structured group and controls was non-significant (0.81
(0.56 to 1.17)). Static balance on an eight level hierarchy scale, ankle
strength, function, and participation were significantly better in the LiFE
group than in controls. LiFE and structured groups had a significant and
moderate improvement in dynamic balance, compared with controls.

Conclusions The LiFE programme provides an alternative to traditional
exercise to consider for fall prevention. Functional based exercise should
be a focus for interventions to protect older, high risk people from falling
and to improve and maintain functional capacity.

Trial registration Australia and New Zealand Clinical Trials Registry
12606000025538.

Introduction
Falling in older age has debilitating and isolating social
consequences, along with high and escalating economic costs.1 2
Falls can start a downward spiral of immobility, reduced
confidence, and incapacity leading to institutionalisation. Fall
related admissions have not declined over the past ten years,3
and there is an imperative to develop effective strategies for fall
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prevention that are acceptable and sustainable over the long
term for older people.
The optimum exercise modality for falls prevention in older
adults has been defined as balance enhancing activity and lower
limb resistance training.4 However, the number of older people
that routinely engage in strength training remains low at less
than 10%5 and possibly much lower for activities that challenge
balance. Those people older than 70 years who do engage in
balance and resistance training are much more likely to be
healthy and functionally capable than those who do not.
Integration of exercise into lifestyle activities could enhance
exercise adoption and adherence in other cohorts,6-8 but this
approach has never been investigated in frail, older people at
risk for falls. Therefore, we designed and tested the Lifestyle
integrated Functional Exercise (LiFE) programme, which
embeds balance and lower limb strength training into habitual
daily routines. In a small pilot study,9 this alternate approach to
traditional exercise had high potential to reduce falls (incidence
rate ratio 0.23, 95% confidence interval 0.07 to 0.83), and a
larger trial was needed to confirm the new approach’s
effectiveness compared with placebo and to determine
mechanisms of benefit.
We hypothesised that a lifestyle integrated approach (using the
LiFE programme) to balance and strength training would be
more effective than a sham control programme (comprising of
gentle exercise) in reducing falls in high risk people aged 70
years and over and living at home over one year. We further
hypothesised that a traditional structured exercise programme
would be as effective as LiFE in reducing falls, compared with
the control programme; that intermediate outcomes of strength,
balance, functional capacity, and quality of life would show
equal benefit in LiFE participants compared with the structured
programme; and that balance confidence in daily tasks and
habitual physical activity levels would improve to a greater
extent from the LiFE programme than from either the traditional
or the control programme.

Methods
Trial design
We conducted a three arm, randomised parallel trial with
assessments measured at baseline, six months, and 12 months
after randomisation. The study was approved by the University
of Sydney human research ethics committee and registered on
20 January 2006.

Participant recruitment, randomisation, and
blinding
Participants were recruited by mailings to Department of
Veteran’s Affairs (DVA) Databases across the metropolitan
area of Sydney, Australia, and three general practice databases
inviting them to participate. DVA databases included veterans,
their spouses, and war widows. Inclusion criteria were men and
women aged 70 years or older and who had two or more falls
or one injurious fall in the past 12 months, which was
determined by self report. Exclusion criteria were moderate to
severe cognitive problems (<two errors on the short portable
mental status questionnaire), no conversational English, inability
to ambulate independently, a neurological condition which
severely influenced their gait and mobility (for example,
Parkinson’s disease that results in very specific patterns of
movements, mobility and visuospatial disturbances that indicate
specific interventions), resident in a nursing home or hostel, or
any unstable or terminal illness that would preclude the planned

exercises and was unlikely to resolve (for example, aortic
aneurysm, malignant arrhythmias, critical aortic stenosis, rotator
cuff tear, and active hernias).
Randomisation was generated by an investigator not involved
in data collection or intervention, who used Stata 7 and the add
on program Ralloc10 to generate random block groups of three
and six, and stratified by sex and history of fall (that is, one or
two falls, or three or more falls) in a 1:1:1 ratio. The
randomisation was conducted after baseline assessment and
concealed by using an automated secure website that was
operated by an off-site independent service. All assessments at
six and 12 month follow-up, conducted on a home visit, and
fall event surveillance were conducted by a research assistant
blinded to group allocation. All data was also entered and
checked by a blinded research assistant.

Interventions
In the LiFE approach, movements specifically prescribed to
improve balance or increase strength are embedded within
everyday activities, so that the movements can be done multiple
times during the day. Rather than a prescribed set of exercises
conducted several times a week, LiFE activities occur whenever
the opportunity arises during the day. The strategies to improve
balance include “reduce base of support”, “move to limits of
sway”, “shift weight from foot to foot”, “step over objects”, and
“turning and changing direction”. A prescribed activity
incorporating the strategy of “reducing base of support” might
involve a tandem stand while working at the kitchen bench, and
over time could be upgraded to working while standing on one
leg. Strategies to increase strength include “bend your knees”,
“on your toes”, “up the stairs”, “on your heels”, “sit to stand”,
“walk sideways”, and “tighten muscles”. A prescribed activity
incorporating the strategy of “bend knees” might involve
squatting instead of bending at the waist to close a drawer, and
could be upgraded to picking things up from the floor. The LiFE
training focuses on instituting new habitual behaviours within
selected situational contexts that serve as prompts for action.9 11

Everyday activities that were altered for LiFe participants were
determined through self report using a weekly planner and
interview. We used an assessment tool designed for this study
to establish the difficulty level of the strategy incorporated into
everyday activity.12 The movements embedded in everyday
activity were discussed on each visit and revised as necessary.
Participants manuals provide examples of each balance and
strength strategy across a range of daily activities and situations,
with ideas for increasing intensity and challenge.13 The manuals
were used in the teaching and planning of the individualised
programme.
The structured programme14 involved seven exercises for balance
and six for lower limb strength using ankle cuff weights and
performed three times a week. These exercises used the
principles of maintaining training in the “hard zone” and similar
to other successful exercise regimens in fall prevention. The
LiFE and structured programmes were taught over five sessions
with two booster sessions and two follow-up phone calls over
a six month period. Both programmes were prescribed, tailored,
and upgraded. Ample evidence from home based structured
programmes indicates that this dosage is feasible and cost
effective.15 The control programme (two sessions, one booster
session, and six follow-up phone calls) comprised 12 gentle and
flexibility exercises while seated, lying down, or standing while
holding on (for example, hip rotation, leg swings). Exercises
were not upgraded—that is, not altered in any way (such as
changing the number of repetitions or increasing the challenge
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to balance). The reduced time given to the control intervention
was appropriate because this programmewas much simpler and
easier to teach. Interventionists, trained in each of the
interventions, included physiotherapists and occupational
therapists.

Outcome measures
Fall surveillance
A fall was defined as a person unintentionally coming to rest
on the ground, floor, or other lower level. Falls were recorded
by daily calendar, which were mailed monthly using
preaddressed envelopes. A research assistant blinded to group
allocation telephoned participants if they failed to return the
calendar to ascertain whether they had fallen. Exercise adherence
was monitored by weekly logs returned monthly by post to the
interventionists once weekly visits ceased.

Balance and strength
Postural control was defined as either static balance (where
balance is measured in a standing position) or dynamic balance
(where postural control is challenged during movement
involving walking). Static balance was assessed using two
hierarchical balance scales. The first was a five level scale from
the short physical performance battery-balance test,16 and the
second was an eight level scale that incorporated challenging
tasks at a higher level (such as “tandem stand eyes closed”, “one
leg stand with cognitive distracter”) and used cut-off values of
10 or 15 seconds.We developed the second scale before analysis
by using Rasch modelling17 to test the ordering of responses,
which required the collapsing of several higher level items to
construct the eight hierarchy levels. Dynamic balance was
measured by a 3 m tandem walk time and errors. Maximal
isometric lower limb strength was determined by the highest of
three measurements obtained using a Chatillon DMG250
dynamometer with a custom made portable stand to eliminate
variability in examiner strength.

Functional outcomes, other outcomes, and
participant characteristics
We assessed balance self efficacy using the Activities Specific
Balance Confidence (ABC) Scale.18 Functional limitation in
capacity for daily life activities was measured by the Late Life
Function Index19 and the NHANES independence measure for
activities of daily life.20 The Late Life Disability Indexmeasured
limitation and frequency of participation in life tasks across
personal, social, and community domains.21 We used the
Physical Activity Scale for the Elderly22 to measure habitual
physical activity, the Paffenbarger physical activity index23 to
capture energy expenditure, and Life Space Assessment to
determine the distance travelled within and from the home.24

We assessed health related quality of life with the five item
EQ-5D instrument and global health status with the EQ-VAS
scale.25 Body mass index was calculated from body height and
weight, the latter using a calibrated electronic portable scale.
Bioelectrical impedance analysis26measured body composition
(fat free mass) using an Impedimed DF50 device on the right
wrist and ankle and with the person supine on a bed.
For participants’ characteristics, we collected demographic
information andmedical history during interviews and recorded
levels of depression via the geriatric depression scale.

Statistical analysis
We compared the rates of falls in the LiFE and structured
interventions with those from the control intervention (that is,
gentle exercise) using the negative binomial regression model
(Stata, version 11).27 The model uses a Poisson distribution of
fall events accounting for overdispersion, which incorporates
both number of falls and time (days) followed up.Wemonitored
fall events for one year or until the person withdrew from the
study, was lost to follow-up, or died. An a priori power
calculation indicated that we would need 110 participants in
each group (n=330) to detect a 33% relative reduction in fall
rate (from 60% to 40%) in each intervention group compared
with the control group (β=0.20, α=0.05). We estimated that
about 60% of control participants would have at least one fall
during the year of follow-up, in view of the at-risk sample
targeted. This estimate did not include dropout rates, which was
10% for falls data in our study, indicating a sample of 363
participants. Therefore, we recruited 87% of the target sample.
For secondary outcomes, we used the general linear modelling,
repeated measures procedure (SPSS, version 17.0) to establish
the effects of interventions over time compared with the control
group. The reported F ratio is a measure of the variation between
groups divided by the variation within groups. We conducted
a three way comparison, and if the main time×treatment effect
was significant, or if indicated by significant retrospective
Scheffe or Tukey tests, we examined pairwise comparisons
between the interventions and control. We aimed to establish
whether the change in one intervention was significantly greater
than the control group over the 12 month follow-up—that is, if
retrospective linear contrasts (rather than quadratic contrasts)
were significant, which would indicate change over time rather
than just a difference at one time point. We analysed rank order
categorical data using a polynomial regression model. Finally,
we determined effect sizes for significant pairwise results using
a formula for Cohen’s d.28

To calculate the proportion of exercises adhered to during the
full first six months, we divided the number of exercises per set
performed in each session by the number needed to be
performed. The LiFE programme activities, which could be
performed daily, were recoded to correspond with the other two
programmes (up to one day of activities performed in the LiFE
programme=0 times per week of exercises performed in other
two programmes, two to three days=one time per week, four to
five days=two times per week, and six to seven days=three times
per week). We used a one way analysis of variance with
retrospective analysis, and subsequent t tests, to determine any
differences. To establish exercise maintenance at 12 months,
we examined adherence in the final (12th) month of follow-up.

Results
Participant characteristics and tracking
through trial
The figure⇓ tracks the participants through the trial. The major
reason for not including people in the trial was that they did not
meet the inclusion criteria for previous multiple falls in the past
year or an injurious fall (62.2%, n=370). Other reasons were
that participants were unable to independently ambulate (8.7%,
n=52), had an illness or condition precluding exercise (7.6%,
n=45), were in a hostel or nursing home (6.4%, n=38), had a
neurological condition influencing gait or mobility (6.4%, n=38),
were cognitively impaired (3.9%, n=23), were vision impaired
or deaf (2.7%, n=16), were already involved in fall prevention
programmes (2.0%, n=12), or lived outside the metropolitan
area (0.2%, n=1). The sample recruited (mean age 83.4 years)
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was a high risk group, with 60% (n=191) reporting a history of
recurrent falls and just over 90% (n=290) having had an
injurious fall in the past year.
We recruited and randomised 317 people from February 2006
to December 2007. We saw no important differences between
intervention or control groups in baseline measures (table 1⇓).
The fall data outcomes were missing for 31 (10%) randomised
participants. For the secondary measures, 76 (24%) participants
were not available at the final 12 month assessment. Since the
frequency and causes of missed assessments were similar
between groups (fig 1), we did a “complete case” intention to
treat analysis.29

Falls outcome
After 12 months of follow-up, we recorded 172 falls in the LiFE
group, 193 in the structured exercise group, and 224 falls in the
control group. The LiFE, structure exercise, and control groups
had 21, 24, and 26 people who fell once, and 39, 41, and 45
who fell at least twice, respectively. Median length of follow-up
for all participants was 365 days (range 2-468, interquartile
range 357-372). The overall incidence of falls in the LiFE
programme was 1.66 per person years, compared with 1.90 in
the structured programme and 2.28 in the control group. We
recorded a clinically important reduction of 31% in the rate of
falls for participants in the LiFE programme compared with the
control programme (incidence rate ratio 0.69 (95% confidence
interval 0.48 to 0.99), n=212). We did not see a significant
reduction in the fall rate for participants in the structured
programme compared with the control programme (0.81 (0.56
to 1.17), n=210).
Tables 2 to 5⇓⇓⇓⇓ present the secondary measures summarising
the major outcomes. If the general linear modelling analysis
was significant for all three programmes, we then confirmed
which of the interventions was effective through pairwise
analysis. We also presented Cohen effect sizes to provide an
indication of clinical effectiveness for easier interpretation.

Balance and strength
Tables 2 and 3 summarise the findings for balance and strength
outcomes over the 12month study follow-up. LiFE participants
significantly improved compared with controls, with moderate
to large effect sizes for the two balance hierarchy scales. The
structured programme showed small and significant effects for
the five level scale (table 2). Dynamic balance measured by the
timed tandem walk showed a significant and moderate effect
for both the LiFE and structured programme compared with the
control programme. Ankle strength significantly improved in
the LiFE programme compared with controls (table 3). Knee
and hip strength changes were not significant for either
programme because the control group also made some
intermittent gains.

Functional outcomes
Table 4 summarises secondary findings for functional measures.
Activities of daily living using the NHANES measure was
significantly improved for the LiFE participants compared with
controls, with a moderate effect size. The Late Life Function
Index showed large and significant effects for LiFE and a
moderate and significant effect for the structured programme.
The measure of participation, the Late Life Disability Index
(frequency), was significantly improved for the LiFE group,
with a moderate effect size. Both LiFE and structured
programmes made significant gains in balance confidence, with
small to moderate effect sizes (table 4). Physical activity,

measured by the Physical Activity Scale for the Elderly, showed
small but significant gains for the LiFE programme.

Other secondary outcomes
The Paffenbarger scales showed increased energy expenditure
by both the LiFE and structured programmes, with moderate
and small effects, respectively (table 5). The life space index
showed no change in temporal range of activity spaces. Health
status, measured by the itemised questions of the EQ-5D, did
not differ significantly between groups, however, when
participants were asked to rate their health status using the
EQ-VAS scale, LiFE participants reported a significantly better
health status at 12 months. We saw no significant difference in
fat free mass. Body mass index showed that the controls
increased their body mass index, which was significant
compared with the structured group.

Adverse events
Two patients reported severe adverse effects that they attributed
to the exercise programme. One participant in the structured
programme had a groin strain and surgery for an inguinal hernia
and ceased the programme; a LiFE participant was diagnosed
with a pelvic stress fracture and attributed this to increased
walking and stair climbing, but continued on the programme.

Adherence
Table 6⇓ shows the mean proportion of adherence to each
exercise programme over the first six months; the structured
programmed showed a significant group effect (P=0.01) with
the lowest adherence. Retrospective analysis confirmed that the
adherence to the structured programme was significantly lower
than either the LiFE programme (mean difference 0.12, t=2.82,
P<0.01) or the control programme (0.13, 2.66, P<0.01).
Although each programme had similar numbers of participants
who withdrew at six months of follow-up, the pattern for poor
adherence (that is, ≤25%) varied between the three programmes
(table 7⇓).
There were 68 (64%) participants exercising at 12 months in
the LiFE programme (seven (6.5%) did not return records but
provided self reports), 56 (53%, including 12 (11.4%) self
reports) in the structured programme, and 56 (53%, including
seven (6.7%) self reports) in the control programme. Of 61 LiFE
participants who completed exercise records, the mean number
of days in which the exercises were done per week in the final
month was 3.89 (standard deviation 2.13; interquartile range
2.24-6.00), of a maximum seven days. Of 44 participants in the
structured programme who returned exercise records and were
exercising at 12 months, 43 (98%) were still doing the balance
exercises, 26 (59%) were doing strength exercises with rod
weights (weight range 1-6.5 kg, median 5 kg), and four (9%)
were doing isometric strength exercises.

Discussion
LiFE is a tailored programme of embedded balance and strength
activities, taught over five home visits with two booster visits.
It was designed to reduce fall risk and resulted in a clinically
important 31% reduction in the rate of falls compared with the
control programme, which involved gentle sham exercise. A
30% reduction in falls is similar to most interventions currently
recommended for fall prevention in clinical guidelines. The
structured lower limb strength and balance exercises, taught
over a similar time frame and prescribed three times a week,
did not show significant results, with a 19% reduction in the
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rate of falls compared with the controls. Furthermore, the LiFE
programme was superior in terms of function and participation,
providing support that this programme mediates both fall risk
and frailty.
LiFE programme participants improved in both static and
dynamic balance, showing moderate effect sizes with the
strongest effect observed into the high end static balance
measure. The structured programme showed a small effect on
static balance and a moderate effect on dynamic balance. The
importance of balance, as the most important exercise
component inmediating fall risk, was highlighted in a systematic
review of 44 exercise trials,4 which examined trials in terms of
both fall outcome and exercise intensity. Training in control of
postural sway seems to affect the vestibular system by improving
individual capacity to regain and control balance.30 The
functional activities in the LiFE programme also translated into
moderate changes in ankle strength. Ankle strength is understood
to be a prime factor for an effective strategy for the ankle when
a pertubation occurs, and therefore is protective of falls.31While
LiFE showed steady improvements, all programmes made
variable gains for knee and hip strength.
Two other exercise programmes to prevent falls have reported
physical activity outcomes using the Physical Activity Scale
for the Elderly.32 33 Both reported less deterioration in controls
than in the intervention group, whereas we reported an increase
in physical activity in both the structured and control
programmes, with a small significant effect for the LiFE
programme. The strong response from the Paffenbarger measure
of energy expenditure for LiFE could be linked to its use of
increased physical activity, in particular stair climbing, for many
participants. The LiFE programme also had better outcomes
than the structured programme on the functional and daily
activity measures, with significant and moderate to large effect
sizes for LiFE participants. This effect suggests that the LiFE
programme could improve functional capacity in frail older
people. There might be value in testing whether the LiFE
programme and philosophy could be introduced at a younger
and earlier stage, to mediate functional decline whether or not
a person has experienced a fall.
The LiFE programme is unique and novel; no other interventions
have used a tailored approach to embedded exercise with
functional activity.We did find three other programmes offering
either structured exercise that included functional movement or
specific balance tasks that showed positive outcomes. These
programmes perhaps lend some support to the effects of the
integration component of the LiFE programme.34-36

Dual tasking LiFE activities include a range of activities and
can upgrade balance and strength challenges in small but
incremental ways. For some people, these exercises have
included ironing while standing on one leg, talking on the phone
while heel standing and moving to limits of stability, carrying
a tray or drink in a cup while tandem walking, squatting in the
supermarket to select an item from a lower shelf rather than
bending, and carrying the groceries from the car to the porch
while walking sideways. Emerging evidence suggests that a
person’s capacity for dual tasking can predict their risk of falls,
particularly capacity for tasks that involve gait variability and
attention demanding tasks,37 with increased risk for repeat
fallers.38. Furthermore, training in specific dual task activities
to challenge balance in older people, undertaken in clinics, has
been shown to improve gait stride and variability, and dynamic
and static balance. However, these clinic interventions have not
been shown to be transferable to novel situations.30

Tailored and embedded activity that aligns with functional
conditions and everyday tasks could enhance integration of
skills such as task co-ordination, postural control, and spatial
processing. Along with physiological changes, these activities
could lead to translation of protective skills in other situations.
Liu-Ambrose and colleagues39 presented a central benefit model
of exercise for fall prevention, arguing that the contribution of
attention, dual tasking, planning, and other executive functioning
might be just as important as physiological outcomes. The LiFE
approach shows that a sole exercise intervention designed to
prevent falls can have a clinically important effect on function
at the level of participation engagement.40

Adherence was significantly better in the LiFE programme and
control group than in the structured exercise programme, which
was evident in the detailed frequency analysis over the first six
months. All three programmes maintained a good adherence at
12months, although adherence to the LiFE programme remained
superior. All programmes exceeded the 42% adherence reported
in the New Zealand Otago trial, which tested a successful
exercise programme that was structured and home based.32 The
measures of intensity varied for each programme, making an
exact comparison difficult. The structured programme in our
study had less follow through with the strength component,
although our results were still near to the Otago result. In our
study, therapists commented that many older participants
struggled with the cumbersome nature of the weight cuffs, and
we recommend investment in better designs. Many participants
in the control group made comments; some liked the gentle
exercise and others regarded them as “too easy’ and not meeting
their needs.
The lower performance of the structured programme in terms
of a falls outcome might also be due to the range of challenge
activities and upgrades needing to be enhanced. In addition,
recruitment of participants with recurrent or injurious falls
resulted in a higher risk group with multiple problems in our
study than in the New Zealand Otago trial.32

Limitations
The control group received less contact time than both
interventions, which could have caused a bias, but we saw no
difference in the return rates of fall surveillance diaries, so this
is unlikely. Also, adherence to the control and LiFE programmes
was similar over the first six months, which spanned the
interventionists’ follow-up phase. The falls outcome for the
LiFE programme was significantly different from controls;
however, the higher confidence interval was close to 1,
indicating some caution with interpretation of these results, and
further research with the LiFE intervention should aim to
replicate our findings. The strong outcomes of the secondary
measures point to clear mediators of benefit and confirm there
was a positive fall outcome. The control group had an
intervention that could have diluted the effect of the outcomes.
Since the control exercises were gentle, flexible, mostly
non-weightbearing, and not upgraded by the therapists, their
effect on fall reduction or balance would have beenmarginal,41-43
although we did observe someminimal strength improvements.
Our study had a slightly lower sample size than preferred, which
could have led to a type II error. If we had greater power to
detect a difference, the confidence interval would probably have
been narrower. Furthermore, the fall rate was higher than
expected, which could also reduce the required sample size.
Despite these limitations, we did find statistical significance.
The pilot study, matched against a control programme of no
intervention, showed a large reduction of falls, adding further
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support to our findings. A meta-analysis combining the pilot
study9 and our current findings gave an incidence rate ratio of
0.63 (95% confidence interval 0.45 to 0.90), using
Comprehensive Meta-Analysis software (version 2).

Conclusion
The LiFE programme provides an additional choice to traditional
exercise and another fall prevention programme that could work
for some people. Functional based exercise should be a focus
for protection from falling and for improving and maintaining
functional capacity for older people at risk. The programme has
many positive outcomes: increased energy to do more tasks,
improved function during activities, and enhanced participation
in daily life. In a modern world that increasingly relies on
increased automation and doing less, the LiFE programme
provides a beneficial environment that offers some stressors
and complexity. Furthermore, it challenges allied health
professionals to expand their focus when working with older
people to find opportunities to incorporate balance and strength
training into daily life.
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What is already known on this topic

Balance and strength training is known to reduce falls in older adults
However, less than 10% of older people routinely engage in strength training and is probably lower for activities that challenge balance

What this study adds

The Lifestyle integrated Functional Exercise (LiFE) programme provides an alternative to traditional exercise for older people to reduce
falls, to improve function in doing activities and to enhance participation in daily life
The LiFE programme demonstrates that having an environment that offers some stressors and complexity is beneficial
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Tables

Table 1| Demographic and health status of trial participants at baseline. Data are no (%) of participants unless stated otherwise

Control (gentle exercise) (n=105)Structured exercise (n=105)LiFE programme (n=107)

83.47 (3.81)84.03 (4.38)82.81 (4.48)Age (years; mean (SD))

58 (55.2)57 (54.3)59 (55.1)Female sex

2.07 (1.10)2.21(1.80)2.13 (1.47)No of falls in past year (mean (SD))

93 (89)96 (91)101 (94)Injurious falls in past year

11 (11)14 (13)14 (13)History of stroke

59 (33)59 (33)63 (35)Has chronic illness

50 (47)37 (35)41 (38)Hospital admissions past year

4.6 (2.8)5.4 (2.8)5.5 (3.7)No of drugs prescribed (mean (SD))

6.2 (3.9)6.4 (4.0)5.9 (3.7)Geriatric depression scale score (mean (SD))

SD=standard deviation.
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Table 2| Balance outcomes

Effect
size

Pairwise
comparison

Effect
size

Pairwise
comparison

Comparison
of all three
groups*†

Control programmeStructured
programme

LiFE programme

of structured
v control*

of LiFE v
control*Mean score

(standard
deviation)

NMean score
(standard
deviation)

NMean score
(standard
deviation)

N

Tandem walk time (sec) plus error

0.49F(2,302)=8.9;
P<0.0001‡

0.42F(2,294)=6.6;
P=0.002‡

F(4,442)=5.10;
P=0.001‡;
n=71, 75, 78

51.3 (27.4)10551.8 (26.7)10547.1 (26.9)107Baseline

40.7 (24.0)8231.9 (23.7)8526.0 (20.0)816 months

54.4 (38.1)8238.8 (34.6)7633.7 (31.5)7612 months

Five level balance hierarchy

0.33Odds ratio
0.62 (95% CI
0.03 to 1.22),
wald 4.26§;
P=0.04

0.55Odds ratio
1.10 (95% CI
0.47 to 1.72),
wald 11.9§;
P=0.001

n=76, 76, 823.44 (0.96)1053.00 (1.15)1053.07 (1.08)107Baseline

3.21 (0.93)823.14 (1.09)853.44 (0.96)816 months

2.98 (1.07)823.28 (1.00)763.54 (0.79)7612 months

Eight level balance hierarchy

0.29Not significant
(P=0.08)

0.63Odds ratio
1.15 (95% CI
0.58 to 1.72),
wald 15.6§;
P<0.0001

n=76, 76, 823.90 (2.00)1053.82 (2.03)1053.97 (2.06)107Baseline

4.34 (2.08)824.43 (2.22)845.18 (1.99)796 months

3.88 (2.12)824.54 (2.09)765.17 (1.96)7612 months

*Main effect time×intervention: F(df, error)=measure of variation between groups divided by variation within groups; P value.
†No of participants in LiFE, structured exercise, and control groups, respectively.
‡Skewed data transformed before analysis.
§Polynomial regression model used with rank order categorical data.
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Table 3| Strength outcomes

Effect
size

Pairwise
comparison

Effect
size

Pairwise
comparisonComparison of

all three
groups*†

Control programme
Structured
programmeLiFE programme

of
structured v
control*

of LiFE v
control*

Mean score
(standard
deviation)N

Mean score
(standard
deviation)N

Mean score
(standard
deviation)N

Right ankle strength (mean kg force)

0.26Not
significant
(P=0.10)

0.40F(2,282)=5.5;
P=0.005

F(3.8,399)=2.66‡;
P=0.035; n=68,

71, 75

11.9 (4.3)10412.1 (5.2)10511.7 (4.8)107Baseline

12.3 (4.8)8212.9 (5.0)8213.5 (5.0)816 months

12.3 (5.2)8013.1 (5.5)7413.8 (4.8)7212 months

Left ankle strength (mean kg force)

0.17Not
significant
(P=0.34)

0.40F(2,282)=8.6;
P<0.0001

F(3.8,405)=5.7‡;
P<0.0001; n=68,

71, 75

12.0 (4.9)10512.1 (5.1)10511.4 (4.5)107Baseline

12.3 (5.0)8112.6 (5.0)8313.1 (4.6)816 months

12.4 (5.0)8012.5 (5.4)7313.8 (4.8)7212 months

Right knee strength (mean kg force)

————P=0.45; n=68, 70,
75

10.1 (4.4)10510.3 (5.0)10510.1 (4.8)107Baseline

10.6 (4.7)8210.9 (4.5)8211.3 (4.4)816 months

11.1 (4.6)7812.00 (4.6)7311.9 (4.2)7212 months

Left knee strength (mean kg force)

————P=0.21; n=69, 69,
75

9.7 (4.4)10410.1 (5.4)1059.0 (4.4)107Baseline

10.0 (4.4)8110.0 (4.2)8410.2 (4.4)816 months

11.1 (4.1)8010.6 (4.8)7111.6 (4.5)7312 months

Right hip strength (mean kg force)

————P=0.09‡; n=69,
73, 73

7.5 (2.8)1047.8 (3.8)1057.1 (3.1)107Baseline

7.5 (3.0)828.0 (3.8)848.0 (3.3)816 months

8.3 (3.1)788.7 (3.8)759.0 (3.0)7312 months

Left hip strength (mean kg force)

————F(3.6,382)=3.1‡;
P=0.019; n=69,

70, 75

7.2 (3.3)1047.5 (3.5)1056.7 (2.9)107Baseline

7.1 (3.0)827.4 (3.6)847.8 (3.0)816 months

8.1 (3.2)808.3 (3.4)728.7 (3.4)7312 months

*Main effect time×intervention: F(df, error)=measure of variation between groups divided by variation within groups.
†No of participants in LiFE, structured exercise, and control groups, respectively.
‡Mauchley test of specificity significant, Greenhouse-Geisser reported.
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Table 4| Outcomes for secondary measures of function

Effect
size

Pairwise
comparisonof

Effect
size

Pairwise
comparison of
LiFE v control*

Comparison of
all three groups*

Control
programme

Structured
programmeLiFE programme

structured v
control*

Mean
score

(standard
deviation)N

Mean
score

(standard
deviation)N

Mean
score

(standard
deviation)N

Activities Specific Balance Confidence Scale

0.37F(2,312)=5.22;
P=0.006

0.38F(2,304)=5.52;
P=0.004

F(4,460)=3.75¶;
P=0.005; n=75,

79, 79

1048 (328)1051027 (272)1051079 (283)106Baseline

1112 (308)841144 (245)861228 (242)846 months

1085 (302)821167 (268)801208 (275)7912 months

NHANES activities of daily life measure

0.26Not significant
(P=0.075)

0.54F(1.9,292)=11.32;
P<0.0001

F(3.8,436)=4.74‡;
P=0.001‡; n=75,

79, 80

0.91 (.51)1050.93 (.49)1050.85 (0.46)107Baseline

0.95 (.55)850.88 (.40)860.67 (0.47)836 months

1.02 (.54)820.90 (.55)800.74 (0.52)7912 months

Late life function index

0.41F(1,157)=6.66;
P=0.04

0.73F(1,158)=21.05;
P<0.0001

F(2,235)=9.13;
P<0.0001; n=79,

78, 81

69.2(14.8)10469.5(12.6)10471.6 (11.8)107Baseline

68.3(15.8)8271.9(12.9)7976.5 (14.3)7912 months

Late life disability index (frequency)

0.17Not significant
(P=0.28)

0.49F(1,157)=9.28;
P=0.003

F(2,236)=4.66;
P=0.01; n=78, 80,

81

55.5 (8.5)10556.2 (8.1)10556.7 (6.6)107Baseline

54.8 (7.6)8156.3 (8.4)8058.4 (7.2)7812 months

Late life disability index (limitation)

————F(2,236)=1.17;
P=0.31; n=78, 80,

81

69.4 (9.9)10569.4 (9.6)10570.1 (8.7)107Baseline

66.4 (11.1)8167.5 (12.1)8069.2 (11.9)7812 months

Physical activity scale for elderly

0.05Not significant
(P=0.88)

0.29F(1.78,234)=3.28;
P=0.045

F(3.7,432)=2.3‡;
P=0.06§; n=76,

78, 80

64.4 (35.6)10572.9 (38.8)10566.1 (30.6)107Baseline

52.3 (26.8)8561.0 (37.4)8667.8 (36.8)846 months

56.2 (36.7)8263.2 (38.0)7971.2 (40.9)7912 months

*Main effect time×intervention; F(df,error)=measure of variation between groups divided by variation within groups; P value.
†No of participants in LiFE, structured exercise, and control groups, respectively.
‡Mauchley test of specificity significant, Greenhouse-Geisser reported.
§Retrospective Tukey analysis between LiFE and control groups, P=0.02.
¶Skewed data transformed before analysis.
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Table 5| Outcomes for other secondary measures

Effect
Size

Pairwise
comparison of

Effect
size

Pairwise
comparison of
LiFE v control*

Comparison of all
three groups*†

Control
programme

Structured
programmeLiFE programme

structured v
control*

Mean
score

(standard
deviation)N

Mean score
(standard
deviation)N

Mean
score

(standard
deviation)N

Paffenbarger physical activity index (energy expenditure; kcal/week)

0.36F(2,312)=4.85;
P=0.008

0.62F(2,308)=15.01;
P<0.0001

F(4,462)=7.15¶;
P<0.0001; n=76,

78, 80

485 (786)105429
(759)

104419 (651)107Baseline

445 (652)85824
(975)

861083
(1261)

846 months

660 (1025)821009
(1116)

801576
(1222)

7912 months

Life space index (composite score)

————F(3.8,436)=2.97‡;
P=0.02

60.8 (22.0)10562.5 (20.4)10567.3 (21.5)107Baseline

59.2 (22.2)8566.2 (23.7)8568.3 (22.4)846 months

54.9 (20.9)8258.7 (22.3)8165.6 (24.8)7812 months

Health status questionnaire (EQ-5D)

————F(3.89,452)=3.46‡;
P=0.008§

7.0 (1.4)1056.9 (1.5)1057.1 (1.4)107Baseline

7.2 (1.6)856.9 (1.5)866.6 (1.3)846 months

6.7 (1.3)826.7 (1.6)816.7 (1.5)7912 months

Health status scale (EQ-VAS)

0.06Not significant
(P=0.87)

0.34F(1.91,294)=4.46;
P=0.01

F(3.89,452)=3.36‡;
P=0.01; n=76, 79,

80

7.2 (1.6)1057.2 (1.4)1056.9 (1.7)107Baseline

7.3 (1.7)857.4 (1.7)867.5 (1.4)846 months

7.5 (1.5)827.4 (1.5)817.7 (1.6)7912 months

Body mass index

0.45F(1.6,251)=7.7;
P=0.001

0.08Not significant
(P=0.26)

F(3.32,379)=4.8‡;
P=0.002; n=74, 79,

78

26.4 (4.2)10426.6 (3.9)10525.9 (4.8)107Baseline

27.0 (4.1)8326.6 (3.9)8626.1 (5.1)826 months

27.1 (4.4)8226.7(3.9)8126.3 (5.0)7912 months

Fat free mass index

————F(4,348)=0.20;
P=0.94; n=63, 54,

60

46.1 (1.1)8545.2 (1.1)8947.4 (1.0)90Baseline

46.5 (1.1)6946.3 (1.4)6646.5 (1.2)726 months

45.0 (1.3)6846.1 (1.1)6445.2 (1.1)6312 months

*Main effect time×intervention; F(df,error)=measure of variation between groups divided by variation within groups; P value.
†No of participants in LiFE, structured exercise, and control groups, respectively.
‡Mauchley test of specificity significant, Greenhouse-Geisser reported.
§Quadratic contrast significant, linear non-significant
¶Data were skewed, and therefore had to be transformed before analysis.
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Table 6| Analysis of variance for adherence to exercise programmes over first six months

PF ratioProportion (%) of adherence (mean (standard deviation))No of participantsProgramme

0.014.6947 (33)107LiFE

35 (29)105Structured exercise

47 (34)105Control

——43 (36)317Total
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Table 7| Exercise status over six months. Data are no (%) of participants

Control programme (n=105)Structured programme (n=105)LiFE programme (n=107)

74 (71)63 (60)81 (76)Still exercising at end of six months

12 (11)20 (19)7 (7)Poor adherence (≤25%) in first six months

19 (18)22 (21)19 (18)Out of study or withdrawn from exercises
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Figure

Flow chart of trial participants. *Requested to discontinue the exercise programme; does not include some participants who
were not exercising in the final month (LiFE, n=10; structured, n=18; control, n=19)
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