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Abstract

Background: People with dementia have a disproportionately high rate of falls and fractures and poorer outcomes,
yet there is currently no evidence to guide falls prevention in this population.

Methods: A randomised trial design was used to test feasibility of study components and acceptability of a home
hazard reduction and balance and strength exercise fall prevention program. The program was tailored to
participant’s individual cognitive levels and implemented as a carer-supported intervention. Feasibility of
recruitment, retention and implementation of intervention were recorded through observation and documented in
field notes. Adherence, carer burden and use of task simplification strategies were also monitored. Outcome
measures, collected at 12 weeks included physiological, fear of falling, cognitive and functional measures.

Results: Recruitment was achievable but may be more challenging in a multisite trial. Twenty two dyads of persons
with mild dementia and their carers were randomised to intervention or usual care control group. Of 38 dyads
referred to the study, there was a high rate of willingness to participate, with 6 (16%) declining and 10 (26%) not
meeting inclusion criteria. The intervention was well received by participants and carers and adherence to both
program components was very good. All participants implemented some home safety recommendations (range
19-80%) with half implementing 50% or more. At the end of 12 weeks, 72% of the intervention group were
exercising. Both the rate of falling and the risk of a fall were lower in the intervention group but these findings
were not significant (RR= 0.50 (95% CI 0.11-2.19). There were no differences in physiological outcome measures
between the control and intervention groups. However results were influenced by the small study size and
incomplete data primarily in the intervention group at follow up.

Conclusions: The pilot study was feasible and acceptable to people with mild dementia and their carers. The
lessons learnt included: recruitment for a larger trial will require multiple approaches; home safety
recommendations should provide a greater emphasis on environmental use compared with behavioural change;
strategies to ensure an adequate dosage of exercise should be further explored. We recommend that intervention
delivery incorporate an integrated occupational therapy and physiotherapy approach and that carers be provided
with an individualised session to enhance dementia-specific skills in management and communication. A refined
intervention should be tested in a randomised trial with an adequately powered sample size.
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Background
Dementia is a major health care problem and affects ap-
proximately 6-7% of community-dwelling older people
[1,2]. The medical and social costs of dementia, esti-
mated as 1.4% of GDP, is projected to increase by 85%
by 2030 with approximately 60% of people with demen-
tia living in the community [1,2]. Dementia has been
consistently shown to be associated with an increased
risk of falls, with rates double that of cognitively intact
older people [3,4]. A fall related event with or without
fracture is the most common reason for hospitalisation
in people with dementia, accounting for approximately
26% of all admissions [5].
There is robust evidence to support interventions for

preventing falls in older people [6] involving both strength
and balance training and home hazard reduction. A meta-
analysis of exercise studies showed a 17% fall reduction
(pooled rate ratio = 0.83 CI 0.75 to 0.91) with the greatest
effect (42% fall reduction) from programs that provide
high level balance challenge and in sufficiently high dos-
ages of prescribed exercise [7]. A strong effect (39% fall re-
duction) for home safety interventions has also been
demonstrated in a meta-analysis with at-risk persons
(pooled rate ratio = 0.61 (0.47 to 0.79) [8].
However, there is currently no evidence to guide fall

prevention in older community dwelling people with de-
mentia, despite these people having a disproportionately
high rate of falls and fractures and poorer outcomes [9].
One trial that specifically targeted people with dementia
using multi-factorial assessment and referral to commu-
nity services was not successful in preventing falls [10],
and another trial of a tailored multi-factorial interven-
tion which was not effective overall, reduced falls in a
sub-set of 70 people with an MMSE of < 27 who lived
with a carer [11]. Physical activity interventions have
been tested in people with mild to moderate cognitive
impairment but these did not specifically target fall pre-
vention [12,13].
Our aim was to conduct a pilot randomised controlled

trial exploring the design and feasibility of a novel ap-
proach to fall prevention for people with mild dementia
living in the community. We tested the feasibility of the
study components and the acceptability of a home safety
and exercise fall prevention program tailored to individual
cognitive levels and implemented as a carer-supported
intervention.

Methods
Study design
We used a 12 week randomised pilot trial with single-
blinded outcome assessment to explore the feasibility of
recruitment, study procedures, outcome measures, re-
tention and the implementation of a novel intervention.
The unique approach involved tailoring the delivery of
the intervention according to participants’ preserved
cognitive abilities as measured by Allen’s Cognitive Dis-
ability Model [14]. The intent was to inform the protocol
to be used in a future larger randomised trial. The study
protocol was approved by the South Eastern Sydney
Illawarra Area Health Service Human Research Ethics
Committee (HREC Reference Number 09/063).

Setting and participants
A convenience sample of dyads of people with mild de-
mentia and their carers was recruited from a Memory
Disorders, a Cognitive Disorders and an Aged Care
Clinic, and a clinical dementia service network within
the local health network in the eastern suburbs of
Sydney, Australia. Eligible participants were community
dwelling people over 65 years of age with a specialist
diagnosis of dementia or an Addenbrooke’s Cognitive
Examination (ACE-R) score [15] of ≤82 indicating the
cut off score for dementia. The ACE-R was administered
at baseline. Participants also had a non-paid carer (usu-
ally a family member) with a minimum of 3.5 hours per
week of face to face contact. Carer participation was es-
sential for the delivery of the intervention and for
assisting with the recall of falls. Participants had to be
English speaking given that all assessments and interven-
tions were conducted in English. Exclusion criteria in-
cluded delirium or an acute medical condition; severe
psychiatric disorder or progressive neurological disorder
(except dementia); an MMSE < 12 (given the likely diffi-
culties of following simple commands); severe visual im-
pairment (as visual cues were utilised to enhance uptake
of exercises); and residents of aged care facilities. In-
formed consent was obtained from each participant and
their carer.

Randomisation and assessor blinding
Randomisation was conducted by an investigator not in-
volved in assessment or intervention, using a random
numbers table and permuted blocks of four and six.
Group allocation was concealed using opaque, sealed en-
velopes with study identification number in sequential
order. Baseline assessments were completed by the occu-
pational therapy interventionist together with a research
assistant for physical measures to ensure participant safety
during assessment. Participants were then allocated to the
intervention group or the usual care control group. Asses-
sors blinded to group allocation were used to complete
follow up assessment at four months.

The intervention
The intervention consisted of strength and balance train-
ing exercises and home hazard reduction. The 12 week
intervention program was conducted in participants’
homes. Figure 1 outlines the intervention schedule of
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Figure 1 Intervention schedule: occupational therapy (OT), physiotherapy (PT) visits and phone calls over 12 weeks.
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occupational therapy (OT), physiotherapy (PT) home
visits and three telephone calls over 12 weeks. The occu-
pational therapist (OT) was project manager, monitored
overall program adherence, conducted functional cogni-
tion assessments, completed home safety assessments and
prescribed home safety recommendations, and helped
carers implement home safety recommendations. The
physiotherapist prescribed and progressed the exercises,
and monitored adherence. Carers were considered part-
ners in care: they supervised exercise sessions and were
generally responsible for implementation of home safety
recommendations. The OT also discussed behaviour and/
or management issues with carers and strategies were pro-
vided such as task simplification, modifying the environ-
ment, and education about participants’ cognitive abilities.

Functional cognition
The intervention used Allen’s Cognitive Disabilities
Model [14] to tailor the adaptation and delivery of the
exercises and home safety fall prevention interventions.
Participants were assessed by the occupational therapist
in week 1 using the Large Allen’s Cognitive Levels
Screening Tool-5 (LACLS-5) [16]. This measure is
designed to identify global levels of functional cognition
and participants’ capacity to perform routine tasks and
adapt to novel situations. The tool objectively evaluates
cognitive level according to participants’ abilities on a
novel leather lacing task which is increasingly complex
with graded instructions provided by the assessor
according to abilities observed. The LACLS-5 takes from
15–30 minutes to administer and validation with an add-
itional task can take a similar period of time. While six
cognitive levels are defined within Allen’s model, each with
specific assets and limitations (26 discrete levels or per-
formance modes), levels 3.0 to 5.8 are assessed using the
LACLS-5 tool. The LACLS-5 scores are hypothesised to
reflect the problem solving abilities described by the levels
and performance modes. A quick estimate of functional
cognition is provided, and an earlier version of the screen
has been found to have high predictive value in determin-
ing capacity for functional living skills and the need for
assistance across living environments [17].

Home safety intervention
The Westmead Home Safety Assessment [18] was used
as a tool by the occupational therapist, the carer and the
person with dementia, to audit the home environment
systematically for environmental and behavioural fall
hazards. Participants were provided with a booklet of
home safety recommendations which formed the basis
of subsequent OT visits. Recommendations were tailored
to the specific hazards identified in participants’ homes
and the format was adapted to cognitive abilities. The
booklet included a description of the selected hazards,
explanation of why situations were hazardous, and
sections with habits to change, items to buy and, if
required, home modification service referrals. Some
smaller items, such as sensor lights were provided by the
OT investigator and trialled before participants pur-
chased them.
The design of the home safety booklet was modified

according to Allen’s theory [14]. For example, the rea-
soning around the hazard identification was explicitly
stated for each recommendation because people func-
tioning at level mode 4.4 do not anticipate hazards or
secondary effects of actions, and they are not likely to
identify implied relationships, for example, that dizziness
may be a symptom of other causes, not only a result of
standing too quickly. The section detailing habits to
change made explicit the behaviours that carers may
need to train: people at level 4 are expected to be able to
learn new routines with 2–3 weeks of supportive,
consistent practice. People below level mode 4.6 do not
scan the environment effectively and may demonstrate
‘tunnel vision’ when moving about their environment so
recommendations commonly included fluorescent step



Wesson et al. BMC Geriatrics 2013, 13:89 Page 4 of 12
http://www.biomedcentral.com/1471-2318/13/89
edges, removal of below knee height hazards and re-
organising furniture to allow improved access. While
some recommendations, such as improved lighting, are
commonly prescribed, knowledge of cognitive level
allowed tailored prioritisation and additional reasoning
to be discussed with carers.

Exercise intervention
Each participant was prescribed up to six individually
tailored strength and balance exercises which were
selected from the Weight-Bearing Exercise for Better
Balance (WEBB) program [19] and based on the results
of the physical performance assessment. The interven-
tion commenced after information had been gathered in
relation to physical and cognitive function so as to en-
sure that the approach used to deliver the exercises was
consistent with the physical and cognitive abilities of the
participant. For example, participants functioning at
level 3 needed full carer supervision and demonstration
of every action repeated in each set of exercises, so as to
copy the action, as they were unable to follow written
instructions at this level. Participants at level 4 have
strong interest in visual cues in the environment and
this was incorporated into the intervention by identify-
ing visual cues in the home to use while exercising and
ensuring the written booklet was adapted to capture par-
ticipants’ attention. Participants at level 5 were able to
take on new learning with instruction and were able to
complete aspects of the program more independently
and exercise without supervision of carers.
The strength training exercises included sit to stand,

calf raises and step ups onto a block. Static balance tasks
included a series of stance positions with diminishing
base of support (i.e. standing with feet together, semi
tandem, near tandem and tandem) with eyes open or
closed. Dynamic balance exercises included stepping
over a strip of matting on the floor, foot taps onto a
block, lateral side steps, sideways walking and step ups.
Possible progression included increased frequency, in-
creased repetitions, decreased chair height, increased
time held in balance stances and advancement to more
difficult static balance tasks, reduced support (removing
UL support) or increased height of stepping block.
A booklet was provided containing the prescribed strength

and balance exercises. Modifications to the format included
large print and colour contrasted fonts to enhance appear-
ance and highlight important information, colour photo-
graphs (not stick figures or sketches) of correct technique
and simplified written instructions (including where to
complete exercises, number of repetitions). Exercises were
always completed in the same place within participants’
homes and details, for example of where to stand or hold
on, was recorded on each exercise sheet. Adherence and
adverse events were also recorded in this booklet. When
exercises were progressed, new exercise sheets were inserted
and old ones removed so as to retain the simple structure.
Control group
Participants in the control group received ‘usual care.’
They were encouraged to report any falls to their general
practitioner and did not receive any further contact from
the investigators except for collection of falls data and
follow up assessment. Both intervention and control
groups received health promotion brochures on fall
prevention and home safety.
Study measures
Recruitment, retention and acceptability of study
components and intervention
Referral source and reasons for exclusion or declining
were documented. Adherence to the intervention protocol
was recorded using field notes during each visit and in-
cluded comments regarding acceptability of study compo-
nents – whether participants were engaged in the exercise
and/or home safety interventions. Exercises were moni-
tored using a checklist in the exercise booklet completed
by participants (if exercising unsupervised) or carers and
percentage of home safety recommendations implemented
with dates recorded by the OT in the home safety booklet.
Clinical outcome measures
Assessments took place at baseline prior to randomisa-
tion and at follow-up four months later. Carers were
present at baseline and follow-up assessments which
included demographics, medical history and fall history
for prior 12 months.
Everyday ability measures
The following measures were completed through inter-
views with carers: daily functioning using the Interview
for Deterioration of Daily Activities in Dementia (IDDD)
[20], mood using the Cornell Scale for Depression in
Dementia [21], and behaviour using the Agitated Behav-
iours in Dementia Scale [22]. Physical activity levels of
participants were measured using the Incidental and
Planned Exercise Questionnaire – weekly (IPEQ-W) for
older people [23] where total amount of hours spent doing
planned and incidental physical activities, including self
care, home maintenance and exercise were recorded.
Carer measures
Carer burden was measured with the Zarit Burden Inter-
view (short form) [24,25] and carers’ ability to simplify
everyday self care tasks for people with dementia was
measured using the Task Management Strategy Index
(TMSI) [26].
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Physical performance
The Physiological Profile Assessment (PPA) [27] was
used to assess physiological performance. The PPA con-
tains five validated measures of physiological function
for people with intact cognition: visual contrast sensitiv-
ity, proprioception, quadriceps strength, simple reaction
time, and postural sway while standing on a foam rubber
mat with eyes open. The resulting fall risk score can pre-
dict the risk of recurrent falls with 75% accuracy over a
12-month period. Other physical measures included the
Hill Step Test [28] and the near-tandem test of standing
balance with eyes closed [13]. The Hill Step Test pro-
vides a measure of dynamic balance. Dynamic balance is
not measured by the PPA or the near tandem eyes
closed balance test, dynamic balance involves shifting
weight to enable everyday activities and walking. Step
tests have also been associated with fall risk [29]. Per-
formance on these physical assessments also provided
the basis for exercise prescription.

Falls
Fear of falling was assessed with the Falls Efficacy Scale -
International (Short Form) [30] and the Iconographical Falls
Efficacy Scale – International (ICONFES) [31]. Falls, defined
as unintentionally coming to rest on a lower level, were
monitored using monthly falls calendars completed by the
carer. If calendars were not returned or if a fall was reported,
an investigator telephoned the carer to obtain details.

Statistical analysis of falls and clinical measures
Data were analysed using SPSS 19.0 for Windows (SPSS,
Inc., Chicago, IL). Frequencies and histograms provided
exploration of individual changes. Data were analysed
using intention to treat and without imputation for
missing data because of the exploratory nature of the
pilot. Differences between groups for rate of falls were
compared with Incident Rate Ratios using the negative
binomial regression model and for number of fallers
using a relative risk (RR). For other measures, change
scores were generated. Due to the small sample size and
because the data were skewed, outcome trends were
analysed using the Mann–Whitney U-test.

Results
Recruitment and sample characteristics
Recruitment commenced by the RA/interventionist in
June 2010 and continued for six months.
Of the 38 dyads referred to the study, there was a high

rate of willingness to participate, with only 6 (16%) de-
clining and 10 (26%) not meeting inclusion criteria. Rea-
sons for exclusion were: living too far from study centre
(n=2), living in residential care (n=2), having severe vi-
sion impairment (n=3), a degenerative neurological con-
dition (multiple sclerosis) (n=1), severe pain/physical
disability (n=1), or severe cognitive impairment (n=1).
Six people declined participation. Reasons included not
interested (n=2), lack of carer time (n=2), carer view that
intervention was not necessary (n=1) and timing did not
suit the carer (n=1). Twenty two (58%) dyads of carer
and participant were randomised into the intervention
(n= 11) or control groups (n= 11) and followed up for
four months. The flow of participants through the trial
is shown in Figure 2.
There were no significant differences at baseline

between the intervention and control groups in terms of
demographic characteristics or assessment measures
(Table 1). We examined cognitive function in the 13
(59%) carers who were 65 years or over: mean MMSE
was 28.7 (SD=1.9), with a range of 24–30.
All dyads completed all measures at baseline assess-

ment. All dyads in the control group had a follow-up as-
sessment, with the majority of measures completed. One
dyad in the intervention group was not available for
follow-up as the participant was in hospital with a leg
ulcer. The remaining 10 dyads (91%) were available but
not all measures were completed: one person completed
only the physical measures, one person declined to
complete more than three measures for unspecified rea-
sons and one person’s carer did not return measures.
The intervention group received a mean number of 10

home visits (range 6–12) of 57.5 minutes duration and
3.5 telephone calls of 12.9 minutes duration, equating to
10.3 hours of direct contact per participant. Two people
(18%) had fewer than ten visits: one person had only 6
visits as she declined the home safety intervention and
the other was unwell after the 7th visit and discontinued
intervention.

Cognitive status
All participants demonstrated cognitive impairment in
the mild range, as shown by the MMSE mean scores
(Table 1) and ranges (intervention 20–29; control 15–
28). There was no statistical difference between groups
(t (20) = .92, p>.05). Functional cognition in the inter-
vention group, as assessed with the LACLS-5 was within
the expected range for people with dementia living in
the community with mean and median scores for the
intervention group being 4.4 (range 4.2 – 5.6). At the 4.4
level of function behaviour is goal directed but people
do not visually scan their environment, do not anticipate
hazards and cannot solve problems independently, so it
is not recommended that they live alone [14]. The four
participants below this level lived with spouses.

Adherence to recommendations for home hazard
reduction
One dyad withdrew from the home safety intervention
as they were not interested in having their home
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Figure 2 Flow chart of participants through the trial.

Table 1 Baseline characteristics of participants with
dementia

Baseline characteristics Intervention
(n=11)

Control
(n=11)

Gender: n (% women) 5 (45.5%) 4 (36.4%)

Age (mean ±SD) 78.7 (± 4.2) 80.9 (± 5.0)

Years of education (mean ±SD) 10.6 (±2.4) 12.0 (±4.3)

Number of medications (mean ±SD) 3.4 (±1.7) 5.0 (±2.5)

Number of co-morbidities (mean ±SD) 3.0 (±2.4) 4.1 (±2.2)

Living situation:

Lives alonea n (%) 4 (36.4%) 2 (18.2%)

Lives with spouse or family n (%) 7 (63.6%) 9 (81.8%)

Female carers (%) 8 (72.7%) 8 (72.7%)

Falls previous 12 months (mean ±SD) 2.09 (±2.5) 2.45 (±3.2)

Number falls in past year:

No falls 4 (36.4%) 2 (18.2%)

1 fall 2 (18.2%) 4 (36.4%)

2 or more falls 5 (45.5%) 5 (45.5%)

ACE-Rb (mean ±SD) 67.8 (±12.6) 62.5 (±14.2)

MMSEc (mean ±SD) 24.5 (±3.1) 22.5 (±4.3)

Notes:
aCarers were adult children of participants who met inclusion criteria of at
least 3.5 hours face to face contact per week.
bACE-R – Addenbrooke’s cognitive examination – revised. Score range 0–100.
Cut off score for dementia ≥82.
cMMSE – Mini mental state examination. Score range 0–30.
Higher scores on both ACE-R and MMSE indicate better cognition.
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assessed. There was a mean of 21.2 (range 13–31) haz-
ard reduction recommendations and the remaining 10
participants implemented some changes to reduce haz-
ards (range 19–80%). Fifty percent of participants (n=5)
implemented 50% or more of the recommen- dations.
The most commonly adopted recommendations were

the simple changes, such as changing footwear and re-
arranging small items of furniture, and recommendations
completed by the therapist during visits, such as double
sided tape securing mats, fluorescent tape to highlight step
edges and using sensor lights. Recommendations for be-
haviour change related to habitual behaviours, such as not
leaving bags on floors to trip over straps. Older participants
(>80 years) (and carers) who had multiple falls prior to the
study (n=3, 30%) were the most enthusiastic about changes
and had the highest rate of implementation. Overall, there
were trends to higher adherence (implementing 70-80%)
for those with a history of falls and a poorer cognition
(lower ACE-R scores). Higher carer stress tended to result
in lower adherence.

Adherence to exercise intervention
All participants in the intervention group (n=11) were
prescribed between 2 and 6 exercises (mean 4.3) at the
start of the program, and these were to be completed
three times per week. Recommendations regarding fre-
quency of exercise sessions and repetitions for each ex-
ercise were lowest for one participant who had been
inactive for a long period of time prior to study
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commencement (n=3 exercises) and for another who
lived alone and was not able to exercise without supervi-
sion (n= 2 exercises). Initial exercise prescription erred
on the side of low intensity for all participants which
may have been less challenging for those more physically
capable, for example, one participant who routinely
attended a gym 3–4 × week.
The number of exercises prescribed increased to a

mean of 5.5 (range 4–6) by 12 weeks. All participants
were prescribed: at least one static balance exercise, with
the majority (n=7, 63%) prescribed two balance exercises
(range 1–2). Nine participants (82%) were prescribed
one or more dynamic balance exercises (range 0–3). All
participants were prescribed between one and three
strength exercises with four participants (36%) pre-
scribed three strength exercises. Participants were
progressed between 2–4 occasions (mean 3) but not
every exercise was upgraded on each occasion. All par-
ticipants were progressed by increasing the number of
repetitions for selected exercises (increased by 2, 5 or 10
repetitions) and/or increasing level of difficulty of exer-
cise (for example narrowing base of support in semi tan-
dem to near tandem then adding tandem stand (eyes
open) or increasing the time in the exercise stance
(range 5 to 30 seconds) by 5–15 seconds). No partici-
pants were prescribed weights but used gravity for resist-
ance such as in sit to stand, and three (22.3%) were
prescribed step-ups with increasing step height.
Carers provided supervision of the exercises in 63.6%

(n=7) of cases. One participant did not require supervision
as he functioned at cognitive level mode 5.2 and was
deemed to be able to complete exercises independently.
Two male participants did not want their spouses to
supervise and one spouse-carer considered that the par-
ticipant did not need supervision. These participants dem-
onstrated correct technique and were supported by the
individualised cueing and instructive exercise booklets.
According to adherence records in the exercise book-

lets and verification during visits by study staff, partici-
pants completed exercises a mean of 2.8 times per week
with a range of 0 to7 (SD ± 1.4). Brief physical illnesses,
such as gastroenteritis and mild joint pain (n=5) and
holidays (n=3) reduced adherence for periods of up to
two weeks during the intervention time frame for eight
(72.7%) participants. At the end of the intervention
period 72.7% (n=8) participants were still completing ex-
ercises (mean = 3.3, range 2–5 times per week), with
prolonged ill health, hospitalisation and/or residential
care placement the reasons for stopping (n=3). Availabil-
ity of carers to supervise exercise limited the exercise
prescription in three cases (27%) with only twice weekly
sessions being possible when they did not live with the
participant. All carers and participants reported enjoy-
ment and satisfaction with the program. One participant
and a number of carers (n=4; 36%) commented that they
believed the exercises could have been stronger/ more
intense than those prescribed.

Safety and adverse events
No serious adverse events related to the intervention
were reported during the study period. Minor com-
plaints relating to stiffness, dizziness and mild joint pain
(n=4; 36%) were reported by participants intermittently
and exercises were adjusted accordingly.

Clinical outcome measures
Interquartile ranges demonstrate high variability in both
groups in this small sample. There was differential loss
of data at follow up with more loss occurring in the
intervention group (see Table 2). Five people (23%) did
not complete the IDDD or ICON-FES scales at follow
up and 7 (32%) did not complete the Hill Step Test.
There were no significant differences between groups for
any of the outcome measures at retest. Though difficult
to interpret there were trends in favour of the interven-
tion group for physical activity levels as assessed with
the IPEQ-W and a reduction in agitated behaviours
measured by the ABID (Table 2). The physiological mea-
sures (PPA) showed no improvement with the Hill Step
Test actually showing a poorer outcome for the inter-
vention group and no change in the control group.
The Zarit scale showed a trend in the intervention

group for increased burden which was approximately
twice that of the control group, though four cases were
missing from the intervention group (Table 3). The
TMSI was useful in understanding management strat-
egies used by the carers and which ones they took up as
a consequence of the intervention. Using routines as a
strategy to support function was not endorsed by any
carers at baseline: at follow-up 6/7 carers in the inter-
vention group endorsed this strategy; none in the con-
trol group. Intervention group carers also reported using
briefer instructions with their person with dementia at
follow-up (5/7) with none in the control group, and
none in either group at baseline. The ICON-FES was
preferred by assessors over the FESI because of its visual
representation of fear of falling situations.

Falls
There were fewer falls (n=5) in the intervention than the
control group (n=11), (IRR= 0.34 (95% CI 0.06-1.91)).
Two people fell in the intervention group and four in
the control group (RR = 0.50 (0.11 to 2.19)). Most
people in the control group who fell did so in their own
home environment with only one fall recorded outdoors
in a park. These falls were while participants were
conducting everyday activities such as getting dressed
(n=3 falls) or transferring/mobilising in the home (n=3



Table 2 Comparison of physiological and functional outcomes for person with dementia

Measure Baseline or 12 wk follow up n Intervention mean ±SD n Control mean ±SD P2

PPA falls risk score1 B 11 0.78 (±1.15) 11 1.69(±1.74)

F 9 1.42 (±1.63) 11 2.65 (±1.83) .82

Near tandem eyes closed B 11 5.19 (±3.58) 11 5.71(±3.01)

F 9 5.35 (±3.72) 10 6.29 (±3.70) .32

Hill step test B 11 19.18 (±6.53) 11 14.45(±4.96)

F 6 15.0 (±5.12) 8 14.20 (±7.67) .10

IPEQ-W (Incidental and planned exercise) B 11 20.77 (±11.69) 11 14.41 (±10.57)

F 9 32.96 (±18.46) 11 14.53 (±14.91) .26

IDDD: (Activities of daily living) B 11 46.4 (±8.2) 11 49.4 (±13.8)

F 7 49.9 (±11.6) 10 53.7 (±15.9) .40

FES-I short form1 B 11 10.5 (±4.4) 11 10.0 (±3.0)

F 9 8.2 (±1.9) 11 9.4 (±5.4) .71

ICON-FES1 B 11 51.6 (±21.8) 11 51.3 (±18.9)

F 8 47.3 (±18.5) 9 44.6 (±12.8) .56

Cornell depression scale1 B 11 6.41 (±4.57) 11 5.59 (±5.52)

F 6 8.10 (±7.27) 10 6.32 (±4.83) .29

Agitated behaviours in Dementia scale1 B 11 14.41 (±13.99) 11 14.36 (±16.34)

F 7 12.29 (±13.49) 11 14.66 (±15.67) .58

Notes: PPA Physiological profile assessment, IPEQ-W Incidental and planned exercise questionnaire – weekly, IDDD Interview for deterioration in daily activities in
dementia scale, FES-I Falls efficacy scale – international, ICON-FES Iconographical falls efficacy scale – international.
1Lower scores reflect better ability, 2Mann–Whitney U test using change scores.
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falls) or tripping over obstacles/ steps (n=2 falls). Of the
two participants in the intervention group who fell, one
fell at home and the other fell while walking a relative’s
dog in an unfamiliar environment.
There was one fracture in the control group and none

in the intervention group.

Discussion
The primary aim of the study was to develop and pilot
the feasibility of a novel approach to fall prevention for
people with dementia. The complexity of the interven-
tion required a determination of the program’s accept-
ability, feasibility and if it could be achieved from the
perspectives of the participants and their carers and the
allied health staff who implemented the intervention
protocols. Therefore, efficacy or intervention effects can-
not be conclusively determined from our results, in keep-
ing with the aims of a feasibility trial [32]. Structural and
Table 3 Comparison of burden and task management outcom

Measure Baseline or follow up n

Zarit carer burden1 B 11

F 7

Task strategy management index B 11

F 7
1Lower scores reflect improved outcome, 2Mann–Whitney U test using change scor
organisational aspects of the study such as randomisation,
blinding, delivery of the intervention, retention of partici-
pants and analysis were feasible.
Recruitment for the small number in the pilot was

achieved within our time frame and was influenced by
the clinical relationships of the investigators. Recruit-
ment challenges included the difficulties of identifying
people with dementia in the community and the number
of research projects running concurrently in the demen-
tia specific services. In a larger trial, use of a multi-
centre approach and recruitment from a wider sample
such as health services for older people as well as
dementia specific clinical networks would be needed to
yield a sufficient sample. Strategies such as advertising
through local papers and radio, hospital newsletters and
agencies such as Alzheimer’s Associations, and screening
at local community centres and GP clinics may success-
fully recruit larger numbers. All participants in the
es for carers

Intervention mean ±SD n Control mean ±SD P2

15.09 (±9.89) 11 10.45 (±11.79)

19.14 (±12.27) 11 11.64 (±11.48) .77

7.55 (±4.45) 11 8.09 (±4.81)

8.57 (±3.36) 11 6.55 (±4.72) .64

es.
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control group expressed disappointment that they would
not be receiving intervention, and the general enthusi-
asm and positive response to recruitment are perhaps
indications of the lack of specific (or individually tai-
lored) community based intervention programs available
for people with dementia.
Incomplete follow-up assessments, as here, caused dif-

ferential reporting and can introduce bias. Our baseline
assessments compared to our follow-up assessments
were undertaken by research assistants with very differ-
ent expertise and experience in working with people
with dementia. A consideration for future studies might
be to ensure all assessors have relevant experience and
training in dementia-specific assessment. We also sup-
port the importance of further work validating the psy-
chometric properties of the physiological measures for
use in this population. Challenges can occur in testing
people with dementia using physical measures with is-
sues to do with concentration, test order and the careful
use of tactile and visual cueing depending on level of
impairment [33,34].
The study sample contained participants with mild de-

mentia but was still a relatively heterogeneous group in
terms of both physical and cognitive abilities, as is usual
with a community based clinical sample. Despite this
they were able to maintain acceptable adherence rates
for both interventions, comparable with other large trials
[35]. The trend for a reduction in the rate of falls and
increased activity in the intervention group despite the
small sample size suggest that the intervention shows
potential benefits.
Adherence to home safety recommendations was good

and consistent with the findings from a large and effect-
ive randomised trial [36] which reduced fall rates in a
cognitively intact population for those who reported a
fall in the previous year. Meta-analysis provides strong
evidence [6,8] that home safety interventions targeted to
high risk groups are effective in reducing fall risk. In our
study, participants made numerous changes which com-
prised simple recommendations such as securing mats,
highlighting step edges, changing footwear, re-arranging
furniture to improve clear access and strategies for
medication management. There was a trend for higher
rates of implementation in those who had a history of
falls suggesting, as in previous home safety studies [8], that
highest yield for this intervention is likely to come from
targeting people with a recent fall. Participants with
greater cognitive impairment were also more receptive
and evidence suggests that increasing risk of falls is associ-
ated with subtle and increasing cognitive impairment [37].
Overall, this intervention component appeared to be
acceptable, feasible and of benefit.
Adherence to exercise was also very good and compar-

able to successful fall trials [35]. However in future
studies we would recommend an increase in both fre-
quency and intensity to achieve a clinically meaningful
impact on overall risk profile. Heterogeneity of the sam-
ple in physical functioning as well as cognitive abilities
may have contributed to less intense exercise prescription
and progression. Some participants reported no physical
activity outside personal care and ADL tasks (for example,
minimum IPEQ-W score of 6.8 hrs per week) while
another reported exercising extensively (IPEQ-W score of
47 hours per week). This, plus the combination of cogni-
tive status and living status are likely to have impacted on
exercise prescription and subsequent upgrading.
A number of recommendations about the exercise

protocol can be made. Simple ankle cuff weights have
been part of the current successful home based pro-
grams with cognitively intact people [35]. Logsdon [12]
found that resistance bands were difficult to use with
their mild cognitively impaired groups and instead used
body weight for resistance. Contrary to this Steinberg
et al. [38] used both resistance bands and cuff weights in
a home based physical activity program for people with
moderate dementia. Consideration needs to be given to
how these are introduced and taught. Secondly, a more
detailed exercise history obtained at baseline could be
incorporated into the exercise prescription to supple-
ment the baseline assessment and used to better tailor
the approach to exercise prescription. Finally, a greater
choice of alternate exercises which are sufficiently chal-
lenging but implemented differently so as to accommo-
date the different cognitive and social circumstances is
recommended. Recently, a supervised group-based inten-
sive exercise program, conducted over three months, has
demonstrated the potential to improve strength and func-
tional performance in cognitively impaired older people
recruited after rehabilitation and through community
nurses [39]. This study did not show a significant reduc-
tion in falls, but was not powered to detect fall reductions.
Further work is needed to determine whether strength
and balance measures can be improved in stable commu-
nity populations and whether these improvements trans-
late into reductions in falls and fall-injury.
We recommend an integrated therapy approach with

refined protocols where occupational therapist and
physiotherapist are trained to implement both compo-
nents. Such team support would enhance the delivery of
the intervention with carers and ensure adequate pro-
gression of participants towards intervention goals. This
may also assist in reducing the number of visits re-
quired. This team approach is plausible and its applica-
tion has been demonstrated in a restorative functional
independence project [40].
The tailored approach accommodating both physical

and cognitive abilities was a key component of this inter-
vention, enabling people with a wide range of abilities to
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fully participate. The use of the Allen’s model was useful
in guiding the modification of cognitive demands of the
program. The simple formats of the separate booklets
for exercises and for home safety were enthusiastically
received by participants and carers. Our modifications
included simple statements reminding participants what
each exercise was targeting and improved and simplified
methods for recording adherence.
Personal goals achieved were not always directly

related to falls prevention. For example, one participant
started walking to the bus on her own as she felt more
confident; another participant who was initially very re-
sistant to allowing community services into her home
and had a long history of rejecting help was able to allow
limited community care staff into her home in addition
to the intervention staff; and a number of participants
commenced other community services such as meal
provision. These outcomes might be better represented
in a participation measure or with qualitative method-
ology. Other needs such as the lack of activities for
people with dementia that are appropriate, interesting
and accessible and not dependent on carer for transport
were identified by all dyads.
Within our sample multiple personal issues and cir-

cumstances arose yet participants were very committed
and engaged in the program with few cancellations. This
feasibility study is the first falls study to include people
with dementia in a home based intervention. Given the
practical challenges for carers and people with mild
dementia to attend centre based programs such alterna-
tives need to be developed and rigorously tested.
The trend towards increased burden for carers of the

intervention group may have been incidental or a direct
result of their engagement in the intervention. It was our
observation that many of the carer stressors were related
to other life roles, for example, family and work issues. It
may be that both participants and carers are ‘reminded’ of
the dementia and its consequences, for example, discus-
sion of home safety recommendations may have had
implications for decision making about future care needs,
which is also stressful. We noted that some carers could
benefit from additional education regarding management
and communication skills. An environmental skills build-
ing approach that includes training of the carers in man-
agement and coping skills have been shown to reduce
caregiver burden [41]. Further, Teri et al. [13] successfully
combined carer training in behavioural management tech-
niques with home based exercise to reduce functional de-
pendence and delay institutionalisation. This indicates
there are opportunities to enhance this intervention.
There are a number of limitations to this study. The

sample of participants lived in the community and had
mild dementia and thus the intervention protocol has
not been tested in people with a moderate-severe
dementia. While the two groups were not significantly
different at baseline there were missing data which is
likely to affect the direction of results. The IPEQ-W has
not been validated for people with cognitive impairment
and thus we relied on carer report where possible. While
fall reporting processes are the same for control and
intervention, it may be underestimated if the person
with dementia does not remember to report all falls,
though as this was a group with mild dementia this
would have been less of an issue. There were more con-
trol participants who lived alone which could have led to
differential reporting bias as carers assisted with com-
pleting fall calendars. The sample recruited included
people who did not have a history of a fall in the previ-
ous year and this may have influenced motivation to
adhere to the intervention.
While both intervention components were acceptable

both offer challenges with this group of people in terms
of comprehensiveness and intensity. We believe that for
this high-risk population a multi-component interven-
tion that can be tailored to cognitive and functional
capacity and be relevant to carer and participant life
situation is required.

Conclusions
The pilot demonstrated that a home-based tailored
intervention was feasible and acceptable to people with
mild dementia and their carers. Future research on fall
prevention for people with dementia should consider the
following: recruitment for a larger trial will require mul-
tiple approaches; assessors should have dementia-specific
experience in interviewing to maximise ease and reliability
and completeness of data collection; the intensity in inter-
vention components be balanced by integrating therapy
approaches and by progressing the balance and strength
opportunities; a fall intervention needs to consider the
carers’ needs and provide specific carer training session in
behaviour management and communication skills as these
concerns dominate daily care. We recommend that a
refined and enhanced intervention be tested in a randomi-
sed trial powered to detect an effect on falls as an outcome
measure.

Competing interests
The authors declared that they have no competing interests.

Authors’ contributions
JW made substantial contributions to the development of the intervention,
conducted baseline assessments and the occupational therapy aspects of
the intervention, conducted the data entry and data analysis and drafted the
manuscript. LC made substantial contributions to the conception and design
of the study, contributed to data analysis and interpretation and was
involved in manuscript drafting. JC made substantial contribution to the
conception and design of the study, interpretation of data and contributed
to manuscript revision. MT conducted the physiotherapy intervention and
contributed to the revision of the manuscript. HB, SL & LG contributed to
the study design and critical revisions of manuscript. All authors read and
approved the final manuscript.



Wesson et al. BMC Geriatrics 2013, 13:89 Page 11 of 12
http://www.biomedcentral.com/1471-2318/13/89
Acknowledgements
This project was supported by a new investigator grant from Alzheimer’s
Association, USA (Clemson, L.) and an Alzheimer’s Australia Research (AAR)
Dementia Research Grant for new researchers (Wesson, J.).

BMC geriatrics
http://www.biomedcentral.com/bmcgeriatr/about/

Author details
1Ageing Work and Health Research Unit, University of Sydney, Lidcombe,
Australia. 2Dementia Collaborative Research Centre, Better Assessment,
Randwick, Australia. 3Centre for Healthy Brain Ageing, School of Psychiatry,
University of New South Wales, Randwick, Australia. 4Neurosciences Research
Australia, University of New South Wales, Randwick, Australia. 5Johns Hopkins
University, Baltimore, USA. 6Prince of Wales Clinical School, University of New
South Wales, Randwick, Australia. 7Centre for Population Ageing Research
(CEPAR), Sydney, Australia.

Received: 1 October 2012 Accepted: 30 August 2013
Published: 3 September 2013

References
1. Access Economics: Making choices: Future dementia care, projections,

problems and preferences. Alzheimer’s Australia; 2009. available: http://www.
fightdementia.org.au/research-publications/access-economics-reports.aspx.

2. Alzheimer’s Disease International: World Alzheimer’s Report 2010. The global
economic impact of dementia. London; 2011:52. available: http://www.alz.co.
uk/research/files/WorldAlzheimerReport2010.pdf.

3. Shaw FE: Falls in cognitive impairment and dementia. Clin Geriatr Med
2002, 18:159–173.

4. van Dijk PT, Meulenberg OG, van de Sande HJ, Habbema JD: Falls in
dementia patients. Gerontologist 1993, 33(2):200–204.

5. Rudolph JL, Zanin NM, Jones RN, Marcantonio ER, Fong TG, Yang FM, Yap L,
Inouye SK: Hospitalization in community-dwelling persons with
Alzheimer’s disease: frequency and causes. J Am Geriatr Soc 2010,
58(8):1542–1548.

6. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson
LM, Lamb SE: Interventions for preventing falls in older people living in
the community. Cochrane Database Syst Rev 2012, Issue 2:In., vol. Art. No.:
CD007146. doi:10.1002/14651858.CD007146.pub2.

7. Sherrington C, Whitney JC, Lord SL, Herbert RD, Cumming RG, Close JCT:
Effective exercise for the prevention of falls – a systematic review and
metaanalysis. J Am Geriatr Soc 2008. Accepted 30 July 2008, on line early.

8. Clemson L, Mackenzie L, Ballinger C, Close JCT, Cumming RG:
Environmental interventions to prevent falls in community-dwelling
older people: a meta-analysis of randomized trials. J Aging Health 2008,
20(8):954–971.

9. Winter H, Watt K, Peel NM: Falls prevention interventions for community-
dwelling older persons with cognitive impairment: A systematic review.
Int Psychogeriatr 2013, 25(2):215–227.

10. Shaw FE, Bond J, Richardson DA, Dawson P, Steen IN, McKeith IG, Kenny RA:
Multifactorial intervention after a fall in older people with cognitive
impairment and dementia presenting to the accident and emergency
department: randomised controlled trial. BMJ 2003, 326(7380):73.

11. Mahoney JE, Shea TA, Przybelski R, Jaros L, Gangnon R, Cech S, Schwalbe A:
Kenosha County falls prevention study: a randomized, controlled trial of
an intermediate-intensity, community-based multifactorial falls
intervention. J Am Geriatr Soc 2007, 55(4):489–498.

12. Logsdon RG, McCurry SM, Pike K, Teri L: Making physical activity accessible
to older adults with memory loss: a feasibility study. Gerontologist 2009,
49(S1):S94–S99.

13. Teri L, Gibbons LE, McCurry SM, Logsdon RG, Buchner DM, Barlow WE,
Kukull WA, LaCroix AZ, McCormick W, Larson EB: Exercise plus behavioral
management in patients with Alzheimer disease. JAMA 2003,
290(15):2015–2022.

14. Allen CK, Earhart CA, Blue T: Occupational therapy treatment goals for the
physically and cognitively disabled. Bethesda, MD: American Occupational
Therapy Association; 1992.

15. Mioshi E, Dawson K, Mitchell J, Arnold R, Hodges JR: The Addenbrooke’s
cognitive examination revised (ACE-R): a brief cognitive test battery for
dementia screening. Int J Geriatr Psychiatry 2006, 21(11):1078–1085.
16. Allen CK, Austin SL, David SK, Earhart CA, McCraith DB, Riska-Williams L: Manual
for the Allen cognitive level screen - 5 (ACLS-5) and Large Allen cognitive level
screen-5 (LACLS-5). Camarillo, CA: ACLS and LACLS Committee; 2007.

17. Velligan DI, Bow-Thomas C, Mahurin R, Miller A, Dassori A, Erdely F:
Concurrent and predictive validity of the Allen cognitive levels
assessment. Psychiatry Res 1998, 80(3):287–298.

18. Clemson L: Home fall hazards. A guide to identifying fall hazards in the homes
of elderly people and an accompaniment to the assessment tool, the
Westmead Home Safety Assessment. West Brunswick, Australia: Co-ordinates
Publications; 1997.

19. Vogler CM, Sherrington C, Ogle SJ, Lord SR: Reducing risk of falling in
older people discharged from hospital: a randomized controlled trial
comparing seated exercises, weight-bearing exercises, and social visits.
Arch Phys Med Rehabil 2009, 90(8):1317–1324.

20. Teunisse S, Derix MMA, Vancrevel H: Assessing the severity of dementia -
patient and caregiver. Arch Neurol 1991, 48(3):274–277.

21. Alexopoulos GS, Abrams RC, Young RC, Shamoian CA: Cornell scale for
depression in dementia. Biol Psychiatry 1988, 23(3):271–284.

22. Logsdon RG, Teri L, Weiner MF, Gibbons LE, Raskind M, Peskind E,
Grundman M, Koss E, Thomas RG, Thal LJ, et al: Assessment of agitation in
Alzheimer’s disease: the agitated behavior in dementia scale. J Am Geriatr
Soc 1999, 47(11):1354–1358.

23. Delbaere K, Hauer K, Lord SR: Evaluation of the incidental and planned
exercise questionnaire (IPEQ) for older people. Br J Sports Med 2010,
44(14):1029–1034.

24. Bedard M, Molloy DW, Squire L, Dubois S, Lever JA, O’Donnell M: The Zarit
burden interview: a new short version and screening version.
Gerontologist 2001, 41(5):652–657.

25. Higginson IJ, Gao W, Jackson D, Murray J, Harding R: Short-form Zarit
caregiver burden interviews were valid in advanced conditions. J Clin
Epidemiol 2010, 63(5):535–542.

26. Gitlin LN, Winter L, Dennis MP, Corcoran M, Schinfeld S, Hauck WW:
Strategies used by families to simplify tasks for individuals with
Alzheimer’s disease and related disorders: psychometric analysis of the
Task Management Strategy Index (TMSI). Gerontologist 2002, 42(1):61–69.

27. Lord SR, Menz HB, Tiedemann A: A physiological profile approach to falls
risk assessment and prevention. Phys Ther 2003, 83(3):237–252.

28. Hill KD, Bernhardt J, McGann AM, Maltese D, Berkovits D: A new test of
dynamic standing balance for stroke patients: reliability, validity and
comparison with healthy elderly. Physiother Can 1996, 48(4):257–262.

29. Tiedemann A, Lord SR, Sherrington C: The development and validation of
a brief performance-based fall risk assessment tool for use in primary
care. J Gerontol A-Biol 2010, 65(8):893–900.

30. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C:
Development and initial validation of the Falls Efficacy Scale-
International (FES-I). Age Ageing 2005, 34(6):614–619.

31. Delbaere K, Smith ST, Lord SR: Development and initial validation of the
iconographical falls efficacy scale. J Gerontol A-Biol 2011, 66(6):674–680.

32. Leon AC, Davis LL, Kraemer HC: The role and interpretation of pilot
studies in clinical research. J Psychiatr Res 2011, 45(5):626–629.

33. Lorback ER, Webster KE, Menz HB, Wittwer JE, Merory JR: Physiological falls
risk assessment in older people with Alzheimer’s Disease. Dement Geriatr
Cogn Disord 2007, 24:260–265.

34. Ries JD, Echtermach JL, Nof L, Gagnon Blodgett M: Test-retest reliability
and minimal detectable change scores for the Timed “Up & Go” Test,
the Six-Minute Walk Test, and gait speed in people with Alzheimer
Disease. Phys Ther 2009, 89:569–579.

35. Campbell AJ, Robertson MC: Implementation of multifactorial interventions
for fall and fracture prevention. Age Ageing 2006, 35(S2):60–64.

36. Cumming RG, Thomas M, Szonyi G, Frampton G, Salkeld G, Clemson L:
Adherence to occupational therapist recommendations for home
modifications for falls prevention. Am J Occup Ther 2001, 55(6):641–648.

37. Gleason CE, Gangnon RE, Fischer BL, Mahoney JE: Increased risk for falling
associated with subtle cognitive impairment: secondary analysis of a
randomized clinical trial. Dement Geriatr Cogn Disord 2009, 27(6):557–563.

38. Steinberg M, Leoutsakos J-MS, Podewils LJ, Lyketsos CG: Evaluation of a
home-based exercise program in the treatment of Alzheimer’s disease:
the Maximizing Independence in Dementia (MIND) study. Int J Geriatr
Psychiatry 2009, 24(7):680–685.

39. Zieschang T, Schwenk M, Oster P, Hauer K: Sustainability of motor training
effects in older people with dementia. J Alzheimers Dis 2013, 34(1):191–202.

http://www.biomedcentral.com/bmcgeriatr/about/
http://www.fightdementia.org.au/research-publications/access-economics-reports.aspx
http://www.fightdementia.org.au/research-publications/access-economics-reports.aspx
http://www.alz.co.uk/research/files/WorldAlzheimerReport2010.pdf
http://www.alz.co.uk/research/files/WorldAlzheimerReport2010.pdf
http://dx.doi.org/10.1002/14651858.CD007146.pub2


Wesson et al. BMC Geriatrics 2013, 13:89 Page 12 of 12
http://www.biomedcentral.com/1471-2318/13/89
40. Lewin G, Vandermeulen S: A non-randomised controlled trial of the Home
Independence Program (HIP): an Australian restorative programme for
older home-care clients. Health Soc Care Community 2010, 18(1):91–99.

41. Gitlin LN, Winter L, Corcoran M, Dennis MP, Schinfeld S, Hauck WW: Effects
of the home environmental skill-building program on the caregiver-care
recipient dyad: 6-month outcomes from the Philadelphia REACH
Initiative. Gerontologist 2003, 43(4):532–546.

doi:10.1186/1471-2318-13-89
Cite this article as: Wesson et al.: A feasibility study and pilot randomised
trial of a tailored prevention program to reduce falls in older people with
mild dementia. BMC Geriatrics 2013 13:89.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Setting and participants
	Randomisation and assessor blinding
	The intervention
	Functional cognition
	Home safety intervention
	Exercise intervention
	Control group
	Study measures
	Recruitment, retention and acceptability of study components and intervention

	Clinical outcome measures
	Everyday ability measures
	Carer measures
	Physical performance
	Falls
	Statistical analysis of falls and clinical measures

	Results
	Recruitment and sample characteristics
	Cognitive status
	Adherence to recommendations for home hazard reduction
	Adherence to exercise intervention
	Safety and adverse events
	Clinical outcome measures
	Falls

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	BMC geriatrics
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


