Home exercise for mobility-limited adults
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Abstract

Purpose to compare the effects of functional home exercise of repeated sit-to-stands with low-intensity progressive resistance
training, on performance measures in mobility-limited adults over 80 years of age.

Setting participants’ homes.

Design community-dwelling older adults >80 years of age were invited to participate in a randomised controlled clinical
trial. Baseline and outcome measutes were: comfortable gait velocity, 30-s chair-stand test, 15-s step test, Berg Balance Scale,
Modified Falls Efficacy Scale and the Late-Life Function and Disability Instrument— function component. Participants
randomised to the intervention group performed repeated sit-to-stands using a GrandStand System'; a biofeedback device
that recorded and displayed the number of repetitions petformed. Participants randomised to the control group performed
knee extensions using ankle cuff weights. Both groups performed the exercises daily for 6 weeks.

Results sixty-six older adults took part. The intervention group had a statistically significant improvement in Berg Balance
Scale mean score, 1.67 & 2.64 points, P = 0.001 (control group 0.73 % 3.63 points, P = 0.258), indicating an improvement
in balance over the 6-week exercise period. There was no statistically significant effect of either intervention on the other
outcome measures.

Conclusions in a highly variable population of older adults with mobility limitations, low-intensity functional home exetcise
of repeated sit-to-stands using the GrandStand System" improved Berg Balance Scale score while low-intensity progressive
resistance training did not. While statistically significant, the improvement in Berg Balance Scale score was modest raising the
issue of what extent of change in score is clinically significant in this population.
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. Research indicates closely supervised high-intensity progres-
Introduction sive resistance training is safe and effective in improving

Reduced lower limb strength in the older adult population strength and performance in an older population [9]. How-

is associated with diminished ability to petform func-
tional activities [l —4], increased risk of falling, increased
risk of expetiencing recurrent and more severe falls [5], and
increased mortality risk [6]. In healthy older adults, lower limb
strength loss may amount to 1-3% per year, and is exacer-
bated by baseline weakness and sedentary behaviour [7, 8].

ever, access, transport, and cost to participants or providers
may limit the practicality of providing exercise interven-
tions in this form. One solution is to reduce the level
of supervision, but this appears to be associated with an
increased risk of adverse events [10]. Lower intensities of
progtessive resistance training may therefore be required
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for safe unsupervised exercise performance, particularly by
the more frail older adults. While lower-intensity home
programmes can be effective in improving strength and
measures of function [11, 12], some studies have shown
equivocal results [9, 13].

Using a functional task to provide a resistance-training
stimulus for home exercise has received little attention.
Adequate quadriceps strength is required to generate enough
knee extension to stand from a seated position without
assistance from the upper limbs [14]. For the more frail older
adult, repeated sit-to-stands may be sufficiently challenging
to improve lower limb strength and reduce functional
limitations.

The aim of the current study is to compare 6 weeks
of daily home exercise using the GrandStand System', a
device that records and displays the number of repeated
sit-to-stands performed, with progressive resistance knee
extension exercises using ankle weights. The hypothesis was
that the GrandStand System' protocol would be more
effective than the control protocol at improving functional
outcome measures, and fear of falling, in community
dwelling, mobility-limited adults over 80 years of age.

Study design

This study was a randomised controlled trial, approved by
the AUT University Ethics Committee. All participants were
advised of the study purpose, procedure and known risks,
and gave informed written consent to participate.

Study population

Potential participants were volunteers recruited from the
central and North Shore areas of Auckland, New Zealand.
Participants were screened for inclusion by telephone. To
be eligible for inclusion, interested older adults had to be:
80 years of age or older, able to walk 4 m with or without any
aid, sedentary and mobility-limited. The telephone screening
included the Short Form-36 Questionnaire physical function
component (SF-36 PF-10) [15]. Potential participants were
considered to have a mobility limitation if they were limited
‘alot’ in vigorous activities and in one or more other activity
on the SF-36 PF-10. Potential participants were excluded
if: currently receiving physiotherapy treatment, medically
unstable, had a medical condition that contraindicated
participation in a resistance exercise programme or had a
physical condition that prevented them from attempting
either exercise protocol.

Participant randomisation and assessment

Participants were randomised by coin toss to either of
the two exercise protocols by a researcher not involved in
the assessments. One of three independent assessors, all
registered physiotherapists who completed training on the
assessment process, performed the baseline assessment. The
independentassessor who conducted the baseline assessment
also administered the outcome assessment at the end of
the exercise programme. The independent assessors were
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unaware of any participant’s group allocation and reported if
blinding to group allocation was broken.

Baseline and outcome measures

Height, weight, medical history and medication details were
obtained at baseline. The independent assessors confirmed
that each participant had the cognitive ability to take part
in the study from their ability to follow instructions at
baseline testing. The baseline and outcome measures used
were: comfortable gait velocity (measured over the central
3m of a 4m course) [16], 30s chair stand [17], Berg
Balance Scale (BBS) [18—20], 15-s step test [21], and two
questionnaires, the Modified Falls Self Efficacy Scale [22] and
the Late-Life Function and Disability Instrument— function
component [23]. These measures were determined from the
literature to be valid and reliable in assessing older adults,
and selected as practical to administer in the home setting.

Intervention delivery

After the baseline assessment, the researcher delivered the
exercise equipment and instructions to each participant who
performed the first day of exercises under supervision.
Participants were supervised following the first day of
exercises by five telephone calls from the researcher over
the 6-week programme. Six weeks and shorter duration
resistance and functional exercise programmes have been
found to be effective in older adults and adults affected by
stroke, respectively [24, 25]. Participants were provided with
an exercise diary to record the amount of exercise performed
each day, and to note if any falls or adverse events occurred
during the programme. Adverse events were determined, at
the outset, to be any event that required medical attention, or
caused a participant to limit their normal activity for two or
more consecutive days. Exercise progress and progression
and the details of any falls or adverse events were discussed
during each telephone call. To avert unblinding the assessors,
the reseatrcher telephoned each participant prior to the post-
intervention assessment to remind them not to divulge their
group allocation.

Intervention—GrandStand System'" group

The functional task intervention consisted of repeated slow
sit-to-stands using a GrandStand Systernm. The GrandStand
SystemTM is a pressure cushion with a biofeedback monitor
attached. The GrandStand SystemTM was placed on a dining
room chair from which the participant performed repeated
sit-to-stand exercises. The biofeedback monitor provided a
visual display of the number of sit-to-stands as they wete
performed and kept a daily and cumulative record of the total
number performed. Participants allocated to the functional
task intervention (the GrandStand SystemTM group) were
instructed to perform the sit-to-stands slowly with as little
assistance from their hands as possible. Participants in the
GrandStand SystemTM group started with 10 repetitions and
were instructed to increase repetitions by 5 a day or as
they were able, until they reached the number of repetitions



they were comfortable with to a maximum of 50 sit-to-
stands a day.

Control—knee extension group

Participants allocated to the control group (the knee
extension group) performed low-intensity knee extension
exercises using adjustable ankle cuff weights. The knee
extensions were performed once daily, with all participants
in the knee extension group starting with a single set of
10 repetitions using no weight, taking approximately 8 s
to complete each repetition. Participants progressed the
exercises by increasing load and repetitions as they were able,
to a maximum of 2 sets of 10 repetitions and 4 kg in weight.

Statistical analysis

Analysis was on an intention-to-treat basis, and any data
missing at the end of the programme was replaced by
the participant’s baseline test values. A sample size of 33
participants in each group was projected to provide a power
of 80% at 5% alpha level to detect a 20% improvement in
sit-to-stand performance. This calculation was based on a
normative scote in this population of approximately 12 & 4
repetitions for the 30-s chair-stand test [26].

Raw [Late-Life Function and Disability Instrument
scotes wete transformed into scaled scores prior to data
analysis [23]. All analyses were conducted using SPSS 14.0
for Windows (SPSS Inc, 2005). Independent sample #-tests
were used to assess any difference between the GrandStand
System group and knee extension group at baseline, and
any between-groups change in difference scores following
the final assessment. Paired samples 7-tests were used to
assess the difference between baseline and outcome measures
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within each group. Statistical significance was accepted if the
2-tailed P value was <0.05.

Declaration of sources of funding

Funding for this study was obtained from the developer
of the GrandStand System" and from AUT University,
Auckland, New Zealand. The financial sponsors played no
role in the design, execution, analysis and interpretation of
data or in writing the study for publication.

Results

Participants

The 66 participants’ demographic, health and mobility
characteristics ate presented in Table 1. The randomisation
process appears to have been effective as participants with
varyinglevels of mobility limitation were distributed between
the groups, 18.2% of all participants were limited ‘a lot’ in
the minimum two activities, most (59.1%) were limited ‘a lot’
in five or more activities.

There wete no significant differences between the groups
on any characteristic or petformance measure at baseline.
Tests of normality showed that the baseline data followed
normal distribution. The large standard deviations for each
participant characteristic and baseline measure indicate wide
variability within the study population.

Figure 1 outlines the flow of participants through the
study. Two participants were excluded at baseline assessment
following randomisation; one was excluded due to cognitive
problems identified when the participant was unable
to perform the baseline assessments, the other due to
significant visual impairment preventing them reading the

Total screened
n=121

Excluded (n = 53)

*Declined to participate (n = 9)

*Not meeting inclusion criteria (n = 30)
*Unstable medical condition (n = 3)
*Unable to do either exercise (n = 8)
*Other (n = 3)

A4

Withdrew (n = 3)
*Osteoarthritis pain
(n=1)

*Flare-up of pre-
existing condition
(n=2)

A4

Total randomised
n =68

Excluded at l
baseline
assessment | | GrandStand System™ Group
*Unable to use n=34
equipment
(n=1)

A

A 4

Completed follow up
n =30

Figure |. Flow of participants through the study.

}

Knee Extension Group

n=34

Excluded at
baseline

» 1t

| sUnable to follow

commands
(n=1)

A 4

Withdrew (n = 2)
*Disinterest (n = 1)
*Osteoarthritis pain
(n=1)

Completed follow up
n=231
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Table I. Demogtaphic, health and mobility characteristics of patticipants at baseline

All GrandStand SysternTM Knee extension Comparison of
Characteristics (n = 60) group (n = 33) group (n = 33) means P < 0.05
Gender M:F 19 (28.8) : 47 (71.2) 10 (30.3) : 23 (69.7) 9 (27.3) : 24 (72.7) n/a
Number (%)
Age (years) 85.2 = 3.6 (80, 93) 852+3.2(80,92)  85.144.0(80,93) 0.89
Mean = SD
(minimum, maximum)
Height (cm) 162.24 9.2 (140,183) 161.7 9.4 (140, 183) 162.6 £ 9.2 (146, 183) 0.69
Mean = SD
(minimum, maximum)
Weight (ke) 68.0£13.7 (40,95)  68.1£13.5(42,95)  67.8 & 14.0 (40, 95) 0.94
Mean £ SD
(minimum, maximum)
BMI (kg/m?) 258451 (17.1,41.7) 261458 (17.1,41.7) 25.5 + 4.4 (18.3,37.1) 0.64
Mean &+ SD
(minimum, maximum)
SF36 PF-10 2 12 (18.2) 7(21.2) 5(15.2) —
(activities ‘limited a lot)
Number (%) 3 69.1) 4(12.1) 2(6.1)
4 9 (13.6) 4(12.1) 5(15.2)
5+ 39 (59.1) 18 (56.4) 21 (63.6)
Psychotropic medications 0 52 (78.8) 25 (75.8) 27 (81.8) —
Number (%) 1 10 (15.2) 6(18.2) 4(12.1)
2 4(6.1) 2(6.1) 2(6.1)
Falls in previous 12 months 0 42 (63.6) 20 (60.6) 22 (66.7) —
Number (%) 1 15 (22.7) 8 (24.2) 7(21.2)
2 5 (7.6) 4(12.1) 1(3.0)
3+ 4(6.1) 13) 309.1)
Health conditions Cancer 10 (15.2) 3(9.1) 7(21.2) —
Number (%) Cardiovascular 21 (31.8) 11 (33.3) 10 (30.3)
Diabetes (NIDDM) 5(7.6) 2(6.1) 309.1)
Gastrointestinal 13 (19.7) 9(27.3) 4 (12.1)
Hypertension 20 (30.3) 10 (30.3) 10 (30.3)
Musculoskeletal 23 (34.8) 10 (30.3) 13 (39.4)
Neurological 8 (12.1) 3(9.1) 5(15.2)
Osteoarthritis lower limb 28 (42.4) 13 (39.4) 15 (45.5)
Rheumatic—other 16 (24.2) 7 (21.1) 10 (30.3)
Respiratory 14 (21.2) 9 (27.3) 5(15.2)
Renal 5(7.6) 2 (6.1) 309.1)
Vestibular 5(7.6) 4(12.1) 1(3.0)
GrandStand System’ monitor or completing the exercise ~ YVithdrawals

diary independently. Blinding was inadvertently broken in
respect of one participant when the assessor was shown a
community newspaper article featuring a photograph of the
participant performing the allocated exercise.

Intervention effect

Table 2 presents the pre- and post-intervention data. There
was no significant between-group difference in results
for any of the outcome measures used. However, the
GrandStand SystemTM group did have a significant within-
group improvement in BBS score over the course of the
programme, mean improvement 1.67 &£ 2.64 points, P =
0.001, compared to the knee extension group 0.73 £ 3.63
points, P = 0.258. There was no within-group effect of
either intervention on any other outcome measure.
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Five participants, representing less than 10% of the study
population, withdrew from the study. Three withdrew from
the GrandStand System'~ group; two following flare-up
of pre-existing medical conditions (lower back pain and
idiopathic leg pain) and one due to knee pain from
osteoarthritis. Two participants withdrew from the knee
extension group, one due to disinterest and the other due to
knee pain from osteoarthritis. There were no significant
differences in participant characteristics or performance
measures at baseline between the five participants who
withdrew and those who completed the study. Of the
five who withdrew, one was available to perform the final
assessment. Results from the baseline assessments for the
other four participants who withdrew have been inserted in
place of their missing data for analysis purposes.
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Adverse events

During the study, five participants fell: two in the GrandStand
System' " group and three in the knee extension group.
One participant from the knee extension group fell on two
occasions and required medical attention following each fall.
None of the falls were during or attributed to the exercises.

Three participants in each group experienced adverse
events attributed to the exercises; all were pain or discomfort
that prevented them performing their normal activities
for two or more days. No participant reported requiring
medical attention. In addition, four participants in each
group reported discomfort that did not affect their normal
daily activities but resulted in them not performing the
exercises on some days.

Adherence

Both groups performed exetcises a mean 31 out of the 42
possible exercise days, but there was no significant difference
in mean adherence between the groups, P = 0.948. Sixty-
six percent of the participants in the GrandStand System
group exercised in excess of 80% of the possible exercise
days; the figure is slightly less in the knee extension group at
60.6% for the same level of adherence.

Discussion

This study showed that 6 weeks of home-based training using
the functional activity of sit-to-stand improves BBS score,
while low-intensity knee extension exercise does not. Neither
exercise protocol significantly altered any other outcome
measure used. Levels of adverse events and adherence were
similar between the two groups.

In the absence of any significant between-groups
differences at final assessment, the hypothesis must be
acknowledged as not proven; however, there are still
valuable conclusions that can be drawn from the study.
This study is important in that it suggests a short petiod
of minimally supetrvised functional exercise at home can
lead to quantifiable improvements in a functional balance
measure. The degree of improvement in BBS score is
similar to that found following 6 months of high-intensity
supervised group functional training [27]. This study is
also important in that it compares a simple functionally
based exercise (GrandStand System'") with a traditionally
prescribed exercise (leg extensions), and is the first study we
have been able to identify that has done this in the home.

Sit-to-stand is a whole body action, requiring postural
control and other sensorimotor systems in addition to
adequate strength [28]. It is, therefore, not surprising that
repetitions of sit-to-stand had a positive effect on a balance
outcome measure over time, while a seated strengthening
programme for one muscle group did not. Comparable
results have been found in other home exercise studies in
this population. Ten weeks of knee extensions performed
at high intensity did not improve BBS score [10], while a
yeat’s programme of low intensity, whole-body strength and
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balance exercises significantly increased the balance outcome
measure used [29].

The improvement in BBS scote in the current study, while
statistically significant, raises the question of what constitutes
clinically important change in BBS score in this participant
population. An increase of 5—7 points is cited as required to
be confident of improved performance, this was calculated
in people over 65 years of age following acute stroke [30].
Much smaller changes in BBS score have been predicted
to impact falls risk [31, 32]. As BBS score appears to stay
stable over time [20], the small improvements resulting from
functional training as found in the present study may be
clinically significant in representing reduced falls risk.

There are a number of limitations noted with this study.
Whilst an intention-to-treat approach reduces the effect
of any dropout bias by replacing missing data with baseline
measures, it assumes that participants would have maintained
their baseline ability over the course of the programme.
Calculating one repetition-maximum (1RM) would have
provided an objective measure of baseline strength capacity,
and increased confidence that the exercise intensity was
adequate. It should be noted that prediction equations
using 1RM have been validated in younger older adults
using weights machines, not free weights [33]. Long-term
follow-up and a non-intervention control group would have
identified changes over time with and without intervention,
and any impact on falls. Funding limitations did not permit
the study to be expanded in this way.

Study strengths

Broad inclusion criteria meant the participants were highly
variable in characteristics and baseline results, providing a
representative group of community-dwelling older adults.
In addition, due to pragmatic protocols and intervention
delivery, the results reflect what would occur if the
intervention was performed in the community. By following
the CONSORT guidelines for randomised controlled trials,
the results are more able to be generalised, and useful
for drawing clinical recommendations based on a single
intervention as home exercise.

Conclusion

Six weeks of home exercise of daily sit-to-stands using
the GrandStand System' improved BBS score, but not
other outcome measures. The same duration of low-intensity
progtessive resistance training had no effect on any outcome
measure. The degree of improvementin BBS score associated
with clinically significant improvement in ability and function
has yet to be determined in this population of mobility-
limited community-dwelling adults over 80 years of age. This
small improvement in BBS score following the GrandStand
System' intervention may, however, represent a clinically
relevant improvement in balance.

Conflicts of Interest Declaration

No conflicts of interest arose during the course of this study.



Key points

Short-duration home sit-to-stand exercises using the
™ .

GrandStand System  improved BBS score but not other

performance measures.

Low-intensity knee extension exercises had no significant

effect on any outcome measure.

The degree of improvement in BBS score in the
™

GrandStand System  group was modest.

Clinically significant improvement in BBS score is yet to

be identified in community-dwelling older adults.
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Abstract

Background Epidemiological studies have shown that depression is common in institutional settings. However, the
symptomatology of depression in this group has not been compared to those living in the community.

Aims To estimate the prevalence of depression and depressive symptomatology in patticipants living in institutions and
compare these to people living in other settings.

Method The Medical Research Council Cognitive Function and Ageing Study (MRC CFAS) is a population-based cohort
comprising 13,004 individuals aged 65 and above, from five sites across England and Wales. Following screening, a stratified
random sub-sample of 2,640 participants received the Geriatric Mental State (GMS) examination of whom 340 resided
in institutions. Diagnoses of depression were made using the Automated Geriatric Examination for Computer-assisted
Taxonomy system (AGECAT; [1]).

Results The prevalence of depression in those living in institutions was 27.1% (95% CI 17.8—-36.3) compared to 9.3% (95%
CI7.8-10.9) in those living at home. Symptoms relating to depressed mood, severity of illness (e.g. wishing to be dead, future
looking bleak) and some non-specific symptoms were more common in those living in residential homes. Depression was
significantly associated with younger age (£ = 0.002) and high functional disability (2 = 0.009) in those living in institutions.
Conclusions Consistent with previous estimates, depression was highly prevalent in institutions, particularly in younger
individuals with severe functional impairment. Those in institutions report considerably more symptoms of depression.
Finding interventions which address these symptoms might improve quality of life for people in institutions, itrespective of
formal diagnoses.

Keywords: depression, prevalence, geriatric psychiatry, homes for the aged, multi-centre study, elderly
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