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Abstract

Objective: To determine whether a progressive multicomponent physical therapy intervention in
the home setting can improve functional mobility for deconditioned older adults following acute
hospitalization.

Design: Randomized controlled trial.
Setting: Patient homes in the Denver, CO, metropolitan area.

Participants: A total of 22 homebound older adults age 65 and older (mean + SD; 85.4 £7.83);
12 were randomized to intervention group and 10 to the control group.

Intervention: The progressive multicomponent intervention consisted of home-based progressive
strength, mobility and activities of daily living training. The control group consisted of usual care
rehabilitation.

Measurements: A 4-meter walking speed, modified Physical Performance Test, Short Physical
Performance Battery, 6-minute walk test.

Results: At the 60-day time point, the progressive multicomponent intervention group had
significantly greater improvements in walking speed (mean change: 0.36 m/s vs. 0.14 m/s, p

= 0.04), modified physical performance test (mean change: 6.18 vs. 0.98, p= 0.02) and Short
Physical Performance Battery scores (mean change: 2.94 vs. 0.38, p=0.02) compared with the
usual care group. The progressive multicomponent intervention group also had a trend towards
significant improvement in the 6-minute walk test at 60 days (mean change: 119.65 m vs. 19.28 m;
p=0.07). No adverse events associated with intervention were recorded.
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Conclusions: The progressive multicomponent intervention improved patient functional
mobility following acute hospitalization more than usual care. Results from this study support
the safety and feasibility of conducting a larger randomized controlled trial of progressive
multicomponent intervention in this population. A more definitive study would require 150
patients to verify these conclusions given the effect sizes observed.
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Introduction

Hospitalization is a profound contributor to functional loss and disability in older adults,:2
but the optimal interventions for restoring this loss of function are not yet known.
Considerable evidence exists for hospital-associated deconditioning,3# including dramatic
and rapid loss of muscle mass and strength.®> Older adults who are hospitalized are 60

times more likely to develop disability than those who are not hospitalized.® Recent
investigations have demonstrated that functional loss occurring as a result of hospital-
associated deconditioning is an important modifiable risk factor for disability development’
and re-hospitalizations® that may effectively be addressed with intensive rehabilitation
strategies. However, it is unclear what rehabilitation strategies are both tolerated and
maximally effective for optimizing functional gains for posthospitalized older adults; this
assertion is supported by a recent systematic review, which concluded that “no randomized
controlled trials have been conducted to examine the effectiveness of specific reconditioning
interventions in rehabilitation”® of deconditioned older adults.

Increasingly, older adults utilize home-based rehabilitation services to address hospital-
associated deconditioning. Physical therapy services account for 21% of total visits in home
health agencies, and nearly a quarter of visit costs.1? Despite the high utilization of physical
therapy services, studies have not examined the effectiveness of these services improving
function in older adults with multiple comorbidities after hospitalization. Medicare quality
measures!! suggest that only 57% of patients receiving home health services improve in
their ability to perform basic bed mobility, and only 62% demonstrate improvements in

gait ability. The reasons underlying these inadequate outcomes are not fully understood.
However, a 2008 survey of home physical therapists!? suggests home health physical
therapy may be delivered at an inadequate intensity for producing meaningful strength gains
in older adults who are deconditioned from a recent hospitalization.

Post-hospitalization home healthcare typically occurs during the critical time window when
patients (1) are at a high risk of health complications with multiple comorbidities and (2)
possess a limited capacity to travel to outpatient services. Thus, optimizing the interventions
provided in home health physical therapy practices to meet the rehabilitation needs of this
vulnerable population is an important step towards addressing low physical function after
acute hospitalization. Multicomponent home-based programs have previously been shown
to reduce adverse health events in frail community-dwelling older adults more than single-
focus programs of mobility or strength training alone.13 However, to our knowledge, these
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programs have not been studied in the context of home health physical therapy following
acute hospitalization.

Therefore, the goals of this small pilot randomized controlled trial were to: (1) determine

if delivery of a progressive multicomponent intervention facilitated greater functional

gains than usual care interventions; (2) demonstrate whether a high-intensity, progressive
multicomponent exercise program is feasible and safe for older adults with hospital-
associated deconditioning; and (3) evaluate effect sizes of our intervention to inform sample
size estimates for a larger trial. Our primary hypothesis was that a higher intensity exercise
program would deliver greater gains in functional performance over the intervention period,
and the gains would be maintained 60 days following hospitalization.

This study was designed as a small randomized controlled trial involving older adults

with multiple chronic conditions, who were discharged from acute care with physician
referrals for home health physical therapy. The study design was approved by the University
of Colorado Multiple Institutional Review Board (IRB# 10-0432). All patient screening,
recruitment, and enrollment was performed during acute hospitalization at the University of
Colorado Hospital Acute Care for the Elderly unit. Eligibility criteria were constructed to
select for medically deconditioned, homebound older adults at risk of functional decline.
Participants were eligible if they were =65 years of age, unable to leave the home without
physical assistance, referred to home health physical therapy after an acute hospitalization
of any duration, had at least three comorbid conditions, and were ambulatory (with or
without an assistive device) prior to hospitalization. Exclusion criteria included acute lower
extremity fractures with weight-bearing restriction, elective joint replacement surgery, active
treatment for cancer diagnosis, current dialysis treatment, acute cardiac surgery, acute
stroke, lower extremity amputation, presence of neurologic disorder limiting function (e.g.
Parkinson’s disease or Guillain-barré syndrome), a score of less than 20 on the Mini-Mental
State Examination or a referral to hospice care.

Patients were randomized to the control or progressive multicomponent intervention
group using a computer-generated randomization table. Patients placed in the progressive
multicomponent intervention group were referred to our partner home health agency and
were seen by a single physical therapist who was trained to provide the progressive
intervention. Usual care subjects were seen by physical therapists employed by the same
home health agency who were unaware of the investigation. Both groups had two to three
physical therapy visits weekly over the 30-day intervention period, as deemed appropriate
by the treating therapist. The progressive multicomponent intervention therapist and patients
were not blinded to group assignment. Patient outcome assessments were performed in
the home by an independent physical therapist blinded to group assignments at baseline
(within 72 hours of hospital discharge), 30 days, and 60 days (primary end-point) after
hospitalization.

Each progressive multicomponent physical therapy intervention session began with a period
of activities of daily living (ADL) training, primarily targeting bathroom transfers, bed
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mobility, and car transfers. Bathroom transfers consisted of on/off the toilet and tub/shower
transfers; these were performed over the first one to two weeks until the patient was deemed
fully safe and competent with these activities. Bed mobility and chair transfer training were
also practiced over the first two weeks to ensure patient competence. During the later stages
of treatment, patients participated in car transfer training, to increase safety when entering
and exiting a vehicle.

Along with ADL training, progressive multicomponent physical therapy intervention
consisted of an evidence-based mobility training program.14-16 These interventions included
indoor walking, gait training on flat ground and stairs, and outdoor walking. Walking
activities were progressed from low skill (e.g. walking in a straight line) to more skilled
activities, such as walking in a serpentine pattern. Progression was based on increasing
speed, accuracy, and by requiring the patient hold and manipulate objects during walking
(dual task). Each session began with practicing a well-learned task. Patients were progressed
when performance of the task was 80-100% correct. As walking ability improved, the
training began to target patient endurance by prescribing daily walking programs of two
10-minute bouts and increased to 20 minutes continuous. Before discharge from home
therapy, patients began transition to a more independent physical activity program, without
physical therapist supervision, by performing a daily walking program.

The progressive multicomponent strengthening intervention followed the principles of
overload,1” utilizing an 8-repetition maximum for each exercise targeting lower and

upper extremity muscle groups. The strengthening intervention was performed during each
physical therapy visit and also included a scheduled home exercise component consisting of
both upper and lower extremity strengthening exercises. Initial intensity of resistance was
determined during the first one to two visits. Training volume initially began at two sets

of eight repetitions, progressing to three sets during the second week of training. Intensity
was reassessed each week and resistance increased as the patient was able to complete three
sets of eight repetitions using appropriate form. The strength training was accomplished
using body weight resistance and the Shuttle Mini Press® (Contemporary Design Company,
Glacier, WA), which is a portable progressive strengthening device that uses resistance
bands to provide between 2.72 and 45.36 kilograms of resistance. Lower extremity exercises
included a supine leg press, standing hip extension, and body-weight resisted plantar flexion.
Upper extremity exercises consisted of seated press and seated row, both using the Shuttle
Mini Press®. All progressive multicomponent intervention participants were given a home
exercise program to continue basic exercises after discharge.

To best reproduce standard of care in the usual care group, no additional training or
education was provided to treating therapists. Therapists treating usual care patients were
not made aware of study participation to reduce bias. Usual care therapy, therefore, consisted
of the community standard home physical therapy for elderly patients after acute care
hospitalization. From chart reviews, we verified that these interventions primarily consisted
of low intensity strength training, practice of simple ambulatory skills in the home, and basic
in-home functional mobility training, along with a low intensity home exercise program to
continue prescribed exercises.
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Outcome measures used in this study at All time points have been previously validated
for use in medically complex older adults. They consisted of a 4-meter gait speed
assessment,18 the modified Physical Performance Test,19 the Short Physical Performance
Battery,20 and the 6-minute walk test.2> We also documented the incidence of adverse
events (re-hospitalizations and emergency room visits) to ensure safety of the progressive
multicomponent intervention.

Analyses were based on the intention-to-treat philosophy using SAS® version 9.2 (SAS
Institute, Inc., Cary, NC). To address the main hypotheses, we fit a series of mixed

linear models (mixed procedure) with change from baseline in each outcome (gait speed,
modified Physical Performance Test, Short Physical Performance Battery, 6-minute walk
test) as the dependent variable; intervention arm, follow-up time (30-/60-day) and their
interaction was included as primary fixed effects. A linear mixed model, unlike a traditional
analysis of variance, allows for the use of both fixed and random effects, and therefore
permits controlling for missing data in longitudinal or repeated measure analyses.22 We
constructed contrast statements to evaluate group differences at baseline, 60 days (primary
end-point), and at 30 days (secondary end-point). The primary comparison at 60 days

was used to establish the efficacy of the progressive multicomponent intervention over a
home health episode of care, while the additional 30-day secondary comparison helped
establish the trajectory of recovery in each treatment group. The number of adverse events
(re-hospitalizations and emergency room visits) were totaled and compared, as frequency
counts to evaluate preliminary safety outcomes related to the progressive multi-component
intervention.

The CONSORT diagram in Figure 1 details the participant pathway throughout the 60-day
study period. A total of 61 patients admitted to the Acute Care for the Elderly unit of the
University of Colorado Hospital were screened for eligibility. Of those, 22 patients (eight
male) were initially enrolled, with two lost to follow-up before the 60-day time point. No
significant differences between the two groups existed at baseline for mean age, weight,
height, body mass index (Table 1), number of comorbidities (Table 2), or physical function
(Table 3).

Within the intervention period, the number of physical therapy treatments were not
significantly different between groups, with a mean (SD) of 9.67 visits (2.42) for the
progressive multicomponent intervention group compared with 8.00 (3.04) for the control
group (p=0.16). Additionally, the duration of home physical therapy care was 34.80
days (20.25) for the control group and 30.58 (10.24) for the progressive multicomponent
intervention group (p = 0.53).

Mean gait speed, 6-minute walk test distance, and scores for modified Physical Performance
Test and Short Physical Performance Battery at all time points are presented in Table

3. Change scores for all functional outcome measures are presented in Table 4. At

the primary 60-day end-point, the progressive multicomponent intervention group had
significantly greater gait speed, modified Physical Performance Test scores, and Short
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Physical Performance Battery scores compared with the usual care group (Figure 2,
available online). Though not statistically significant, the progressive multicomponent
intervention group demonstrated a trend towards a greater 6-minute walk test distance at

60 days compared with the usual care group. At the 30-day time point, the progressive
multicomponent intervention group had significantly greater modified Physical Performance
Test scores (p=0.02), but no other measures were significantly different between groups.

Adverse events of emergency room visits and re-hospitalizations were pooled across the
60-day time period. Six combined emergency room visits and re-hospitalizations were
recorded in the usual care group (between two patients), while none were recorded in the
progressive multicomponent intervention group. None of the adverse events were attributed
to the physical therapy intervention.

Discussion

Our findings suggest that a 30-day home-based, high intensity progressive multicomponent
intervention exercise program promotes greater gains in physical function for homebound
older adults after hospitalization than usual home physical therapy. The trajectory of

the gains during and after the intervention period provides useful insight into the dose-
dependent effects of exercise on this population. Participants in the higher intensity
progressive multicomponent intervention group did not demonstrate the decline in physical
function between day 30 and day 60 that was observed in the usual care group, and actually
continued to show improvement in Short Physical Performance Battery scores for the month
following the end of the intervention—demonstrating a gain nearly three times the minimal
clinically important difference (MCID) of the test battery. Comparably, at the 60-day time
period, the usual care group had only small improvements in Short Physical Performance
Battery scores from baseline—Iless than what is considered a meaningful change in this
measure.

Clinically meaningful changes were also observed in gait speed for both groups at 30

days; however, the progressive multicomponent intervention group continued to make
significant gains in walking speed after the conclusion of skilled therapy services. Clinically
meaningful gains in gait speed were not observed in the usual care group after the first 30
days. The progressive multicomponent intervention group also had superior improvements
in modified Physical Performance Test scores at both the 30-day and 60-day time

points. These findings provide preliminary evidence that a higher intensity progressive
multicomponent intervention program may more effectively ameliorate the functional
decline commonly seen after acute hospitalization. At the same time, restoration of function
to levels of healthy, comparably aged older adults was not achieved,20:23.24 suggesting that
extending the duration of high intensity treatments in future studies may be required to
maximize function in this vulnerable population.

Safety of the study was assessed by evaluating rates of adverse events, hospital re-
admissions, and emergency room visits in both treatment arms. There were no adverse
events related to treatment in either group. Interestingly, we observed fewer hospital
re-admissions and less emergency room utilization in the progressive multicomponent
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intervention group at 60 days after hospital discharge (six combined re-admission and
Emergency Room visits in the usual care group; zero in the progressive multicomponent
intervention group). This is an important observation, as re-hospitalizations are an emerging
area of interest in healthcare systems and are directly linked to reimbursement for acute
care hospitals. The 30-day re-admission rates for the general Medicare population are
approximately 16%, but estimates are as high as 24-42%?25 for the cohort of older adults
who participate in home healthcare services after hospitalization. Emerging research has
strongly implicated both ambulatory ability26:27 and physical function® as independent
predictors of re-hospitalization risk; the fact that the progressive multicomponent
intervention group in our study had significantly higher gait velocities and Short Physical
Performance Battery scores may be an indicator that they were at overall decreased risk
of re-hospitalization. However, a future study with larger cohorts is needed to examine
the specific relationships between functional improvements and re-hospitalization risk in
homebound older adult populations.

The results of this current study expand upon previous research by Tinetti, who examined
the effects of an interdisciplinary restorative care intervention compared with a usual care
group for older adults hospitalized with multiple diagnoses and comorbid conditions.28

The restorative care group was more likely to remain at home (vs. rehospitalization, death,
or nursing home) following an episode of home care and was less likely to require an
emergency room visit as compared with the usual care group, but did not demonstrate
clinically significant improvements in ADL function. The protocols used in Tinetti’s study
were heavily focused on increasing patient participation in, and independence with, home
tasks,2 but did not specifically address the deficits in strength, gait ability, or endurance that
underlie ADL impairments. This may explain why our results had a much more robust effect
on physical function in a similar population of older adults receiving home health services.

The finding of continued physical performance improvement after the withdrawal of
supervised exercise is somewhat in contrast with previous findings on exercise effects

on older adults. Kalapotharakos3° found that healthy octogenarians who participated in
resistance training had significantly improved strength, but did not retain gains over

a six-week period of detraining. However, the intensity of training in that study was

only 70% of a three-repetition maximum, which is significantly lower than the 80% one-
repetition maximum target in our study. We hypothesize that higher intensity interventions
facilitate greater gains in functional reserve for this population,3# which results in improved
participation in ADL and thus better maintenance of physical function gains, even after
skilled therapy is discontinued.

There are a number of limitations to our study that should be considered when interpreting
the results. First, our sample size was relatively small (7= 22). However, the robust physical
performance differences between our groups at the 60-day time-point, combined with the
differing trajectories of recovery at that time-point, suggest that there are clear differences
in functional performance between the groups. Second, our sample was limited to a single
metropolitan geographic area, which may limit the generalizability of our findings to rural
settings. Third, the control group in our study was a usual care group that did not have
specific exercise protocols to follow, or a specific number of visits. The control group was
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designed as usual care to more accurately capture typical home health practice patterns.
Results may differ in locales with different standards of usual care for post-hospitalization
therapy. Another limitation was that baseline testing was performed after randomization,
because it was necessary to randomize patients early in the process to allow for scheduling
of rehabilitation by the appropriately trained therapist. However, baseline testing was
performed by an assessor who was unaware of group assignment. Furthermore, baseline
functional status of the two groups was not found to be significantly different. We also did
not control for, or measure, activities in either group after the 30-day intervention period.
Both groups were given a home exercise program, but it is unknown the level of compliance
patients had with this program after physical therapy discharge. Finally, a number of patients
declined to participate in the initial study, which may have contributed to study volunteer
bias. Many of the refusals stemmed from relative uncertainty about the safety of our
interventions; these concerns have been significantly lessened with our demonstrations of
safety. In our planned larger study, we feel that our recruitment efforts will be significantly
improved because of the strong functional gains demonstrated in combination with minimal
adverse events.

From these results, it appears that a 30-day progressive multicomponent intervention
delivered at high intensity is feasible and safe for older adults after acute hospitalization
and may be more effective than usual care in ameliorating the physical function declines
associated with acute hospitalization. A larger trial is needed to confirm and expand these
findings to a larger cohort of older adults with hospital-associated deconditioning. Assuming
that the standard deviation of the 60-day change in the primary outcome of Short Physical
Performance Battery score will be 2.1 (pooled SD used for both groups), a sample size of
150 patients (75/group) would provide 82% power to detect a two-point difference (twice
the MCID) between groups (using a two-sided, alpha = 0.05 level, two-group £test). With
an estimated 25% attrition rate during the study, a future randomized controlled trial would
require at least 200 participants to replicate the conclusions we observed in this small pilot
study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical messages

. Increasing exercise intensity for older adults with hospital-associated
deconditioning is a safe and effective strategy for improving physical function
in a home health setting.

. Older adults who participate in high-intensity, multicomponent training
after hospitalization have greater functional gains with greater subsequent
maintainence of these gains than older adults receiving usual home health
physical therapy.
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Assessed for eligibility (N= 60)

Unable to contact (n=1)
Declined participation (n= 18)
Did not meet inclusion criteria (n=19)

A 4

Randomized (N= 22)

Number in each

PMC group (N=12) | 0days | UC group (N=10) [——| group receiving

allocated treatment

A4

PMC group (N=12) | 30days| UC group (N=10)

Lost to follow-up (n=2)
»| - Re-hospitalized
¥ - Unable to reach

PMC group (N=12) | 60days | UC group (N=8)

Figure 1.
CONSORT diagram showing recruitment, enroliment, and adherence of study participants.

Enrollment numbers and withdrawals, or those lost to follow-up, are indicated in the boxes
between time points.
PMC: progressive multicomponent intervention group; UC: usual care group.
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