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Abstract

Background
Exercise confers short-term benefits for individuals with Parkinson disease (PD).
Objective

The purpose of the study was to compare short- and long-term responses among 2 supervised exercise programs
and a home-based control exercise program.

Design

The 16-month randomized controlled exercise intervention investigated 3 exercise approaches:
flexibility/balance/function exercise (FBF), supervised aerobic exercise (AE), and home-based exercise (control).

Setting
This study was conducted in outpatient clinics.

Patients

The participants were 121 individuals with PD (Hoehn & Yahr stages 1-3).
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Interventions

The FBF program (individualized spinal and extremity flexibility exercises followed by group balance/functional
training) was supervised by a physical therapist. The AE program (using a treadmill, bike, or elliptical trainer)
was supervised by an exercise trainer. Supervision was provided 3 days per week for 4 months, and then monthly
(16 months total). The control group participants exercised at home using the National Parkinson Foundation
Fitness Counts program, with 1 supervised, clinic-based group session per month.

Measurements

Outcomes, obtained by blinded assessors, were determined at 4, 10, and 16 months. The primary outcome
measures were overall physical function (Continuous Scale—Physical Functional Performance [CS-PFP]),
balance (Functional Reach Test [FRT]), and walking economy (oxygen uptake [mL/kg/min]). Secondary outcome
measures were symptom severity (Unified Parkinson's Disease Rating Scale [UPDRS] activities of daily living
[ADL] and motor subscales) and quality of life (39-item Parkinson's Disease Quality of Life Scale [PDQ-39]).

Results

Of the 121 participants, 86.8%, 82.6%, and 79.3% completed 4, 10, and 16 months, respectively, of the
intervention. At 4 months, improvement in CS-PFP scores was greater in the FBF group than in the control group
(mean difference=4.3, 95% confidence interval [CI]=1.2 to 7.3) and the AE group (mean difference=3.1, 95%
CI=0.0 to 6.2). Balance was not different among groups at any time point. Walking economy improved in the AE
group compared with the FBF group at 4 months (mean difference=—1.2, 95% CI=—1.9 to —0.5), 10 months
(mean difference=—1.2, 95% CI=—1.9 to —0.5), and 16 months (mean difference=—1.7, 95% CI=-2.5 to —1.0).
The only secondary outcome that showed significant differences was UPDRS ADL subscale scores: the FBF
group performed better than the control group at 4 months (mean difference=—1.47, 95% CI=—2.79 to —0.15) and
16 months (mean difference=—1.95, 95% CI=—3.84 to —0.08).

Limitations

Absence of a non-exercise control group was a limitation of the study.

Conclusions

Findings demonstrated overall functional benefits at 4 months in the FBF group and improved walking economy
(up to 16 months) in the AE group.

Parkinson disease (PD) is a chronic, progressive disorder affecting about 1% of people over age 60 years and an
estimated 4% of people over the age of 80 years in industrialized countries,? and is anticipated to affect 8 to 9
million people worldwide by 2030.2 Traditional management of PD has been by pharmacology or surgery, or
both. Evidence from various exercise approaches® ! demonstrates benefits of exercise in preserving aspects of
function and quality of life.222® However, a Cochrane review of 2001 noted that “there is insufficient evidence to
support or refute the efficacy of any given form of physiotherapy over another in Parkinson's disease,” further
stating, “Therefore a consensus must be found as to ‘best practice' physiotherapy for Parkinson's disease.”*’
Despite considerable efforts, there is not yet sufficient evidence. Furthermore, most interventions studied were
relatively short-term, benefits were reported immediately after the intervention, and few authors reported
postintervention follow-up. Available postintervention data (typically at 12—26 weeks)*® suggest benefits are lost
after supervision is terminated. With no strategies in place to facilitate ongoing exercise, this finding is not
surprising because PD is chronic and progressive. Ongoing exercise is likely necessary to combat declines in
strength, flexibility, and balance and their functional consequences.

A next important step is to compare interventions, not just in terms of immediate benefits, but also in terms of
long-term outcomes. The program with the greatest short-term benefits after supervised exercise may not be the
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program with greatest benefits over the long term. Thus, this investigation was designed to compare short- and
long-term effects of 2 supervised exercise programs with those of a control program.

The 3 exercise approaches investigated were: (1) a flexibility/balance/function program (FBF) specifically
designed for people with PD; (2) a standard aerobic endurance program (AE); and (3) as the control, a home-
based program of exercises recommended by the National Parkinson Foundation.t® The FBF and AE programs
were supervised 3 times a week for 4 months, with tapered supervision for 1 month, and then once monthly to 16
months. The control program was supervised once a month for 16 months.

The FBF intervention was based on exercises used in a previous investigation demonstrating improvement of
spinal flexibility and balance in people with PD.2 That program was enriched with exercises designed to enhance
postural control and overall function.X2 At 4 months, we expected to see the greatest benefits with this program
compared with the other 2 programs. However, we were concerned that participants could have difficulty
adhering to this program once supervised intervention was completed.

Endurance exercise has known health benefits?? and potentially could benefit people with PD. Improved
endurance could lead to improvements in overall function, in particular for those functions that require endurance.
We did not anticipate that endurance exercise would be as successful in improving those functional activities that
require flexibility and balance as would PD-specific exercises. However, long-term adherence might be easier
with this exercise regimen. Hence at 10 and 16 months, it was possible that participants in the AE group would
perform better than those in the FBF group.

The exercises outlined in Fitness Counts,*® developed by the National Parkinson Foundation, were chosen as a
control because these exercises are commonly given to patients by their neurologists without specific supervision
or follow-up. Because of the limited supervision, we anticipated that this program would be less successful than
the supervised exercise programs in improving all outcome measures.

Because of the degenerative nature of PD, long-term exercise habits are essential; otherwise, the participant is
likely to quickly lose any gains achieved. Yet within 3 months to a year, only 50% or fewer of individuals with a
variety of conditions still adhere to an exercise program.2-22 Barriers to exercise have been examined?2 and
include poor exercise self-efficacy, poor sense of control over exercise behaviors, unfavorable self-concept,
failure to exercise in the past, insufficient knowledge and skill, and anxiety. Among factors related to exercise
adherence,?"3L perhaps most important is readiness or willingness to change.%3 Based on theoretical constructs,
investigators have developed approaches for assisting individuals to develop regular exercise habits.=*==*

These constructs were instrumental in developing the current investigation.

In summary, this investigation compared 2 supervised exercise programs and a control exercise program, both in
the short term (4 months) and the long term (10 and 16 months). Strategies were in place to enhance long-term
adherence following the supervised period of exercise. Comparisons were made at 4, 10, and 16 months, with the
primary endpoints at 4 and 10 months. Our primary hypotheses were:

1. Overall function: The FBF and AE groups would each have greater improvement on the Continuous
Scale—Physical Functional Performance Test (CS-PFP) compared with the control group. This hypothesis
was based on the expectation that both improved flexibility and balance and improved endurance would
translate to improvements in functional ability.

2. Balance: The FBF group would have greater improvement on the Functional Reach Test (FRT) compared
with the other groups. This hypothesis was based on findings from our prior investigation.®

3. Movement efficiency: The FBF group would have better economy of walking than the other groups. The
causes of reduced economy of walking in people with PD are unknown; however, we theorized that
improved thoracic flexibility from the FBF program might result in improved walking economy.

Our secondary hypotheses were:
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1. The FBF and AE groups would each perform better than the control group on the activities of daily living
(ADL) and motor subscales of the Unified Parkinson's Disease Rating Scale (UPDRS) because of the
impact of these 2 exercise programs on function.

2. At 4 months, the FBF and AE groups would perform better on the 39-item Parkinson's Disease
Questionnaire (PDQ-39) quality of life scale because of the supervised exercise being performed 3 times a
week.

Method

Study Design

This was a randomized controlled exercise study for people with early- or mid-stage PD. Participants were
enrolled between August 2003 and April 2009; the last participants reached 16 months in July 2010.

Participants were randomly assigned to 1 of 3 groups: (1) supervised flexibility/balance/function exercise (FBF),
(2) supervised aerobic exercise (AE), and (3) home exercise (control). Primary outcome measures were: physical
function as measured by the CS-PFP,%’ balance as measured by the FRT, and walking economy (energy cost of
walking, or oxygen uptake [V0z] in mL/min/kg).2® Secondary outcome measures were: UPDRS ADL and motor
subscales and a measure of quality of life (PDQ-39).%2 Endpoints were at 4 months (the end of the supervised
exercise period for the AE and FBF groups), 10 months, and 16 months. Primary endpoints were at 4 and 10
months.

This investigation was designed with sample sizes sufficient to detect clinically important differences among
groups on several relevant outcome measures. Initial sample size estimates (PASS software, NCSS LLC,
Kaysville, Utah)* were based on reported mean changes and standard deviations of measures investigated in the
previous exercise intervention study utilizing a similar program,® as well as other change scores available at the
time of the grant submission. Included were FRT and functional axial rotation,® CS-PFP,%” and UPDRS (total and
motor and ADL subscale) scores.*2 Approximately halfway through study accrual, updated information on effect
sizes for the CS-PFP, UPDRS, and FRT was used to re-estimate the required sample size. Based on a one-way
analysis of variance (ANOVA) design with 3 groups and a minimally detectable effect size (f statistic) of 0.4 at
16 months (a ratio of 0.4 of the between-group standard deviation of mean change when comparing 16-month and
baseline measures' within-group standard deviation of change), it was estimated that 26 participants completing
the study per group were needed to achieve at least 90% power, with 0=.05 (2-sided). An effect size of 0.4
translates to between-group standard deviations for mean change between baseline and 16 months of 0.68 cm for
the FRT (within-group SD=1.7 cm), 5.92 points for the UPDRS total score (within-group SD=14.8 points), and
3.2 points for the CS-PFP (within-group SD=8 points). Accounting for an estimated 30% attrition rate over 16
months led us to randomize 38 participants per group.

Participants

All participants had primary PD diagnosed by a movement disorders specialist using the UK Brain Bank
criteria,® were in Hoehn and Yahr stages 1 through 3,% lived in the community, and ambulated independently.
Study exclusion criteria were: uncontrolled hypertension, on-state freezing or exercise limitations from other
disorders, and Mini-Mental State Examination®® score of less than 24. Most participants were recruited by their
treating movement disorder neurologist at the University of Colorado. Other methods included advertisements,
presentations at PD support groups, and meetings with other community neurologists. All participants gave
informed consent prior to the study.

A telephone screen ruled out exclusions related to health. A movement disorders neurologist confirmed the
primary PD diagnosis. Participants performed a submaximal graded exercise test (GXT) to determine whether
they could exercise safely at intensities up to 85% of age-predicted maximal heart rate (HRmax).22 Eligible
volunteers then underwent baseline testing, followed by randomization. Computer-generated randomization
assignments were designed by one of the researchers (A.E.B.). Randomization was stratified by sex and blocked
to ensure balance across groups over time; the randomization assignments were kept in opaque, sealed envelopes
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and unsealed by a research assistant after baseline testing. Of the 811 volunteers contacted, 162 provided consent,
and 121 were randomized (Fig. 1).

Baseline Testing and Outcome Measures

All testing took place at the University of Colorado and was performed by study personnel who were blinded to
group allocation. The first test session took place at a time of day when participants had their best response to PD
medications; subsequent sessions were conducted as close to that time as possible.

In one session, energy expenditure (V0z, mL/min/kg) was measured at 4 walking speeds in 0.5-mph increments
(walking economy).® The maximum speed was based on the participant's fastest tolerable speed during the graded
exercise test. A heart rate monitor was worn throughout the test. First, a resting measurement was obtained with
the participant sitting in a chair for 5 minutes. Then the participant walked for 5 minutes at each of 4 different
speeds, beginning with the slowest speed. Oxygen uptake was measured during the last 2 minutes of each stage
using an automated indirect calorimeter system (ParvoMedics TruMax 2400 metabolic cart, Sandy, Utah).

In a second session, the CS-PFP was administered by experienced physical therapists.2’ The CS-PFP, a
performance-based measure of physical function, quantifies 16 common functional activities. Examples include
making a bed, unloading groceries, climbing 3 steps onto a platform while carrying luggage (simulating getting
onto a bus), and getting up and down from the floor. For each task, the individual chooses the amount of weight,
speed, and distance covered. As such, tasks are performed at the participant's perceived capacity. Tasks are
performed consecutively; thus, the CS-PFP measures the cumulative effect of functional performance. Tasks are
scored using an algorithm that takes into account weight carried, time to complete the task, and sometimes
distance. This test is reliable and valid for people with and without PD.4647

Performance on the FRT, a test of balance in older adults,®® was measured as described previously.® The FRT is
predictive of falls®® and can be used reliably with individuals who have PD.%2 Participants performed 2 practice
trials and 3 test trials.

Secondary outcome measures included the UPDRS and PDQ-39. When this study was initiated, the UPDRS was
considered the gold standard for quantifying overall severity of PD.® The UPDRS total score and ADL and motor
subscale scores were utilized.#2 The 39-item quality-of-life scale (PDQ-39), developed for people with PD, was
completed by the participants.“’ Changes in levodopa (used in data analysis) were monitored using the levodopa
equivalent (mg/day).>t

Interventions

Interventions took place at 1 of 3 sites. The majority of participants exercised on the University of Colorado
campus. However, some participants (Fig. 1) exercised in a facility an hour south or 45 minutes northwest of
Denver. All personnel who supervised the exercise sessions were trained by the primary investigator (M.S.),
received written materials outlining the exercise protocols in detail 2255 and co-treated with the primary
investigator periodically to ensure consistency when implementing exercise protocols.

Individuals assigned to the FBF and AE groups participated in supervised exercise 3 days a week for 4 months. In
month 5, supervision was tapered (described below). Thereafter, participants were asked to participate in a
supervised exercise session once a month. The control group participants exercised under supervision during an
initial individual session and then once a month for 16 months. All participants were encouraged to perform their
prescribed exercise program a total of 5 to 7 days a week throughout the 16 months.

The supervised FBF program consisted of 2 months of flexibility training one-on-one with a physical
therapist,>2>2 followed by 2 months of small-group exercise (up to 6 participants) that included flexibility,
balance, and functional exercises.t® Supervised AE sessions included 5 to 10 minutes of warm-up, 30 minutes of
exercise at 65% to 80% of HRmax, and 5 to 10 minutes of cool-down.® Participants were encouraged to use a
treadmill, but were permitted to use a stationary bicycle or elliptical trainer. All except 1 of the participants
performed at least some of their exercise on the treadmill. The control program consisted of exercises in the home
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setting utilizing Fitness Counts, with a single monthly group exercise session supervised by a physical therapist.
Details of the exercises are presented in the eTable.

All participants, regardless of group assignment, were assisted in developing long-term exercise habits.>> After
randomization and before beginning to exercise, participants met with their trainer to discuss motivation to
exercise, potential barriers, and strategies to develop exercise habits. Participants were asked to record supervised
and home exercise throughout 16 months. After 4 months, to transition participants to unsupervised exercise,
supervision for FBF and AE was tapered (2 sessions a week for 2 weeks, then 1 session a week for 2 weeks).
Everyone participated in a monthly exercise session, exercise diaries were reviewed monthly, and strategies were
suggested to enhance adherence. Inquiry about adverse events was made at these sessions but could be reported
by participants at any time.

Data Analysis

Descriptive analysis included means, standard deviations, and proportions by group at baseline. Comparisons
across the treatment groups for categorical variables were made using chi-square tests or their exact counterparts,
depending on expected values. Continuous measures or scales were compared using ANOVA. A linear mixed
model with main effects for endpoint (baseline and 4, 10, and 16 months), the stratification variable used in
randomization (sex), interaction terms between exercise group and endpoint, and levodopa equivalent dose as a
time-varying covariate was used to estimate the intervention effect at each time point for each dependent variable.
For walking economy, after determining that the V0, x treadmill speed relationship was linear across measured
walking speeds of 0.8 to 3.5 mph, we modeled Vo, as a function of treadmill speed using a linear mixed model
with a random intercept and slope. The other factors in the mixed model for walking economy were the same as
above, with the addition of an endpoint x speed interaction and a group x endpoint x speed interaction. For all of
the mixed models, it was assumed that the group means at baseline were equal due to randomization, generally a
more powerful approach for longitudinal data analysis of a randomized clinical trial that is recommended for
routine application by Fitzmaurice et al.>® All analyses were done on an intention-to-treat basis.

Model fit was assessed using —2 log likelihood and its associated chi-square test statistic. Intervention effects on
the primary outcomes at 4 and 10 months are the principal focus of this report, but differences at the end of the
study period (16 months) also were of interest. Effect sizes based on differences between group means and 95%
confidence intervals (CIs) are reported along with statistical significance (2-sided P values). All statistical
analysis was performed using SAS/BASE and SAS/STAT software, version 9.2 of the SAS System for Windows
(SAS Institute Inc, Cary, North Carolina).>*

Assessment of Nonignorable Missingness

Overall, 94 (78%) of the participants had complete data on the primary outcome measures. The analyses assume
data are missing at random. Analysis of plots of group means over time stratified by the time of the last test
completed® indicated the findings were not biased by missing data (results not shown).

Role of the Funding Source

This work was supported by grants from the National Institutes of Health (R01 HD043770-04, Colorado CTSI
TL1 RR025778, P30 DK048520, and NS052487) and the Parkinson's Disease Foundation.

Results

Participants were 121 people in Hoehn and Yahr stages 1 through 3; almost half were in stage 2. The majority
were men, married, retired, and with an annual income of more than $50,000. There were no statistically
significant differences among the 3 groups for any demographic measures (Tab. 1). Retention was high at 4
months (86.8%), 10 months (82.6%), and 16 months (79.3%) (Fig. 1), at least 10% higher overall than planned
for in our sample size calculations.
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Table 2 includes the adjusted means from the mixed model for each group at each measurement time point. In
Table 3, we present the differences between pairs of groups in mean change from baseline. For each group and
each outcome, mean change was obtained through the model regression estimates as the adjusted group mean at a
given time point minus the adjusted mean at baseline. Differences between groups in change from baseline were
obtained using contrasts (subtraction) of the model regression coefficients. The results presented in Table 3 are
reported below as the differences, with 95% CI, in mean change from baseline between specific pairs of exercise
groups at a given follow-up point.

As hypothesized with respect to overall function, at 4 months the FBF group improved on the CS-PFP more than
the control group (mean difference=4.3, 95% CI1=1.2 to 7.3) and more than the AE group (mean difference=3.1,
95% CI=0.0 to 6.2). Contrary to our hypothesis, the AE group did not improve more than the control group (mean
difference=1.2, 95% CI=—2.0 to 4.3) on the CS-PFP. However, at 10 and 16 months, there were no differences
between any groups for CS-PFP. There were no differences in FRT scores at any time point (Tab. 3), in contrast
to our hypotheses. Also in contrast to the hypotheses, at 4 months, walking economy (ie, reduced energy cost of
walking) improved more in the AE group than in the FBF group (mean difference=—1.2 mL/kg/min, 95%
CI=—1.9 to —0.5) (Fig. 2). At 10 months, the difference between the AE and FBF groups persisted: the AE group
had greater improvements in walking economy than the FBF group (mean difference=—1.21 mL/kg/min, 95%
CI=—1.92 to —0.49). At 16 months, the AE group improved more on walking economy than the control group
(mean difference=—1.3 mL/kg/min, 95% CI=-2.0 to —0.6) and the FBF group (mean difference=—1.7 mL/kg/min,
95% CI=—2.5 to —1.0).

With regard to secondary outcomes, there were no group differences in the change in PDQ-39 or UPDRS motor
subscale scores at any time point. We had hypothesized that both the FBF and AE groups would perform better
than the control group on the UPDRS ADL subscale, but only the FBF group performed better than the control
group at 4 months (mean difference=—1.47, 95% CI=—2.79 to —0.15) and at 16 months (mean difference=—1.95,
95% CI=—3.84 to —0.08).

Overall group x time interactions are shown in Table 4. Slope of change across the 4 time endpoints was
estimated using the regression estimates for each outcome. The AE and FBF groups demonstrated greater
improvements on the UPDRS ADL subscale compared with the control group (for each comparison: slope of
—0.2, 95% CI=—0.4 to 0.0). The FBF group demonstrated more favorable effects on the CS-PFP than the control
group (slope of 0.4, 95% CI1=0.0 to 0.8).

Five study-related non-serious adverse events were reported: 3 noninjurious falls (1 in each group) and 2 reports
of soreness or pain (both in the AE group). Additionally, 24 nonserious adverse events (not during exercise) were
possibly related to the study (2 sprain/strain: 1 in the FBF group and 1 in the AE group; 22 soreness/pain: 9 in the
FBF group, 9 in the AE group, and 4 in the control group). One participant died unexpectedly after enrollment but
before randomization.

Discussion

This study examined both short-term (4-month) and long-term (10- and 16-month) benefits of exercise for people
with early- or mid-stage PD. We embarked on this investigation to determine whether FBF, an exercise program
targeted to people with PD, would confer greater benefits than would AE, a general conditioning program, or a
control program, and importantly to determine whether the hypothesized differences would persist over the long
term after completion of supervised exercise 3 times a week. Study procedures were designed to help participants
maintain benefits of exercise once the supervised portion of the study was completed. Immediately following the
supervised exercise period (4 months), the FBF program was superior to both the AE and control programs for
improving overall function. However, the AE program was superior at 4, 10, and 16 months for improving
economy of walking.

Overall Function

The hypothesis that the FBF program would generate better improvements in physical function than the control
program was based on findings from a previous 10-week study of flexibility exercises compared to wait-listed
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controls® in which exercise improved both flexibility and FRT scores. We believed the program, augmented with
balance and functional training, would improve overall functional ability, and, indeed, it did. The mean change
from baseline of more than 6 points suggests that the FBF program conferred substantial functional benefits,
possibly because of the global nature of the functional training. This change is of particular clinical significance,
given that participants in this study were nearing the threshold for disability, as evidenced by their low mean CS-
PFP scores.>® However, the difference was not maintained at 10 and 16 months, possibly because participants
were not able to adhere sufficiently to this program.

We hypothesized that the AE group participants also would perform better than controls on the CS-PFP because
this continuous functional task requires endurance. However, this was not the case, suggesting that endurance
training alone is insufficient for improving overall daily function. This finding has important ramifications when
designing exercise programs for people with early- and mid-stage PD.

Balance

We anticipated that the FBF group participants would perform better on the FRT, based on the prior investigation
utilizing the axial mobility exercise program,® but they did not. Possibly lack of significant improvement in the
present investigation reflected the relatively high functional reach distances at baseline. Of importance, even at 16
months the mean FRT score was not less than at baseline for any of the 3 groups, suggesting that all groups might
have benefited to some extent with respect to balance.

Movement Efficiency

We postulated that people with PD might require more Vo2 (hence reduced walking economy) because of the
energy expenditure to overcome the overall stiffness associated with PD. The FBF group did not improve, but the
AE group improved significantly and substantially at all 3 time points.

The finding that the AE program improved walking economy was unexpected. Energy cost of walking, when
normalized to body weight, is relatively unaffected by factors such as sex and level of fitness (eg, obesity)® and
was not expected to change in response to endurance exercise training. Baseline data from the current study
demonstrated abnormally low walking economy (higher energy cost) in patients with PD compared with a control
group of people who were healthy.2 Thus, to understand why walking economy improved in response to the AE
program, it will be necessary to investigate the mechanisms for impaired walking economy associated with PD.
Several possibilities include321%2; (1) increased resting energy expenditure, possibly associated with tremors,
although this explanation did not explain our observed differences between patients and controls; (2) impaired
efficiency of mitochondrial energy production via oxidative phosphorylation; (3) energy cost of ventilation,
which has been reported to be increased in patients with PD; and (4) impaired mechanical muscle contraction
efficiency, which may be influenced by such factors as muscle fiber type and multi-segment movement
coordination. Centrally mediated mechanisms of reduced muscle force production associated with PD® also
might contribute to the increased energy demand.

The reduced economy of movement at baseline in our participants with PD, compared with individuals without
PD, raises the possibility that reduced economy of movement contributes to the fatigue experienced by many
individuals with PD.%4 We did not specifically measure fatigue, but this possibility should be considered in future
investigations of aerobic conditioning.

Secondary Outcomes

The FBF group had significantly better performance on the UDPRS ADL subscale at both 4 and 16 months.
However, the UPDRS ADL change was small and of questionable clinical significance. No other group
differences were found. Possibly all participants continued to be active and to benefit from their respective
interventions. This interpretation is supported by data from a subset of our participants who participated in a
qualitative study 1 year after completing the 16-month parent study.® Individuals from all 3 of the exercise
groups (FBF, AE, and control) indicated that they continued to exercise after completion of the study, although
typically at a lower intensity than during the study.
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All 3 treatment groups demonstrated remarkably little change in UPDRS motor subscale scores over 16 months.
Yet, based on the natural history of PD, the expected rate of increase in the UPDRS motor subscale score in
levodopa-treated patients (“on-medication” state) would have been at least 2 to 3 points per year.® Lack of
comparable decline in these data, as well as on other outcome measures, supports the impression that all
participants benefited to some degree from their exercise. We also cannot rule out the possibility of a placebo
effect, known to be powerful among people with PD.’

Retention of 79.3% at 16 months suggests that long-term intervention studies can be carried out successfully in
this population. Furthermore, the low rate of adverse events suggests that patients with PD can engage in
relatively vigorous treadmill exercise. These findings contrast with data from a small pilot study, indicating a high
rate of falls with treadmill training.%®

Several limitations should be acknowledged. It would have been unethical to have a no-exercise control group for
a 16-month study, given the growing evidence that exercise benefits people with PD. Cross-sectional data are
available across stages of PD for the functional measures used in this study®; however, longitudinal data are
lacking for these measures. Such data will allow further interpretation of data in this investigation.

Our study was conducted in Colorado, one of the fittest states in the country. These individuals may be more
likely to exercise than people in other areas of the country, even if they are assigned to the control group, possibly
affecting applicability of our results to other populations.

With regard to outcomes, when this study was initiated, there was no expectation that exercise might ameliorate
the UPDRS motor subscale scores. Hence, we did not collect data in the “off-medication” state. However, we did
control for levodopa equivalents, which should have adjusted for any bias due to medication effects. Other
measures might provide better estimates of balance in people with PD than does the FRT; evidence in this regard
likewise became available after this study was initiated.®

With regard to the interventions, the 3 groups received different degrees of individualized attention and group
experience, which could have confounded the findings. On the other hand, the interventions studied are clinically
relevant, which was the motivation for implementing them as described.

Finally, we do not have meaningful data on participants' adherence. Although we used exercise diaries, accuracy
was insufficient for meaningful interpretation. In future studies, we recommend regular use of activity monitors to
quantitatively characterize overall activity (eg, 1 week a month)./%2

From a clinical perspective, the findings suggest that both FBF and AE programs may be important for people
with early- and mid-stage PD. Findings support using the FBF program with individuals early in PD to improve
overall function and the AE program to improve long-term aerobic endurance. A refresher FBF program could be
implemented, should flexibility and function begin to decline. The necessary dose and timing of such a combined
intervention are yet to be established. Based on the lack of meaningful decline of any measures over the 16-month
study, it appears that the Fitness Counts program (control) also confers some benefits, although to a lesser extent
than the supervised programs. Possibly participating in a study with monthly sessions was sufficient for these
individuals. Qualitative reports from graduates of the 16-month study®®> emphasize that people need ongoing
support to maintain regular exercise. We strongly recommend that clinicians find ways to assist individuals with
PD to develop and maintain long-term exercise habits, including appropriate exercise programs as well as
continued re-evaluation and support.

The Bottom Line
What do we already know about this topic?
Exercise benefits people who are in the early and middle stages of Parkinson disease (PD); however, there is

insufficient evidence to determine the best approach. This investigation compared short-term and long-term
effects of 2 supervised exercise programs (a PD-specific program and an endurance exercise program) to a
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control program, recognizing that the program with the greatest short-term benefits after supervised exercise may
not be the program with the greatest long-term benefits.

What new information does this study offer?

The findings from this study indicate that the PD-specific and endurance programs confer different benefits, with
the endurance program having the greatest long-term benefits. Clinicians can extrapolate from these data to
determine appropriate exercise programs for individual patients.

If you're a patient, what might these findings mean for you?

For people with early- or mid-stage PD, different types of exercises provide different short-term and long-term
benefits. The greatest long-term benefits may result from endurance training with monthly follow-up visits.
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CONSORT diagram of flow of participants in the study. The control group participated in a home-based program
of exercises recommended by the National Parkinson Foundation, the AE group participated in a standard
aerobic endurance program, and the FBF group participated in a flexibility/balance/function program specifically
designed for people with Parkinson disease. Not all participants completed all of the time points, resulting in
some fluctuating numbers in the flow diagram; this fluctuation was taken care of by the analysis approach.

Table 1.
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Group

Control AE
(n=41) (n=41)
Variable n (%)
Sex
Male 26 (63.4) 26 (63.4)
Female 15 (36.6) 15 (36.6)
Race
American Native 1(2.4) 0
Asian/Pacific Islander 0 0
African American 1(2.4) 0
Caucasian 38 (92.7) 40 (97.6)
Hispanic 1(2.4) 0
Other 0 1(2.4)
Assistive device
Walker 1(2.4) 2(5)
Straight cane 3(7.3) 3(7.5)
Other 2(4.9) 1(2.5)
None 35 (85.4) 34 (85)
Community type
Rural 2 (4.9) 3(7.5)
Medium (2,500-50,000) 4 (9.8) 4(10)
Large city (50,000+) 13 (31.7) 21 (52.5)
Suburb 22 (53.6) 12 (30)
Living status
Alone 4 (9.8) 2(5)
With spouse, relative, or friend 37 (90.2) 38 (95)
Marital status
Married 35 (85.4) 36 (90)
Widowed 2(4.9) 0
Divorced/separated 3(7.3) 3(7.5)



Group
Control AE
(n=41) (n=41)
Variable n (%)
Modified Hoehn & Yahr score
1 0 (0) 2(4.9)
1.5 2(4.9) 1(2.4)
2 20 (48.8) 21 (51.2)
2.5 15 (36.6) 13 (31.7)
3 4 (9.8) 4 (9.8)
Group
Control AE
(n=41) (n=41)
Variable X (SD)
Modified Hoehn & Yahr score 2.3(0.4) 2.2 (0.5)
Age (y) 66.3 (10.1) 63.4 (11.2) I
Education 16 (3.2) 15.9 (3.4) I
Years diagnosed with PD at enroliment 4.5 (3.8) 3.9 (4.2)
Folstein Mini-Mental Score 28.8 (1.5) 28.3 (1.8)
UPDRS ADL subscale score 9.6 (4.8) 8.5 (4.8)
UPDRS motor subscale score 25.9 (8.9) 24.4 (9.1)
UPDRS total score 37.503.7) 34.6 (13.0) I
CS-PFP score I
Total 44.6 (15.9) 49.6 (15.4) I
FRT score (in) 12.5 (3.1) 13.6 (3.1)
Resting Vo, (mL/kg/min) 3.4 (0.6) 3.6 (0.6)
PDQ-39 score 21.5 (9.6) 18.5(13)

Baseline Characteristics?

&The control group participated in a home-based program of exercises recommended by the National Parkinson
Foundation,8 the AE group participated in a standard aerobic endurance program, and the FBF group participated
in a flexibility/balance/function program specifically designed for people with Parkinson disease (PD). Subtotals
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less than the total number of participants indicate some data were not provided by the participants.
UPDRS=United Parkinson's Disease Rating Scale, ADL=activities of daily living, CS-PFP=Continuous Scale—

Physical Functional Performance Test; FRT=Functional Reach Test, V0o,=0xygen uptake, PDQ-39=39-item

Parkinson's Disease Questionnaire.

® P value from chi-square test.

¢ Exact chi-square P value.

d P value from analysis of variance.

Table 2.
Baseline 4 Months 10 Month
All Control AE FBF Control AE
Groups Group Group Group Group Group
(I1=121) (n=35) (n=34) (n=36) (n=33) (n=32)
Measure X (SE) X (SE) X (SE) X (SE) X (SE) X (SE)
CS-PFP score
(higher is better)
Total 48.8 (1.9) | 50.7 (2.1) | 51.9(2.2) | 55.0(2.1) | 51.1 (2.4) | 51.3(2.4)
FRT score (in)
(higher is better)
Forward 13.3(0.4) [ 13.7(0.5) | 14.0(0.5) | 13.4(0.5) | 13.6 (0.5) | 13.4(0.5)
UPDRS score
(lower is better)
ADL 8.1 (0.6) 9.1 (0.7) 7.8 (0.7) 7.6 (0.7) 9.2 (0.8) 7.5 (0.8)
Motor 23.7(1.2) | 23.8(1.5) | 21.8(1.5) | 23.6(1.5) | 24.4(1.5) | 22.9 (1.6)
Total 33.3(1.6) | 34.4(1.9) | 30.8(2.0) | 325(1.9) | 35.7 (2.2) | 32.1 (2.2)
Vo, (mL/kg/min)
(lower is better)
Intercept 5.2 (0.3) 5.6 (0.4) 4.5 (0.5) 5.6 (0.4) 4.9 (0.4) 4.4 (0.5)
Adjusted slope 3.0 (0.1) 2.7 (0.2) 2.9 (0.2) 2.9 (0.2) 3.1 (0.2) 3.0(0.2)
PDQ-39 score
(lower is better)
Total 17.2(1.5) [ 16.3(1.8) | 145(1.8) | 18.4(1.8) | 18.4 (2.0) | 16.4 (2.0)

Linear Model-Based Means?



aThe model likelihood ratio chi square <.001 for all models. Models include the following design variables and
covariate adjustments: sex (categorical, 2 levels), time (categorical, 4 levels), group x time interactions (6 dummy
variables), levodopa equivalents (continuous). The control group participated in a home-based program of
exercises recommended by the National Parkinson Foundation,8 the AE group participated in a standard aerobic

endurance program, and the FBF group participated in a flexibility/balance/function program specifically

designed for people with Parkinson disease (PD). UPDRS=United Parkinson's Disease Rating Scale,
ADL=activities of daily living, CS-PFP=Continuous Scale—Physical Functional Performance Test,

FRT=Functional Reach Test, Vo,=0xygen uptake, PDQ-39=39-item Parkinson's Disease Questionnaire,

SE=standard error.

Table 3.
AE Group vs FBF Group vs AE
Control Group Control Group Fi
Estimated Estimated Estimated
Difference Difference Difference
Measure X (SE) 95% Cl P X (SE) 95% ClI P X (SE)
Change in means at 4 months
CS-PFP score
Total 1.2(1.6) -2.0t043 465 4.3 (1.5) 1.2to 7.3 .006 -3.1(1.6) =
FRT
Forward 0.3 (0.5) -0.6to 1.2 .519 —0.3 (0.4) -1.2t0 0.6 456 0.6 (0.5) -
UPDRS score
ADL 1.3(0.7) 2.6 to 0.1 .060 1.5 (0.7) 2.8to ~0.2 .029 0.2 (0.7)
Motor 2.0 (1.5) 50t01.0 191 0.2 (1.5) 3.2t0 2.7 877 1.8 (1.5)
Total -3.6(1.8) ~7.1 to -0.1 .042 -1.9(1.7) -53to 1.5 279 -1.7 (1.7)
Vo, (mL/kg/min)
Intercept + slope -1.0(0.3) ~1.7 to —0.4 .002 0.2(03) | -0.41t00.8 544 -1.2(0.4) -
PDQ-39 score
Total -1.8(1.7) -5.2t0 1.6 .299 -1.1(1.7) -4.5to 2.3 506 -0.6 (1.7) =
Change in means at 10 months
CS-PFP score
Total 0.3 (2.0) 381043 .892 0.7 (2.0) 4.7 to 3.3 722 1.0 (2.0)
FRT
Forward -0.2 (0.6) -1.31t00.9 714 —-0.4 (0.6) -1.5t00.7 453 0.2 (0.6) =
UPDRS score
ADL -1.7 (0.9) -3.5100.2 .083 —0.8 (0.9) -271t01.0 373 —-0.8 (0.9) -
Motor -1.6 (1.7) -49to 1.8 .353 —~0.8 (1.6) -4.0to 2.5 648 -0.8 (1.7) -
Total -3.7 (2.3) -8.2t0 0.9 11 -1.9 (2.2) -6.3 to 2.6 407 -1.8 (2.3) -
Vo, (mL/kg/min)
Intercept + slope 0.6 (0.3) 1.3 to 0.1 .079 0.6 (0.3) 0.0to 1.2 .069 1.2 (0.4)
PDQ-39 score
Total -2.0(2.1) —-6.1to 2.1 .340 -3.1 (2.0) ~7.21t00.9 128 1.2 (2.1) e
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AE Group vs FBF Group vs
Control Group Control Group F
Estimated Estimated Estimated
Difference Difference Difference
Measure X (SE) 95% Cli P X (SE) 95% ClI P X (SE)
Change in means at 16 months
CS-PFP score
Total 0.9 (2.0) -3.1t0 4.8 .660 3.3(1.9) -0.5t07.2 091 —-2.4(2.0)
FRT score
Forward 0.4 (0.5) -0.6 to 1.4 442 0.3 (0.5) -0.7 to 1.2 616 0.1 (0.5)
UPDRS score
ADL 1.7 (1.0) 3.6t00.2 .078 1.9 (0.9) 3.8 to ~0.1 .04 0.2 (0.9)
Motor 2.3(1.8) 59to01.4 217 0.5(1.8) 4.1 to 3.1 774 1.8 (1.8)
Total 4.2 (2.5) 9.1 to 0.7 .094 3.0(24) 78101.8 .220 1.2 (2.4)
Vo, (mL/kg/min)
Intercept + slope -1.3(0.3) ~-2.01to —0.6 .0001 0.4 (0.3) -0.3to 1.1 .230 -1.7 (0.4)
PDQ-39 score
Total -3.9 (2.5) -881to 1.0 14 —3.8(2.3) -8.51t00.8 102 -0.1 (2.4)

Estimated Mean Differences Between Groups (Treatment Effect)?

&The control group participated in a home-based program of exercises recommended by the National Parkinson
Foundation,8 the AE group participated in a standard aerobic endurance program, and the FBF group participated
in a flexibility/balance/function program specifically designed for people with Parkinson disease (PD).
UPDRS=United Parkinson's Disease Rating Scale, ADL=activities of daily living, CS-PFP=Continuous Scale—
Physical Functional Performance Test, FRT=Functional Reach Test, Vo,=0xygen uptake, PDQ-39=39-item
Parkinson's Disease Questionnaire, SE=standard error, 95% C1=95% confidence interval.

Figure 2.
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Walking economy at speeds from 0.8 mph to 4 mph. The control group participated in a home-based program of
exercises recommended by the National Parkinson Foundation,8 the AE group participated in a standard aerobic
endurance program, and the FBF group participated in a flexibility/balance/function program specifically
designed for people with Parkinson disease (PD). Oxygen uptake (VO0z, in mL/min/kg) is presented for each group
at 4 time points (baseline, 4, 10, and 16 months), illustrating the improvement (less oxygen required) for the AE
group, but not for the other 2 groups. Walking speeds (increased by 0.5 mph for 4 speeds) are determined for each
participant by the maximum walking speed achieved during the graded exercise test.

Table 4.
AE Group vs Control Group FBF Group vs Control Group AE Group
Estimated Estimated Estimated
Difference Difference Difference
Measure X (SE) 95% ClI P X (SE) 95% ClI P X (SE)
CS-PFP score
Total 0.1 (0.2) 0.3 to 0.5 546 0.4 (0.2) 0.0 to 0.8 047 0.3 (0.2)
FRT score
Forward 0.0 (0.1) —0.1 to 0.1 638 0.0 (0.1) —0.1 to 0.1 502 0.1 (0.1)
UPDRS score
ADL —0.2 (0.1) —0.4 to 0.0 .020 —0.2 (0.1) —0.4 to 0.0 023 0.0 (0.1)
Motor 0.3 (0.2) 0.6 to 0.1 137 0.1 (0.2) 0.4to 0.3 753 0.2 (0.2)
Total 0.5 (0.2) 0.9 to —0.1 021 0.3(0.2) 0.7 to 0.1 192 0.2 (0.2)
PDQ-39 score
Total 0.3 (0.2) 0.7 to 0.1 A72 0.3(0.2) 0.7 to 0.1 193 0.0 (0.2)

Estimated Slope Differences Between Groups?®

@The control group participated in a home-based program of exercises recommended by the National Parkinson
Foundation,8 the AE group participated in a standard aerobic endurance program, and the FBF group participated

in a flexibility/balance/function program specifically designed for people with Parkinson disease (PD).

UPDRS=United Parkinson's Disease Rating Scale, ADL=activities of daily living, CS-PFP=Continuous Scale—
Physical Functional Performance Test, FRT=Functional Reach Test, PDQ-39=39-item Parkinson's Disease
Questionnaire, SE=standard error, 95% CI=95% confidence interval.
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