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Abstract

Objective—To compare the efficacy of treadmill exercises and stretching and resistance
exercises in improving gait speed, strength, and fitness for patients with Parkinson disease.

Design—A comparative, prospective, randomized, single-blinded clinical trial of 3 types of
physical exercise.

Setting—The Parkinson's Disease and Movement Disorders Center at the University of Maryland
and the Baltimore Veterans Affairs Medical Center, Geriatric Research Education and Clinical
Center.

Patients—A total of 67 patients with Parkinson disease who had gait impairment were randomly
assigned to 1 of 3 arms of the trial.

Interventions—(1) A higher-intensity treadmill exercise (30 minutes at 70%-80% of heart rate
reserve), (2) a lower-intensity treadmill exercise (50 minutes at 40%-50% of heart rate reserve),
and (3) stretching and resistance exercises (2 sets of 10 repetitions on each leg on 3 resistance
machines [leg press, leg extension, and curl]). These exercises were performed 3 times a week for
3 months.

Main Outcome Measures—The primary outcome measures were gait speed (6-minute walk),
cardiovascular fitness (peak oxygen consumption per unit time [VO5], and muscle strength (1-
repetition maximum strength).
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Results—All 3 types of physical exercise improved distance on the 6-minute walk: lower-
intensity treadmill exercise (12% increase; P=.001), stretching and resistance exercises (9%
increase; P<.02), and higher-intensity treadmill exercise (6% increase; P=.07), with no between-
group differences. Both treadmill exercises improved peak VOZ (7%-8% increase; P< .05) more
than did the stretching and resistance exercises. Only stretching and resistance improved muscle
strength (16% increase; P< .001).

Conclusions—The effects of exercise were seen across all 3 exercise groups. The lower-
intensity treadmill exercise resulted in the greatest improvement in gait speed. Both the higher-
and lower-intensity treadmill exercises improved cardiovascular fitness. Only the stretching and

resistance

exercises improved muscle strength. Therefore, exercise can improve gait speed, muscle

strength, and fitness for patients with Parkinson disease. The combination of treadmill and

resistance

Methods

Participants

exercises may result in greater benefit and requires further investigation.

The Onset Of Gait Impairment is a critical juncture in Parkinson disease (PD) that occurs in
the transition from Hoehn and Yahr stage 2 to Hoehn and Yahr stage 3 and is associated
with functional decline. Current therapies, including dopaminergic medication and surgery,
are inadequate to preserve mobility as PD progresses. There is growing interest in the use of
exercise training to improve mobility and function. A literature review performed in
December 2011 shows that there were 75 clinical trials of physical training for PD, with
75% of these trials published since 2005. The results of these trials have been promising,
showing improvements in PD-related impairments, function, and quality of life.24 However,
studies of exercise for PD have been characterized by methodological problems, including
un-blinded raters, the absence of a control or comparator group, and inadequate sample
sizes. Among the 75 trials, there was an average of only 29 participants per trial, including
unexercised patients and healthy controls. Evidence-based guidelines for exercise for PD are
lacking owing to these limitations as well as to the marked variability of study design and
exercise type.

People with PD have reduced physical activity and fitness compared with healthy controls.®
However, the relative benefits of aerobic exercise, gait training, and musculoskeletal
conditioning for mobility and fitness are unknown. The primary objective of this clinical
trial was to compare the efficacy of 3 types of physical exercise to improve gait, fitness, and
strength in patients with PD: (1) higher-intensity treadmill, (2) lower-intensity treadmill, and
(3) stretching and resistance. The secondary objectives were to investigate the efficacy of
exercise to improve disability and nonmotor symptoms in PD.

Study participants were recruited from the University of Maryland Parkinson's Disease
Center between February 2007 and May 2010 to participate in a prospective, randomized,
single-blinded, parallel-group clinical trial of efficacy of 3 types of physical exercise for PD.
The criteria for eligibility were as follows: a diagnosis of PD characterized by asymmetrical
onset of at least 2 of 3 cardinal signs (resting tremor, bradykinesia, or rigidity) with no
atypical signs or exposure to dopamine-blocking drugs; a Hoehn and Yahr stage of 1to 3
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(*on” for motor fluctuators); the presence of mild to moderate gait or balance impairment (a
rating of 1-2 on Unified Parkinson's Disease Rating Scale [UPDRS] item 29 [gait] or item
30 [postural stability]); an age of 40 years or older; and a Folstein Mini-Mental State
Examination score of 23 or greater. Exclusion criteria were as follows: unstable medical/
psychiatric comorbidities, orthopedic conditions restricting exercise, or performance of more
than 20 minutes of aerobic exercise more than 3 times per week (to avoid prior training
effect). This protocol was approved by the institutional review board at the University of
Maryland School of Medicine. Informed consent was obtained from each participant.

All eligible participants received a screening treadmill exercise test to determine
cardiopulmonary safety and neuromotor capacity to participate® (eAppendix, http:/
www.jamaneuro.com). Participants needed to achieve 3 minutes of treadmill walking at
more than 0.5 km/h (0.3 mph) for study entry. A random number generator allocated eligible
participants into 1 of 3 exercise groups in a 1:1:1 ratio: (1) higher-intensity treadmill, (2)
lower-intensity treadmill, or (3) stretching and resistance. The total duration of our study
was 4 months (3 months for training and 4 weeks for baseline and posttraining assessments).
Initial evaluations included a determination of a participant's medical history and physical
and neurologic examinations. Baseline and posttraining assessments were performed by
physicians and staff blinded to participants' treatment group. All evaluations were performed
while the participants were “on” or within 3 hours of medication. Tests of cardiovascular
fitness and physical performance were conducted on separate days to avoid fatigue.

Assessments

The assessment of peak oxygen consumption per unit time (VOZ) was conducted® using a
Quark CardioPulmonary Exercise Metabolic Analyzer (Cosmed) (eAppendix). Treadmill
tests started at a self-selected walking speed and a 0% grade. The grade was increased 2%
every minute until the participant reached voluntary exhaustion. Oxygen consumption,
carbon dioxide production, and minute ventilation were measured breath by breath, and the
values were averaged for 20-second intervals. Because the reliability of fitness testing was
not previously established for PD, participants performed 2 fitness tests (1 week apart)
before and after training, with the highest of the 2 values accepted as the VOZ peak
(intraclass correlation coefficients of 0.90-0.96).6

Gait assessments were performed within 2 weeks before and after training. The 6-minute
walk (6MW) was the predetermined primary outcome measure (performed within 1 week of
training). Participants were instructed to cover as much distance as possible in 6 minutes,
turning every 30 m (100 ft), as prompted by orange cones set across a clear space. Other gait
measures were two 10-m walks (self-selected and fastest comfortable pace) and a 15-m (50-
ft) fast gait.

Muscle strength was assessed with a 1-repetition maximum strength test performed before
and after training in all study groups for leg press and leg extension (the maximum weight a
person can move 1 time through a full range of motion). Following warm-up, 5 trials
separated by 3-minute rests were conducted to arrive at a 1-repetition maximum strength
value. Strength in each leg was tested separately using pneumatic training equipment built
for single leg movement (Keiser).
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Disability and physical activity assessments included the Schwab and England Activities of
Daily Living Scale, the Timed Up and Go test, and the Step Activity Monitor (Cyma Corp).
The Step Activity Monitor assesses ambulatory function with 48-hour recordings of stride
number, using a microprocessor-linked step monitor with sensitivity adjusted for individual
calibration. The Step Activity Monitor was fastened above the participant's ankle during the
first and last week of training.

The severity of PD was assessed using Hoehn and Yahr staging and the UPDRS total and
motor subscale, which were performed by a movement disorders specialist (L.M.S.) who
was blinded to group assignment. Nonmotor symptom assessments of PD included the Beck
Depression Inventory, the 16-item Parkinson Fatigue Scale, the Parkinson Disease
Questionnaire (to determine health-related quality of life), and the Falls Efficacy Scale (to
determine participant's confidence to prevent falls).

Exercise Training

All exercise groups trained 3 times per week for 3 months, for a total of 36 sessions at the
Baltimore Veterans Affairs Medical Center under direct supervision of exercise
physiologists with study physicians available. Vital signs were taken before, during, and
after the assigned exercise. All participants were supported in a nonweight-bearing harness
to eliminate risk of falls.

Higher-Intensity Treadmill Training—Participants started at a duration of 15 minutes
and a heart rate of 40% to 50% of maximal heart rate reserve determined by use of the
Karvonen formula.” The intensity and duration of the exercise were increased by 5 minutes,
0.2 km/h (0.1 mph), and 1% incline every 2 weeks as tolerated to reach 30 minutes at 70%
to 80% of heart rate reserve.

Lower-Intensity Treadmill Training—~Participants started at a duration of 15 minutes,
0% incline, and their self-selected pace. The treadmill incline and speed remained the same
for 3 months. The duration of training increased by 5 minutes every 2 weeks to reach 50
minutes at 40% to 50% of heart rate reserve. The duration of the lower-intensity sessions
was extended, compared with the higher-intensity sessions (50 vs 30 minutes), to make the
total work performed by the 2 treadmill groups comparable.

Stretching and Resistance Training—~Participants performed resistance (muscle
strengthening) exercises of the lower body followed by stretching of the upper and lower
body. Resistance exercises included 2 sets of 10 repetitions on each leg on 3 resistance
machines: the leg press, leg extension, and leg curl (Keiser). Weight was increased as
tolerated. Stretching exercises comprised 1 set of 10 repetitions each of trunk rotation, hip
abduction, and stretches of hamstrings, quadriceps, calves, and ankles performed on padded
tables under supervision of an exercise physiologist (eAppendix).

Statistical Analysis

Descriptive statistics (means, standard deviations, ranges, and proportions) were determined
for all study variables. Preplanned analyses included comparisons of between-group changes
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and within-group changes. One-way analysis of variance for continuous variables and %2 or
Fisher exact tests for categorical variables were used for baseline comparisons of the 3
exercise groups. The change in each outcome variable (before and after training) was
modeled in an unadjusted 1-factor (group) analysis of variance, to investigate the effect of
the interventions on gait and non-motor symptoms of PD. Our before-after analyses were
performed on the 67 participants studied at baseline and after 12 weeks of training. Post hoc
analyses (Fisher protected least significant difference) were used to identify significant
differences in changes in the 3 intervention groups. Inferences were checked by
nonparametric (Kruskal-Wallis) methods. All analyses were performed using SAS
Enterprise Guide 4.2 (SAS Institute). A 2-tailed P value of less than .05 was considered
statistically significant (eAppendix and eTable 1).

Of 945 participants assessed for eligibility, 91 (10%) were screened. Of these 91
participants, 80 (88%) were randomly assigned to an exercise group; of these 80
participants, 67 (84%) completed the protocol (Figure). The numbers of participants who
dropped out because of attrition were as follows: 6 from the stretching and resistance group,
4 from the lower-intensity treadmill group, and 3 from the higher-intensity treadmill group.

There were no serious adverse events, the exercise sessions never required interruption, and
there were no changes of antiparkinsonian medications. The reasons for dropping out of the
study included medical conditions (8 participants for orthostatic hypotension, back/joint
pain, toe infection, deep brain stimulation battery replacement, or sacral fracture following a
fall at home), family demands (4 participants), and commute to study (1 participant). The
demographic characteristics of the study participants are described in Table 1.
Randomization of 22 to 23 participants per group resulted in no overall differences in
demographic characteristics or PD severity at baseline among the 3 study arms.

Efficacy of Exercise

Within-group differences for selected exercise groups were seen for outcomes of gait speed,
fitness (peak VOZ), muscle strength, and UPDRS motor subscale. Between-group
differences were only seen for fitness (higher- and lower-intensity treadmill being more
effective than stretching and resistance) and muscle strength (stretching and resistance being
more effective than higher- and lower-intensity treadmill).

Gait Assessments—For the primary outcome measure, within-group comparisons
showed that all 3 exercise groups improved distance on the 6MW, although only lower-
intensity treadmill and stretching and resistance reached statistical significance (Table 2).
The greatest increase in distance followed lower-intensity treadmill training (48 m [161 ft]
or 12% improvement, within-group P = .001). Stretching and resistance resulted in a 9%
improvement with an increase of 32 m (107 ft) (P < .02). Higher-intensity treadmill training
showed a 6% improvement, an increase of 23 m (77 ft) (P = .07). Only lower-intensity
treadmill training resulted in significant improvement or a trend of improvement on all gait
assessments.
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Assessment of VO, Peak—Both types of treadmill training improved cardiovascular
fitness, whereas stretching and resistance had no effect. There was no evidence of
differential effect between the 2 treadmill groups, but both treadmill groups had significantly
better improvement than the stretching and resistance group. Peak V02 (in milliliters per
kilogram per minute) increased by 7% to 8% in higher- and lower-intensity treadmill groups
(P < .005).

Assessment of Muscle Strength—Muscle strengthening based on 1-repetition
maximum testing showed that stretching and resistance resulted in greater muscle
strengthening than either the higher- or lower-intensity treadmill exercises (between-group
difference, P < .05). On both the leg press (compared with higher-intensity [P = .32] and
lower-intensity [P = .73] training) and the leg extension (compared with higher-intensity [P
= .34] and lower-intensity [P = .48] training), stretching and resistance increased strength by
16% (within-group difference, P < .001) compared with 2% to 8% for treadmill training
(within-group difference was not statistically significant).

Disease Severity and Disability—There was no change in UPDRS total following
exercise in any group. Stretching and resistance were the only exercises that improved the
UPDRS motor subscale (=3.5 points; P < .05). None of the exercise groups improved
measures of disability or home ambulatory function (eTable 2).

Nonmotor Assessments—No changes were found in any nonmotor outcomes for any
exercise group, including depression, fatigue, quality of life, and Falls Efficacy Scale
(eTable 2).

Comment

This comparative trial of 3 types of exercise for PD showed within-group benefits across all
3 types of exercise. Differences between groups were only seen in outcomes of fitness and
muscle strengthening, not in gait assessments. The treadmill exercises, but not the stretching
and resistance exercises, improved cardiovascular fitness. The stretching and resistance
exercises, but not the treadmill exercises, improved muscle strength. All 3 types of exercise
improved gait, with the most consistent improvements following lower-intensity treadmill
training. Therefore, all types of exercise do not produce the same results, and certain
exercises are more effective than others for selected outcomes.

Both higher- and lower-intensity treadmill exercises resulted in improvements in gait speed
and fitness. Overall, the lower-intensity treadmill exercise (walking at a comfortable pace
for a longer duration) resulted in the most consistent improvements in gait speed and
demonstrated that it was not necessary to greatly increase walking intensity to achieve
benefits. A recent study® comparing tai chi, resistance training, and stretching for PD
showed between-group differences between tai chi and resistance training on balance testing
and stride length, but not gait speed. Previous studies of treadmill training for PD have
varied the duration and type of intervention, including body weight support,®-11 weight
loading,10:12 and visual/auditory cueing.1314 As a group, treadmill trials for PD have shown
consistent improvements for gait and fitness. There are few comparisons between higher-
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and lower-intensity treadmill exercises for PD. Pohl et all® studied the immediate effects of
30 minutes of high- and low-speed treadmill training compared with conventional gait
training and a sedentary control. Both high- and low-speed treadmill training resulted in
similar improvements in gait speed, with no improvements in the nontreadmill groups. Body
weight-supported treadmill training at high vs low intensity was also studied, but only
descriptive analyses were performed, with high-intensity treadmill training showing greater
effects on some gait parameters.11

When very high intensity forced cycling was compared with voluntary cycling, the VOZ
peak improved in both groups, but upper limb dexterity and the UPDRS maotor subscale only
improved with forced exercise.1® This study6 and high-intensity exercise studies in PD
animal modelsl” suggest that very high intensity exercise may not only be superior but
necessary to achieve benefits. Our study results refute this by demonstrating the most
consistent gait improvements with the lower-intensity treadmill exercise. The forced
exercise cycling studyl6 had limitations, including low sample size (N = 10) and inadequate
blinding of raters. The underlying premise of forced exercise is that exaggerated afferent
input is necessary to normalize neuronal activity in the basal ganglia thalamocortical
circuit, 16 suggesting that physical training can improve global function, in contrast to the
approach of lower body training for lower body gait performance. Low-intensity exercise is
more practical and more accessible to a larger proportion of patients with PD. Notably, our
lower-intensity treadmill intervention resulted in consistent improvements in cardiovascular
fitness. The lower-intensity treadmill exercise was greater than our participants' baseline
activity, and this training, which is feasible for most patients, was sufficient to improve
mobility.

It is not clear why the lower-intensity treadmill exercise was superior to the higher-intensity
treadmill exercise. The participants who used the higher-intensity treadmill were encouraged
to increase the velocity and increase the incline as tolerated. One explanation is that, when
the velocity is increased, gait mechanics may become strained, “sloppy,” and less efficient
as patients try to keep pace. In contrast, the participants who used the lower-intensity
treadmill exercised at their comfortable gait speed but for longer duration. Thus, the key
differentiating factor may be training duration or the effect of training velocity on gait
biomechanics, particularly for participants with reduced physiologic reserve. Prior to
exercise training, oxygen consumption (VOZ) at a comfortable pace averaged 64% of VOZ
peak (>70% of VOz peak in one-third of the participants), indicating severe impairment in
economy of gait.18 Although the lower- and higher-intensity treadmill groups both improved
cardiovascular fitness, the participants in the lower-intensity treadmill group trained for 67%
more time than the participants in the higher-intensity treadmill group.

The mean baseline distance of the 6MW (422 m [1406 ft]) was similar to previous reports
for patients with PD.19-21 Based on reports of a minimally important difference in the 6SMW
for older adults, the increase of distance following lower-intensity treadmill exercise (48 m
[161 ft]) is a substantial meaningful change, and the increases following stretching and
resistance exercises (32 m [107 ft]) and higher-intensity treadmill exercise (23 m [77 ft]) are
greater than a small meaningful change.?2 Similar thresholds for clinically important change
in the 6BMW were found for patients with cardiac?® and pulmonary disorders.24
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Stretching and resistance exercises resulted in substantial benefits, with an improvement in
the 6MW that exceeded the results of the higher-intensity treadmill exercise. Although the
stretching and resistance exercises and the treadmill exercises improved gait, the
mechanisms for doing so appear to be different because only resistance training improved
strength and because only treadmill training improved fitness. Most previous studies20:25-27
of resistance training for PD have also shown improvements in strength and 6MW. In our
study, only stretching and resistance improved the UPDRS motor subscale, which suggests
that UPDRS items are more responsive to muscle strengthening than gait training. The
reduction of 3.5 points on the UPDRS motor subscale exceeds the 2.5-point threshold of a
minimally important difference.28

Improvements in gait speed and fitness did not translate into improvement in daily function.
Neither ambulation at home (Step Activity Monitor) nor activities of daily living
performance (Schwab and England Activities of Daily Living Scale) improved in spite of
improvement in the 6MW, a distance representative of community-based activities of daily
living tasks. Previous exercise trials in PD also show more consistent improvement in gait
speed than in disability,2%39 performance measures,?”:31-33 or home ambulation.34:3% It is
unclear whether the extent of improvements is inadequate to improve function or whether
the measures are insensitive to these changes.

Our study failed to show improvement in a range of nonmotor outcomes. Exercise trials in
PD have been inconsistent in their effects on mood, quality of life, and falls self-
efficacy.14.29.31,32,36-40 patients with PD who enroll in exercise studies may have less
nonmotor symptoms at baseline (less depression and fatigue and a better quality of life) and,
therefore, may be less likely to improve. In a post hoc analysis, we compared the quality of
life ratings (from the 12-item Short Form Health Survey) of our participants with those of
patients with PD from our center who fit our study's eligibility criteria. The Mental Health
Summary Score was higher in the study participants, indicating a better quality of life with
regard to mental health (51st vs 48th percentile), whereas the quality of life with regard to
physical health was the same for both the study participants and the patients with PD from
our center (42nd percentile).

A limitation of our study is that our results are presented without correction for multiple
comparisons, increasing the possibility of type Il error. Our study's strengths include
randomization, blinded raters, continuous exercise supervision, and extensive experience of
the study team with exercise trials. However, the advantage of rigorous monitoring for
standardization and safety is counterbalanced by the limitation of less practicality for
general application in clinical practice or longer clinical trials. Results based on treadmill
training cannot be applied to overground walking without further study. In contrast to
pharmacologic studies, all exercise trials are limited by unavoidable unblinding of
participants. Comparative studies are one approach to manage, but not eliminate, placebo
effects. Comparative active arms, such as those used in our randomized clinical trial, are
informative but do not address whether physical training is better than no physical training
for PD. In our experience, most study participants wanted to be assigned to the higher-
intensity treadmill, believing that intense exercise would be most effective. The
improvements seen with the lower-intensity treadmill exercise and the stretching and
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resistance exercises go against the observed patient bias. Although we attempted to make the
total work performed by the treadmill groups comparable, the stretching and resistance
exercises were not designed for workload equivalence, and many complex variables
interfere with eliminating this confounding factor.

In summary, all 3 types of physical exercise improved gait and mobility. However, each
type of exercise resulted in a different profile of benefits. The lower-intensity treadmill
exercise was the single most effective training exercise for gait and fitness. The fact that the
lower-intensity treadmill exercise is the most feasible exercise for most patients with PD has
important implications for clinical practice. Although treadmill and resistance training are
beneficial for gait, fitness, and muscle strength, these benefits were not accompanied by
improvements in disability and quality of life. Treadmill and resistance training were
associated with different mechanisms of efficacy (cardiovascular fitness and muscle
strengthening, respectively), suggesting the potential for synergy by combining these 2
approaches. Future directions for study include trials of combinations of exercise types,
longer training periods, and investigation of the potential for exercise to modify the
trajectory of disease progression over time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Conflict of Interest Disclosures: This study was funded by the Michael J. Fox Foundation for Parkinson's
Research. Dr Shulman serves as Editor-in-Chief of the American Academy of Neurology's Neurology Now Patient
Book Series, receives royalties from Johns Hopkins University Press, and receives research support from the
National Institutes of Health (NIH; grant U01AR057967-01), the Michael J. Fox Foundation, Teva
Pharmaceuticals, and the Rosalyn Newman Foundation. Dr Katzel serves as site visitor for the Association for the
Accreditation of Human Research Protection Programs and receives research support from NIH grants P30
AG028747-01, K30HL04518, 1R01HL095136-01, RO1 AG034161, and RO1 DK090401-01A1, the Department of
Veterans Affairs (VA), and the Michael J Fox Foundation. Dr Ivey receives government research support through
VA Rehabilitation Research and Development on 2 VA Merit Awards. Dr Sorkin receives research support from
the Baltimore VA Medical Center Geriatric Research Educational and Clinical Center, the Claude D. Pepper Older
Americans Independence Center (grant 5T32AG000219-18), and the Michael J. Fox Foundation. Dr Anderson
receives research support from the Department of VA (merit grant E7158R) and the Michael J. Fox Foundation and
is a consultant for Guidepoint Global, HD Drug-works, the Huntington's Disease Society of America, Neurosearch
Sweden, Lundbeck Pharmaceuticals, and the CHDI Foundation. She received speaking fees from the University of
Ilinois at Chicago. She served as a consultant for Bradley vs CSX, Gilmore vs Charlotte Hall, and Rosenberry vs
Patel and serves as a section editor for Current Treatment Optionsin Neurology. Dr Smith received research
support from the Michael J. Fox Foundation. Dr Reich receives research support from Chiltern and the National
Institute of Neurological Disorders and Stroke and receives royalties from Informa. Dr Weiner receives research
support from EMD Serono, Abbott Laboratories, and the NIH. He receives royalties from Lippincott, Elsevier, and
Demos. He served on advisory boards for Santhera, Rexahn, and Shiongi Pharma. Dr Macko receives research
support from the Baltimore VA Medical Center, Geriatric Research Educational and Clinical Center, the Claude D.
Pepper Older Americans Independence Center, and the Michael J. Fox Foundation.

Funding/Support: This study was supported by a grant from the Michael J. Fox Foundation (to Dr Shulman).
Additional resources were provided by the Baltimore VA Medical Center, Geriatric Research Education and
Clinical Center, the National Institute on Aging Claude D. Pepper Older Americans Independence Center (grant
P30-AG028747), and the VA Office of Rehabilitation Research and Development Center for Excellence in
Exercise and Robotics for Neurological Disorders (to Dr Katzel).

Additional Contributions: We thank of Terra Hill (study coordinator); Jessica Hammers, Timothy Dehahn, Adam

Swartzendruber, Kate Fiske, and William Scott (exercise physiologists); and Cherika Greene (administrative
assistant) for their important contributions.

JAMA Neurol. Author manuscript; available in PMC 2015 September 18.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shulman et al.

References
1.

10

11.

12.

13.

14.

15.

16.

17.

18.

Page 10

Shulman LM, Gruber-Baldini AL, Anderson KE, et al. The evolution of disability in Parkinson
disease. Mov Disord. 2008; 23(6):790-796. [PubMed: 18361474]

. Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell JL. The effectiveness of exercise

interventions for people with Parkinson's disease: a systematic review and meta-analysis. Mov
Disord. 2008; 23(5):631-640. [PubMed: 18181210]

. Herman T, Giladi N, Hausdorff JM. Treadmill training for the treatment of gait disturbances in

people with Parkinson's disease: a mini-review. J Neural Transm. 2009; 116(3):307-318. [PubMed:
18982238]

. Mehrholz J, Friis R, Kugler J, Twork S, Storch A, Pohl M. Treadmill training for patients with

Parkinson's disease. Cochrane Database Syst Rev. 2010; (1):CD007830. [PubMed: 20091652]

. Toth MJ, Fishman PS, Poehlman ET. Free-living daily energy expenditure in patients with

Parkinson's disease. Neurology. 1997; 48(1):88-91. [PubMed: 9008499]

. Katzel LI, Sorkin JD, Macko RF, Smith B, Ivey FM, Shulman LM. Repeatability of aerobic

capacity measurements in Parkinson disease. Med Sci Sports Exerc. 2011; 43(12):2381-2387.
[PubMed: 21606869]

. Macko RF, lvey FM, Forrester LW. Task-oriented aerobic exercise in chronic hemiparetic stroke:

training protocols and treatment effects. Top Stroke Rehabil. 2005; 12(1):45-57. [PubMed:
15736000]

. Li F, Harmer P, Fitzgerald K, et al. Tai chi and postural stability in patients with Parkinson's

disease. N Engl J Med. 2012; 366(6):511-519. [PubMed: 22316445]

. Miyai I, Fujimoto Y, Ueda Y, et al. Treadmill training with body weight support: its effect on

Parkinson's disease. Arch Phys Med Rehabil. 2000; 81(7):849-852. [PubMed: 10895994]

. Toole T, Maitland CG, Warren E, Hubmann MF, Panton L. The effects of loading and unloading
treadmill walking on balance, gait, fall risk, and daily function in Parkinsonism.
NeuroRehabilitation. 2005; 20(4):307-322. [PubMed: 16403997]

Fisher BE, Wu AD, Salem GJ, et al. The effect of exercise training in improving motor
performance and corticomotor excitability in people with early Parkinson's disease. Arch Phys
Med Rehabil. 2008; 89(7):1221-1229. [PubMed: 18534554]

Filippin NT, da Costa PH, Mattioli R. Effects of treadmill-walking training with additional body
load on quality of life in subjects with Parkinson's disease. Rev Bras Fisioter. 2010; 14(4):344—
350. [PubMed: 20949235]

Frazzitta G, Maestri R, Uccellini D, Bertotti G, Abelli P. Rehabilitation treatment of gait in patients
with Parkinson's disease with freezing: a comparison between two physical therapy protocols
using visual and auditory cues with or without treadmill training. Mov Disord. 2009; 24(8):1139-
1143. [PubMed: 19370729]

Mirelman A, Maidan I, Herman T, Deutsch JE, Giladi N, Hausdorff JM. Virtual reality for gait
training: can it induce motor learning to enhance complex walking and reduce fall risk in patients
with Parkinson's disease? J Gerontol A Biol Sci Med Sci. 2011; 66(2):234-240. [PubMed:
21106702]

Pohl M, Rockstroh G, Ru“ckriem S, Mrass G, Mehrholz J. Immediate effects of speed-dependent
treadmill training on gait parameters in early Parkinson's disease. Arch Phys Med Rehabil. 2003;
84(12):1760-1766. [PubMed: 14669180]

Ridgel AL, Vitek JL, Alberts JL. Forced, not voluntary, exercise improves motor function in
Parkinson's disease patients. Neurorehabil Neural Repair. 2009; 23(6):600-608. [PubMed:
19131578]

Smith AD, Zigmond MJ. Can the brain be protected through exercise? lessons from an animal
model of parkinsonism. Exp Neurol. 2003; 184(1):31-39. [PubMed: 14637076]

Katzel LI, Ivey FM, Sorkin J, Macko RF, Smith B, Shulman LM. Impaired economy of gait and
decreased six-minute walk distance in Parkinson's disease. Parkinsons Dis. 2012; 2012:241754.
[PubMed: 21922051]

JAMA Neurol. Author manuscript; available in PMC 2015 September 18.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shulman et al.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 11

van Eijkeren FJ, Reijmers RS, Kleinveld MJ, Minten A, Bruggen JP, Bloem BR. Nordic walking
improves mobility in Parkinson's disease. Mov Disord. 2008; 23(15):2239-2243. [PubMed:
18816697]

Dibble LE, Hale TF, Marcus RL, Droge J, Gerber JP, LaStayo PC. High-intensity resistance
training amplifies muscle hypertrophy and functional gains in persons with Parkinson's disease.
Mov Disord. 2006; 21(9):1444-1452. [PubMed: 16773643]

Canning CG, Ada L, Johnson JJ, McWhirter S. Walking capacity in mild to moderate Parkinson's
disease. Arch Phys Med Rehabil. 2006; 87(3):371-375. [PubMed: 16500171]

Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and responsiveness in
common physical performance measures in older adults. J Am Geriatr Soc. 2006; 54(5):743-749.
[PubMed: 16696738]

Gremeaux V, Troisgros O, Benaim S, et al. Determining the minimal clinically important
difference for the six-minute walk test and the 200-meter fast-walk test during cardiac
rehabilitation program in coronary artery disease patients after acute coronary syndrome. Arch
Phys Med Rehabil. 2011; 92(4):611-619. [PubMed: 21440707]

Puhan MA, Mador MJ, Held U, Goldstein R, Guyatt GH, Schiinemann HJ. Interpretation of
treatment changes in 6-minute walk distance in patients with COPD. Eur Respir J. 2008; 32(3):
637-643. [PubMed: 18550610]

K"seoglu F, Inan L, Ozel S, et al. The effects of a pulmonary rehabilitation program on pulmonary
function tests and exercise tolerance in patients with Parkinson's disease. Funct Neurol. 1997;
12(6):319-325. [PubMed: 9503194]

Hirsch MA, Toole T, Maitland CG, Rider RA. The effects of balance training and high-intensity
resistance training on persons with idiopathic Parkinson's disease. Arch Phys Med Rehabil. 2003;
84(8):1109-1117. [PubMed: 12917847]

Schilling BK, Pfeiffer RF, LeDoux MS, Karlage RE, Bloomer RJ, Falvo MJ. Effects of moderate-
volume, high-load lower-body resistance training on strength and function in persons with
Parkinson's disease: a pilot study. Parkinsons Dis. 2010; 2010:824734. [PubMed: 20976096]
Shulman LM, Gruber-Baldini AL, Anderson KE, Fishman PS, Reich SG, Weiner WJ. The
clinically important difference on the unified Parkinson's disease rating scale. Arch Neurol. 2010;
67(1):64-70. [PubMed: 20065131]

Burini D, Farabollini B, lacucci S, et al. A randomised controlled cross-over trial of aerobic
training versus Qigong in advanced Parkinson's disease. Eura Medicophys. 2006; 42(3):231-238.
[PubMed: 17039221]

Nieuwboer A, Kwakkel G, Rochester L, et al. Cueing training in the home improves gait-related
mobility in Parkinson's disease: the RESCUE trial. J Neurol Neurosurg Psychiatry. 2007; 78(2):
134-140. [PubMed: 17229744]

Herman T, Giladi N, Gruendlinger L, Hausdorff JM. Six weeks of intensive treadmill training
improves gait and quality of life in patients with Parkinson's disease: a pilot study. Arch Phys Med
Rehabil. 2007; 88(9):1154-1158. [PubMed: 17826461]

Pelosin E, Faelli E, Lofrano F, et al. Effects of treadmill training on walking economy in
Parkinson's disease: a pilot study. Neurol Sci. 2009; 30(6):499-504. [PubMed: 19768366]

Lun V, Pullan N, Labelle N, Adams C, Suchowersky O. Comparison of the effects of a self-
supervised home exercise program with a physiotherapist-supervised exercise program on the
motor symptoms of Parkinson's disease. Mov Disord. 2005; 20(8):971-975. [PubMed: 15838853]

White DK, Wagenaar RC, Ellis TD, Tickle-Degnen L. Changes in walking activity and endurance
following rehabilitation for people with Parkinson disease. Arch Phys Med Rehabil. 2009; 90(1):
43-50. [PubMed: 19154828]

Ford MP, Malone LA, Walker HC, Nyikos I, Yelisetty R, Bickel CS. Step activity in persons with
Parkinson's disease. J Phys Act Health. 2010; 7(6):724-729. [PubMed: 21088302]

Comella CL, Stebbins GT, Brown-Toms N, Goetz CG. Physical therapy and Parkinson's disease: a
controlled clinical trial. Neurology. 1994; 44(3, pt 1):376-378. [PubMed: 8145901]

Baatile J, Langbein WE, Weaver F, Maloney C, Jost MB. Effect of exercise on perceived quality
of life of individuals with Parkinson's disease. J Rehabil Res Dev. 2000; 37(5):529-534. [PubMed:
11322151]

JAMA Neurol. Author manuscript; available in PMC 2015 September 18.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Shulman et al. Page 12

38. Pellecchia MT, Grasso A, Biancardi LG, Squillante M, Bonavita V, Barone P. Physical therapy in
Parkinson's disease: an open long-term rehabilitation trial. J Neurol. 2004; 251(5):595-598.
[PubMed: 15164194]

39. Ellis T, de Goede CJ, Feldman RG, Wolters EC, Kwakkel G, Wagenaar RC. Efficacy of a physical
therapy program in patients with Parkinson's disease: a randomized controlled trial. Arch Phys
Med Rehabil. 2005; 86(4):626-632. [PubMed: 15827910]

40. Ebersbach G, Ebersbach A, Edler D, et al. Comparing exercise in Parkinson's disease—the Berlin
LSVT®BIG study. Mov Disord. 2010; 25(12):1902-1908. [PubMed: 20669294]

JAMA Neurol. Author manuscript; available in PMC 2015 September 18.



1duosnuey Joyiny

1duosnuely Joyiny

Shulman et al. Page 13

Enrollment
945 Assessed for eligibility
865 Excluded
169 Did not meet inclusion criteria
696 Declined to participate
80 Randomized
Allocation

26 Allocated to HIT 26 Allocated to LIT 28 Allocated to S-R

intervention intervention intervention
23 Received 22 Received 22 Received
intervention intervention intervention

1 Did not receive
intervention (fall
at home before
start)

Follow-up

5 Discontinued
intervention (commute
to study, medical
problems [joint pain,
hypertension, DBS
battery failure])

4 Discontinued
intervention (family
issues, medical
problems [diabetes,
toe infection])

3 Discontinued
intervention (family
issues, hip pain
after fall at home)

Analysis

23 Included in analysis 22 Included in analysis 22 Included in analysis

Figure.
Consolidated Standards for Reporting Trials flow diagram of comparative, prospective,

randomized, single-blinded clinical trial of 3 types of physical exercise for participants with
Parkinson disease. DBS indicates deep brain stimulation; HIT, higher-intensity treadmill;
LIT, lower-intensity treadmill, S-R, stretching and resistance.
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