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IMPORTANCE Parkinson disease is a progressive neurologic disorder. Limited evidence
suggests endurance exercise modifies disease severity, particularly high-intensity exercise.

OBJECTIVES To examine the feasibility and safety of high-intensity treadmill exercise in
patients with de novo Parkinson disease who are not taking medication and whether the
effect on motor symptoms warrants a phase 3 trial.

DESIGN, SETTING, AND PARTICIPANTS The Study in Parkinson Disease of Exercise (SPARX) was
a phase 2, multicenter randomized clinical trial with 3 groups and masked assessors.
Individuals from outpatient and community-based clinics were enrolled from May 1, 2012,
through November 30, 2015, with the primary end point at 6 months. Individuals with
idiopathic Parkinson disease (Hoehn and Yahr stages 1 or 2) aged 40 to 80 years within 5
years of diagnosis who were not exercising at moderate intensity greater than 3 times per
week and not expected to need dopaminergic medication within 6 months participated in
this study. A total of 384 volunteers were screened by telephone; 128 were randomly
assigned to 1 of 3 groups (high-intensity exercise, moderate-intensity exercise, or control).

INTERVENTIONS High-intensity treadmill exercise (4 days per week, 80%-85% maximum
heart rate [n = 43]), moderate-intensity treadmill exercise (4 days per week, 60%-65%
maximum heart rate [n = 45]), or wait-list control (n = 40) for 6 months.

MAIN OUTCOMES AND MEASURES Feasibility measures were adherence to prescribed heart
rate and exercise frequency of 3 days per week and safety. The clinical outcome was 6-month
change in Unified Parkinson’s Disease Rating Scale motor score.

RESULTS A total of 128 patients were included in the study (mean [SD] age, 64 [9] years;
age range, 40-80 years; 73 [57.0%] male; and 108 [84.4%] non-Hispanic white). Exercise
rates were 2.8 (95% CI, 2.4-3.2) days per week at 80.2% (95% CI, 78.8%-81.7%) maximum
heart rate in the high-intensity group and 3.2 (95% CI, 2.8-3.6; P = .13) days per week at
65.9% (95% CI, 64.2%-67.7%) maximum heart rate in the moderate-intensity group
(P < .001). The mean change in Unified Parkinson’s Disease Rating Scale motor score in the
high-intensity group was 0.3 (95% CI, −1.7 to 2.3) compared with 3.2 (95% CI, 1.4 to 5.1) in the
usual care group (P = .03). The high-intensity group, but not the moderate-intensity group,
reached the predefined nonfutility threshold compared with the control group. Anticipated
adverse musculoskeletal events were not severe.

CONCLUSIONS AND RELEVANCE High-intensity treadmill exercise may be feasible and
prescribed safely for patients with Parkinson disease. An efficacy trial is warranted to
determine whether high-intensity treadmill exercise produces meaningful clinical benefits in
de novo Parkinson disease.
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P arkinson disease is a progressive neurodegenerative dis-
order characterized by rigidity, tremor, bradykinesia,
and postural instability, ultimately leading to disability.1,2

Because medications have adverse effects and reduced effec-
tiveness over time,3 disease-modifying nonpharmacologic in-
terventions are needed. One intervention, endurance exer-
cise, promotes neurogenesis and neuroprotection in animals4-8

and has had symptom-modifying and health-related benefits
in patients with Parkinson disease.9-13 Retrospective studies14,15

have found that moderate to vigorous exercise in midlife can
protect against Parkinson disease. Studies9,16 in humans sug-
gest that high-intensity endurance exercise improves motor
symptoms, but current evidence is insufficient to determine
whether exercise intensity influences symptom modification
or disease progression. To date, no study has been conducted
at 80% to 85% maximum heart rate, and typically most stud-
ies were powered on fitness or functional measures but not dis-
ease severity.9-11,17,18 This study (Study in Parkinson Disease of
Exercise [SPARX]) was a phase 2 randomized clinical trial to in-
vestigate the dose response of treadmill exercise performed at
2 different intensities (high and moderate). To remove the po-
tential confounder of medication, this study included patients
with de novo Parkinson disease.19 The study examined whether
patients with de novo Parkinson disease can consistently and
safely exercise on a treadmill at high intensity (80%-85% maxi-
mum heart rate) or moderate intensity (60%-65% maximum
heart rate) at least 3 days per week and whether high- or mod-
erate-intensity treadmill exercise warrants further investiga-
tion for treatment of motor symptoms.

Methods
Study Design
SPARX was a randomized clinical trial in de novo Parkinson dis-
ease comparing high- and moderate-intensity treadmill exercise
with usual care (a wait-list control group).19 The setting was out-
patient clinics and community-based exercise facilities. The in-
stitutional review board of each site approved the protocol (Colo-
rado Multiple Institution Review Board; University of Illinois
InstitutionalReviewBoard;NorthwesternUniversityInstitutional
Review Board Office; Institutional Review Board, Human Re-
search Protection Office, University of Pittsburgh; and Rush Uni-
versity Medical Center Institutional Review Board). All partici-
pants provided written informed consent, and all data were
deidentified. The trial protocol can be found in the Supplement.

Study Participants
Participants with idiopathic Parkinson disease20 were en-
rolled from May 1, 2012, through November 30, 2015, in Chi-
cago, Illinois; Denver, Colorado; and Pittsburgh, Pennsylva-
nia. Participants were aged 40 to 80 years, had Hoehn and Yahr
stage 1 or 2 disease,21 were within 5 years of diagnosis, were
not exercising at moderate intensity more than 3 times per
week, and were not expected to need dopaminergic medica-
tion within 6 months. Race/ethnicity was by self-report ac-
cording to the National Institute of Neurological Disease and
Stroke Common Data Elements.22

Screening, Baseline Testing, and Randomization
Prescreening occurred by telephone and in neurology clinics.
Participants who met the criteria underwent baseline assess-
ments, including a graded exercise test with measured maxi-
mum heart rate. Participants were randomly assigned to high-
intensity treadmill exercise (80%-85% maximum heart rate),
moderate-intensity treadmill exercise (60%-65% maximum
heart rate), or usual care. The usual care group was in-
structed to maintain exercise habits.

Originally, permuted block randomization stratified by site
wasusedforstudyassignment.Therandomizationlistsweregen-
erated by the statistician (C.G.M.) and uploaded into a web-based
data system. Assignment was concealed until a screened partici-
pant was deemed to be eligible. At approximately one-third of
recruitment, a significant imbalance was detected among the 3
groups on the primary clinical outcome. With approval from the
Safety Monitoring Committee, the randomization was changed
to a minimal sufficient balancing strategy.23,24

Exercise Interventions
Treadmill exercise was prescribed for 4 days per week for 26
weeks with an a priori hypothesized adherence of 3 days per
week. Included were 5 to 10 minutes of warm-up, 30 minutes
of treadmill exercise at the target heart rate, and 5 to 10 min-
utes of cool down. Exercise frequency and intensity were in-
creased during weeks 1 to 8 to reach target levels. Thereafter,
target heart rate was maintained by adjusting treadmill speed
and/or incline. Rating of perceived exertion was used to moni-
tor exercise intensity for participants who initiated use of chro-
notropic medications during the intervention.

Participants used a heart rate monitor to record intensity
of all exercise sessions. All sessions in weeks 1 to 2 were su-
pervised at the study site. Thereafter, participants exercised
at the study site at least monthly, when heart rate data were
downloaded. Protocol fidelity was ensured by monthly con-
ference calls with study coordinators.

Outcomes
Outcome assessors were masked to group allocation. The feasi-
bility outcome for achieving intensity targets was derived from
the mean heart rate during each exercise session during weeks

Key Points
Questions Is high- and moderate-intensity treadmill exercise safe
for patients with Parkinson disease who are not yet taking
medication, can they exercise at target intensity with
hypothesized adherence 3 times per week, and are changes in
motor symptoms sufficient to warrant further investigation?

Findings This phase 2 randomized clinical trial of 128 participants
established that 80% to 85% and 60% to 65% exercise
intensities are safe and feasible. Furthermore, high-intensity
treadmill exercise is nonfutile; therefore, an efficacy trial is
warranted for high- but not moderate-intensity exercise.

Meaning High-intensity treadmill exercise can be safely
prescribed for patients with Parkinson disease; further
investigation with a phase 3 exercise study is warranted to
establish efficacy.
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9 to 26, expressed as a percentage of the measured maximum
heartrate.Adherencewasdeterminedbyexercisefrequency.The
primary clinical outcome was the 6-month change in the Unified
Parkinson’sDiseaseRatingScale(UPDRS)motorscore,25 assessed
bystudyneurologists(B.M.K.,B.D.B.,C.L.C.,D.A.H.,S.J.). Ifapar-
ticipant began taking medication, the UPDRS was administered
before initiation when possible. When participants changed
medicationwithoutinformingthestudycoordinators,theUPDRS
from the last study visit without medications was used. In ad-
dition, any participant who had begun taking medication was
asked to refrain from taking medication overnight for 12 hours
and was tested while not taking medication.26 Secondary out-
comes included changes in UPDRS total and subscores and the
Movement Disorders Society UPDRS (MDS-UPDRS) subscores,27

as well as maximal aerobic power (V̇o2max).28 Daily step counts
were assessed by accelerometry.29 Safety outcomes were moni-
toredduringexerciseandmonthlycontact.30 WeusedtheUPDRS
for our primary outcome measure because when we designed
the study (2009), data were limited on the MDS-UPDRS as an out-
come measure. We present the MDS-UPDRS data because this
measure is currently recommended.22,27,31

Statistical Analysis
Within-group achievement of the exercise intensity and fre-
quency (hypothesized to be at least 3 days per week) was tested
using 1-sample t tests. A log-rank test was used to compare the
rates of Parkinson disease medication initiation. An intention-
to-treat approach was used to compare 6-month UPDRS motor
change in usual care to each exercise group with a priori, planned
unpaired2-sample ttestswith1-sidedα = .10andafutilitythresh-
old of θ = 3.5.19 The null hypothesis being tested for each exer-
cise arm independently was that the exercise intensity resulted
in at least 3.5 points less change on the UPDRS motor score at 6
months compared with usual care and, thus, warranted further
investigation. We estimated the between-group difference and
comparedthe90%upperconfidenceboundarywiththe3.5-point
futilitythreshold.Sensitivityanalysesexploredtheeffectofusing
off-state UPDRS scores for participants who initiated treatment
and multiple imputation for missing data. Secondary outcomes
were reported as differences in means with 95% CIs.

The number needed per group for good precision (±2.5%) for
mean intensity was 36 (95% CI half width of 2.4%, σ = 7.0%), pro-
viding 83% power to detect 3.5% intensity difference (σ = 7,
α = .05).19 A sample size of 36 finishers per group provided more
than 84% power to reject the null hypothesis if there was no dif-
ference in the UPDRS motor score between the exercise and usual
care groups (SDs, 5.5-6.5; 1-sided α = .10). We aimed for 42 par-
ticipants per group, assuming 15% attrition at 6 months.

Results
Baseline Characteristics of Participants
We evaluated and screened 154 volunteers for eligibility; 128
were randomized (mean [SD] age, 64 [9] years; age range,
40-80 years; 73 [57.0%] male; and 108 [84.4%] non-Hispanic
white) (Figure 1). Groups were well matched across baseline
characteristics (Table 1).

Feasibility Outcomes
Both exercise groups met targeted treadmill exercise inten-
sity (Figure 2A). The mean percent maximum heart rates were
80.2% (95% CI, 78.8%-81.7%) for the high-intensity group and
65.9% (95% CI, 64.2%-67.7%) for the moderate-intensity group,
with no changes over time (P = .25). Mean weekly treadmill ex-
ercise frequency was 2.8 (95% CI, 2.4-3.2) days per week for
the high-intensity group and 3.2 (95% CI, 2.8-3.6) days per week
for the low-intensity group (P = .13) (Figure 2B), with a slight
negative trend over time (−0.02 per week, P < .001).

A similar proportion of participants in each group (5 [12%]
high intensity, 10 [22%] moderate intensity, and 6 [15%] usual
care) initiated use of medication before 6 months (log-rank test
P = .40). Overall attrition was 8.6%.

Figure 1. Flow Diagram of Patient Participation in the Study
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PD indicates Parkinson disease; UKBB, UK Parkinson’s Disease Society Brain Bank.
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Futility Analysis Outcome
The mean change in UPDRS motor score in the high-intensity
group was 0.3 (95% CI, −1.7 to 2.3) compared with 3.2 (95% CI,
1.4-5.1) in the usual care group (Figure 2C); thus, high-intensity
treadmill exercise led to less motor change compared with usual
care and the null hypothesis was not rejected (P = .34) (Table 2),
indicating nonfutility and that high-intensity treadmill exercise
warrants further investigation. Mean change in UPDRS motor
score in the moderate-intensity treadmill exercise group was 2.0
(95% CI, 0.38-3.7) (Figure 2C); thus, the null hypothesis that
moderate-intensity exercise was associated with less change of
motorsymptomscomparedwithusualcarewasrejected(P = .03)
(Table 2), indicating futility of further investigating moderate-
intensity exercise. Neither result (high-intensity nor moderate-
intensity treadmill exercise) was affected by imputation using
off-state UPDRS assessments and multiple imputation for miss-
ing data (Table 2).

Secondary Outcomes
The high-intensity treadmill exercise group had no differ-
ence in outcomes compared with usual care at 6 months

for other UPDRS and MDS-UPDRS total scores and subscores,
with the exception of MDS-UPDRS motor subscore, for which
the high-intensity group had significantly less change (4.0; 95%
CI, 0.4-7.5; P = .03) (Table 2). The moderate-intensity tread-
mill exercise group had no differences compared with usual
care at 6 months for all UPDRS and MDS-UPDRS measures.
V̇o2max improved for participants in the high-intensity group
and decreased in the usual care group during 6 months
(Table 2). Change in total step count revealed no difference be-
tween groups (Table 2).

Adverse Events
Adverse events related to endurance exercise were as expected
(Table 3). Only 2 serious adverse events occurred, both in the
moderate-intensity group and unrelated to exercise (Table 3).

Discussion
Participants with Parkinson disease adhered to the pre-
scribed exercise intensity and met the hypothesized

Table 1. Demographic and Clinical Characteristics of the Study Participants at Baselinea

Characteristic
High-Intensity Exercise
(n = 43)

Moderate-Intensity Exercise
(n = 45)

Usual Care
(n = 40)

Age, y 64 (9) 63 (10) 64 (10)

Male sex, No. (%) 22 (51) 27 (60) 24 (60)

Body mass indexb 26 (4) 27 (4) 27 (4)

Race, No. (%)

Asian 2 (5) 2 (4) 2 (5)

Black 1 (2) 2 (4) 2 (5)

White 39 (91) 40 (89) 36 (90)

Not reported 1 (2) 1 (2) 0

Hispanic ethnicity, No. (%) 3 (7) 2 (4) 1 (3)

Time since PD diagnosis, median (IQR), y 0.3 (0.1-1.3) 0.3 (0.2-0.8) 0.4 (0.1-0.8)

Duration of symptoms, median (IQR), y 1.5 (1.0-2.6) 1.5 (0.9-3.1) 1.4 (0.9-2.1)

Hoehn and Yahr stage, No. (%)

1 12 (28) 13 (29) 8 (20)

2 31 (72) 32 (71) 32 (80)

Parkinson Disease Questionnaire 39 Summary Index score 11 (7) 8 (6) 9 (8)

Beck Depression Inventory score 5 (4) 4 (4) 5 (3)

Montreal Cognitive Assessment score 28 (1) 28 (1) 28 (1)

Maximum heart rate 147 (22) 153 (19) 145 (16)

UPDRSc

Total score 24 (10) 23 (9) 23 (8)

Part 1 score 1.0 (1.5) 0.8 (0.9) 0.7 (0.9)

Part 2 score 6 (3) 6.0 (4) 6.0 (3)

Part 3 score 17 (7) 16 (7) 17 (7)

V̇o2max, mL/kg/mind 23 (6) 24 (7) 24 (4)

Total daily stepse 5146 (3107) 5702 (2521) 5005 (2987)

Abbreviations: IQR, interquartile range; PD, Parkinson disease; UPDRS, Unified
Parkinson’s Disease Rating Scale.
a Data are presented as mean (percentage) unless otherwise indicated. The χ2

test was used for categorical variables and 1-way analysis of variance for
continuous variables. There were no significant between-group differences in
any baseline characteristics. High-intensity treadmill exercise was 4 days per
week at 80%-85% maximum heart rate; moderate-intensity treadmill
exercise, 4 days per week at 60%-65% maximum heart rate.

b Calculated as weight in kilograms divided by the height in meters squared.
c The UPDRS part 1 (mentation, behavior, and mood) is a summation of 4 items

on a 5-point Likert scale scored 0 to 4; part 2 (activities of daily living),
13 items on a 5-point Likert scale scored 0 to 4; part 3 (motor), 27 items on a
5-point Likert scale scored 0 to 4; and total, 44 items on a 5-point Likert scale
scored 0 to 4.

d V̇o2max is the maximal aerobic power in milliliters of oxygen consumed per
kilogram of body weight per minute.

e Activity was measured by waist-worn ActiGraph GT3X+ and GT3X-BT
accelerometers (Actigraph); because of missing data, sample sizes are 36 for
80% to 85% maximum heart rate, n = 42 for 60% to 65% maximum heart
rate, and 36 for usual care.
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frequency of 3 days per week during 6 months. The futility
analysis indicated that high-intensity treadmill exercise war-
rants further investigation as an intervention for motor
symptoms in de novo Parkinson disease. Adverse musculo-
skeletal events were expected with endurance exercise,
based on previous exercise trials,9,10 and not serious, dem-
onstrating that patients with Parkinson disease can exercise
safely without direct supervision when guided by exercise
specialists. The protocol was well tolerated as evidenced by
the low attrition rate of 8.6%.

In a previous study,9 individuals with early- or middle-
stage Parkinson disease had an improved UPDRS motor
score after 6 months of exercise at 69.7% (95% CI, 67.1%-
71.8%) of age-predicted maximum heart rate. However,
to our knowledge, no previous endurance exercise studies
have found differences among different intensities. To date,
no studies have been conducted in patients with de novo
Parkinson disease to eliminate the confounding of medica-
tion, have been powered on the UPDRS motor score, or
have used 80% to 85% of maximum heart rate measured
throughout each session. We found that high-intensity
treadmill exercise is feasible and attenuates worsening on
the UPDRS motor score consistent with the clinically mean-
ingful threshold of 3.5.32 Furthermore, the between-group
difference for the MDS-UPDRS motor subscores was compa-
rable to the reported within-person minimal clinically
important improvement of 3.2.33 In light of a recent report
that low-dose, patient-centered, goal-directed physio-
therapy and occupational therapy in patients in the early
stages of Parkinson disease is not effective,34 a demonstra-
tion of the nonfutility of high-intensity treadmill exercise
in patients with mild Parkinson disease is particularly
important.

This trial was designed to test whether each interven-
tion was nonfutile compared with change in the control
group regardless of the direction. The CI for the observed
UPDRS motor score difference between the high-intensity
and usual care groups included the a priori prespecified 3.5
points for nonfutility. Lack of UPDRS motor score improve-
ment in the high-intensity group is not surprising, given
that participants were de novo with a baseline mean UPDRS
score of 17. With regard to exercise session frequency, we set
3 days as the adherence criterion in the protocol for feasibil-
ity and clinical relevance. We prescribed 4 days per week,
recognizing that participants might miss some sessions.

The exercise dose met the guidelines for cardiovascular
benefits of endurance exercise35 and the recommendations of
150 minutes per week of moderate-intensity physical activity.36

The high-intensity treadmill exercise group had an increase in
V̇o2max of 1.9 mL/min/kg (8%) compared with baseline,
whereas the usual care group had a decrease of 1.3 mL/min/kg
(5%). This finding agrees with the 7% to 8% change in V̇o2max
in patients with Parkinson disease reported by Shulman et al11

for treadmill exercise at 70% to 80% heart rate reserve for
30 minutes.

No between-group differences were found in total daily
step count change scores during 6 months. This finding sug-
gests that exercisers reduced their daily steps outside their

Figure 2. Study Outcomes
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treadmill-training period such that overall step counts
remained similar throughout the day. We did not provide
patients with advice for what to do in the nonexercise
period of the day. van Nimwegen et al37 reported that exer-
cise training coupled with behavioral modification training
increased total physical activity and daily energy expendi-
ture in patients with Parkinson disease. Because sedentary
behavior is an independent risk factor for all-cause
mortality,38 understanding how structured exercise affects
nonexercise physical activity behaviors in patients with
Parkinson disease will provide important clinical informa-
tion on how to maximize the long-term therapeutic benefits
of exercise in this population.

This phase 2, multicenter futility design is of particular im-
portance for the study of exercise in patients with Parkinson
disease for several reasons. Only a few moderately sized ex-
ercise studies10,11,39,40 have been reported in this population.
One of the limiting factors to moving to phase 3 trials is that
the appropriate dose of exercise has yet to be established for

any exercise modality. Exercise imposes a substantial partici-
pant commitment of time and effort compared with pharma-
cologic interventions. The futility design was used to specifi-
cally establish whether further study of specific exercise dose
is warranted, proving a method to efficiently determine the
appropriate dose before moving forward to the first phase 3
exercise trial in Parkinson disease. Findings of nonfutility of
high-intensity treadmill exercise should move the field for-
ward substantially.

Limitations
Our study has limitations. It was highly controlled, with
only treadmill training allowed; thus, other modes of endur-
ance exercise16,41 were not evaluated but should be in future
investigations. We manipulated both treadmill speed and
incline; it is not clear whether one or both can affect motor
symptoms of Parkinson disease. It has been argued that
cadence is the key variable to improve motor symptoms
in Parkinson disease.16 To minimize participant burden,

Table 2. Six-Month Changes From Baseline in Study Measures and Between-Group Differences in the Change From Baselinea

Measure Mean (SD) [Sample Size]
Usual Care vs High-Intensity
Exercise

Usual Care vs Moderate-Intensity
Exercise

High-Intensity
Exercise

Moderate-Intensity
Exercise Usual Care Δ (CI)b

t Statistic
(P Value)c Δ (CI)b

t Statistic
(P Value)c

Primary Outcomes

UPDRS motor,
primary analysisd

0.3 (6.3) [39] 2.0 (5.3) [42] 3.2 (5.6) [38] 2.9 (<4.7) −0.42 (.34) 1.2 (<2.8) −1.9 (.03)

UPDRS motor,
sensitivity
analysis, off stated

0.2 (6.3) [39] 1.7 (6.0) [42] 3.2 (5.6) [38] 3.0 (<4.8) −0.36 (.36) 1.5 (<3.2) −1.51 (.07)

UPDRS motor,
sensitivity
analysis, multiple
imputationd

0.5 (6.2) [43] 1.9 (5.2) [45] 3.2 (5.5) [40] 2.7 (<4.4) −0.62 (.27) 1.2 (<2.8) −1.9 (.03)

Secondary Outcomes

UPDRS Totald 2.1 (7.2) 3.0 (7.2) 3.9 (6.3) 1.8 (−1.3 to 4.9) 1.18 (.24) 0.9 (−2.1 to 3.9) 0.60 (.55)

Part 1d 0.3 (1.4) −0.04 (1.2) 0.05 (1.0) −0.3 (−0.8 to 0.3) −1.04 (−.30) 0.1 (−0.4 to 0.6) 0.40 (.69)

Part 2 d 1.4 (3.4) 1.0 (3.5) 0.6 (2.4) −0.8 (−2.2 to 0.5) −1.23 (.22) −0.4 (−1.7 to 1.0) −0.55 (.59)

MDS-UPDRS
motore

0.3 (8.2) 1.8 (7.4) 4.2 (7.4) 4.0 (0.4 to 7.5) 2.21 (.03) 2.4 (−0.9 to 5.7) 1.46 (.15)

Part 1e 1.0 (3.1) −0.1 (3.2) 0.7 (2.4) −0.3 (−1.6 to 1.0) −0.46 (.65) 0.8 (−0.4 to 2.1) 1.29 (.20)

Part 2e 1.5 (3.3) 0.7 (3.0) 0.9 (2.8) −0.6 (−2.0 to 0.8) −0.84 (.40) 0.2 (−101 to 1.5) 0.27 (.79)

V̇o2max,
mL/kg/minf

1.9 (2.9) [35] 0.1 (4.4) [41] −1.3 (2.5) [36] −3.2 (−4.5 to −1.9) −5.03 (<.001) −1.4 (−3.0 to 0.2) −1.77 (.08)

Total step countg 187 (3146) [31] −334 (1929) [38] −291 (2736) [31] −477 (−1975 to 1021) −0.64)(.53) 44 (−1080 to 1167) 0.08 (.94)

Abbreviations: MDS, Movement Disorders Society; UPDRS, Unified Parkinson’s
Disease Rating Scale.
a High-intensity treadmill exercise was 4 days per week at 80%-85% maximum

heart rate; moderate-intensity treadmill exercise, 4 days per week at
60%-65% maximum heart rate.

b Difference between the usual care group changes and the exercise group
changes. The CIs are 1-sided 90% CIs for the primary outcomes and 2-sided
95% CIs for the secondary outcomes. For the primary outcomes, a 90% upper
confidence bound for Δ that is greater than 3.5 indicates that the data are
consistent with the hypothesis that exercise is associated with a 3.5 lessening
of motor symptom progression on the UPDRS motor score.

c The t statistic represents the comparison of each exercise group’s mean
change with the mean change in the usual care group relative to the variability
of these changes and sample sizes in the groups. For the primary outcomes,
t values and P values are null adjusted for the 3.5 futility threshold and 1-sided
test (α = .10). A t value less than −1.28 (P < .10) indicates that data are not
consistent with the hypothesis that exercise is associated with a 3.5 lessening

of motor symptom progression on the UPDRS motor score. For the secondary
outcomes, t values and P values are 2-sided tests with null equal to 0 (α = .05).

d The UPDRS part 1 (mentation, behavior, and mood) is a summation of 4 items
on a 5-point Likert scale scored 0 to 4; part 2 (activities of daily living),
13 items on a 5-point Likert scale scored 0 to 4; part 3 (motor), 27 items on a
5-point Likert scale scored 0 to 4; and total, 44 items on a 5-point Likert scale
scored 0 to 4.

e The MDS-UPDRS part 1 (nonmotor) is a summation of 13 items on a 5-point
Likert scale scored 0 to 4; part 2 (daily living), 13 items on a 5-point Likert scale
scored 0 to 4; and part 3 (motor), 33 items on a 5-point Likert scale scored
0 to 4.

f V̇o2max is the maximal aerobic power in milliliters of oxygen consumed per
kilogram of body weight per minute.

g Activity was measured by waist-worn ActiGraph GT3X+ and GT3X-BT
accelerometers (Actigraph).
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outcomes such as gait speed, gait endurance, and move-
ment economy were not measured. Furthermore, other
forms of exercise are important in Parkinson disease (eg,
strength training,39 Tai chi40). Investigations are needed to
determine the combination of interventions that have the
greatest effect on motor and other symptoms in patients
with de novo Parkinson disease. Finally, the effect of this
intervention on other factors (eg, cognition, sleep) should
be compared for the moderate- and high-intensity groups.

Conclusions

We demonstrated feasibility and safety of high-intensity tread-
mill exercise in patients with de novo Parkinson disease. A larger
efficacytrial iswarrantedtodeterminewhetherexercisingat80%
to 85% maximum heart rate produces meaningful clinical ben-
efits in de novo Parkinson disease. Meanwhile, clinicians may
safely prescribe exercise at this intensity level for this population.
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Table 3. Adverse Events and Serious Adverse Eventsa

Event

Participants With Event, No. (%)
High-Intensity
Exercise
(n = 43)

Moderate-Intensity
Exercise
(n = 45)

Usual Care
(n = 40)

Adverse events

Adverse events related to exercise 13 (30.2) 8 (17.8) 0

Adverse events related to exercise, severity greater
than mild

9 (20.9) 4 (8.9) 0

Events >10% in a single arm

Fall 6 (14.0) 5 (11.1) 9 (22.5)

Fall with severity greater than mild 1 (2.3) 1 (2.2) 0

Pain in extremity 8 (18.6) 3 (6.7) 1 (2.5)

Pain with severity greater than mild 4 (9.3) 3 (6.7) 1 (2.5)

Organ system >10% in a single group

Musculoskeletal and connective-tissue disorders 15 (34.9) 6 (13.3) 2 (5.0)

Musculoskeletal and connective-tissue disorders with
severity greater than mild

10 (23.2) 4 (8.9) 2 (5.0)

Injury, poisoning, and procedural complicationsb 7 (16.3) 8 (17.8) 9 (22.5)

Injury, poisoning, and procedural complications with
severity greater than mild

2 (4.6) 3 (6.7) 0 (0.0)

Infections and infestations 6 (14.0) 3 (6.7) 2 (5.0)

Infections and infestations with severity greater than mild 5 (11.6) 3 (6.7) 2 (5.0)

Serious adverse events

Gastrointestinal tract disorders 0 1 (2.3) 0

Renal and urinary tract disorders 0 1 (2.3) 0

a Adverse events were categorized
using the Common Terminology
Criteria for Adverse Events.30

High-intensity treadmill exercise
was 4 days per week at 80%-85%
maximum heart rate;
moderate-intensity treadmill
exercise, 4 days per week at
60%-65% maximum heart rate.

b Includes fall events.
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