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Abstract
Background—The effects of progressive resistance exercise (PRE) on the motor signs of
Parkinson’s disease have not been studied in controlled trials. Our aim was to compare 6, 12, 18,
and 24 month outcomes of patients with Parkinson’s disease who received PRE to a stretching,
balance, and strengthening exercise program.
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Methods—We conducted a randomized controlled trial between September 2007 and July 2011.
Pairs of patients, matched by sex and off-medication Unified Parkinson’s Disease Rating Scale,
motor subscale (UPDRS-III), were randomly assigned to the interventions with a 1:1 allocation
ratio. The PRE group performed a weight lifting program. The Modified Fitness Counts (mFC)
group performed a stretching, balance, and strengthening exercise program. Patients exercised two
days per week for 24 months at a gym. A personal trainer directed both weekly sessions for the
first six months and one weekly session after six months. The primary outcome was the off-
medication UPDRS-III score. Patients were followed for 24 months at six-month intervals.

Results—Of 51 patients, 20 in PRE and 18 in mFC completed the trial. At 24 months, the mean
off-medication UPDRS-III score decreased more with PRE than with mFC (mean difference: - 7·3
points; 95% CI: -11·3 to -3·6; P < 0·001). The PRE group had ten adverse events. The mFC group
had seven adverse events.

Conclusions—PRE demonstrated a statistically and clinically significant reduction in UPDRS-
III scores compared to mFC and is recommended as a useful adjunct therapy to improve
Parkinsonian motor signs.

Keywords
Parkinson’s disease; progressive resistance exercise; strength training; randomized controlled trial;
Unified Parkinson’s Disease Rating Scale motor subscale (UPDRS-III)

INTRODUCTION
Parkinson’s disease is a neurodegenerative disease that leads to severely reduced function.
There is mounting evidence that exercise is beneficial for Parkinson’s disease.1-4 However,
neither the effects of exercise on the motor signs of Parkinson’s disease beyond six months,
nor the type of exercise that should be recommended for symptom modification are known.
Patients with Parkinson’s disease are slow and weak,5, 6 and progressive resistance exercise
(PRE) improves muscle strength,7, 8 gait initiation,9 and gait speed.9, 10 PRE in combination
with other exercise modalities improves strength,11, 12 decreases postural sway and
decreases falls,13 improves whole body bradykinesia,12 and improves quality of life.12 A
combination of exercise modalities including resistance, aerobic, and balance and stretching
exercises is most likely to be optimal for patients with Parkinson’s disease.14 However,
before prescribing a combination of exercise modalities, it is important to understand the
independent effects of each mode of exercise intervention in Parkinson’s disease in the
context of improving the signs of the disease.

The current clinical trial determined the effects of PRE in improving the signs of
Parkinson’s disease. This trial tested the primary hypothesis that 24 months of PRE is
superior to a non-progressive stretching, balance, and strengthening program (Modified
Fitness Counts (mFC))15 at improving the off-medication Unified Parkinson’s Disease
Rating Scale, motor subscale (UPDRS-III) scores in patients with Parkinson’s disease.
Secondary outcome measures included on-medication UPDRS-III scores, medication
dosage, movement speed and strength, functional ability, and quality of life.

METHODS
Study Design and Participants

We conducted a prospective, parallel-group, single-center, randomized controlled trial
between September 2007 and July 2011. Patients with idiopathic Parkinson’s disease,
confirmed by a Movement Disorders specialist as outlined by the Parkinson’s Disease
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Society Brain Bank criteria,16 were self-referred or recruited from Rush University Medical
Center (RUMC). Patients were evaluated at the University of Illinois at Chicago (UIC). We
targeted patients with moderate disease severity since these patients are sufficiently impaired
so that a treatment effect can be observed, and they are not so impaired that there are major
safety issues. Patients were eligible if they were 50 to 67 years; on stable dopaminergic
therapy; and able to walk for six minutes. Patients were ineligible if they had a neurological
history other than Parkinson’s disease; significant arthritis; failed the Physical Activity
Readiness Questionnaire;17 had cognitive impairment as indicated by a Mini-Mental State
Examination score < 23;18 were already exercising; or had surgery for Parkinson’s disease.
Patients were followed for 24 months or until they withdrew from the study. The
institutional review boards at RUMC and UIC approved the study. Patients provided written
informed consent. Race and ethnicity data were recorded as required by NIH’s policy (PHS
398).

Interventions
We chose mFC because it is an exercise program recommended by the National Parkinson
Foundation. The modifications to Fitness Counts were minimal (see Supplementary
Material). We chose the PRE program to determine if PRE not only increases strength but
also reduces the signs of Parkinson’s disease. The programs were identical in all aspects
(duration of exercise, number of exercise sessions, and time with the personal trainer) except
for the specific exercises. Patients participated in their respective interventions twice a
week19 for 24 months. One-on-one exercise with a certified personal trainer was provided
for both weekly exercise sessions during the first six months; the trainer-assisted sessions
reduced to once per week after six months (see Supplementary Table 1 for details about
trainers). Patients were instructed not to engage in additional exercise.

Modified Fitness Counts Exercise—The mFC exercise program focused on stretches,
balance exercises, breathing, and non-progressive strengthening (manual chapters two and
three).15

Progressive Resistance Exercise—The PRE program consisted of 11 strengthening
exercises: chest press, latissimus pull downs, reverse flys, double leg press, hip extension,
shoulder press, biceps curl, rotary calf (ankle plantar flexion), triceps extension, seated
quadriceps extension, and back extension.19

See Supplementary Material for details on both of the exercise programs.

Study Procedures
All assessments were performed at the Clinical Motor Control Laboratory at UIC after 12-
hour overnight withdrawal of dopaminergic medication.20 Off-medication assessment was
completed in the morning. Patients then took their medication, had lunch, and 60 minutes
later repeated the assessments (on-medication). Motor signs were evaluated using the
UPDRS-III by a single rater, who had passed the Movement Disorder Society’s standardized
training program.

A manipulandum fitted with a torque and position transducer was used to measure elbow
flexor muscle strength and movement speed.21, 22 We also assessed functional ability using
the modified Physical Performance Test (mPPT)23 and quality of life using the Parkinson’s
Disease Questionnaire (PDQ-39).24 See Supplementary Material for details about measuring
muscle strength, movement speed, the mPPT and the PDQ-39.
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Follow-up
Patients returned to the laboratory at 6, 12, 18, and 24 months for follow-up. The entire
baseline assessment procedure was repeated. The same rater who evaluated the baseline
UPDRS-III evaluated all subsequent off-medication UPDRS-III evaluations. Current
medications and adverse events were recorded at each visit.

Randomization and Blinding
The statistician matched the enrolled patients in pairs by sex and off-medication UPDRS-III
scores, and randomly assigned one member of each pair to PRE and the other member to
mFC. The first assignment in each pair was generated according to a random-length
permuted block design so that the assignment sequence would have been difficult to guess.25

Randomization resulted in a parallel group design with a 1:1 allocation ratio. Patients started
exercising within a month of randomization. The statistician maintained the randomization
sequence in a private file on a password protected account. As patients were assigned, the
statistician informed the exercise coordinator of the assigned treatment and the study
coordinator that randomization had occurred. On the study team, only the statistician, the
exercise coordinator who recruited the trainers for the patients, and the trainers knew the
treatment assignment. None of these individuals had a role in data collection. Research
personnel involved in data collection, including the rater of the UPDRS-III were blinded to
group assignment. The patients knew their treatment assignment but were unaware of the
study hypothesis and were explicitly instructed not to discuss their exercise program with
the raters.

Statistical Analysis
The primary outcome was the change in the off-medication UPDRS-III score from baseline
to 6, 12, 18, and 24 months. Secondary outcomes were changes in levodopa equivalent
medication dosage (LED),26 off-medication elbow strength, movement speed, and physical
performance. We repeated the analysis using the on-medication data and assessed quality of
life on medication. To estimate treatment effects, planned between-group contrasts were
performed using a mixed effects regression model for the off-medication UPDRS-III score,
muscle strength, and movement speed. LED, mPPT, and the PDQ-39 did not meet the
distributional assumptions for parametric analysis. Therefore, we used the Wilcoxon rank-
sum test to examine between group differences in change scores. To reduce type I errors, for
all non-parametric analyses, we used only the 6- and 24-month change from baseline scores.

The study was initially powered to detect a difference of five points in the six-month
UPDRS-III change score, with a power of 80%, assuming a standard deviation of four, at an
alpha level of 0·05. The power analysis determined that 17 patients per group were needed.
We projected an attrition rate of 30% that resulted in our target sample size of 24 patients
per group. Statistical analyses were performed with the use of SAS software, version 9·1.
All statistical tests were two-sided, and we used a P value < 0·05.

RESULTS
Forty-eight patients with Parkinson’s disease were randomly assigned to mFC or PRE
(Figure 1). To ensure that we had 24 patients in each group complete at least six months of
exercise, we replaced patients who withdrew after randomization but before testing at six
months. Two withdrew from mFC after randomization: one was lost to further contact
before starting the exercise program, and one withdrew immediately before the six-month
testing session due to discomfort at the prospect of coming off medication for testing. One
patient in PRE withdrew due to difficulty with transportation to the exercise facility. These
three patients did not complete six-month evaluations and were replaced. Each new patient
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replaced a patient who had previously been randomized. Thereafter, no patients were
replaced. The treatment groups did not differ significantly at baseline (Table 1).
Supplementary Table 2 lists by treatment group, the number of patients that withdrew, and
the reason for withdrawing from the study. The primary analysis did not impute missing data
and assumed data to be missing at random. We repeated the analysis with the last available
value carried forward for patients who withdrew from the study and the results were similar
(see Supplementary Table 3 and 4).

Motor Signs and Medication Status
The mean off-medication UPDRS-III score decreased for both mFC (- 5·4; SD ±2·8) and
PRE (- 6·4; SD ±3·0) from baseline to 6 months; these changes did not differ by group
(mean difference: -1; 95% CI: -4·5 to 2·5; P = 0·55) (Table 2 and Figure 2A). Between group
differences in the change scores from baseline were significant at 12 (-4·1; -7·6 to -0·5; P =
0·02), 18 (-3·8; -7·6 to -0·3; P = 0·03), and 24 months (-7·3; - 11·3 to -3·6; P < 0·001). At 24
months, the mFC group had returned to a similar baseline UPDRS-III score (-0·1; SD ±8·7)
whereas the PRE group score was - 7·4 (SD ±7·4) points lower.

The mean on-medication UPDRS-III score did not differ by group at 6 ( 0·7; -2·4 to 3·7; P =
0·66), 12 (- 0·3; -3·5 to 2·6; P = 0·78), 18 (0·2; -3·4 to 2·9; P = 0·87), and 24 months (-1·0;
-4·7 to 1·8; P = 0·39) (Table 2).

In the first six months of the study, eight patients in mFC and seven patients in PRE required
an increase in medication. At 24 months, the change from baseline in levodopa equivalents
did not differ significantly between treatment groups (-75 mg; -200 to 62; P = 0·29; Table 2
and Figure 2B), although medication levels increased in each group. The levodopa
equivalents increased by 229·6 mg (SD ±283·3) and 155·8 mg (SD ±193·3), for mFC and
PRE groups respectively.

Strength and Movement Speed
The mean off-medication elbow flexion torque increased for both mFC (4 Nm; SD ±8·7) and
PRE (7·7 Nm; SD ±7·3) from baseline to 6 months; these changes did not differ by group
(3·7 Nm; -0·8 to 8·3; P = 0·1) (Table 3 and Figure 2C). Between group differences in the
change scores from baseline were significant at 12 (7·6 Nm; 3·2 to 12·5; P = 0·001), 18 (7·9
Nm; 3·7 to 13·2; P < 0·001), and 24 months (14·3 Nm; 9·3 to 19·3; P < 0·001). mFC was
weaker than at baseline by -5·3 Nm (SD ±9·5) whereas PRE was stronger by 9 Nm (SD
±6·9). On-medication findings were similar to off-medication findings and were significant
at 12 (8·6 Nm; 2·9 to 14·3; P = 0·003), 18 (9·6 Nm; 3·9 to 15·5; P = 0·001), and 24 months
(6·2 Nm; 0·3 to 12·3; P = 0·04) (Table 3).

The mean off-medication elbow flexion movement speed increased both for mFC (69·8°/s;
SD ±61·4) and PRE (60·6°/s; SD ±48·5) from baseline to 6 months. At 24 months, the PRE
group was faster than the mFC group (43·5°/s; 9·2 to 64·7; P = 0·009). mFC was 74·8°/s (SD
±53·5) faster than at baseline, whereas PRE was 118·3°/s (SD ±60·7) faster (Table 3 and
Figure 2D). The on-medication change scores of the two groups did not differ significantly
at any time point.

Physical Function
The mean off-medication mPPT score increased from baseline for both mFC (3·8; SD ±2·9)
and PRE (2·8; SD ±3) at 6 months. It also increased at 24 months in mFC (4·1; SD ±6·1) and
PRE (4·6; SD ±2·7) (Table 3 and Figure 2E). There were no differences in the change scores
between the two groups at 6 (-1; -3 to 1; P = 0·209) or at 24 months (0·5; 0 to 4; P = 0·1).
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Parkinson’s Disease Quality of Life
The mean PDQ-39 score remained relatively stable from baseline for mFC (- 0·1; SD ±7)
but did decrease for PRE (-5·1; SD ±7·7) at 6 months (Table 3 and Figure 2F). At 6 months,
the between group difference in change scores was significant (-5; -7·4 to 0·6; P = 0·02).
PRE relative to mFC demonstrated a significantly improved quality of life. There was no
difference between the groups at 24 months (-2·8; -9·3 to 6·1; P = 0·53).

Adverse Events
Only one adverse event was directly related to the study: the development of wrist pain
during one testing session for a maximal voluntary contraction (Table 4). We also had one
serious adverse event possibly related to mFC (back surgery) and six possibly related to the
PRE (bilateral hip replacement, two unilateral knee replacements on the same patient, knee
surgery to remove old debris, foot surgery, and hospitalization after a fall). All but two of
these patients remained in the study following recovery from their events. Seven patients
(five from mFC and two from PRE) withdrew from the study with serious adverse events
definitely not related to the study and two (one from mFC and one from PRE) withdrew
with serious adverse events possibly related to the study.

Completers vs. Non-completers
At baseline, in the mFC group, quality of life was worse for the non-completers relative to
the completers (9·8; 0·2 to 22; P = 0·04). No other differences between non-completers and
completers were observed in either treatment group. Supplementary Tables 5 and 6
summarize these analyses for each group.

DISCUSSION
We report the results of the first randomized, controlled, blindly assessed clinical trial of
PRE for Parkinson’s disease using off-medication UPDRS-III scores. PRE and mFC elicited
similar improvements at 6 months. However, at 12, 18, and 24 months the PRE elicited
greater improvements than mFC (Table 2 and Figure 2A). At 24 months, the between group
difference was -7·3 points, which is a moderate clinically important change on the UPDRS-
III scores.27 In addition, off-medication muscle strength and movement speed exhibited
greater improvements in response to PRE than mFC (Table 3 and Figure 2C and 2D). This
study therefore provides the clearest, most objective evidence that structured exercise in
general,28 and structured long-term PRE in particular, improves the signs of patients with
Parkinson’s disease.

Our results are consistent with previous studies that have shown that resistance exercise can
improve physical performance,11 and quality of life in Parkinson’s disease.12 At 24 months,
patients in both groups improved by at least three points in the mPPT scores. The quality of
life in both groups at baseline was quite high. However, the quality of life improved to a
greater extent (reduced PDQ 39 score) in the Progressive Resistance Group at 6 months
possibly suggesting that the more vigorous program did lead to a transient improvement in
the quality of life.

We think that PRE was more effective at reducing the UPDRS-III score and improving
strength for five reasons. First, the resistance used is much greater in PRE. This was an
intentional feature of our experimental design. The two groups did have different doses of
exercise, and this difference increased over time. We think that this was a likely determinant
of the divergent outcomes of the two treatments. It will be important in future studies to
carefully evaluate dose-response effects by varying the frequency, duration, and intensity of
an exercise program. Second, PRE progressively increases the resistance over time, whereas
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the mFC is a non-progressive training program. The beneficial effect of progressive
overload on muscle strength has long been recognized.29 A third reason why PRE might be
more therapeutic than mFC is that repetitively generating large forces increases neuronal
activation in basal ganglia circuits more so than small forces. The blood oxygen level
dependent (BOLD) signal increases in specific basal ganglia nuclei, ventral thalamus, and
motor cortex with repetitive force generation.30 In patients with Parkinson’s disease, the
BOLD signal within all basal ganglia nuclei also increases with force generation, but not to
the same level as with control subjects.31 Fourth, reduced corticomotor excitability with
force generation has been demonstrated in patients with Parkinson’s disease using
transcranial magnetic stimulation.32 Corticomotor excitability has been increased by
strength training in healthy controls.33 Thus, we hypothesize that PRE may lead to
experience-dependent plasticity in the basal ganglia and corticomotor pathways, which
could contribute to improving Parkinsonian signs and enhancing motor performance.
Finally, in terms of motivation, PRE was designed to continuously challenge the patients,
and they may have found this rewarding and motivating.

Patients tolerated the exercise programs well. There was only one adverse event definitely
related to the study and this event did not result in the patient withdrawing from the study
(Table 4). One important fact is that 20 out of 25 patients completed the PRE program. This
is a retention rate of 80% and shows that patients with Parkinson’s disease can be motivated
to adhere to an exercise program for at least two years unless they are confronted with a
serious medical condition that severely compromises their ability to exercise. This
adherence over two years is of key importance since the benefits of exercise are greatest
when an exercise routine is integrated into the lifestyle of an individual. This is entirely
feasible for a high percentage of individuals with Parkinson’s disease. The fact that the
primary outcome was determined off-medication is important for three reasons. First, it
eliminates the confounding effects of variable responses to dopaminergic medication and
dampens the effect of changes in daytime medications during the two-year study period.34

Second, at 24 months, averaging between groups the LED increased by 192·7mg/day (SD
±242·8). This increase in medication might mask changes that are caused by exercise on
signs of the disease when tested in the on-medication state. Third, the range of possible
improvement in the UPDRS-III is increased in the off-medication state since the range of
scores is reduced when patients are on medication.

This study had limitations. First, it was not double blind since it is not possible to blind
patients with respect to exercising and to the specific exercises they are performing.
Participants were aware of their treatment assignment and this may have affected their
response. Second, the sample was small and this likely affected our power to detect
differences in some measures other than the primary outcome, the UPDRS-III. Third, this
was a single-center study with a relatively homogenous patient group with respect to race,
age, disease severity and geographic location. Fourth, a no-exercise control group was not
used; therefore the net gain of our exercise programs cannot be determined. Fifth, replacing
2 patients in the mFC group and 1 patient in the PRE group before the 6 month testing was
also a limitation because these participants were not randomly assigned to a treatment group.
However, this was a minor limitation because the participants did not know the group
assignment until all screening and baseline testing was completed, and the evaluators did not
know until the study was unblinded.

In conclusion, PRE has a greater benefit than mFC on the signs of Parkinson’s disease,
upper limb muscle strength, and movement speed at 24 months. PRE has also been shown to
reduce falls which are a major concern in the treatment of Parkinson’s disease.4 Based on
the findings of our study, and the US Department of Health and Human Services
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guidelines,35 PRE should be a central component of exercise programs for patients with
Parkinson’s disease that also include balance training and aerobic exercise.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Trial Profile
* Patients who were matched for sex and off UPDRS-III score replaced the three patients
who withdrew before six-month testing. Patients who withdrew after six months were not
replaced. DBS = Deep Brain Stimulation.
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Figure 2. Change from Baseline Scores for All Outcomes in the Two Exercise Groups
The mean (± SE) change from baseline in the off-medication UPDRS-III score (A), the
levodopa equivalent dose (B), off-medication elbow flexion torque (C), off-medication
elbow flexion velocity (D), off-medication modified Physical Performance Test (E), and
Parkinson’s Disease Questionnaire – 39 (F) at 6, 12, 18, and 24 months. The dashed lines
indicate the Modified Fitness Counts group (mFC), and the solid lines indicate the
Progressive Resistance Exercise group (PRE). Negative change scores indicate improvement
in UPDRS-III score, levodopa equivalent dose, and Parkinson’s Disease Questionnaire – 39.
Positive change scores indicate improvement in elbow flexion torque, elbow flexion
velocity, and Modified Physical Performance Test.
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Table 1

Characteristics of Patients at Baseline, by Treatment Group. *

Characteristic Treatment group Difference Between Groups P value †

Modified Fitness
Counts

(N = 24)

Progressive
Resistance Training

(N = 24)

(95% Confidence Interval)

Demographic

 Age in years 58·6 ± 5·6 59·0 ± 4·6 −0·4 (−2·6 to 3·4) 0·78

 Sex - no. (%) 1·00

    Male 14 (58·3) 14 (58·3)

    Female 10 (41·7) 10 (41·3)

 Ethnicity - no. (%)Ұ 0·19

    Hispanic or Latino 5 (20·8) 1 (4·2)

    Not Hispanic or Latino 19 (79·2) 23 (95·8)

 Race - no. (%)Ұ 0·49

    African American 0 (0) 2 (8·3)

    White 24 (100) 22 (91·7)

 Handedness - no. (%)Ұ 1·00

    Right 22 (91·7) 23 (95·8)

    Left 2 (8·3) 1 (4·2)

Clinical

 Years since diagnosis 6·5 ± 4·7 6·5 ± 4·1 0·0 (−2·5 to 2·6) 0·97

 Mini-Mental State Examination 29·1 ± 1·4 29·3 ± 1·1 0·2 (−0·5 to 0·9) 0·56

 Most affected side - no. (%) 0·5 (0·2 to 1·6)ҰҰ 0·37

    Right 17 (70·8) 13 (54·2)

    Left 7 (29·2) 11 (45·8)

Motor Status

 Unified Parkinson Disease Rating
 Scale, part III, motor subscale score
 (range, 0-108) (primary outcome; off
 medication)

34·7 ± 11·5 34·5 ± 11·9 −0·2 (−7·0 to 6·6) 0·95

 Unified Parkinson Disease Rating
 Scale, part III, motor subscale score
 (range, 0-108) (primary outcome; on
 medication)

20·9 ± 8·0 21·6 ± 10·1 0·7 (−4·4 to 6·2) 0·74

 Hoehn and Yahr Staging Scale
 (disability; range, 0-5; off medication)

2·3 ± 0·53 2·2 ± 0·41 −0·1 (−0·4 to 0·2) 0·55

Medication **‡

 Levodopa equivalent dose 705 ± 405 598 ± 355 −100 (−125 to 350)‡‡ 0·37

Strength

 Elbow flexion torque (Nm; off
 medication)

50·2 ± 17·8 47·6 ± 15·7 −2·6 (12·4 to 7·2) 0·60

 Elbow flexion torque (Nm; on
 medication)

50·5 ± 19·6 49·3 ± 15·9 −1·2 (−11·6 to 9·2) 0·47

Movement Speed

 Elbow flexion velocity (deg/s; off 330·3 ± 86·3 327·2 ± 79·7 −3·1 (−51·4 to 45·1) 0·90
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Characteristic Treatment group Difference Between Groups P value †

Modified Fitness
Counts

(N = 24)

Progressive
Resistance Training

(N = 24)

(95% Confidence Interval)

 medication)

 Elbow flexion velocity (deg/s; on
 medication)

374·9 ± 90·8 387·3 ± 79·5 12·4 (−37·1 to 62·0) 0·62

Physical Function ‡

 Modified Physical Performance Test
 (range, 0-36; off medication)

27·4 ± 6·8 26·4 ± 5·0 −2 (−5·0 to 1·0)‡‡ 0·27

 Modified Physical Performance Test
 (range, 0-36; on medication)

31·1 ± 3·9 30·7 ± 4·0 0·0 (−2·0 to 1·0)‡‡ 0·69

Quality of Life ‡

 Parkinson’s Disease Questionnaire –
 39 (range, 0-156; on medication)

18·5 ± 11·3 23·5 ± 14·3 3·6 (−2·3 to 10·5)‡‡ 0·21

*
Plus-minus values are mean ± 1SD

†
P values calculated with the use of t-tests for continuous variables and Fisher’s exact test for binary variables unless mentioned otherwise

Ұ
Confidence intervals not estimated for binary variables if total frequency (combined groups) is less than 10

ҰҰ
Mantel-Haenszel estimate of the common odds ratio for binary variables. Note: If 1 is contained within the confidence interval, then there is no

difference between groups

**
Medication is measured in levodopa equivalent units in mg/day

‡
P values calculated with the use of Wilcoxon rank-sum test

‡‡
Hodges-Lehman estimate of location shift

Note: All P values are two-sided
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Table 2

Motor Signs and Medication Status at Each Visit by Treatment Group.

Score at visit * Change from Baseline Difference (PRE vs mFC) in
Change from Baseline (95% CI)

mFC PRE mFC PRE P value†

Primary Outcome 1

  UPDRS-III Off
  Medication

  Baseline 34·7 ± 11·5 34·5 ± 11·9

  6 Month 29·3 ± 12·2 28·0 ± 10·9 −5·4 ± 2·8 −6·4 ± 3·0 −1·0 (−4·5 to 2·5) 0·55

  12 Month 32·8 ± 12·4 28·4 ± 10·8 −1·7 ± 3·7 −5·8 ± 3·2 −4·1 (−7·6 to −0·5) 0·02

  18 Month 32·8 ± 12·3 28·6 ± 9·4 −0·9 ± 9·1 −4·7 ± 7·0 −3·8 (−7·6 to −0·3) 0·03

  24 Month 34·0 ± 12·6 25·8 ± 10·6 −0·1 ± 8·7 −7·4 ± 7·4 −7·3 (−11·3 to −3·6) <0·001

Secondary Outcomes 1

  UPDRS-III On
  Medication

  Baseline 20·9 ± 8·0 21·6 ± 10·1

  6 Month 17·7 ± 8·6 19·1 ± 9·0 −3·2 ± 2·9 −2·5 ± 2·5 0·7 (−2·4 to 3·7) 0·66

  12 Month 19·1 ± 8·4 19·4 ± 8·5 −1·6 ± 5·1 −1·9 ± 4·0 −0·3 (−3·5 to 2·6) 0·78

  18 Month 18·1 ± 9·7 18·4 ± 6·5 −2·2 ± 7·1 −2·0 ± 6·5 0·2 (−3·4 to 2·9) 0·87

  24 Month 19·3 ± 9·7 17·9 ± 8·7 −1·3 ± 6·6 −2·3 ± 7·1 −1·0 (−4·7 to 1·8) 0·39

Medication (LED) 2

  Baseline 704·5 ± 405·3 597·8 ± 355·2

  6 Month 741·2 ± 443·5 619·0 ± 370·6 36·6 ± 122·2 21·2 ± 49·2 0·0 (0·0 to 0·0)Ұ 0·96‡

  12 Month 772·2 ± 472·7 638·1 ± 352·2 67·7 ± 213·5 40·3 ± 71·0

  18 Month 907·9 ± 546·9 691·4 ± 384·5 203·4 ± 226·2 93·6 ± 151·4

  24 Month 934·1 ± 557·2 753·6 ± 369·4 229·6 ± 283·3 155·8 ± 193·3 −75·0 (−200·0 to 62·0)Ұ 0·29‡

mFC, Modified Fitness Counts; PRE, Progressive Resistance Exercise; CI, Confidence Interval; UPDRS, Unified Parkinson’s Disease Rating
Scale, part III, motor subscale; LED, Levodopa Equivalent Dose

*
Plus-minus values are mean ± SD

†
P values are based on planned between-group contrasts using a mixed effects regression model unless mentioned otherwise

1
Negative change scores indicate improvement in UPDRS-III

2
Positive change scores indicate increase in LED in mg/day

Ұ
Hodges-Lehman estimate of location shift

‡
P values are based on Wilcoxon rank-sum test
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Table 3

Strength, Movement Speed, Physical Function, and Quality of Life at Each Visit by Treatment Group.

Score at visit * Change from Baseline Difference (PRE vs mFC) in
Change from Baseline

mFC PRE mFC PRE (95% CI) P value†

Elbow Flexion
Torque 1

  Off Medication

  Baseline 50·2 ± 17·8 47·6 ± 15·7

  6 Month 54·1 ± 21·9 55·3 ± 17·2 4·0 ± 8·7 7·7 ± 7·3 3·7 (−0·8 to 8·3) 0·1

  12 Month 51·1 ± 20·4 54·8 ± 17·5 0·1 ± 9·3 7·7 ± 6·9 7·6 (3·2 to 12·5) 0·001

  18 Month 49·9 ± 21·2 53·9 ± 13·6 −1·1 ± 10·0 6·8 ± 6·2 7·9 (3·7 to 13·2) <0·001

  24 Month 43·2 ± 16·2 56·3 ± 15·2 −5·3 ± 9·5 9·0 ± 6·9 14·3 (9·3 to 19·3) <0·001

  On Medication

  Baseline 54·6 ± 20·3 50·8 ± 15·3

  6 Month 57·2 ± 21·7 56·7 ± 17·4 2·6 ± 4·4 5·9 ± 6·9 3·3 (−2·2 to 8·9) 0·25

  12 Month 53·2 ± 20·6 56·3 ± 15·3 −2·3± 8·1 6·3 ± 7·2 8·6 (2·9 to 14·3) 0·003

  18 Month 51·8 ± 19·7 55·5 ± 15·1 −3·8± 6·4 5·8 ± 9·7 9·6 (3·9 to 15·5) 0·001

  24 Month 47·2 ± 20·8 50·2 ± 20·0 −6·0± 10·1 0·2 ± 16·3 6·2 (0·3 to 12·3) 0·04

Movement Speed 2

  Off Medication

  Baseline 330·3 ± 86·3 327·2 ± 79·7

  6 Month 400·2 ± 99·5 387·8 ± 77·9 69·8 ± 61·4 60·6 ± 48·5 −9·2 (−34·6 to 16·4) 0·48

  12 Month 407·3 ± 95·5 413·0 ± 98·9 72·3 ± 51·7 86·8 ± 57·0 14·5 (−11·2 to 40·9) 0·26

  18 Month 422·0 ± 90·7 424·1 ± 81·2 83·1 ± 54·2 106·0 ± 56·9 22·9 (−5·9 to 47·4) 0·13

  24 Month 403·7 ± 73·6 438·1 ± 78·9 74·8 ± 53·5 118·3 ± 60·7 43·5 (9·2 to 64·7) 0·009

  On Medication

  Baseline 374·9 ± 90·8 387·3 ± 79·5

  6 Month 436·2 ± 98·4 426·1 ± 72·6 61·3 ± 60·1 38·8 ± 52·8 −22·5 (−52·7 to 7·6) 0·14

  12 Month 443·6 ± 102·1 454·2 ± 75·6 63·0 ± 76·3 69·3 ± 56·7 6·3 (−24·4 to 36·8) 0·69

  18 Month 462·9 ± 97·8 461·0 ± 76·6 80·3 ± 69·5 82·4 ± 54·5 2·1 (−29·4 to 33·2) 0·91

  24 Month 450·9 ± 79·0 461·2 ± 89·2 84·1 ± 64·3 80·5 ± 55·9 −3·6 (−36·9 to 28·4) 0·80

Modified Physical
Performance Test 3

  Off Medication

  Baseline 27·4 ± 6·8 26·4 ± 5·0

  6 Month 31·2 ± 5·2 29·2 ± 4·4 3·8 ± 2·9 2·8 ± 3·0 −1·0 (−3·0 to 1·0)Ұ 0·21‡

  12 Month 31·2 ± 6·1 29·9 ± 5·3 3·5 ± 5·0 3·5 ± 3·0

  18 Month 32·2 ± 4·0 30·5 ± 4·7 4·2 ± 4·2 3·8 ± 3·5

  24 Month 32·2 ± 2·5 31·2 ± 4·1 4·1 ± 6·1 4·6 ± 2·7 0·5 (0·0 to 4·0)Ұ 0·10‡

  On Medication

  Baseline 31·1 ± 3·9 30·7 ± 4·0
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Score at visit * Change from Baseline Difference (PRE vs mFC) in
Change from Baseline

mFC PRE mFC PRE (95% CI) P value†

  6 Month 32·5 ± 4·1 31·2 ± 3·4 1·5 ± 1·8 0·5 ± 2·7 −1·0 (−2·0 to 0·0)Ұ 0·18‡

  12 Month 34·3 ± 1·8 31·6 ± 3·7 2·6 ± 2·1 1·0 ± 2·8

  18 Month 34·4 ± 2·0 32·9 ± 3·3 2·7 ± 2·4 1·8 ± 3·5

  24 Month 33·8 ± 1·8 32·6 ± 5·0 2·1 ± 3·5 1·7 ± 3·8 0·0 (−1·0 to 2·0)Ұ 0·74‡

Parkinson’s Disease
Questionnaire 4

  On Medication

  Baseline 18·5 ± 11·3 23·5 ± 14·3

  6 Month 18·4 ± 14·2 18·4 ± 13·0 −0·1 ± 7·0 −5·1 ± 7·7 −5·0 (−7·4 to −0·6)Ұ 0·02‡

  12 Month 20·1 ± 14·4 21·4 ± 15·8 1·8 ± 6·4 −2·3 ± 5·2

  18 Month 17·7 ± 15·3 20·4 ± 17·4 0·3 ± 9·9 −1·7 ± 10·9

  24 Month 19·6 ± 16·2 22·3 ± 18·3 3·4 ± 9·6 0·6 ± 13·3 −2·8 (-9·3 to 6·1)Ұ 0·53‡

mFC, Modified Fitness Counts; PRE, Progressive Resistance Exercise; CI, Confidence Interval

*
Plus-minus values are mean ± SD

†
P values are based on planned between-group contrasts using a mixed effects regression model unless mentioned otherwise

1
Positive change scores indicate improvement in elbow flexion torque in Nm

2
Positive change scores indicate improvement in elbow peak velocity in deg/s

3
Positive change scores indicate improvement in physical function

4
Negative change scores indicate improvement in quality of life

Ұ
Hodges-Lehman estimate of location shift

‡
P values are based on Wilcoxon rank-sum test
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Table 4

Summary of Serious Adverse Events† and Adverse Events. ‡

Relation to the study mFC
(n=24)

PRE
(n=24)

Definitely not related

 Passed away† 1* 0

 DBS Surgery† 2* 2*

 ALS† 1* 0

 Cancer† 1* 0

 Hospitalization for bowel obstruction† 0 1

 Elbow pain after a fall at home‡ 0 1

Possibly related

 Back surgery - stenosis† 1* 0

 Bilateral hip replacement† 0 1

 Unilateral knee replacement† 0 2 (single patient)

 Knee surgery to remove old debris† 0 1

 Foot surgery† 0 1

 Long term hospitalization after a fall at home† 0 1*

Definitely related – reported to IRB

 Wrist pain during maximal voluntary contraction testing‡ 1 0

Total 7 patients & 7 AEs 9 patients & 10 AEs

mFC, Modified Fitness Counts; PRE, Progressive Resistance Training; DBS, Deep Brain Stimulation; ALS, Amyotrophic Lateral Sclerosis; IRB,
Institutional Review Board; AE, Adverse Event

†
Serious Adverse Event – an event that required medical intervention and/or hospitalization

‡
Adverse Event - an event that did not require medical intervention

*
Adverse event prevented further participation in the study and subject withdrew
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