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Background and Purpose  The effects of high-intensity cycling as an adjuvant therapy for 
early-stage Parkinson’s disease (PD) were highlighted recently. However, patients experience dif-
ficulties in maintaining these cycling training programs. The present study investigated the effi-
cacy of cycling at a mild-to-moderate intensity in early-stage PD.
Methods  Thirteen PD patients were enrolled for 16 serial cycling sessions over a 2-month pe-
riod. Motor function was assessed using the Unified Parkinson’s Disease Rating Scale part III 
(UPDRS III) and Timed Up and Go (TUG) test as primary outcomes. The Montreal Cognitive 
Assessment (MoCA), modified Hoehn and Yahr Stage (mHYS), total UPDRS, Falls Efficacy 
Scale, New Freezing of Gait Questionnaire, Schwab and England Activities of Daily Living, 39-
item Parkinson’s Disease Questionnaire, Patient Global Impression of Change, and gait perfor-
mance were assessed as secondary outcomes.
Results  The age and the age at onset were 59.67±7.24 and 53.23±10.26 years (mean±SD), re-
spectively. The cycling cadence was 53.27±8.92 revolutions per minute. The UPDRS III score 
improved significantly after 8 training sessions (p=0.011) and 16 training sessions (T2) (p= 
0.001) in the off-state, and at T2 (p=0.004) in the on-state compared to pretraining (T0). The 
TUG duration was significantly shorter at T2 than at T0 (p<0.05). The findings of MoCA, total 
UPDRS, double limb support time, and mHYS (in both the off- and on-states) also improved 
significantly at T2.
Conclusions  Our pioneer study has demonstrated that a low-intensity progressive cycling ex-
ercise can improve motor function in PD, especially akinesia. The beneficial effects were similar 
to those of high-intensity rehabilitation programs.
Key Words  ‌�Parkinson’s disease, exercise, cycling, gait.

An 8-Week Low-Intensity Progressive Cycling Training 
Improves Motor Functions in Patients with Early-Stage 
Parkinson’s Disease

INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disorder that is primarily caused by the loss 
of dopamine neurons, which leads to reductions in the level of the dopamine neurotrans-
mitter. PD presents with impairment of motor function and automaticity. Motor symptoms 
that may be associated with deficits of automaticity are akinesia, slowness of simple repeti-
tive movements, reduced arm swing and stride length, gait freezing, micrographia, and fa-
cial movement deficits.1,2 Dopaminergic medications and surgical interventions—particu-
larly deep-brain stimulation in the advanced stages—are effective treatments for PD patients. 
However, the current therapeutic interventions only partially relieve motor symptoms, and 
they do not slow or modify the disease progression. Moreover, dopaminergic drugs may 
ultimately induce dyskinesia, motor fluctuations, and other psychological behaviors. These 
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complications have a tremendous impact on the quality of 
life (QOL) of PD patients. Noninvasive rehabilitation modal-
ities are an important adjunct therapy for early-stage PD to 
prolong the beneficial effects of motor symptomatic control 
and delay the motor complications.

Physical exercise was proposed as one of the best nonphar-
macological strategies with positive influences on PD.3 Many 
types of physical exercises—including treadmill training, re-
sistance training, biking, tai chi, tango, and boxing—improve 
motor function and the nonmotor cognitive abilities in PD 
patients.4 The neurobiological mechanisms underlying the 
effects of these exercises are not fully understood. Monteiro-
Junior et al.5 proposed two hypothetic mechanisms for the 
effects of physical exercise: 1) stimulating the synthesis of 
neurotransmitters (e.g., dopamine)6,7 and neurotrophic fac-
tors (e.g., brain-derived neurotrophic factor, glial cell line-
derived neurotrophic factor, fibroblast growth factor 2, and 
insulin-like growth factor 1),8,9 and 2) reducing chronic oxi-
dative stresses via simulation of mitochondrial biogenesis and 
the up-regulation of autophagy.10,11 These mechanisms might 
slow neurodegeneration and possibly resume structural and 
functional neuroplasticity; together these effects could ulti-
mate result in physical exercise attenuating the motor symp-
toms of PD.5 

Previous studies have demonstrated that long-term, short-
term,12-15 or even single-session16 forced cycling at a higher 
cadence improved the motor function and gait speed17,18 in 
PD patients. Long-term aerobic cycling exercise also improved 
cognitive and procedural functioning in early PD.18,19 How-
ever, PD patients experience difficulty with motor skills due to 
akinesia, and they may perceive strenuous exercise as strained, 
sloppy, and less efficient.20 Lauhoff et al.21 emphasized that 
approximately one-third of PD patients were unable to per-
form moderate-intensity aerobic cycling training. Several 
studies have demonstrated side effects of strenuous exercise, 
such as a temporary depression of various aspects of im-
mune function.22-25 Recent studies found that the responses of 
blood leukocyte toll-like receptors are impaired in PD.25,26 We 
therefore hypothesized that cycling training at a mild-to-
moderate intensity would be more suitable for PD patients.

The efficacy of long-term, low-intensity progressive cycling 
has not been investigated previously in PD patients. We de-
signed a pioneer study to investigate the possible improvement 
of motor function in patients with early-stage PD undergo-
ing 16-session low-intensity cycling for 8 weeks. The primary 
outcomes for motor function were alterations of the off- and 
on-states on the Unified Parkinson’s Disease Rating Scale part 
III (UPDRS III)27 and in the Timed Up and Go (TUG) test.28 
Secondary outcomes were alterations of the findings for the 
Montreal Cognitive Assessment (MoCA), modified Hoehn 

and Yahr Stage (mHYS), on-state total UPDRS, Falls Efficacy 
Scale (FES), New Freezing of Gait Questionnaire (NFOGQ), 
Schwab and England Activities of Daily Living (SE-ADL), 39-
item Parkinson’s Disease Questionnaire (PDQ-39), Patient 
Global Impression of Change (PGI-C), and gait performance. 
Possible adverse events were recorded during the study.

METHODS

The Institutional Review Board of Chang Gung Medical 
Foundation approved this study (IRB No. 104-8171A3). Par-
ticipants signed an informed-consent form prior to participa-
tion. Fig. 1 shows the study diagram and outcome measures.

Participants
A neurologist specializing in movement disorders according 
to the diagnostic criteria proposed by Gelb et al.29 diagnosed 
patients with idiopathic PD. Patients were eligible if they ful-
filled the following criteria: age between 45 and 70 years, 
asymmetrical onset of at least two of three cardinal signs, ear-
ly-stage PD (mHYS30 from 1 to 2.5 during the off-state), and 
MoCA31 score of 26 or higher. Patients were ineligible if they 
exhibited any of the following characteristics: 1) history of 
neurological disease other than PD, 2) previous neurosur-
gery for PD, 3) moderate-to-severe dyskinesia, 4) unstable 
medical or psychiatric comorbidities, 5) orthopedic condi-
tions restricting exercise, or 6) performing aerobic exercise 
for longer than 20 min at least three times weekly prior to the 
study. Patients were maintained on their usual medical treat-
ment throughout the study.

Study procedures
Each patient initially performed a baseline test (T0), which 
was followed by a midterm test (T1) after 8 training sessions 
and a posttraining test (T2) after completing 16 training ses-
sions. All clinical assessments were performed after 12 
hours of overnight withdrawal of anti-Parkinsonian medica-
tions (the withdrawal period was 24 hours for those taking 
prolonged-release dopaminergic agonists). UPDRS III and 
mHYS scores were assessed in the off-state on the subse-
quent morning. Each patient self-administered their medica-
tions. The scores for total UPDRS,32 mHYS, TUG, NFOGQ,33 
PDQ-39,34 SE-ADL,35 FES,36 and quantitative gait analysis 
were assessed 40–60 min later in the best on-state. UPDRS 
subscores were analyzed as follows: tremor (item 20: tremor 
at rest), rigidity (item 21: rigidity), akinesia (items 23–26: fin-
ger taps, hand movements, rapid alternating movements of 
the hands, and leg agility), and postural instability gait dis-
order (PIGD) (items 29 and 30: gait and postural stability). 
PGI-C37 was self-assessed at T1 and T2.
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Intervention
Patients were scheduled to perform cycling training twice 
weekly for 8 weeks, for a total of 16 sessions during their on-
states. The intervention program included an initial phase of 
dose titration for 2 weeks and the late phase of dose mainte-
nance for 6 weeks. Each session included a 5-min warm up, 
main cycling phase, and a 5-min cool down. A standard sta-
tionary bicycle was used. The cycling session began with 15 
min of cycling at a self-selected cadence in the titration phase, 
and it increased in steps of 5 min and 5 to 10 revolutions per 
minute (rpm). The intensity of cycling reached at least 40 
rpm and was maintained at that rate for 30 min in the fourth 
session. The cycling time was extended by 5 min every 4 ses-
sions in the maintenance phase, in addition to maintaining 
the 40-rpm cadence, such as 30 min for 5–8 sessions, 35 min 
for 9–12 sessions, and 40 min for 13–16 sessions. Blood pres-

sure, heart rate (HR), rating of perceived exertion (on the Borg 
scale),38 and saturation of peripheral oxygen (SpO2) were 
monitored before, during (in the middle phase), and after 
each training session. If the HR exceeded 50–55% of the in-
dividual’s maximum HR (defined as 220 minus the age in 
years in accordance with the Karnoven formula),39 then the 
trainer asked the patient to slow the cycling cadence so that 
the HR reduced to below the maximum HR.

Quantitative gait analysis
Gait performance was analyzed using GAITRite (CIR Sys-
tems, Inc., Franklin, NJ, USA) on a 3.66-m-long and 0.9-m-
wide instrumented walkway.40 Patients were instructed to 
walk the length of the walkway twice at their preferred walk-
ing speed. The outcomes of the gait assessments were the gait 
speed, step length, step width, step time, and double limb sup-

Inclusion criteria 
• Parkinson’s disease with an age 45–70 years
• Asymmetrical onset of at least 2 of 3 cardinal signs 
• mHYS 1–2.5 (off-state)
• MoCA ≥26
• Response to dopaminergic medications

Assessments at T0*
• At off-state: UPDRS III, mHYS
• ‌�At on-state: UPDRS I-IV, mHYS, TUG, NFOGQ, PDQ-39, ADL, FES, quantitative gait 

analysis

Cycling settings‡

• Session 1: 15 min as self-selected speed
• Session 2: 20 min (increased 5 min and 5-10 rpm) 
• Session 3: 25 min (increased 5 min and 5-10 rpm) 
• Session 4: 30 min (up to ≥40 rpm)
• Session 5–8: 30 min

Assessments at T1†

• At off-state: UPDRS III
• At on-state : UPDRS III, TUG, PGI-C, quantitative gait analysis

Cycling settings‡

• Session  9–12: 35 min
• Session 13–16: 40 min

Assessments at T2†

• At off-state: UPDRS III, mHYS
• ‌�At on-state:  MoCA, UPDRS I-IV, mHYS, TUG, NFOGQ, PDQ-39, ADL, FES, PGI-C, 

quantitative gait analysis

Eligible participants 
(n=13)

T0 visit (n=13)
(Pre-training)

T1 visit (n=13)
(Post 8 sessions)

T2 visit (n=13)
(Post 16 sessions)

Cycling training
(1–8 sessions)

Cycling training
(9–16 sessions)

Fig. 1. Study flow diagram and outcome measures. T0: baseline test, T1: midterm test, T2: posttraining test. *Off-state assessment, 12 hours over-
night withdrawal of all antiparkinsonian agents (24 hours withdrawal for extended-released dopaminergic agents), †Off-state assessment, 2-3 days 
later off cycling and 12 hours overnight withdrawal of all antiparkinsonian agents (24 hours withdrawal for extended-released dopaminergic agents), 
‡Each session contained a 5-min warm up, main cycling setting, and a 5-min cool down. ADL: Activities of Daily Living, FES: Falls Efficacy Scale, mHYS: 
modified Hoehn and Yahr Stage, MoCA: Montreal Cognitive Assessment, NFOGQ: New Freezing of Gait Questionnaire, PDQ-39: 39-item Parkinson’s 
Disease Questionnaire, PGI-C: Patient Global Impression of Change, TUG: Timed Up and Go, UPDRS: Unified Parkinson’s Disease Rating Scale.
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port time (DLST).

Statistics
All statistical analyses were performed using SPSS (version 
22.0, IBM Corp., Armonk, NY, USA) software. Descriptive 
statistics are reported as mean±SD values. The Friedman 
test was used to compare the levodopa equivalent daily dos-
age (LEDD), UPDRS III, TUG, and gait parameters between 
T0, T1, and T2. The Wilcoxon signed-rank test was applied 
when a significant difference was detected. This test was used 
to compare measures of MoCA, mHYS, UPDRS I, UPDRS II, 
UPDRS IV, total UPDRS, FES, NFOGQ, SE-ADL, and PDQ-
39 between T0 and T2. The significance level was set at p<0.05.

RESULTS

Baseline characteristics
Table 1 presents the baseline demographic data of the pa-
tients. Thirteen eligible patients (31 % females) were enrolled 
and completed the study. They were aged 59.67±7.24 years 
(range: 47–68 years), and their age at onset was 53.23±10.26 
years (range: 35–65 years). The disease duration was 6.44± 
4.04 years (range: 2–14 years), LEDD was 594.62±245.55 
mg/daily (range: 350–1010 mg/daily), and the MoCA score 
was 27.62±1.61 (range: 26–30 in Table 2). All patients remained 
on the same dosage of anti-Parkinsonism drugs throughout the 
study.

Cycling exercise training intensity
Fig. 2 shows the cycling cadence for the 16 training sessions. 
The cycling cadence was 40.00±12.03 rpm (range: 22.5–60.0 
rpm) at the first training session, which corresponded to the 
self-selected speed for each participant. Patients reached their 
individual optimal exercise intensity at the fourth session 
and maintained this intensity until the final session. The over-
all cycling cadence was 53.27±8.92 rpm (range: 42–70 rpm), 

and the estimated power output was 76.14±33.15 watts (range: 
48.45–131.71 watts).

Primary outcomes
Table 2 lists the results for the primary outcomes. UPDRS 
III scores, akinesia, and PIGD subscores improved progres-
sively and significantly from T0 to T2 in both the off- and on-
states. However, tremor and rigidity subscores did not improve 
in either state. Notably, UPDRS III scores (p=0.015) and aki-
nesia subscores (p=0.002) improved predominantly in the 
off-state. This significant difference in the reduction between 
the on- and off-states indicated that cycling was more bene-
ficial to off-state motor function in PD. 

Further analysis revealed that the reductions in the akine-
sia subscores on the most-affected side (MAS) and less-af-
fected side (LAS) at T2 were 2.38±1.33 and 1.62±1.61, re-
spectively (p=0.04), in the off-state, and 1.00±0.82 and 0.46± 
0.88 (p=0.117) in the on-state, which indicates that cycling 
training was more beneficial to off-state motor function on 
the MAS (Fig. 3). The TUG duration also improved signifi-
cantly from T0 to T2 in the on-state (p=0.003). The primary 
outcomes demonstrated that the observed effect sizes were 
large after 16 sessions of cycling. Two patients complained of 
mild muscle soreness in the lower extremities during the first 
cycling session, but this lasted only 2 days and did not recur.

Secondary outcomes
Table 2 summarizes the results for the secondary outcomes 
measures, and Table 3 lists the gait performance outcomes. 
Outcomes including the MoCA (p=0.004), off-state mHYS 
(p=0.014), on-state mHYS (p=0.024), and total UPDRS (p= 
0.005) scores improved significantly from T0 to T2, while 
the FES, SE-ADL, and PDQ-39 scores did not improve. The 
DLST became progressively shorter following cycling from 

Table 1. Baseline characteristics

Variables Mean±SD Range
AAE (years) 59.67±7.24 47–68

Gender (% of female) 31% F/M=4/9

Duration of education (years) 14.69±2.63 12–19

Weight (kg) 66.04±9.73 50–81

Height (cm) 164.27±4.99 155–170

BMI 24.37±2.61 19.29–28.7

AAO (year) 53.23±10.26 35–65

DD (year) 6.44±4.04 2–14

LEDD (mg/daily) 594.62±245.55 350–1,010

AAE: age at examination, AAO: age at onset, BMI: body mass index, 
DD: duration of disease, F: female, LEDD: levodopa equivalent daily 
dosage, M: male.

Fig. 2. Changes in cycling cadence during 16 training sessions of train-
ing (S1–S16).
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T0 to T1 and T2, but other gait parameters did not change 
significantly. All patients expressed satisfaction with the full 
course of cycling training. The individual PGI-C scores im-
proved at T1 and T2 in 12 patients (92%).

DISCUSSION

To our knowledge, this pioneer study is the first to demon-
strate that low-intensity cycling training can improve motor 
function, especially akinesia, in the off- and on-states. The UP-
DRS III motor score was reduced 7.46 (31.9% improvement, 
7.46/23.38) in the off-state and 4.08 (26.4% improvement, 
4.08/15.46) in the on-state. Both of these reductions exceeded 
the threshold of 2.5 for a minimally clinically important dif-
ference (MCID).41 Akinesia subscores on UPDRS III were 
more than halved (reduced by 54%) in the off-state, which 

was the main improvement in the remaining subscores. The 
improvement of the UPDRS III motor score in our patients 
under low-intensity cycling was similar to that of 35% after an 
8-week forced cycling program on a stationary tandem bicy-
cle led by a trainer, and the akinesia score was approximately 
twofold better than that of 28% reported by Ridgel et al.12 No-
tably, this score was also approximately twofold higher than 
the 13.9% improvement of the UPDRS III score in the on-state 
for three sessions of high-cadence cycling training.15 Akinesia 
is the most distressing motor disturbance experienced by PD 
patients, and it may be related to deficits of automaticity42 
and affect almost all activities in daily life.43 The improve-
ment in the akinesia subscores predominated over those of 
the other UPDRS III subscores. Possible explanations were 
that the motor learning effect was enhanced by these repetitive 
and alternating lower extremity flexion and extension mo-
tions,13 and that motor cortical activation was increased after 
active training of the upper44 or lower45 extremities, which is 
thought to be diminished in akinesia.46,47

Mobility and balance also benefited from the present low-
intensity progressive cycling training. The coordination of the 
activities of the quadriceps femoris, popliteal, anterior tibia-
lis, and soleus muscles is crucial to promoting balance and 
gait performance.48 The TUG duration was significantly short-
er (by 0.5 sec) at T2 than at T0 in the present study; this test 
has been widely used for measuring mobility, balance, and 
the risk of falling in PD. The present change in the preferred 
gait speed (5.68 cm/sec) was clinically interesting, which ex-
ceeded an MCID of 4 cm/sec for PD patients,49 although no 
statistical significance was found. The shortened DLST could 
be related to the improvement of balance control. The faster 
TUG and gait speed and shorter DLST may have further con-
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Table 3. Gait performance assessed at T0, T1, and T2 with preferred speed

Gait parameters T0 T1 T2 p Change (T0-T1) Change (T0-T2)
Gait speed (cm/sec) 109.78±16.45 (103.9) 117.43±13.27 (111.54) 115.46±9.67 (113.52) 0.368 7.65±13.82 (6.74) 5.68±13.11 (4.06)

Step length (cm) 55.57±5.48  (56.06) 57.83±4.08  (58.29) 57.77±3.52 (57.41) 0.125 2.25±4.36  (2.45) 2.19±4.24 (1.89)

MAS 55.05±5.73  (54.05) 57.56±4.33  (58.01) 57.29±4.21 (56.38) 0.232 2.51±4.28  (2.74) 2.23±4.35  (2.46)

LAS 56.09±5.44  (56.39) 58.09±4.03  (58.8) 58.25±3.05 (57.85) 0.794 2.00±4.60  (0.93) 2.15±4.42  (1.90)

Step width (cm) 9.81±2.48  (10.6) 10.04±2.41  (10.39) 10.08±2.40 (10.43) 0.500 0.23±0.80  (0.49) 0.27±0.74  (0.35)

MAS 9.86±2.42  (10.75) 10.06±2.34  (10.84) 10.12±2.39 (10.46) 0.584 0.21±0.86  (0.48) 0.26±0.70  (0.35)

LAS 9.77±2.56  (10.44) 10.02±2.51  (9.93) 10.05±2.41 (10.39) 0.500 0.25±0.80  (0.46) 0.28±0.81  (0.35)

Step time (sec) 0.51±0.04  (0.51) 0.50±0.04 (0.50) 0.50±0.03 (0.50) 0.232 -0.02±0.03  (-0.02) -0.01±0.03  (0.00)

MAS 0.52±0.04  (0.51) 0.50±0.04  (0.50) 0.51±0.04 (0.50) 0.199 -0.02±0.03  (-0.02) -0.01±0.03  (-0.01)

LAS 0.50±0.04  (0.49) 0.49±0.04  (0.49) 0.50±0.03 (0.49) 0.146 -0.01±0.02  (-0.01) 0.00±0.03  (-0.01)

Double limb support time (sec) 0.25±0.04  (0.25) 0.23±0.04  (0.23)* 0.23±0.03 (0.23) 0.023 -0.02±0.03  (-0.02) -0.02±0.03  (-0.01)

MAS 0.25±0.04 (0.25) 0.23±0.04  (0.23)* 0.23±0.03 (0.23)* 0.050 -0.02±0.03  (-0.02) -0.02±0.03  (-0.01)

LAS 0.25±0.04  (0.25) 0.23±0.04  (0.23)* 0.23±0.03 (0.23)* 0.023 -0.02±0.03  (-0.02) -0.02±0.03  (-0.02)

Mean±SD (medium). p: Friedman test, α=0.05.
*p≤0.05, compared to T0 by using Wilcoxon signed rank test.
LAS: less-affected side, MAS: most-affected side, T0: Pre-training, T1: Post 8-session training, T2: Post 16-session training.

Fig. 3. The improvement of akinesia subscores differed between the 
MAS and the LAS in both the on- and off-states after 16 sessions of 
cycling training. LAS: less-affected side, MAS: most-affected side.
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tributed to the improvement of akinesia and PIGD subscores.

The decreases in UPDRS III scores and akinesia subscores 
were larger in the off-state than the on-state. Akinesia sub-
scores were reduced more on the MAS than on the LAS. The 
significant reductions in these scores may indicate that cycling 
is more beneficial to motor dysfunction in the off-state and on 
the MAS in PD patients—such a difference in improvements 
in motor function has not been emphasized previously. Im-
provement in akinesia was rarely mentioned in previous stud-
ies, whereas it might be the most clinically significant improve-
ment in PD patients. mHYS improved significantly after 16 
sessions of cycling in both the off- and on-states. These posi-
tive results suggest that cycling exercise can slow the progres-
sion of PD if such exercise is initiated in very-early-stage or pre-
clinical PD. Long-term regular exercise may also attenuate the 
severity of early PD.50,51 There are several reports of regular 
exercise reducing the subsequent PD risk.52-54 If exercise can 
really reduce the risk of PD, then it is probable that the pro-
gression of very-early-stage PD could also be slowed.

The mechanisms underlying the improvement of motor 
function in PD patients after cycling are not known. Several 
hypothetic explanations can be proposed. Firstly, cycling may 
enhance both extrinsic and intrinsic feedbacks. For exam-
ple, complex and variable sensory input increases sensory 
feedback from the periphery and the subsequent activation of 
basal ganglia circuits, which may enhance central motor pro-
cessing.13 Secondly, the pedals of a stationary bicycle inherently 
offer PD patients the mechanical constraint of a constant 
movement amplitude.55,56 Thirdly, cycling may correct the 
coupling between central commands and the biomechanical 
constraints of the legs.57 These features are consistent with the 
positive results obtained in the present study that applied pro-
gressive cycling at a mild-to-moderate intensity.

Previous clinical and animal studies found that high-inten-
sity exercise was associated with greater positive impacts on 
PD.16,58-60 However, PD patients are already hampered by 
various motor disabilities (e.g., rigidity and bradykinesia), 
which may substantially restrict their ability to perform high-
intensity exercise, possibly making this impractical even in 
early-stage PD. 

We used an active, lower-cadence, and lower-intensity cy-
cling exercise to overcome these problems and avoid the pos-
sible side effects of higher-intensity exercise. The initial cadence 
in our intervention program was based on the preferences of 
individual patients, and the cycling duration and intensity were 
then progressively increased, which contrasts with previous 
training programs that focused on forced cycling, higher-ca-
dence cycling, and/or aerobic cycling. The mode of training 
in our study was adjusted so as to optimize the cycling inten-
sity for individual patients, which depended on their physical 

condition. This methodology allowed our PD patients to 
maintain a relatively stable and consistent cadence during each 
session. Ridgel et al.61 also demonstrated that guidance from 
a trainer acted as a stabilizing influence on patients perform-
ing forced cycling. Stabilizing the cadence is an important fac-
tor for improving the positive effects of cycling in PD. Howev-
er, this concept remains to be evaluated in different settings, 
such as when PD patients are choosing their own cadence.

The findings of this study provide evidence that exercise 
can reduce the risks of cognitive deficit in PD. The MoCA 
scores improved significantly (from 27.62 to 29.23) after the 
16-session cycling exercise program. This improvement in 
cognitive function after low-intensity cycling is consistent 
with previous reports of the effects of various modalities and 
intensity levels of exercise.4,58,62 The learning effect might be 
considered a contribution factor. However, the cycling inten-
sity that is the most beneficial to cognition remains to be de-
termined. In contrast to the previous suggestion that a high-
er intensity of aerobic exercise produces greater cognitive 
gains, David et al.58 reported that a modified exercise program 
involving nonaerobic conditioning exercises might improve 
cognitive outcomes. Our results demonstrate that low-inten-
sity cycling also improved cognitive function in early-stage PD 
patients. Future studies should investigate the effects of vari-
ous exercise intensities on cognition and the possible under-
lying mechanisms.

The QOL and falls self-efficacy did not improve in the pres-
ent study. We presume that the patients enrolled in this study 
had a relatively high QOL. Their pretraining PDQ-39 and SE-
ADL scores were 23% and 92%, respectively, and both of these 
metrics have high thresholds for normal scores. The scores in-
dicated that the QOL of the included patients was less im-
pacted by PD disability, and that they were almost completely 
independent in performing the activities of daily living. In-
consistent effects on mood, QOL, and falls self-efficacy were 
also found previously in PD for exercise trials.63,64 Some stud-
ies found that exercise did not improve the QOL of PD pa-
tients, but that combining medications and exercise can 
transform a potentially debilitating disease into a livable con-
dition.65 Regular exercisers were associated with better QOL, 
slower progression of disease, lower caregiver burden, and 
less cognitive decline after 1 year.66 Together these findings in-
dicate that exercise therapy should be emphasized from when 
the very early symptoms of PD first appear.

The current data indicate that PD patients who perform 
low-intensity progressive cycling exhibit significant improve-
ments in motor function and cognition. These findings pro-
vide important insights that will be helpful for the develop-
ment of rehabilitation interventions for PD. However, several 
methodological limitations should be considered when assess-
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ing the reported outcomes. Firstly, the extensive measure-
ments for primary and secondary outcomes prevented us from 
enrolling more patients in a larger-scale study and including 
matched controls in another arm for comparison. No pos-
tintervention follow-up was performed to assess the retention 
effect. It is ethically difficult to require PD patients to stop phys-
ical exercise after a cycling training program if they have bene-
fited from physical activity. Therefore, the possibility of neuro-
protection was not determined in the present pioneer study. 

Secondly, UPDRS, and particularly UPDRS III, should be 
applied by investigators who are blinded, rather than the 
trainer involved in implementing the intervention. We also 
evaluated the TUG duration and performed quantitative gait 
analysis in order to avoid subjective bias. The TUG duration 
was significantly faster than pretraining, and the increase in 
gait speed after the 16 training sessions exceeded the MCID. 
Both the subjective and objective data demonstrated a trend 
of improved mobility. 

Thirdly, the off-state motor-function evaluation was com-
pleted after anti-Parkinsonian medications had been with-
drawn for 12–24 hours. However, such a withdraw might not 
totally eliminate long-duration responses to medications. All 
three off-state assessments of the individual patients strictly 
followed the same procedure and evaluation time point 
throughout the study period in order to minimize changes in 
motor function caused by medications. 

Fourthly, while the present low-intensity cycling training 
program provided many clinical benefits to patients with ear-
ly-stage PD, whether low-intensity cycling training is suitable 
for advanced-stage PD patients is questionable. Therefore, fur-
ther large-scale, randomized, and controlled trials are needed 
to evaluate the efficacy of a low-intensity cycling training regi-
men in PD patients at different stages. Moreover, the optimal 
intensity and training duration of low-intensity cycling train-
ing also stills needs to be identified and validated in early-stage 
PD patients.

In conclusion, the present study has demonstrated that low-
intensity progressive cycling training is efficient, safe, and fea-
sible for patients with early-stage PD. This mode of cycling 
exercise improved motor function, especially akinesia, with 
its beneficial effects being similar to those reported for high-
intensity rehabilitation programs. We suggest that low-inten-
sity progressive cycling training could serve as a new thera-
peutic adjuvant for the treatment of early-stage PD.
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