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Methods 

Design 

A feasibility single-blind RCT was conducted in two centres (Radboudumc Nijmegen in the 

Netherlands; and the Cleveland Clinic in Cleveland, Ohio, USA). The study was approved by the local 

medical ethics committees of each centre (CMO Arnhem-Nijmegen and Cleveland Clinic Institutional 

Review Board). Each participant provided a written consent before the baseline assessments.  

 

Recruitment and eligibility 

Participants were recruited during a 24-month period from the neurology departments at both sites. 

Eligible patients were aged between 30 and 75, diagnosed with Idiopathic Parkinson’s disease 

according to the UK brain bank criteria with a mild to moderate disease severity (Hoehn and Yahr 

stage I or II),  and a sedentary lifestyle. Patients were considered sedentary if they did not meet the 

recommendation on aerobic activity of the American College of Sports Medicine (ACSM) and 

American Heart Association (AHA) for older adults (65+ years) and adults aged 50–64 with clinically 

significant chronic conditions or functional limitations1, as measured with the LASA Physical Activity 

Questionnaire (outdoor).2 This recommendation states that in order to promote and maintain health, 

a moderate-intensity aerobic physical activity for a minimum of 30 min on five days each week or 

vigorous intensity aerobic activity for a minimum of 20 min on three days each week is needed. 

Patients below the age of 30 were excluded because young onset Parkinsonism often has a different 

aetiology.  

Both medicated and unmedicated patients were eligible, however in order to include mainly early 

diagnosed patients, treatment should be initiated no more than 2 years prior to inclusion. To limit 

any fluctuations due to changes in medication regime, patients were deemed eligible if their 

medication dose was stable for at least 1 month prior to inclusion. Exclusion criteria were: severe 

cognitive impairment (Mini Mental State Examination ≤24), comorbidity that affects the ability to 

cycle, high cardiovascular risk (e.g. known hypertension, diabetes mellitus, BMI>30, cardiac valve 

defects, rhythm disorder, heart failure), use of beta-blockers, inability to fill out questionnaires, daily 

institutionalized care, no computer or internet access at home, contra-indications for the MRI 

(claustrophobia, metals, pacemakers etc) , medical history of stroke or TIA.   

 

Randomization and concealment 

After completing the baseline assessments participants were allocated randomly to either the AE 

group or a control group. At the Nijmegen site the randomization sequence was generated by an 



independent biostatistician with an allocation ratio of 1:1; permuted blocks of varying size (maximal 

3 consecutive patients with the same allocation) were employed to ensure balance over time. At the 

Cleveland site sealed envelopes with the allocation were randomly chosen by the participants with 

an allocation ratio of 2:1.  

 

Intervention 

Individual training sessions of approximately 45 minutes were performed on a stationary bike at the 

patient’s home, 3-5 times a week for 6 months. Participants were instructed to exercise at 60-80% of 

their so-called heart rate reserve (HRR) for 30 minutes. The HRR is calculated with the Karvonen 

formula (maximal heart rate- resting heart rate × desired training %] + resting heart rate)3. The 

resting heart rate is determined during a regular supine ECG and the maximal heart rate is 

determined during an incremental maximal exercise test (see below).  

During a home visit the participants were instructed by the exercise physiologists how to use the 

equipment and how to reach the aforementioned goals. Participants could decide to exercise at any 

given time during the day according to their convenience; however they were instructed to choose 

optimal timing for their sessions (i.e. at a time of little fatigue, while experiencing a good medication 

effect). Also, a practice session was performed to see whether the patient understood these 

instructions. The stationary bikes (Amada Sport, Velp, The Netherlands) were equipped with a 

computer that provided feedback regarding current heart rate, exercise time, pedalling cadence and 

power (Watts). Additionally, participants could select a range of virtual scenes (real-life videos of 

well-known cycling routes, such as the Alpe d’Huez) where the film speed was influenced by their 

tempo and the bike resistance was influenced by the selected scene (i.e. going uphill increased the 

resistance).  Sessions of 45 minutes were created based on selected parts of these routes to ensure a 

diverse set of training sessions. In order to stay in their heart rate zone participants were instructed 

to either adjust the resistance by shifting gear or adjusting the pedalling rate (cadence). All of the 

cycles were connected to the internet and all exercise performance data were automatically 

uploaded to a cloud-based database. The exercise physiologist at each site monitored exercise 

performance of each patient and contacted them by telephone on a biweekly basis. Through an 

online monitoring system training performance was evaluated and training objectives and 

preferences were adjusted according to the participant’s improvements by the study exercise 

physiologist (e.g. if a patient was able to complete the created routes easily and the target heart rate 

was not met, a more challenging route was created. Also, if routes were not challenging enough, 

alternatives were sought based on the participants’ preferences, which were collected during the 

telephone calls. In addition, stored raw training data on exercise frequency, duration and intensity 

were downloaded to determine the overall adherence to the intervention. 



 

Control group 

Patients in the control group continued their usual physical activities and were instructed to keep 

their activity level as stable as possible. They received usual care for their PD (provided by their own 

neurologist) and were instructed to inform the research team if any changes in medication or activity 

level occurred. Besides the baseline and final assessments, there was no additional contact with the 

control group during the trial.   

 
Feasibility 

The feasibility of this study protocol was determined by assessing the adherence to the exercise 

program and the safety of a home-based exercise intervention with minimal supervision. Adherence 

was determined by 1) the number of dropouts, 2) the training frequency (corrected for the number 

of weeks that patients were unable to exercise due to vacation or illness), 3) training duration, and 4) 

training intensity (i.e. the total time exercised within the prescribed heart rate zone). Safety was 

evaluated by the number of reported (serious) adverse events (reported during either the 

assessments or biweekly phone calls), in particular falls, during the intervention period. 

 
Assessments 
All measurements described below were obtained during two identical sessions: one at baseline and 

one at end of treatment following the 6-month exercise protocol. All evaluations were completed in-

person at each of the study sites. The baseline measurements were obtained prior to randomization. 

The only exception was the executive function test, which patients had to perform online at home 

every fortnight. All assessments were performed during a practically defined OFF medication state 

(i.e. 12 hr since last medication dose), except for maximal aerobic fitness testing. Off-medication 

testing was performed for several reasons: off testing provides a better reflection of the impact of 

the exercise intervention on the disease itself; it eliminates medication-induced fluctuations (and 

therefore allows for a more reliable comparison between medicated and un-medicated patients); 

and due to the higher UPDRS motor scores in off, the chances of finding a difference between the 

two groups increase. 

In addition to the below described outcomes, the LAPAQ outdoor questionnaire was performed in 

both groups at the Dutch site at baseline and at the end of the intervention period in order to check 

for differences in physical activity before and after participation.  

 

Outcomes 

Physical fitness 



Before physical fitness tests were initiated a cardiopulmonary screening was performed including a 

supine ECG and a physical exam of cardiopulmonary functions. Maximal oxygen consumption 

(VO2max), the gold standard of cardiovascular fitness, was assessed with an incremental maximal 

exercise test on a bicycle ergometer (Lode; Excalibur, Groningen, The Netherlands)4 5. Subjects were 

instructed to maintain a cadence between 60 and 80 rpm while workload was increased 10–20 

Watt/min, depending on the gender of the patient. During exercise, breath-by-breath gas analysis as 

well as heart rate was recorded. For the termination of maximal exercise testing we adhered to 

recent guidelines6. Maximal oxygen consumption (VO2max) was defined as oxygen uptake (30-

second average) at the moment that the patient indicated to have reached their limit and their 

highest heart rate was reached. Resting heart rate from the supine ECG and maximal heart rate 

determined from this test were used to calculate the individual training heart rate zones  

 

Motor symptoms 

Severity of motor symptoms was assessed with the motor section of the Unified Parkinson’s Disease 

Rating Scale (UPDRS) III. All assessors were trained prior to the first assessment. Both measurements 

were rated by the same assessor.  

 

At the Nijmegen site, additional quantitative measurements were performed using the Objective 

Parkinson’s Disease Measurement (OPDM) system. OPDM consists of Dexterity as well as Mobility 

measurement devices7 8. The Mobility device used in this study consists of three movement monitors 

(attached to both ankles and the lumbar spine) that contain an accelerometer, gyroscope, and 

magnometer all of which stream the data wireless to a laptop. An instrumented Timed Up and Go 

Test (iTUG) and a postural sway test, as an objective measure for balance and mobility, were 

performed with this device. The Dexterity device consists of a digitography (keyboard) test and a 

pegboard test, as a measure for respectively bradykinesia9 and complex motor function. Both the 

Mobility and Dexterity devices have previously been validated in PD7 8. Dexterity testing was included 

to test whether there was any transference (improvement in motor function that is not specifically 

trained by the intervention), which could be seen as indirect evidence for neuroplasticity10.  

 

Non-motor symptoms 

The cognition part of the SCales for Outcomes in PArkinson’s disease (SCOPA-cog)11 was used to 

score global cognition. The Trail Making Test (TMT) is recognized as an outcome for executive 

function in PD. Instead of the paper and pencil test a recently developed web-based variant (i-

COMET) was used, allowing a higher testing frequency with minimal extra burden12. The patients 

were instructed to perform the TMT test every fortnight on the same time and day of the week 



(chosen by the participants at their own convenience), and before intake of dopaminergic 

medication.  

The Parkinson Disease Questionnaire (PDQ)-39 was used for quality of life13 and the Hospital Anxiety 

and Depression Scale (HADS)14 and the section on sleep of the SCales for Outcomes in PArkinson’s 

disease (SCOPA-Sleep)15 were used to measure respectively mood, anxiety and sleep disorders.  

 

Statistics 

The outcomes were analyzed with an analysis of covariance (ANCOVA) using IBM SPSS statistics 22. 

The end of treatment scores served as dependent variables; site, group allocation and if applicable 

gender (VO2max) and handedness (pegboard, finger tapping) served as fixed factors; the baseline 

values, age at baseline, LED at baseline and disease duration were used as covariates. Adjustment for 

multiple comparisons was done using a Bonferroni correction. The analyses were performed 

primarily on an intention-to-treat basis. Adherence to the program was analyzed according to 

intention-to-treat, but adherence to the prescribed heart rate was analyzed per-protocol.  A p< 0.05 

was considered significant.  

 

 

 
 



Assessed for eligibility (n=112)

Excluded (n=75)

· Not meeting inclusion criteria (n=29)

· Declined to partcipate (n=44)

· Other reasons: already particpated in 

another intervention trial (n=2)

Randomized (n=37)

Allocated to intervention (n=22) Allocated to control (n=15)

Lost to follow up (n=1)

Discontinued the intervention 

(n=2); due to spinal stenosis 

(n=1) and radiculopathiy (n=1)

Analyzed (n=20) 

Lost to follow-up (n=0)

Analyzed (n=15)

Analysis 

Follow-up 

Allocation 

Enrollment 

 
Figure S1. Flowchart of the study. At the Nijmegen site a total of 21 (11 intervention, 10 controls) 
patients were included and at the Cleveland site a total of 16 patients (11 intervention, 5 controls) were 
included. Two patients in the intervention group discontinued the intervention; one immediately after 

randomization due to increasing leg pain caused by a spinal stenosis; one after 3 months because of a 
radiculopathy. The latter was lost to follow up.  
 
 Control (n=15) Intervention (n=22) 

Age in years (mean (SD)) 59 (6.8) 58.8 (10.1) 

Gender (number of men (%)) 10 (66.7%) 14 (63.6%) 

Weight (mean (SD)) 79.3 (13.6) 80.3 (10.3) 

LAPAQ outdoor min/day  14.3 (8.6-42.9) 8.6 (0-17.1) 

MMSE  30 (29-30) 30 (28.8-30) 

Disease duration in months 12 (10-17) 10.5 (6.8-24.8) 

No of patients using PD medication (%) 9 (60%) 15 (68.2%) 

Levodopa 7 9 

Dopamine agonists 2 0 

Other 0 6 

LED 187.5 (9-375) 100 (0-375) 

UPDRS III 20 (15-31) 23 (17-30) 

Table S1.  Baseline characteristics per allocation. Numbers express median (quartile 1 
and 3) unless stated otherwise in the table. SD = standard deviation, LAPAQ outdoor = LASA Physical 
Activity Questionnaire (only outdoor & sports activities); MMSE = Mini Mental State Examination; PD 
= Parkinson’s Disease, LED = Levodopa Equivalent Dose; UPDRS = Unified Parkinson’s Disease Rating 
Scale 
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