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A B S T R A C T   

The main motor impairments of gait and balance experienced by people with Parkinson’s disease (PD) contribute 
to a sedentary lifestyle, resulting in poor physical conditioning, loss of functional independence, and reduced 
quality of life. Despite the known benefits of physical activity in PD, the majority of older adults with PD are 
insufficiently active. Few studies incorporate behavioral change approaches to promoting physical activity in PD. 
The main goal of this research is to foster community mobility in older adults with PD by promoting physical 
activity and improving gait patterns using a theory-based behavioral change intervention. The ReadySteady 
intervention combines wellness motivation theory with polestriding physical activity, which has been shown to 
be beneficial for people with PD. The intervention will be tested using a randomized controlled design, including 
inactive older adults diagnosed with PD. Participants will be randomly assigned the 12-week ReadySteady 
intervention, 12-week polestriding, and education intervention, or 12-week education intervention. Thirty-six 
older adults with PD will participate in each of the interventions. Level of physical activity, clinical scores, 
quantitative measures of gait and balance control, and motivational variables for each intervention will be 
measured at three time points: pre-intervention, post-intervention (12 weeks), and follow-up (24 weeks). If the 
intervention is beneficial, it may serve as a sustainable addition to current practice in health promotion efforts 
serving the PD population.   

1. Introduction 

Parkinson’s disease (PD) is a chronic, progressive neurological dis-
order causing both motor and non-motor symptoms. Gait and postural 
impairments contribute to a sedentary lifestyle, which worsens as the 
disease progresses [1], resulting in poor physical conditioning, loss of 
functional independence, and reduced quality of life [2]. People with PD 
are about one-third less active compared to age-matched persons 
without PD, this is evident even in early stages of PD [3], and levels of 
physical activity decrease as a function of disease severity [1]. When 
comparing healthy older adults to those with PD, people with PD 
exhibited longer periods of sedentary behavior, poorer physical condi-
tioning, and reduced daily energy expenditure [4,5]. 

Dopamine function, which plays a critical role in motivated behavior 
[6] is affected in PD thus compromising reward processing in people 
with PD [7,8]. As PD progresses, it affects the dopaminergic neurons 
projecting to ventral striatum which is associated with motivational 

functions [9]. This may have implications for patients’ well-being and 
compliance with treatment options such as participation in treatments 
and inclination to practice physical activity [10]. One of the main rea-
sons provided by people with PD who do not participate in any regular 
physical activity (compared to people with PD who engage in regular 
physical activity) is lack of motivation [11]. Therefore, it is crucial to 
utilize programs that can motivate people to engage in physical activity. 

Among the many motor symptoms of PD, gait and balance impair-
ments are typically expressed as reduced step length, gait speed, stability 
[12,13], movements in the upper limbs, and trunk [14–17] and auto-
matic postural responses to perturbations [18], and stooped posture [12, 
19,20]. In addition, stooped posture also increases vulnerability to falls 
[21], and is an independent risk factor for falls in PD [22]. Gait and 
balance impairments in PD do not respond well to current pharmaco-
logical and surgical treatments; therefore, the need for 
non-pharmacological interventions is essential. 

Regular physical activity is advocated as an important adjunct in the 
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treatment of PD [23,24]. A review of 33 randomized controlled trials 
with about 1500 persons with PD reported that regular physical activity 
significantly improves gait velocity, balance, daily activities, and func-
tional mobility [25]. Regarding mobility, physical activity has improved 
gait efficiency and gait initiation [26–29]. Moreover, cadence and gait 
velocity [30–32], balance, and fall risk [33–39] have been improved. 
Physical activity also improves non-motor symptoms including cogni-
tive impairment [40–43], depression [44–46], and sleep difficulty [47]. 

Despite the extensive literature on physical activity in PD, ap-
proaches fostering initiation and maintenance of physical activity in this 
vulnerable population are limited, and few studies have tested in-
terventions consistent with behavioral change. The ParkFit trial, a 2- 
year, multicenter, randomized controlled trial comparing physical 
therapy with an emphasis on behavior change (ParkFit program), with 
matched physical therapy emphasizing safety (ParkSafe program), re-
ported no significant improvement in the primary outcome measure of 
the level of physical activity measured by a self-report questionnaire 
[48]. Ellis and colleagues [49] evaluated a single group non-randomized 
clinical trial using a virtual exercise coach to promote daily walking, 
reporting improved adherence to walking, and improved walking speed. 
In these studies, theoretical perspectives and key barriers were not 
clearly articulated or evaluated, and limited rationale for intervention 
dose and type of activity were provided [48,49]. Furthermore, these 
studies did not evaluate the quality of movements such as gait and 
balance impairments observed in PD. 

Some of the main barriers to physical activity in people with PD are 
identified as low-outcome expectations from physical activity, fear of 
falling, and motivation to exercise [50] In addition to motivation to 
exercise [51], self-capacity, a primary positive correlate of physical 
activity, is reduced in PD [50,52]. Given this, it may be beneficial to 
implement an intervention that can address these barriers and lead to 
improvements in engagement in physical activity. 

The incorporation of polestriding exercise to an intervention may at 
least address the barriers such as low-outcome expectations from exer-
cise and fear of falling in people with PD. Polestriding is an outdoor, 
non-competitive form of physical activity that involves brisk walking 
with specially designed poles. It involves walking upright and looking 
forward with the poles used bilaterally in a movement similar to cross- 
country skiing. Furthermore, the placement of poles provides additional 
points of support thus increasing stability, which may directly address 
the fear of falling and lowered confidence in outdoor walking. 

Moreover, proper polestriding involves deliberate arm swings, which 
may promote longer steps [53], and provides external cues from the 
landing of the poles for each step [54], which may encourage greater 
regularity in step/stride times. Polestriding requires greater activation 
of arm and trunk muscles and partially unloads the lower extremities 
[55]. These lead to greater energy expenditure (20–40% more than the 
normal walking) and improvement in the range of motion in the upper 
body and back joints. 

Our recent study [56] involving a 12-week polestriding intervention 
in people with mild to moderate PD significantly improved various 
indices of gait that are specifically affected in PD, including step length, 
stride length, and speed [14,57,58]. Regarding gait rhythmicity, which 
is affected in PD and shown to be associated with risk of falls [17,60], 
polestriding reduced step time variability and stride time variability. In 
addition, polestriding reduced disease severity as measured by the 
Hoehn and Yahr (HY) scale, Unified Parkinson’s Disease Rating Scale 
(UPDRS) motor score, and components of UPDRS score related to gait, 
balance, and axial difficulties. The improvements in the HY scale and the 
UPDRS gait and balance sub-scores were sustained even 12 weeks after 
the intervention ended. Other studies in PD involving polestriding have 
shown improvements in quality of life [54,61], disease severity [61,62], 
and balance and gait parameters [53,62], including stride length, 
sit-to-stand performance [63], leg muscle strength [62], and non-motor 
symptoms [62]. Thus, the demonstration of consistent improvements 
due to polestriding in people with PD can address the barrier on low 

outcome expectations of participation in the exercise program. 
The other main barrier in PD, the issue of lack of motivation, can be 

targeted by an intervention that can help in the process of people with 
PD moving beyond the present toward valued goals and health out-
comes. The wellness motivation theory (WMT) is built upon the concept 
where health behavior change is conceptualized as a growth-oriented 
process consistent with an individual’s unique strengths, values, and 
goals [64], mediated by behavior change process variables (self--
knowledge, motivation appraisal, and self-regulation), and social 
contextual resources (social support and environmental resources). 

Interventions based on WMT have been successfully implemented to 
increase physical activity in community-dwelling older adults with 
various health issues. A WMT-based intervention improved functional 
balance using fall-reducing physical activities in community-dwelling 
older adults [65]. Similarly, a WMT-based intervention increased 
mobility and physical activity in older Korean Americans, and improved 
self-regulation, self-efficacy, readiness, and social support from family 
and friends for physical activity [66]. In a study [67] involving people in 
cardiac rehabilitation, researchers explored the relationship between 
environmental resources (a component of the wellness motivation 
intervention) and level of physical activity. Changes in physical activity 
levels differed by the level of perceived environmental resources. In 
another study, the application of WMT-based intervention significantly 
increased levels of physical activity and quantity of vegetable servings to 
reduce stroke risk factors in older adults [68]. 

Thus, we propose a novel ReadySteady intervention to address the 
main barriers, such as lack of motivation, low-outcome expectations, 
and fear of falling in people with PD. The ReadySteady intervention is 
guided by WMT [69,70] and operationalized in light of the principles 
and practices for polestriding in older adults with PD. While WMT-based 
intervention has not been tested in older adults with PD, it is likely that 
physical support in the form of polestriding, and motivational support 
through WMT can promote physical activity and improve gait patterns 
in PD. The purpose of this paper is to describe the design of the Ready-
Steady trial, which aims to evaluate the efficacy of an individualized 
behavior change intervention fostering community mobility in older 
adults with PD, by providing motivational and physical support for 
regular physical activity. 

2. Methods 

2.1. Trial design 

The benefits of the ReadySteady intervention will be investigated 
using a randomized controlled, longitudinal study design with evalua-
tion at T1-pre; T2-post (12 weeks); T3-follow-up (24 weeks) (Fig. 1). 
Three study interventions will be investigated: (1) ReadySteady (RS) 
Intervention (Group 1), Polestriding and Education intervention (PEI) 
(Group 2), and Education intervention (EI) (Group 3). The PEI and EI 
groups will serve as control interventions to understand the effects of the 
main intervention, ReadySteady intervention. 

Group 1: Those in the ReadySteady intervention will participate in 
weekly sessions providing polestriding and motivational support for 12 
weeks. ReadySteady intervention duration is based on previous research 
[65,68,71] testing a theory-based motivational intervention for 8–12 
weeks to promote physical activity in older adults, and polestriding 
intervention shown to be effective in PD [56]. 

Group 2: Persons assigned to the Polestriding and Education Inter-
vention (PEI) will participate in weekly educational sessions (education 
about symptoms and difficulties in PD without the motivational 
behavior change component) for 12 weeks. They will not receive content 
specific to motivation or feedback on their level of physical activity. 
Participants in the PEI intervention, based on the knowledge on the 
benefits of polestriding in PD and access to the poles, may choose to 
polestride regularly. However, they will not be instructed explicitly to 
perform physical activity, including polestriding, throughout the study 
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period. The participants in the ReadySteady intervention and Pole-
striding and Education intervention will be provided with poles for 
polestriding along with initial training for proper polestriding. 

Group 3: The subjects in the Education Intervention (EI) group, will 
participate in the weekly educational sessions about PD (similar to the 
PEI group); however, they will not receive any content specific to 
motivation, a pair of poles and education on polestriding, or feedback on 
their level of physical activity. Moreover, they will be asked not to 
change their usual exercise routine, if any, during the entire study 
period. 

Maximum efforts will be taken to provide an equal amount of contact 
between the research team and participants of all the groups, including 
12-week study interventions and evaluation sessions. To improve 
effectiveness, the motivational part of the ReadySteady Intervention 
(Group 1) and educational sessions (Group 2 and Group 3) will be 
conducted in a small of group of participants (groups of about 5 
participants). 

Each participant will be provided an iPod Touch device, onto which 
we will load the ReadySteady Mobile application and which we will use 
to obtain physical activity measures such as intensity, duration, and 
frequency of physical activity, the metabolic equivalent of task (MET) of 
physical activity, and energy expenditure, from a built-in accelerometer. 
The participants will be asked to wear the device on a belt clip during the 
day and charge it every night throughout the 24-week study period. The 
ReadySteady Mobile app has the capability to provide daily motivation 
messages based on the degree of physical activity achieved on each day 
(further details are provided in the ReadySteady Mobile App section). It 
should be noted that the ReadySteady Mobile app will be configured to 
provide motivational messages and feedback only to participants in the 
ReadySteady intervention group. For the PEI and EI groups, the Ready-
Steady Mobile app will only collect the accelerometer data. Acceler-
ometer data from the iPod devices will also be downloaded during 
weekly sessions and biweekly during week 13–24 to obtain the above- 
mentioned physical activity measures. 

Participants will also be asked to maintain diaries on physical ac-
tivity and falls. They will be given activity journals and asked to identify 
the time and duration they engaged in meaningful activities for health or 
well being (walking, jogging, running, other exercises such as stretching, 
bicycling, weight lifting, yard activities, etc.), and any falls experienced, 
each day. A research staff member will contact the subjects every couple 
of days to remind them about keeping the diary. Moreover, any falls can 
be detected from the accelerometer data of iPod device. All participants 

in the ReadySteady intervention and PEI group will also be asked to 
maintain information on polestriding activity; dairy details will be 
collected once a week. 

The following hypotheses will be investigated (see Table 1 for 
summary of hypotheses, endpoints, and instruments): 

H1. The ReadySteady intervention will increase the amount of time spent 
on physical activity and improve gait in people with PD (pre-vs. post-inter-
vention): Improvements in physical activity will be indicated by the 
amount of time spent (duration) in physical activity. Improvements in 
gait will be indicated by an increase in gait speed. 

H2. The ReadySteady intervention will experience greater benefits than the 

Fig. 1. Flowchart for study design.  

Table 1 
Summary of hypotheses, endpoints, and instruments/comparisons that will be 
used to obtain endpoints.  

Hypothesis Endpoints 
(comparison of pre and 
post time points) 

Instruments/Comparisons 
to Obtain Endpoints 

H1: The ReadySteady 
intervention will 
increase the amount of 
time spent on physical 
activity and improve 
gait in people with PD 
(pre- vs. post- 
intervention) 

Changes expected during 
post-ReadySteady 
intervention compared to 
that of pre-ReadySteady 
intervention:   

� increase in the amount 
of time spent on 
physical activity  

� increase in gait speed  

� The amount of time 
spent on physical 
activity will be 
measured by the 
ReadySteady Mobile 
App using the data from 
the built-in accelerom-
eter of the iPod device.  

� Gait speed will be 
obtained from the 
APDM Mobility Lab 
system. 

H2: The ReadySteady 
intervention will 
experience greater 
benefits than the other 
groups (PEI and EI) 

For physical activity and 
gait measures:  
� ΔRS > ΔPEI;  
� ΔRS > ΔEI 
ΔRS, ΔPEI, and ΔEI: 
changes (differences 
between pre- and post- 
measurements) due to 
the ReadySteady 
intervention (RS), 
Polestriding and 
Education intervention 
(PEI), and Education 
intervention (EI), 
respectively. 

For each measure, 
differences (Δ) will be 
calculated by subtracting 
the pre- from the post- 
intervention 
measurements.  

N. Krishnamurthi et al.                                                                                                                                                                                                                        



Contemporary Clinical Trials Communications 17 (2020) 100513

4

other groups (PEI and EI). The changes between pre and post time points 
in the measures described in H1 will be compared across the three 
groups. 

2.2. Participants 

The research will focus on people with postural instability and gait 
disorder (PIGD) symptoms, as they may benefit the most from physical 
activity that includes polestriding, which has been shown to improve 
gait and balance in PD. Eligibility for participation includes: (1) age 
between 50 and 75 years, (2) idiopathic PD, according to UK brain bank 
criteria [72], (3) Unified Parkinson’s Disease Rating Scale (UPDRS) 
walking score>¼1 during “medication-on” state, (4) Hoehn & Yahr (HY) 
stage score of 2–3 in “medication-on” state, (5) stable dose of PD 
medication for the four weeks prior to the study and do not anticipate a 
change in the PD medications or dosage of PD medication during the 
study period, (6) ability and willingness to perform the intervention and 
evaluations, and (7) lead a sedentary lifestyle, defined as < 3 times a 
week vigorous-intensity physical activity for < 60 min or < 3 times a 
week moderate-intensity physical activity for < 150 min [73]. Subjects 
with any of the following conditions will be excluded: (1) presence of 
dementia, according to Emre criteria [74], (2) regular use of assistive 
gait device such as a walker or cane (3), presence of significant on/off 
motor fluctuations (>25% throughout the day), frequent falls (UPDRS 
fall score > 1), dyskinesia (>50% of day or UPDRS dyskinesia score > 1), 
or freezing leading to falls or balance impairment, which in the opinion 
of the medical monitor can affect the subjects’ safety or compliance with 
the study protocols, (4) recent history of unstable heart or lung disease, 
evidence of current pregnancy, untreated chemical addiction or abuse, 
uncontrolled psychiatric illness, major neurological (except PD, e.g., 
stroke), or metabolic (e.g., diabetes) problems, (5) presence of postural 
hypotension, cardiovascular disorders, musculoskeletal disorders, or 
vestibular dysfunction limiting locomotion or balance, (6) current or 
recent (within 6 months) participation in any other study to promote 
physical activity or improve gait or posture, (7) medication schedule 
that results in having to take a dose of medication during the data 
collection session (to avoid confounding factors of fluctuations in 
medication effects), or (8) lack of approval from subjects’ PCP or 
cardiologist to participate in the study. 

2.3. Recruitment 

Persons with mild to moderate PD, including all races and genders, 
will be recruited. Given the statistics on PD, we may have a higher 
representation of males but will seek an equal distribution of males and 
females. The incidence of PD increases with age, rising after the age of 
55 years, with a sharp increase after 60 years. Based on this information, 
we will recruit adults between the ages of 50 and 75 years. We will limit 
recruitment to mild to moderate PD, as even those in their early stages of 
PD exhibit a sedentary lifestyle and experience gait difficulties [75,76]. 

The study participants will be recruited from the Lonnie and 
Muhammad Ali Movement Disorder Center at St. Joseph’s Hospital and 
Medical Center, which is directed by HAS (one of the study in-
vestigators). The center has seen about 2500 patients with PD in the last 
two years and sees about 650 new patients with PD every year; it will 
provide a sufficient resource for subject recruitment given the eligibility 
criteria. HAS will screen the potential study participants for the 
screening criteria mentioned above. This will include obtaining clinical 
scores such as UPDRS, HY, Emre criteria, Scales for Outcomes of Par-
kinson’ Disease–Cognition (SCOPA-Cog), Non-motor symptoms scale 
(NMSS), Mini-Balance Evaluation Systems Test (Mini-BESTest), and 
Parkinson’s disease questionnaire-39 (PDQ-39). 

2.4. Randomization and blinding 

Eligible participants will be randomly assigned to one of the three 

interventions in a ratio of 1:1:1, without stratification, with the use of 
permuted-block randomization, to achieve an equal number of partici-
pants in each group. Data collectors will be blinded to group allocation, 
with the importance of blinding to the type of intervention emphasized. 
Participants will be asked not to reveal their group status during data 
collection. 

2.5. Intervention implementation 

2.5.1. Motivational part of the ReadySteady intervention 
The motivational part of the ReadySteady intervention will be con-

ducted at ASU by an Interventionist whom JF (one of the investigators) 
will train for 40 h over 2 weeks. The Interventionist will keep a log of 
each session, including the duration and content of contacts with par-
ticipants. The PI and Dr. Fleury will meet with the Interventionist 
weekly for debriefing to allow communication of feedback from the 
Interventionist regarding the implementation of the intervention. 

In WMT-based ReadySteady intervention, health behavior change is 
conceptualized as a growth-oriented process mediated by behavior 
change process variables (self-knowledge, motivation appraisal, and 
self-regulation) and social contextual resources (social support and 
community resources). 

Older adults with PD may not believe that there is potential for 
improvement through physical activity; they may believe that lack of 
functional independence is inevitable. Due to gait and balance diffi-
culties, there may be a fear of falling or fear of being vulnerable. There 
may be lack confidence about being active or concern that participating 
in physical activity programs may threaten their independence and 
autonomy [77–80]. Self-knowledge and self-capacity will be fostered 
through acknowledging valued goals, promoting positive outcome ex-
pectations, reflecting on personal strengths, and recognizing the po-
tential for growth in PD. 

Motivation appraisal reflects intention formation for goal-directed 
behavior related to personal beliefs and values, information, re-
sources, and goals [69,70]. In older adults with PD, motivation appraisal 
will be fostered through analyzing concerns about physical activities 
proven to improve mobility, exploring ways to overcome problems that 
create barriers, linking personal beliefs and values to goals for physical 
activity, and developing skills to achieve goals for physical activity. 

Like many older adults [70,81], persons with PD may not monitor 
their behavior in light of goals for functional independence. 
Self-regulation will be fostered through problem-solving strategies spe-
cific to individual concerns, self-monitoring physical activity behavior, 
developing resources central to goal achievement, and planning for and 
evaluating responses to social contextual changes. 

Social contextual resources reflect the individual in a mutual process 
with one’s environment. Decreased or lack of social support has been 
associated with a risk of dependency and a reduced level of function. 
This is important, as social connectedness is disrupted in PD by several 
factors such as progressive physical disability, mood disturbances, 
shrinking of social activities, and secluding oneself [82]. Moreover, 
deficits in social perception are observed in PD [83]. Social support will 
be fostered in PD through identifying support resources, reaching out 
and communicating, offering positive feedback to others, involving 
others in their efforts to be active, and acknowledging and encouraging 
the open expression of feelings. 

Contextual resources include community resources used to support 
behavioral changes, including physical activity. Approaches in people 
with PD will include identifying opportunities to remain active in the 
community; connecting to community organizations that provide ser-
vices; and identifying safe, low-cost places to engage in physical activity. 

2.5.2. Physical activity (polestriding) part of the ReadySteady intervention 
The physical activity part of the ReadySteady intervention, which 

will include polestriding, will be individualized according to participant 
ability. A pair of Exerstrider™ poles, along with lessons for the proper 
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way of polestriding [56] will be provided to the participants of this 
intervention as part of the weekly session for the first 2 weeks. During 
each intervention session, the subjects will be asked to polestride at their 
self-selected brisk pace for 40 min under the supervision of an instructor 
who has extensive experience in providing exercise training to in-
dividuals with PD. Subjects who are unable to exercise continuously for 
40 min will be allowed intermittent training until the target duration is 
reached (the protocol will allow for short breaks up to 2 min). The ex-
ercise duration will be progressed as tolerated for each subject up to 5 
min per 2 weeks until subjects reach the target of 40 min duration. All 
sessions include 5-minute warm-up and cool-down periods. During each 
session of training, heart rate (using heart rate monitor watch), session 
duration, distance walked and the number of steps taken (measured with 
a pedometer) will be recorded. 

2.6. ReadySteady mobile app 

The ReadySteady mobile application provides motivational messages 
in response to levels of physical activity. The application was developed 
on the iOS platform to monitor activity levels using the built-in accel-
erometer of an iPod Touch device. The application has the ability to 
evaluate the intensity, duration, and frequency of physical activity and 
energy expenditure to provide real-time motivational feedback rein-
forcing physical activity behavior. Pilot experiments assessing the val-
idity of activity measurement showed that the system accurately 
measures sedentary, light, moderate, and vigorous activities [64,65,84]. 
Output includes real-time activity metaphors, motivational messages, 
and trended history feedback. The metaphorical representation consists 
of a view of a garden from a window, with the garden blooming with 
flowers as the user becomes more active. The sun also serves as a meter, 
filling as the user gets closer to completing his or her goal. When a user 
completes the daily goal, a final state is reached (a bird is depicted in the 
garden). In addition to the pictorial representation, users are provided 
numeric feedback on their progress, including trended history. Moti-
vational messages were developed based on the WMT; while all mes-
sages are designed to provide encouragement, the message changes in 
tone as the user comes closer to reaching his or her goal. For example, 
“Every bit helps” is a message that appears when the user has completed 
less than 25% of their daily goal. Messages such as “Energy, attitude, and 
persistence conquer all” appears when the users have met their daily 
goal [64]. 

Since people experiencing mild to moderate PD with UPDRS walking 
item score>¼1 during medication-on state and leading a sedentary 
lifestyle will be recruited for the study, a combination of light and 
moderate activity of 100 min per day will be set as a daily goal. The 
ReadySteady Mobile app considers stretching exercises, housework, yard 
work, and walking as light and moderate level activities depending on 
the intensity of these activities, and standing, rocking, and driving a 
vehicle, are considered as no activity. The messages and pictorial rep-
resentations, which are based on the minutes spent on activities, will be 
provided every 3 h and when 25%, 50%, 75%, and 100% of the daily 
goal is reached (between 6 a.m. and 9 p.m. to avoid bothering the 
subject at night times). Also, the participants will have the option to 
view the number of minutes spent on activities for the previous 7-day 
period. 

2.7. The Polestriding and Education intervention (PEI) 

Participants in the PEI will be provided weekly educational sessions 
about symptoms and difficulties in PD for 12 weeks. Specifically, 
educational sessions will focus on selected topics from PD Expert 
Briefings of the Parkinson’s Disease Foundation such as (1) Nutrition, 
(2) Cognitive Issues, (3) Anxiety, (4) Dementia, (5) Apathy or Depres-
sion, (6) Medication Management, (7) Sexuality and Intimacy, (8) 
Swallowing and Dental challenges, (9) Managing motor symptoms, (10) 
Under-recognized non-motor symptoms, (11) Fatigue and Sleep 

Disorders, and (12) Gait, Balance, and Falls. 
Also, a pair of Exerstrider™ poles will be provided along with lessons 

in proper polestriding [56] (that includes practicing polestriding) as part 
of weekly sessions for the first two weeks; proper polestriding will be 
evaluated initially, and every four weeks during the weekly sessions. 
However, the participants in this group will not be provided with any 
content specific to motivation or feedback on their level of physical 
activity. Moreover, they will not be instructed explicitly to perform 
physical activity, including polestriding, throughout the study period. 
However, they may choose to polestride regularly based on the knowl-
edge on the benefits of polestriding in PD and access to the poles. 

2.8. Education intervention (EI) 

The EI consists of the same weekly educational sessions on health 
issues in PD for 12 weeks as that of PEI (described above). However, they 
will neither be provided any content specific to motivation nor a pair of 
poles and education on polestriding. Moreover, they will be asked not to 
change their usual physical activity routine, if any, during the entire 
study period. 

2.9. Evaluation design 

Data collectors will be blinded to group allocation. Participants will 
engage in pre-intervention data collection sessions (T1, 0th week), post- 
intervention sessions (T2, 12th week), and follow-up sessions (T3, 24th 
week). During the period from T2 to T3, no specific instructions about 
physical activity engagement will be provided to any of the groups. At 
each time point (T1-T3), participants in all three groups will participate 
in two experimental sessions: the Gait, Balance, and Motivation Evalua-
tion Session and the Clinical Evaluation Session. The sessions will be 
conducted during the medication-on condition (when the medication 
best controls symptoms of PD, usually 60–90 min after the subjects’ 
usual dose of anti-parkinsonian medication). Moreover, for each subject, 
maximum efforts will be made to conduct the sessions during the same 
time of the day to facilitate a better comparison of performances among 
T1, T2, and T3. One of the primary outcomes, the time spent in physical 
exercise, will be obtained from an iPod Touch device during a 7-day 
period at T1, T2, and T3, which will be utilized to compare the 
groups. During these three 7-day periods (prior to T1, T2, and T3), no 
feedback on their physical activity or motivation messages will be pro-
vided to any of the groups. The gait speed will be the primary outcome 
related to gait. The secondary outcomes will be other gait measures such 
as step length and variability in step time and length, and clinical scores 
such as the Unified Parkinson’s Disease Rating Scale (UPDRS), Mini- 
BESTest, Parkinson’s Disease Questionnaire (PDQ) � 39, Non-motor 
symptoms scale (NMSS) and limits of stability. 

2.9.1. Gait, balance, and Motivation Evaluation Session 
Gait will be evaluated during overground walking using the APDM 

Mobility Lab system [85–88] (APDM, OR), which uses wearable sensors. 
Participants will wear the lightweight wearable sensors at ankles, wrists, 
center of back at about 5th lumbar vertebra, and sternum. Each set of 
sensors consists of accelerometers, gyroscopes, and magnetometers. The 
sensors are lightweight and are not expected to affect walking patterns. 
Participants will be asked to perform three trials of standard 3-m Timed 
Up and Go (TUG) test, which is correlated to the level of functional 
mobility [89]. TUG measures the time taken for the following task: 
getting up from the chair, stand up, walk 3 m, turn around, walk back, 
and sit down. Gait will be evaluated during 2-trials of 40 m each, with 
turns at 20 m. This approach will provide longer walking segments to 
obtain reliable gait indices, including variability measures [90]. Gait 
indices including step length, step time, gait speed, variabilities in step 
time and step length, the range of arm swing, single and double support 
duration, gait asymmetry, and bilateral coordination will be obtained 
from 40-m walking trials. From TUG trials, information on time to stand 
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up, sit down, turn, and the number of steps during turning will be 
obtained. 

Participant limits of stability (LoS), and the ability to stand on one leg 
will be measured. The LoS measures the maximum angle of sway 
(maximum excursion) a person can achieve in various directions from 
vertical without losing balance and without lifting their leg from the 
standing force platform. Another indicator of LoS is direction control, 
which assesses whether the subject moved (swayed) in the intended 
target direction, calculated as the ratio of movement in the intended 
direction to the extraneous movement, will also be measured. Three 
trials will be performed in each of the direction (front, back, and side-
ways). The LoS and direction control will be calculated using the center- 
of-pressure signals obtained from the force platform during these tasks. 
Higher values of maximum excursion and direction control indicate 
better balance control. Also, balance control will also be evaluated using 
Mini-Balance Evaluation Systems Test (Mini-BESTest), which has been 
shown to detect even subtle balance deficits in people with PD [91–93], 
evaluating different aspects of balance such as anticipatory control, 
reactive postural control, sensory orientation, and dynamic gait. 

Motivational processes and resources, including social support, 
community resources, self-knowledge, motivational appraisal, and self- 
regulation, will be assessed using scales whose validity and internal 
consistency have been established in older adult populations. Social 
support will be measured using the Social Support and Exercise Survey 
(SSES), which reflects the level of support people believe that they 
receive for physical activity from friends and family [94]. Community 
resources will be measured using the Perceived Environmental Support 
Scale [95]. Self-knowledge will be evaluated using a measure of 
Self-Capacity [96,97], which reflects the dimensions of personal growth, 
purpose in life, and self-acceptance. The Index of Readiness (IR) will be 
used to measure motivation appraisal, which informs aspects of 
behavioral change, including reevaluation, acknowledgment of barriers, 
and goal commitment [98]. Self-regulation will be evaluated using the 
Index of Self-Regulation (ISR), which represents self-monitoring, 
assessing participation in the behavior, and integration of the 
behavior into everyday life [99]. 

2.9.2. Clinical Evaluation Session 
Participants in each of the interventions will undergo clinical eval-

uation at T1, T2, and T3 in their “medication-on” condition. Clinical 
scores to assess disease severity, including motor and non-motor 
symptoms, quality of life, and cognition will be assessed. Quality of 
life will be evaluated using self-reported PDQ-39 [100,101], which 
consists of 39 questions to assess eight domains of life, such as Mobility, 
Activities of Daily Living, Emotional Well-Being, Stigma, Social Support, 
Cognition, Communication, and Bodily Discomfort. Disease severity will 
be measured using UPDRS [102], the most widely applied rating scale 
for PD that will include an examination of Part I – mentation, behavior, 
and mood; Part II – activities of daily living; and Part III – motor 
examination. 

Scales for Outcomes of Parkinson’ Disease–Cognition (SCOPA-Cog) 
[103] will be used to evaluate cognition. SCOPA-Cog is a PD-specific 
scale that tests the non-verbal and verbal memory, learning, attention, 
and executive function, including complex motor planning, working 
memory, and verbal fluency, and has undergone extensive clinimetric 
testing [104]. To assess non-motor symptoms, Non-Motor Symptoms 
Scale (NMSS), a validated scale in PD [105] will be utilized. NMSS as-
sesses nine aspects of non-motor difficulties: cardiovascular, sleep/fa-
tigue, mood/apathy, perceptual problems/hallucinations, 
attention/memory, gastrointestinal, urinary, sexual function, and 
miscellaneous. 

2.10. Sample size calculation 

One hundred and eight people with mild to moderate PD will be 
enrolled and randomly assigned to the ReadySteady intervention (n ¼

36), the Polestriding and Education intervention (n ¼ 36), or the Edu-
cation intervention (n ¼ 36). This sample size will accommodate 
approximately 20% attrition, although less than 10% attrition was 
observed in a large study evaluating a behavior change intervention in 
PD [48], and in our recent study [56] of polestriding. We expect 86 
participants to provide complete data through the follow-up at the 24th 
week. Power calculations were conducted using repeated-measures 
ANOVA that forms the primary method of analysis for Hypotheses 1–2 
using G*Power 3.1.7.1 [106]. A conservative effect size value of d ¼
0.57 was chosen based on the effect sizes for the primary outcomes of 
clinical interest; effect sizes for gait speed and time spent on very active 
physical movements were approximately, 0.57, and 0.94, respectively 
[56,107]. The power to detect an effect size of 0.57 with an N ¼ 108 is 
0.80, given a correlation of 0.8 over time and an alpha level of 0.05. This 
will provide adequate power to detect an intervention effect using 
repeated measures ANOVA to examine Hypotheses 1–2. 

2.11. Outcome analysis 

To test the impact of the ReadySteady intervention on physical ac-
tivity and gait (H1), generalized linear mixed models will be used to 
analyze group change over time. Group membership, time, and the 
interaction of group and time will be used as the predictors, and the 
primary outcome variables will be time spent on physical activity and 
gait speed. The analysis will test a planned contrast to look at change 
over time for people with PD (e.g., pre vs. post). Finally, to test whether 
ReadySteady intervention is superior to PEI and EI, the differences (be-
tween T1 and T2) due to ReadySteady intervention will be compared 
against corresponding differences due to PEI and EI (H2). The Dunnett’s 
t-test will be used for post-hoc pairwise comparisons. Also, any differ-
ences in age, gender, disease severity, and level of physical activity 
during baseline (evaluated at T1) will be addressed as covariates in the 
statistical analysis. And, any changes in medication change/dosage 
throughout participation will be incorporated as a covariate during 
statistical analyses. A statistically significant interaction will be followed 
up with tests of the simple effects. Since the proposed study will be the 
first one to investigate the effects of ReadySteady intervention in people 
with PD, the possible benefits of this intervention on many secondary 
gait measures, balance control, disease severity, and energy expenditure 
will also be explored. In addition, the correlations between changes (pre 
vs. post) in cognition and motivation-related measures and benefits in 
physical activity and gait patterns will be obtained. 

To address missing data, if any, intention-to-treat analysis (using 
multiple imputation techniques) will be performed. Furthermore, a 
complete case analysis will be conducted, and the results of the two 
analysis (intention-to-treat analysis and complete case analysis) will be 
compared to make sure that the conclusions obtained from both the 
methods are the same [108]. 

3. Discussion 

The ReadySteady intervention builds on literature regarding the 
benefits of physical exercise in PD, extending knowledge in evaluating 
the efficacy of individualized intervention fostering community mobility 
in older adults with PD, using physical and motivational support. While 
few studies have incorporated approaches to behavioral change pro-
moting physical exercise in people with PD, ReadySteady intervention is 
guided by wellness motivation theory [69,70], operationalized in light 
of the principles and practices for polestriding in older adults with PD. 

The ReadySteady intervention acknowledges barriers to physical 
exercise identified in PD, including fear of falling and low outcome ex-
pectations, which may promote incorporating physical activity into a 
daily routine in the community setting. While interventions addressing 
behavior change aim to improve walking and physical activity in gen-
eral, they do not address key barriers to community walking in older 
adults with PD or evaluate the quality of movements. 
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Attempting to improve physical activity in older adults with PD 
without addressing the fear of falls or improving the quality of move-
ments such as gait patterns may result in a cycle of increased fear of falls 
and low outcome expectations. The use of polestriding in the proposed 
intervention provides the individual with a means of physical support 
and sensory feedback while encouraging improved and healthy gait 
patterns. Approaches to behavior change in older adults with PD are 
needed, which acknowledge the patterning of health behavior in mutual 
process with the environment [109], and motivation as moving beyond 
the present toward valued goals and health outcomes [69]. From this 
perspective, motivational approaches to promoting physical activity 
reflect the unique strengths of each older adult, with behavior change as 
a growth-oriented process. Thus, individualized interventions fostering 
community mobility and focused on physical and motivational support 
are essential to the initiation and maintenance of physical activity in PD. 

The use of WMT-based behavior change is innovative, as no studies 
have evaluated the effects of WMT-based behavior change to promote 
physical exercise in PD. Intervention approaches to developing self- 
knowledge, motivation appraisal, self-regulation, and social support 
and community resources have not been applied to increase physical 
activity in PD. Further, the proposed intervention dose is consistent with 
the WMT theory, allowing a theoretical understanding of the process of 
behavioral change over 12 weeks, a higher dosage than tested in other 
trials. 

Declaration of competing interest 

The authors have no conflicts of interest/financial disclosures to 
report. 

References 

[1] M. van Nimwegen, A.D. Speelman, E.J. Hofman-van Rossum, S. Overeem, D. 
J. Deeg, G.F. Borm, M.H. van der Horst, B.R. Bloem, M. Munneke, Physical 
inactivity in Parkinson’s disease, J. Neurol. (2011), https://doi.org/10.1007/ 
s00415-011-6097-7. 

[2] M.L. Dontje, M.H. de Greef, A.D. Speelman, M. van Nimwegen, W.P. Krijnen, R. 
P. Stolk, Y.P. Kamsma, B.R. Bloem, M. Munneke, C.P. van der Schans, 
Quantifying daily physical activity and determinants in sedentary patients with 
Parkinson’s disease, Park. Relat. Disord. 19 (10) (2013) 878–882, https://doi. 
org/10.1016/j.parkreldis.2013.05.014. 

[3] S. Lord, A. Godfrey, B. Galna, D. Mhiripiri, D. Burn, L. Rochester, Ambulatory 
activity in incident Parkinson’s: more than meets the eye? J. Neurol. 260 (12) 
(2013) 2964–2972, https://doi.org/10.1007/s00415-013-7037-5. 

[4] S.F. Chastin, K. Baker, D. Jones, D. Burn, M.H. Granat, L. Rochester, The pattern 
of habitual sedentary behavior is different in advanced Parkinson’s disease, Mov. 
Disord. 25 (13) (2010) 2114–2120, https://doi.org/10.1002/mds.23146. 

[5] M.J. Toth, P.S. Fishman, E.T. Poehlman, Free-living daily energy expenditure in 
patients with Parkinson’s disease, Neurology 48 (1) (1997) 88–91. 

[6] W. Schultz, P. Dayan, P.R. Montague, A neural substrate of prediction and 
reward, Science 275 (5306) (1997) 1593–1599, https://doi.org/10.1126/ 
science.275.5306.1593. 

[7] S.E. Starkstein, S. Brockman, Apathy and Parkinson’s disease, Curr. Treat. 
Options Neurol. 13 (3) (2011) 267–273, https://doi.org/10.1007/s11940-011- 
0118-9. 

[8] K.R. Chaudhuri, P. Odin, A. Antonini, P. Martinez-Martin, Parkinson’s disease: 
the non-motor issues, Park. Relat. Disord. (2011), https://doi.org/10.1016/j. 
parkreldis.2011.02.018. 

[9] M. Liljeholm, J.P. O’Doherty, Contributions of the striatum to learning, 
motivation, and performance: an associative account, Trends Cogn. Sci. 16 (9) 
(2012) 467–475, https://doi.org/10.1016/j.tics.2012.07.007. 

[10] K. Foerde, E.K. Braun, E.T. Higgins, D. Shohamy, Motivational modes and 
learning in Parkinson’s disease, Soc. Cogn. Affect. Neurosci. 10 (8) (2015) 
1066–1073, https://doi.org/10.1093/scan/nsu152. 

[11] M. Afshari, A. Yang, D. Bega, Motivators and barriers to exercise in Parkinson’s 
disease, J. Parkinson’s Dis. 7 (4) (2017) 703–711, https://doi.org/10.3233/JPD- 
171173. 

[12] I. Benatru, M. Vaugoyeau, J.P. Azulay, Postural disorders in Parkinson’s disease, 
Neurophysiol. Clin. 38 (6) (2008) 459–465, https://doi.org/10.1016/j. 
neucli.2008.07.006. 

[13] M. Vaugoyeau, H. Hakam, J.P. Azulay, Proprioceptive impairment and postural 
orientation control in Parkinson’s disease, Hum. Mov. Sci. 30 (2) (2011) 
405–414, https://doi.org/10.1016/j.humov.2010.10.006. 

[14] M.W. Rogers, Disorders of posture, balance, and gait in Parkinson’s disease, Clin. 
Geriatr. Med. 12 (4) (1996) 825–845. 

[15] M.E. Morris, R. Iansek, T.A. Matyas, J.J. Summers, The pathogenesis of gait 
hypokinesia in Parkinson’s disease, Brain 117 (Pt 5) (1994) 1169–1181. 

[16] S.W. Pedersen, B. Oberg, L.E. Larsson, B. Lindval, Gait analysis, isokinetic muscle 
strength measurement in patients with Parkinson’s disease, Scand. J. Rehabil. 
Med. 29 (2) (1997) 67–74. 

[17] J.D. Schaafsma, N. Giladi, Y. Balash, A.L. Bartels, T. Gurevich, J.M. Hausdorff, 
Gait dynamics in Parkinson’s disease: relationship to Parkinsonian features, falls 
and response to levodopa, J. Neurol. Sci. 212 (1–2) (2003) 47–53. 

[18] R.J. St George, P. Carlson-Kuhta, K.J. Burchiel, P. Hogarth, N. Frank, F.B. Horak, 
The effects of subthalamic and pallidal deep brain stimulation on postural 
responses in patients with Parkinson disease, J. Neurosurg. 116 (6) (2012) 
1347–1356, https://doi.org/10.3171/2012.2.jns11847. 

[19] B.R. Bloem, D.J. Beckley, J.G. van Dijk, Are automatic postural responses in 
patients with Parkinson’s disease abnormal due to their stooped posture? Exp. 
Brain Res. 124 (4) (1999) 481–488. 

[20] B. Schoneburg, M. Mancini, F. Horak, J.G. Nutt, Framework for understanding 
balance dysfunction in Parkinson’s disease, Mov. Disord. 28 (11) (2013) 
1474–1482, https://doi.org/10.1002/mds.25613. 

[21] M. Vaugoyeau, S. Viel, C. Assaiante, B. Amblard, J.P. Azulay, Impaired vertical 
postural control and proprioceptive integration deficits in Parkinson’s disease, 
Neuroscience 146 (2) (2007) 852–863, https://doi.org/10.1016/j. 
neuroscience.2007.01.052. 

[22] M.D. Latt, S.R. Lord, J.G. Morris, V.S. Fung, Clinical and physiological 
assessments for elucidating falls risk in Parkinson’s disease, Mov. Disord. 24 (9) 
(2009) 1280–1289, https://doi.org/10.1002/mds.22561. 

[23] S.S. Palmer, J.A. Mortimer, D.D. Webster, R. Bistevins, G.L. Dickinson, Exercise 
therapy for Parkinson’s disease, Arch. Phys. Med. Rehabil. 67 (10) (1986) 
741–745. 

[24] M. Schenkman, J. Donovan, J. Tsubota, M. Kluss, P. Stebbins, R.B. Butler, 
Management of individuals with Parkinson’s disease: rationale and case studies, 
Phys. Ther. 69 (11) (1989) 944–955. 

[25] C.L. Tomlinson, S. Patel, C. Meek, C.E. Clarke, R. Stowe, L. Shah, C.M. Sackley, K. 
H. Deane, C.P. Herd, K. Wheatley, N. Ives, Physiotherapy versus placebo or no 
intervention in Parkinson’s disease, Cochrane Database Syst. Rev. 8 (2012) 
CD002817, https://doi.org/10.1002/14651858.CD002817.pub3. 

[26] C.J. Hass, T.A. Buckley, C. Pitsikoulis, E.J. Barthelemy, Progressive resistance 
training improves gait initiation in individuals with Parkinson’s disease, Gait 
Posture 35 (4) (2012) 669–673, https://doi.org/10.1016/j.gaitpost.2011.12.022. 

[27] T.A. Scandalis, A. Bosak, J.C. Berliner, L.L. Helman, M.R. Wells, Resistance 
training and gait function in patients with Parkinson’s disease, Am. J. Phys. Med. 
Rehabil. 80 (1) (2001) 38–43, quiz 44-36. 

[28] T. Toole, C.G. Maitland, E. Warren, M.F. Hubmann, L. Panton, The effects of 
loading and unloading treadmill walking on balance, gait, fall risk, and daily 
function in Parkinsonism, NeuroRehabilitation 20 (4) (2005) 307–322. 

[29] R. Formisano, L. Pratesi, F.T. Modarelli, V. Bonifati, G. Meco, Rehabilitation and 
Parkinson’s disease, Scand. J. Rehabil. Med. 24 (3) (1992) 157–160. 

[30] F. Patti, A. Reggio, F. Nicoletti, T. Sellaroli, G. Deinite, F. Nicoletti, Effects of 
rehabilitation therapy in Parkinsons’ disability and functional independence, 
J. Neurol. Rehabil. 10 (1996) 223–231. 

[31] F.M. Skidmore, S.L. Patterson, L.M. Shulman, J.D. Sorkin, R.F. Macko, Pilot safety 
and feasibility study of treadmill aerobic exercise in Parkinson disease with gait 
impairment, J. Rehabil. Res. Dev. 45 (1) (2008) 117–124. 

[32] E. Pelosin, E. Faelli, F. Lofrano, L. Avanzino, L. Marinelli, M. Bove, P. Ruggeri, 
G. Abbruzzese, Effects of treadmill training on walking economy in Parkinson’s 
disease: a pilot study, Neurol. Sci. 30 (6) (2009) 499–504, https://doi.org/ 
10.1007/s10072-009-0141-8. 

[33] M.A. Hirsch, T. Toole, C.G. Maitland, R.A. Rider, The effects of balance training 
and high-intensity resistance training on persons with idiopathic Parkinson’s 
disease, Arch. Phys. Med. Rehabil. 84 (8) (2003) 1109–1117. 

[34] F. Li, P. Harmer, K. Fitzgerald, E. Eckstrom, R. Stock, J. Galver, G. Maddalozzo, S. 
S. Batya, Tai chi and postural stability in patients with Parkinson’s disease, 
N. Engl. J. Med. 366 (6) (2012) 511–519, https://doi.org/10.1056/ 
NEJMoa1107911. 

[35] T. Toole, M.A. Hirsch, A. Forkink, D.A. Lehman, C.G. Maitland, The effects of a 
balance and strength training program on equilibrium in Parkinsonism: a 
preliminary study, NeuroRehabilitation 14 (3) (2000) 165–174. 

[36] X. Shen, I.S. Wong-Yu, M.K. Mak, Effects of exercise on falls, balance, and gait 
ability in Parkinson’s disease: a meta-analysis, Neurorehabilitation Neural Repair 
30 (6) (2016) 512–527, https://doi.org/10.1177/1545968315613447. 

[37] C.C. Harro, M.J. Shoemaker, O. Frey, A.C. Gamble, K.B. Harring, K.L. Karl, J. 
D. McDonald, C.J. Murray, J.M. VanDyke, E.M. Tomassi, R.J. VanHaitsma, The 
effects of speed-dependent treadmill training and rhythmic auditory-cued 
overground walking on balance function, fall incidence, and quality of life in 
individuals with idiopathic Parkinson’s disease: a randomized controlled trial, 
NeuroRehabilitation 34 (3) (2014) 541–556, https://doi.org/10.3233/NRE- 
141048. 

[38] M.E. Hackney, G.M. Earhart, Tai Chi improves balance and mobility in people 
with Parkinson disease, Gait Posture 28 (3) (2008) 456–460, https://doi.org/ 
10.1016/j.gaitpost.2008.02.005. 

[39] M.E. Hackney, G.M. Earhart, Effects of dance on gait and balance in Parkinson’s 
disease: a comparison of partnered and nonpartnered dance movement, 
Neurorehabilitation Neural Repair 24 (4) (2010) 384–392, https://doi.org/ 
10.1177/1545968309353329. 

[40] I. Reuter, M. Engelhardt, K. Stecker, H. Baas, Therapeutic value of exercise 
training in Parkinson’s disease, Med. Sci. Sport. Exerc. 31 (11) (1999) 
1544–1549. 

N. Krishnamurthi et al.                                                                                                                                                                                                                        

https://doi.org/10.1007/s00415-011-6097-7
https://doi.org/10.1007/s00415-011-6097-7
https://doi.org/10.1016/j.parkreldis.2013.05.014
https://doi.org/10.1016/j.parkreldis.2013.05.014
https://doi.org/10.1007/s00415-013-7037-5
https://doi.org/10.1002/mds.23146
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref5
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref5
https://doi.org/10.1126/science.275.5306.1593
https://doi.org/10.1126/science.275.5306.1593
https://doi.org/10.1007/s11940-011-0118-9
https://doi.org/10.1007/s11940-011-0118-9
https://doi.org/10.1016/j.parkreldis.2011.02.018
https://doi.org/10.1016/j.parkreldis.2011.02.018
https://doi.org/10.1016/j.tics.2012.07.007
https://doi.org/10.1093/scan/nsu152
https://doi.org/10.3233/JPD-171173
https://doi.org/10.3233/JPD-171173
https://doi.org/10.1016/j.neucli.2008.07.006
https://doi.org/10.1016/j.neucli.2008.07.006
https://doi.org/10.1016/j.humov.2010.10.006
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref14
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref14
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref15
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref15
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref16
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref16
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref16
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref17
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref17
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref17
https://doi.org/10.3171/2012.2.jns11847
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref19
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref19
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref19
https://doi.org/10.1002/mds.25613
https://doi.org/10.1016/j.neuroscience.2007.01.052
https://doi.org/10.1016/j.neuroscience.2007.01.052
https://doi.org/10.1002/mds.22561
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref23
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref23
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref23
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref24
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref24
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref24
https://doi.org/10.1002/14651858.CD002817.pub3
https://doi.org/10.1016/j.gaitpost.2011.12.022
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref27
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref27
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref27
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref28
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref28
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref28
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref29
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref29
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref30
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref30
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref30
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref31
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref31
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref31
https://doi.org/10.1007/s10072-009-0141-8
https://doi.org/10.1007/s10072-009-0141-8
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref33
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref33
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref33
https://doi.org/10.1056/NEJMoa1107911
https://doi.org/10.1056/NEJMoa1107911
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref35
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref35
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref35
https://doi.org/10.1177/1545968315613447
https://doi.org/10.3233/NRE-141048
https://doi.org/10.3233/NRE-141048
https://doi.org/10.1016/j.gaitpost.2008.02.005
https://doi.org/10.1016/j.gaitpost.2008.02.005
https://doi.org/10.1177/1545968309353329
https://doi.org/10.1177/1545968309353329
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref40
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref40
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref40


Contemporary Clinical Trials Communications 17 (2020) 100513

8

[41] E.Y. Uc, K.C. Doerschug, V. Magnotta, J.D. Dawson, T.R. Thomsen, J.N. Kline, 
M. Rizzo, S.R. Newman, S. Mehta, T.J. Grabowski, J. Bruss, D.R. Blanchette, S. 
W. Anderson, M.W. Voss, A.F. Kramer, W.G. Darling, Phase I/II randomized trial 
of aerobic exercise in Parkinson disease in a community setting, Neurology 83 (5) 
(2014) 413–425, https://doi.org/10.1212/WNL.0000000000000644. 

[42] K.E. McKee, M.E. Hackney, The effects of adapted Tango on spatial cognition and 
disease severity in Parkinson’s disease, J. Mot. Behav. 45 (6) (2013), https://doi. 
org/10.1080/00222895.2013.834288, 10.1080/00222895.00222013.00834288. 

[43] K. Tanaka, A.C. Quadros Jr., R.F. Santos, F. Stella, L.T. Gobbi, S. Gobbi, Benefits 
of physical exercise on executive functions in older people with Parkinson’s 
disease, Brain Cogn. 69 (2) (2009) 435–441, https://doi.org/10.1016/j. 
bandc.2008.09.008. 

[44] J. Yin, R.K. Dishman, The effect of Tai Chi and Qigong practice on depression and 
anxiety symptoms: a systematic review and meta-regression analysis of 
randomized controlled trials, Mental Health Phys. Activity 7 (3) (2014) 135–146, 
https://doi.org/10.1016/j.mhpa.2014.08.001. 

[45] S.M. Cheon, B.K. Chae, H.R. Sung, G.C. Lee, J.W. Kim, The efficacy of exercise 
programs for Parkinson’s disease: Tai chi versus combined exercise, J. Clin. 
Neurol. 9 (4) (2013) 237–243, https://doi.org/10.3988/jcn.2013.9.4.237. 

[46] L. Cugusi, P. Solla, F. Zedda, M. Loi, R. Serpe, A. Cannas, F. Marrosu, G. Mercuro, 
Effects of an adapted physical activity program on motor and non-motor 
functions and quality of life in patients with Parkinson’s disease, 
NeuroRehabilitation 35 (4) (2014) 789–794, https://doi.org/10.3233/NRE- 
141162. 

[47] F. Rodrigues de Paula, L.F. Teixeira-Salmela, C.D. Coelho de Morais Faria, 
P. Rocha de Brito, F. Cardoso, Impact of an exercise program on physical, 
emotional, and social aspects of quality of life of individuals with Parkinson’s 
disease, Mov. Disord. 21 (8) (2006) 1073–1077. 

[48] M. van Nimwegen, A.D. Speelman, S. Overeem, B.P. van de Warrenburg, 
K. Smulders, M.L. Dontje, G.F. Borm, F.J. Backx, B.R. Bloem, M. Munneke, 
G. ParkFit Study, Promotion of physical activity and fitness in sedentary patients 
with Parkinson’s disease: randomised controlled trial, BMJ 346 (2013) f576, 
https://doi.org/10.1136/bmj.f576. 

[49] T. Ellis, N.K. Latham, T.R. DeAngelis, C.A. Thomas, M. Saint-Hilaire, T. 
W. Bickmore, Feasibility of a virtual exercise coach to promote walking in 
community-dwelling persons with Parkinson disease, Am. J. Phys. Med. Rehabil. 
92 (6) (2013) 472–481, https://doi.org/10.1097/PHM.0b013e31828cd466, quiz 
482-475. 

[50] T. Ellis, J.K. Boudreau, T.R. DeAngelis, L.E. Brown, J.T. Cavanaugh, G.M. Earhart, 
M.P. Ford, K.B. Foreman, L.E. Dibble, Barriers to exercise in people with 
Parkinson disease, Phys. Ther. 93 (5) (2013) 628–636, https://doi.org/10.2522/ 
ptj.20120279. 

[51] L.P. Chang, Development of Motivation to Exercise in Patients with Parkinson’s 
Disease: an Application of Self Determinant Theory, Doctor of Philosophy, 
Temple University, 2012. 

[52] T. Ellis, R.W. Motl, Physical activity behavior change in persons with neurologic 
disorders: overview and examples from Parkinson disease and multiple sclerosis, 
J. Neurol. Phys. Ther. 37 (2) (2013) 85–90, https://doi.org/10.1097/ 
NPT.0b013e31829157c0. 

[53] I. Reuter, S. Mehnert, P. Leone, M. Kaps, M. Oechsner, M. Engelhardt, Effects of a 
flexibility and relaxation programme, walking, and nordic walking on 
Parkinson’s disease, J. Aging Res. 2011 (2011) 232473, https://doi.org/10.4061/ 
2011/232473. 

[54] F.J.M. Van Eikeren, R.S.J. Reijmers, H.J. Kleinveld, A. Minten, J.P. Ter Bruggen, 
B.R. Bloem, Nordic walking improves mobility in Parkinson’s disease, Park. Relat. 
Disord. 14 (Supplement 1) (2008) S67. 

[55] P. Kocur, M. Wilk, Nordic walking - a new form of exercise in rehabilitation, 
Medical Rehabil. 10 (2) (2006) 1–8. 

[56] N. Krishnamurthi, H. Shill, D. O’Donnell, P. Mahant, J. Samanta, A. Lieberman, 
J. Abbas, Polestriding intervention improves gait and axial symptoms in mild to 
moderate Parkinson disease, Arch. Phys. Med. Rehabil. 98 (4) (2017) 613–621, 
https://doi.org/10.1016/j.apmr.2016.10.002. 

[57] M.E. Morris, R. Iansek, T.A. Matyas, J.J. Summers, Stride length regulation in 
Parkinson’s disease. Normalization strategies and underlying mechanisms, Brain 
119 (Pt 2) (1996) 551–568, https://doi.org/10.1093/brain/119.2.551. 

[58] H. Stolze, J.P. Kuhtz-Buschbeck, H. Drucke, K. Johnk, M. Illert, G. Deuschl, 
Comparative analysis of the gait disorder of normal pressure hydrocephalus and 
Parkinson’s disease, J. Neurol. Neurosurg. Psychiatry 70 (3) (2001) 289–297. 

[60] J.M. Hausdorff, D.A. Rios, H.K. Edelberg, Gait variability and fall risk in 
community-living older adults: a 1-year prospective study, Arch. Phys. Med. 
Rehabil. 82 (8) (2001) 1050–1056, https://doi.org/10.1053/apmr.2001.24893. 

[61] J. Baatile, W.E. Langbein, F. Weaver, C. Maloney, M.B. Jost, Effect of exercise on 
perceived quality of life of individuals with Parkinson’s disease, J. Rehabil. Res. 
Dev. 37 (5) (2000) 529–534. 

[62] L. Cugusi, P. Solla, R. Serpe, T. Carzedda, L. Piras, M. Oggianu, S. Gabba, A. Di 
Blasio, M. Bergamin, A. Cannas, F. Marrosu, G. Mercuro, Effects of a Nordic 
Walking program on motor and non-motor symptoms, functional performance 
and body composition in patients with Parkinson’s disease, NeuroRehabilitation 
37 (2) (2015) 245–254, https://doi.org/10.3233/NRE-151257. 

[63] B. Fritz, S. Rombach, J. Godau, D. Berg, T. Horstmann, S. Grau, The influence of 
Nordic Walking training on sit-to-stand transfer in Parkinson patients, Gait 
Posture 34 (2) (2011) 234–238, https://doi.org/10.1016/j.gaitpost.2011.05.004. 

[64] S. McMahon, M. Vankipuram, E.B. Hekler, J. Fleury, Design and evaluation of 
theory-informed technology to augment a wellness motivation intervention, 
Transl. Behav. Med. 4 (1) (2014) 95–107, https://doi.org/10.1007/s13142-013- 
0221-4. 

[65] S.K. McMahon, J.F. Wyman, M.J. Belyea, N. Shearer, E.B. Hekler, J. Fleury, 
Combining motivational and physical intervention components to promote fall- 
reducing physical activity among community-dwelling older adults: a feasibility 
study, Am. J. Health Promot. 30 (8) (2016) 638–644, https://doi.org/10.4278/ 
ajhp.130522-ARB-265. 

[66] H.A. Yeom, J. Fleury, A motivational physical activity intervention for improving 
mobility in older Korean Americans, West. J. Nurs. Res. 36 (6) (2014) 713–731, 
https://doi.org/10.1177/0193945913511546. 

[67] A. Perez, J. Fleury, M. Belyea, Environmental resources in maintenance of 
physical activity 6 Months following cardiac rehabilitation, Clin. Nurs. Res. 25 (4) 
(2016) 391–409, https://doi.org/10.1177/1054773815627277. 

[68] A.L. Silva-Smith, J. Fleury, M. Belyea, Effects of a physical activity and healthy 
eating intervention to reduce stroke risk factors in older adults, Prev. Med. 57 (5) 
(2013) 708–711, https://doi.org/10.1016/j.ypmed.2013.07.004. 

[69] J.D. Fleury, Empowering potential: a theory of wellness motivation, Nurs. Res. 40 
(5) (1991) 286–291. 

[70] J. Fleury, Wellness motivation theory: an exploration of theoretical relevance, 
Nurs. Res. 45 (5) (1996) 277–283. 

[71] S.K. McMahon, B. Lewis, J.M. Oakes, J.F. Wyman, W. Guan, A.J. Rothman, 
Assessing the effects of interpersonal and intrapersonal behavior change 
strategies on physical activity in older adults: a factorial experiment, Ann. Behav. 
Med. (2017), https://doi.org/10.1007/s12160-016-9863-z. 

[72] A.J. Hughes, S.E. Daniel, L. Kilford, A.J. Lees, Accuracy of clinical diagnosis of 
idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases, 
J. Neurol. Neurosurg. Psychiatry 55 (3) (1992) 181–184. 

[73] M.E. Nelson, W.J. Rejeski, S.N. Blair, P.W. Duncan, J.O. Judge, A.C. King, C. 
A. Macera, C. Castaneda-Sceppa, M. American College of Sports, A. American 
Heart, Physical activity and public health in older adults: recommendation from 
the American College of Sports Medicine and the American Heart Association, 
Circulation 116 (9) (2007) 1094–1105, https://doi.org/10.1161/ 
CIRCULATIONAHA.107.185650. 

[74] M. Emre, D. Aarsland, R. Brown, D.J. Burn, C. Duyckaerts, Y. Mizuno, G.A. Broe, 
J. Cummings, D.W. Dickson, S. Gauthier, J. Goldman, C. Goetz, A. Korczyn, 
A. Lees, R. Levy, I. Litvan, I. McKeith, W. Olanow, W. Poewe, N. Quinn, 
C. Sampaio, E. Tolosa, B. Dubois, Clinical diagnostic criteria for dementia 
associated with Parkinson’s disease, Mov. Disord. 22 (12) (2007) 1689–1707, 
https://doi.org/10.1002/mds.21507, quiz 1837. 

[75] Y.R. Yang, Y.Y. Lee, S.J. Cheng, P.Y. Lin, R.Y. Wang, Relationships between gait 
and dynamic balance in early Parkinson’s disease, Gait Posture 27 (4) (2008) 
611–615, https://doi.org/10.1016/j.gaitpost.2007.08.003. 

[76] I. Carpinella, P. Crenna, E. Calabrese, M. Rabuffetti, P. Mazzoleni, R. Nemni, 
M. Ferrarin, Locomotor function in the early stage of Parkinson’s disease, IEEE 
Trans. Neural Syst. Rehabil. Eng. 15 (4) (2007) 543–551, https://doi.org/ 
10.1109/TNSRE.2007.908933. 

[77] K. Wallace, E. Lahti, Motivation in later life. A psychological perspective, Top. 
Geriatr. Rehabil. 21 (2) (2005) 95–106. 

[78] M.L. Booth, N. Owen, A. Bauman, O. Clavisi, E. Leslie, Social-cognitive and 
perceived environment influences associated with physical activity in older 
Australians, Prev. Med. 31 (1) (2000) 15–22, https://doi.org/10.1006/ 
pmed.2000.0661. 

[79] S. McMahon, K.M. Talley, J.F. Wyman, Older people’s perspectives on fall risk 
and fall prevention programs: a literature review, Int. J. Older People Nurs. 6 (4) 
(2011) 289–298, https://doi.org/10.1111/j.1748-3743.2011.00299.x. 

[80] L. Yardley, M. Donovan-Hall, K. Francis, C. Todd, Attitudes and beliefs that 
predict older people’s intention to undertake strength and balance training, 
J. Gerontol. B Psychol. Sci. Soc. Sci. 62 (2) (2007) P119–P125. 

[81] M.R. Umstattd, R. Saunders, S. Wilcox, R.F. Valois, M. Dowda, Correlates of self- 
regulation for physical activity among older adults, Am. J. Health Behav. 30 (6) 
(2006) 710–719, https://doi.org/10.5555/ajhb.2006.30.6.710. 

[82] M.A. Soleimani, R. Negarandeh, F. Bastani, R. Greysen, Disrupted social 
connectedness in people with Parkinson’s disease, Br. J. Community Nurs. 19 (3) 
(2014) 136–141, https://doi.org/10.12968/bjcn.2014.19.3.136. 

[83] M.D. Pell, L. Monetta, K. Rothermich, S.A. Kotz, H.S. Cheang, S. McDonald, Social 
perception in adults with Parkinson’s disease, Neuropsychology 28 (6) (2014) 
905–916, https://doi.org/10.1037/neu0000090. 

[84] M. Vankipuram, S. McMahon, J. Fleury, ReadySteady: app for accelerometer- 
based activity monitoring and wellness-motivation feedback system for older 
adults, AMIA Annu. Symp. Proc. 2012 (2012) 931–939. 

[85] A. Salarian, F.B. Horak, C. Zampieri, P. Carlson-Kuhta, J.G. Nutt, K. Aminian, 
iTUG, a sensitive and reliable measure of mobility, IEEE Trans. Neural Syst. 
Rehabil. Eng. 18 (3) (2010) 303–310, https://doi.org/10.1109/ 
TNSRE.2010.2047606. 

[86] A. Salarian, H. Russmann, F.J. Vingerhoets, C. Dehollain, Y. Blanc, P.R. Burkhard, 
K. Aminian, Gait assessment in Parkinson’s disease: toward an ambulatory system 
for long-term monitoring, IEEE Trans. Biomed. Eng. 51 (8) (2004) 1434–1443. 

[87] C. Zampieri, A. Salarian, P. Carlson-Kuhta, K. Aminian, J.G. Nutt, F.B. Horak, The 
instrumented timed up and go test: potential outcome measure for disease 
modifying therapies in Parkinson’s disease, J. Neurol. Neurosurg. Psychiatry 81 
(2) (2010) 171–176, https://doi.org/10.1136/jnnp.2009.173740. 

[88] C. Zampieri, A. Salarian, P. Carlson-Kuhta, J.G. Nutt, F.B. Horak, Assessing 
mobility at home in people with early Parkinson’s disease using an instrumented 
Timed up and Go test, Park. Relat. Disord. 17 (4) (2011) 277–280, https://doi. 
org/10.1016/j.parkreldis.2010.08.001. 

[89] D. Podsiadlo, S. Richardson, The timed up and go - a test OF basic functional 
mobility for frail elderly persons, J. Am. Geriatr. Soc. 39 (2) (1991) 142–148. 

N. Krishnamurthi et al.                                                                                                                                                                                                                        

https://doi.org/10.1212/WNL.0000000000000644
https://doi.org/10.1080/00222895.2013.834288
https://doi.org/10.1080/00222895.2013.834288
https://doi.org/10.1016/j.bandc.2008.09.008
https://doi.org/10.1016/j.bandc.2008.09.008
https://doi.org/10.1016/j.mhpa.2014.08.001
https://doi.org/10.3988/jcn.2013.9.4.237
https://doi.org/10.3233/NRE-141162
https://doi.org/10.3233/NRE-141162
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref47
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref47
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref47
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref47
https://doi.org/10.1136/bmj.f576
https://doi.org/10.1097/PHM.0b013e31828cd466
https://doi.org/10.2522/ptj.20120279
https://doi.org/10.2522/ptj.20120279
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref51
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref51
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref51
https://doi.org/10.1097/NPT.0b013e31829157c0
https://doi.org/10.1097/NPT.0b013e31829157c0
https://doi.org/10.4061/2011/232473
https://doi.org/10.4061/2011/232473
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref54
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref54
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref54
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref55
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref55
https://doi.org/10.1016/j.apmr.2016.10.002
https://doi.org/10.1093/brain/119.2.551
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref58
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref58
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref58
https://doi.org/10.1053/apmr.2001.24893
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref61
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref61
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref61
https://doi.org/10.3233/NRE-151257
https://doi.org/10.1016/j.gaitpost.2011.05.004
https://doi.org/10.1007/s13142-013-0221-4
https://doi.org/10.1007/s13142-013-0221-4
https://doi.org/10.4278/ajhp.130522-ARB-265
https://doi.org/10.4278/ajhp.130522-ARB-265
https://doi.org/10.1177/0193945913511546
https://doi.org/10.1177/1054773815627277
https://doi.org/10.1016/j.ypmed.2013.07.004
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref69
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref69
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref70
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref70
https://doi.org/10.1007/s12160-016-9863-z
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref72
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref72
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref72
https://doi.org/10.1161/CIRCULATIONAHA.107.185650
https://doi.org/10.1161/CIRCULATIONAHA.107.185650
https://doi.org/10.1002/mds.21507
https://doi.org/10.1016/j.gaitpost.2007.08.003
https://doi.org/10.1109/TNSRE.2007.908933
https://doi.org/10.1109/TNSRE.2007.908933
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref77
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref77
https://doi.org/10.1006/pmed.2000.0661
https://doi.org/10.1006/pmed.2000.0661
https://doi.org/10.1111/j.1748-3743.2011.00299.x
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref80
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref80
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref80
https://doi.org/10.5555/ajhb.2006.30.6.710
https://doi.org/10.12968/bjcn.2014.19.3.136
https://doi.org/10.1037/neu0000090
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref84
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref84
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref84
https://doi.org/10.1109/TNSRE.2010.2047606
https://doi.org/10.1109/TNSRE.2010.2047606
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref86
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref86
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref86
https://doi.org/10.1136/jnnp.2009.173740
https://doi.org/10.1016/j.parkreldis.2010.08.001
https://doi.org/10.1016/j.parkreldis.2010.08.001
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref89
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref89


Contemporary Clinical Trials Communications 17 (2020) 100513

9

[90] F. Riva, M.C. Bisi, R. Stagni, Gait variability and stability measures: minimum 
number of strides and within-session reliability, Comput. Biol. Med. 50 (2014) 
9–13, https://doi.org/10.1016/j.compbiomed.2014.04.001. 

[91] L.A. King, K.C. Priest, A. Salarian, D. Pierce, F.B. Horak, Comparing the mini- 
BESTest with the berg balance scale to evaluate balance disorders in Parkinson’s 
disease, Parkinson’s Dis. 2012 (2012) 375419, https://doi.org/10.1155/2012/ 
375419. 

[92] M.K. Mak, M.M. Auyeung, The mini-BESTest can predict parkinsonian recurrent 
fallers: a 6-month prospective study, J. Rehabil. Med. 45 (6) (2013) 565–571, 
https://doi.org/10.2340/16501977-1144. 

[93] R.P. Duncan, G.M. Earhart, Should one measure balance or gait to best predict 
falls among people with Parkinson disease? Parkinson’s Dis. 2012 (2012) 923493, 
https://doi.org/10.1155/2012/923493. 

[94] J.F. Sallis, R.M. Grossman, R.B. Pinski, T.L. Patterson, P.R. Nader, The 
development of scales to measure social support for diet and exercise behaviors, 
Prev. Med. 16 (6) (1987) 825–836. 

[95] J.F. Sallis, M.F. Johnson, K.J. Calfas, S. Caparosa, J.F. Nichols, Assessing 
perceived physical environmental variables that may influence physical activity, 
Res. Q. Exerc. Sport 68 (4) (1997) 345–351, https://doi.org/10.1080/ 
02701367.1997.10608015. 

[96] C.D. Ryff, B. Singer, Psychological well-being: meaning, measurement, and 
implications for psychotherapy research, Psychother. Psychosom. 65 (1) (1996) 
14–23. 

[97] C.D. Ryff, C.L. Keyes, The structure of psychological well-being revisited, 
J. Personal. Soc. Psychol. 69 (4) (1995) 719–727. 

[98] J. Fleury, The Index of Readiness: development and psychometric analysis, 
J. Nurs. Meas. 2 (2) (1994) 143–154. 

[99] J. Fleury, The index of self-regulation: development and psychometric analysis, 
J. Nurs. Meas. 6 (1) (1998) 3–17. 

[100] P. Martinez-Martin, M. Serrano-Duenas, M.J. Forjaz, M.S. Serrano, Two 
questionnaires for Parkinson’s disease: are the PDQ-39 and PDQL equivalent? 
Qual. Life Res.: An international journal of quality of life aspects of treatment, 
care and rehabilitation 16 (7) (2007) 1221–1230, https://doi.org/10.1007/ 
s11136-007-9224-2. 

[101] V. Peto, C. Jenkinson, R. Fitzpatrick, PDQ-39: a review of the development, 
validation and application of a Parkinson’s disease quality of life questionnaire 
and its associated measures, J. Neurol. 245 (Suppl 1) (1998) S10–S14. 

[102] C.G. Goetz, B.C. Tilley, S.R. Shaftman, G.T. Stebbins, S. Fahn, P. Martinez-Martin, 
W. Poewe, C. Sampaio, M.B. Stern, R. Dodel, B. Dubois, R. Holloway, J. Jankovic, 
J. Kulisevsky, A.E. Lang, A. Lees, S. Leurgans, P.A. LeWitt, D. Nyenhuis, C. 
W. Olanow, O. Rascol, A. Schrag, J.A. Teresi, J.J. van Hilten, N. LaPelle, 
Movement disorder society-sponsored revision of the unified Parkinson’s disease 
rating scale (MDS-UPDRS): scale presentation and clinimetric testing results, 
Mov. Disord. 23 (15) (2008) 2129–2170, https://doi.org/10.1002/mds.22340. 

[103] V. Isella, C. Mapelli, N. Morielli, C. Siri, D. De Gaspari, G. Pezzoli, A. Antonini, 
M. Poletti, U. Bonuccelli, L. Picchi, A. Napolitano, M. Vista, I.M. Appollonio, 
Diagnosis of possible mild cognitive impairment in Parkinson’s disease: validity of 
the SCOPA-Cog, Park. Relat. Disord. 19 (12) (2013) 1160–1163, https://doi.org/ 
10.1016/j.parkreldis.2013.08.008. 

[104] C. Marras, A.I. Troster, J. Kulisevsky, G.T. Stebbins, The tools of the trade: a state 
of the art "How to Assess Cognition" in the patient with Parkinson’s disease, Mov. 
Disord. 29 (5) (2014) 584–596, https://doi.org/10.1002/mds.25874. 

[105] K.R. Chaudhuri, P. Martinez-Martin, R.G. Brown, K. Sethi, F. Stocchi, P. Odin, 
W. Ondo, K. Abe, G. Macphee, D. Macmahon, P. Barone, M. Rabey, A. Forbes, 
K. Breen, S. Tluk, Y. Naidu, W. Olanow, A.J. Williams, S. Thomas, D. Rye, 
Y. Tsuboi, A. Hand, A.H. Schapira, The metric properties of a novel non-motor 
symptoms scale for Parkinson’s disease: results from an international pilot study, 
Mov. Disord. 22 (13) (2007) 1901–1911, https://doi.org/10.1002/mds.21596. 

[106] F. Faul, E. Erdfelder, A.G. Lang, A. Buchner, G*Power 3: a flexible statistical 
power analysis program for the social, behavioral, and biomedical sciences, 
Behav. Res. Methods 39 (2) (2007) 175–191. 

[107] C. Colon-Semenza, N.K. Latham, L.M. Quintiliani, T.D. Ellis, Peer coaching 
through mHealth targeting physical activity in people with Parkinson disease: 
feasibility study, JMIR Mhealth Uhealth 6 (2) (2018) e42, https://doi.org/ 
10.2196/mhealth.8074. 

[108] L. Thabane, L. Mbuagbaw, S. Zhang, Z. Samaan, M. Marcucci, C. Ye, M. Thabane, 
L. Giangregorio, B. Dennis, D. Kosa, V. Borg Debono, R. Dillenburg, V. Fruci, 
M. Bawor, J. Lee, G. Wells, C.H. Goldsmith, A tutorial on sensitivity analyses in 
clinical trials: the what, why, when and how, BMC Med. Res. Methodol. 13 (2013) 
92, https://doi.org/10.1186/1471-2288-13-92. 

[109] C. Arslanian-Engoren, F.D. Hicks, A.L. Whall, D.L. Algase, An ontological view of 
advanced practice nursing, Res. Theory Nurs. Pract. 19 (4) (2005) 315–322. 

N. Krishnamurthi et al.                                                                                                                                                                                                                        

https://doi.org/10.1016/j.compbiomed.2014.04.001
https://doi.org/10.1155/2012/375419
https://doi.org/10.1155/2012/375419
https://doi.org/10.2340/16501977-1144
https://doi.org/10.1155/2012/923493
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref94
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref94
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref94
https://doi.org/10.1080/02701367.1997.10608015
https://doi.org/10.1080/02701367.1997.10608015
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref96
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref96
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref96
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref97
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref97
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref98
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref98
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref99
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref99
https://doi.org/10.1007/s11136-007-9224-2
https://doi.org/10.1007/s11136-007-9224-2
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref101
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref101
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref101
https://doi.org/10.1002/mds.22340
https://doi.org/10.1016/j.parkreldis.2013.08.008
https://doi.org/10.1016/j.parkreldis.2013.08.008
https://doi.org/10.1002/mds.25874
https://doi.org/10.1002/mds.21596
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref106
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref106
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref106
https://doi.org/10.2196/mhealth.8074
https://doi.org/10.2196/mhealth.8074
https://doi.org/10.1186/1471-2288-13-92
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref109
http://refhub.elsevier.com/S2451-8654(19)30276-5/sref109

	ReadySteady intervention to promote physical activity in older adults with Parkinson’s disease: Study design and methods
	1 Introduction
	2 Methods
	2.1 Trial design
	2.2 Participants
	2.3 Recruitment
	2.4 Randomization and blinding
	2.5 Intervention implementation
	2.5.1 Motivational part of the ReadySteady intervention
	2.5.2 Physical activity (polestriding) part of the ReadySteady intervention

	2.6 ReadySteady mobile app
	2.7 The Polestriding and Education intervention (PEI)
	2.8 Education intervention (EI)
	2.9 Evaluation design
	2.9.1 Gait, balance, and Motivation Evaluation Session
	2.9.2 Clinical Evaluation Session

	2.10 Sample size calculation
	2.11 Outcome analysis

	3 Discussion
	Declaration of competing interest
	References


