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Abstract
Background: Physical activity (PA) is beneficial for people with Parkinson’s (PwP); however, many are classed as seden-

tary. PDConnect is an online multicomponent intervention combining 1:1 physiotherapy and group-based PA combined

with education, behavior change and self-management strategies, promoting PA and self-management among PwP.

Objective: To assess feasibility and acceptability of PDConnect.

Methods: Mixed methods study involving 31 PwP randomly allocated to: (i) usual care: physiotherapy once a week for six

weeks, and (ii) PDConnect: physiotherapy once a week for six weeks, followed by 12 weekly sessions of group-based PA,

followed by three monthly Teams calls to support engagement. Outcomes included intervention feasibility and acceptabil-

ity (primary) assessed via survey and interviews; PA, motor, non-motor symptoms, and health and well-being (secondary)

assessed at baseline, and at six, 18, and 30 weeks. Fidelity was accessed by post hoc video analysis.

Results: Online delivery of PDConnect was feasible and safe. Participant retention was 74%. Response rate of

self-reported measures was 97%. 95% of participants returned completed activity diaries. Attendance was high, with

all participants recommending PDConnect. PDConnect participants reported improved flexibility, muscle strength, and

endurance as well as increased PA confidence, PA levels and knowledge of Parkinson’s disease. Half of PDConnect parti-
cipants reported that they were much improved compared to 10% of usual care participants. Small to large effect sizes in

PA (d= 0.03) and UPDRS (d= 0.96) ES) were reported, which warrant further exploration in an appropriately powered

study.

Conclusions: PDConnect is feasible and acceptable among PwP. A future large-scale trial is required to determine the

effectiveness of PDConnect.

Plain language summary
Physical activity (PA) has been shown to beneficial for people with Parkinson’s (PwP). Thus far, research has focused on

examining a single form of PA with very few studies looking at how best to support PwP to get active and stay active. This

new research examined whether an intervention called PDConnect would be feasible and acceptable for PwP. PDConnect

is online intervention combining six weeks of 1:1 Parkinson’s specialist physiotherapy, followed by 12 weekly sessions of

group-based PA which included education designed to promote PA levels and self-management skills for PwP. The

researchers were also interested in collecting preliminary data about whether participation in PDConnect would impact

Parkinson’s symptoms and their health and well-being. Thirty-one PwP participated in the study and were divided into

two groups: one group received PDConnect and the other received 6 sessions of Physiotherapy. PDConnect was

found to be feasible and acceptable by participants. No adverse events occurred. PDConnect participants reported

improved flexibility, muscle strength, and endurance as well as increased PA confidence, PA levels and knowledge of

Parkinson’s. Half the PDConnect participants also reported that they were much improved compared to 10% of usual
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care participants. This study has shown that PDConnect is feasible and acceptable among PwP, and now the researchers

would like to plan a future larger study to explore how effective PDConnect is compared to other physical activity

interventions.
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Introduction
Globally, Parkinson’s disease (PD) is the second most
common neurodegenerative condition, after Alzheimer’s
disease.1 The prevalence of PD is predicted to rise by
50% by 2030,2 highlighting the need for effective health-
care interventions to manage this condition. Despite major
advances in the understanding of PD, the cure remains
elusive. The management of PD is complex, owing to its
progressive nature, patient heterogeneity, and symptom
diversity. Management is reliant on medication; however,
pharmacological management neither targets underlying
pathological processes, nor limits progression of the condi-
tion.3 Therefore, with a growing PD population, and finite
benefit of medication, the development of effective long-
term health interventions is crucial.

Physical activity (PA) has been hailed as the newmedicine
for PD.4 The interest in PA has been fueled by the association
betweenPAand reduced risk of developingPD5 and its poten-
tial to attenuate symptom progression.5–8 Systematic reviews
demonstrate that PA results in improved strength, balance,
gait, and physical capacity, as well as improved motor and
non-motor symptoms.9–15 High intensity PA is hypothesized
topromote neurogenesis, synaptogenesis, dopamine turnover,
and to reduce neuroinflammation,16–18 suggesting that PA
may infer a neuro-restorative or protective function.6

Consequently, PA is currently regarded as the most positive
avenue towards disease modification.19,20

Despite a large body of evidence advocating PA, people
with Parkinson’s (PwP) have been shown to be less active
than age-matched peers without PD.21 Typically, PwP are
sedentary for 75% of the time, with PA levels declining
from diagnosis.22 In contrast, PwP who are more active
experience slower decline of PD symptoms, and experience
improved health outcomes,6,23,24 quality of life (QoL),25

and lower incidence of falls and fractures.26 Moreover,
the benefits of PA extend beyond the purely physical.
Physical activity also serves as a conduit for social network-
ing and shared experience, which are highly valued by
PwP.27 To date, research has focused on the effectiveness
of different types of PA. Comparatively little research has
explored the optimal means of delivering PA, with the
aim of influencing PA behavior and supporting long-term
PA, which may explain why PwP are aware of the benefits
of PA yet remain inactive. Therefore, there is a need for

effective PA interventions that can be sustainably delivered
within existing health services, which are accessible to PwP
to support changes in PA behavior.

Simply instructing PwP to be active is not effective.28

Rather, PA needs to be delivered as a package of care
that can be delivered long-term to support the development
of a PA habit.29 Self-management programs have been pro-
posed as the mechanism to effectively manage long-term
conditions and support sustained behavior change.30

Evidence advocates that self-management should be a
multi-component intervention encompassing strategies to
support changes in behavior, skill-based training, and con-
textualized education.30–32 Combining exercise with behav-
ior change and self-management strategies, as a combined
health intervention, may therefore be more effective than
exercise prescription alone. However, PwP report that
access to exercise and ability to self-manage are their great-
est unmet needs.33

Following consultation with the PD community and
exercise professionals with expertise in PD, a multi-
component PA intervention was developed combining 1:1
and group-based evidence-informed exercise, education,
and self-management strategies delivered by staff with
expertise in PD. The intervention was underpinned by the
COM-B behavior change model,34 and incorporated behav-
ior change techniques (BCTs)35 selected to support the
development of PA self-efficacy, increased PA participa-
tion, and PA self-management. Following the Medical
Research Council (MRC) guidelines for the assessment of
complex interventions,36 here we report the feasibility and
acceptability of the PDConnect intervention. In addition,
this study sought to estimate effect sizes for PA, motor,
and non-motor symptoms, QoL, and health and well-being
measures to inform future research.

Methods

Study design
A randomized controlled feasibility study adopting a paral-
lel convergent mixed methods design was conducted
between December 2020 and October 2021. Adopting this
approach allowed the generation of knowledge on several
aspects: feasibility, acceptability, fidelity, perceptions,
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adherence, and attitudes to the intervention and its processes
to inform future research. Eldridge et al. (2016)37 define a
feasibility study, as a precursor to a large-scale study, with
the principal aim of establishing whether a study can be
done, allowing for the exploration of processes, procedures,
and intervention perceptions, to inform refinements prior to
full scale evaluation.37 The intended outcome of this study,
therefore, was to inform the development of a robust protocol
and adequately powered randomized controlled trial (RCT)
to evaluate the clinical and cost-effectiveness of the interven-
tion. Acceptability was evaluated alongside feasibility to
explore whether the intervention was acceptable from the
perspective of those receiving or delivering it. Sekhon,
Cartwright, and Francis (2017, pp8) define acceptability as
“a multifaceted construct, which is formed based on antici-
pated or experienced cognitive or emotional responses to an
intervention”.38 Adopting this definition, acceptability was
explored through both quantitative and qualitative means, to
inform the design, development, and implementation of a
future trial. Gearing et al. (2011) defined fidelity as the
degree to which an intervention is delivered as intended.39

Without intervention fidelity, uncertainty exists as to
whether observed effects are attributable to the intervention
or not.40 Adopting a study design incorporating feasibility,
acceptability, and fidelity allows greater insight into the deliv-
ery and the experience of the health intervention. Figure 1 out-
lines participant flow and study processes. The study was
prospectively registered (ISRCTN 11672329), approved by
the Liverpool Central Research Ethics Committee (20/NW/
0236) andNHSGrampianResearch andDevelopment depart-
ment (Ref 2020RG001E).

Sample
Participants were invited to take part by neurologists or
recruited via the Parkinson’s UK Take Part Hub with no
restrictiononage.Participantswere included if they hada con-
firmed diagnosis of idiopathic PD, Hoehn and Yahr stages
I-III, had no medical restriction that would prevent safe exer-
cise and were able to walk more than 100 mwith or without a
walking aid. Participants with co-existing neurological or
musculoskeletal conditions that would restrict PA and those
with uncontrolled or unpredictable on-off periods were
excluded. All participants were screened using an adapted
version Physical Activity Readiness Questionnaire (PAR-Q)
to ensure eligibility. Adaptations included PD specific ques-
tion such as presence of dyskinesia to ensure participant
safety to participate in the study. All participants provided
informed consent prior to taking part in the study.
Participants were randomly allocated to receive usual care
or PDConnect by an independent Chartered Statistician
using stratified random sampling by gender and PA level to
ensure balance between groups at baseline. The researcher
conducting outcome assessments (JJ) was blinded to

randomization. Purposeful sampling was used to recruit
staff to deliver the usual care and intervention arms of the
study. Physiotherapists were required to have a minimum of
two-years clinical experience including neurology and geria-
trics. Physiotherapists were randomly assigned to deliver
either PDConnect (n= 2) or usual care (n= 2), using sealed
envelopes. Two fitness instructors were recruited from the
University Sport facility and had a Register of Exercise
Professionals accredited (or equivalent) qualification. The
two physiotherapists and fitness instructors delivering
PDConnect participated in a bespoke training package involv-
ing directed individual learning, and group-based workshops
prior to commencing the study, aimed at developing expertise
in exercise prescription for PwP andBCTs. Total training dur-
ation was 12 h over a four-week period. The Physiotherapists
delivering usual care did not receive any training.

PDConnect intervention
PDConnect is an evidence-informed PA intervention aimed
at providing PwP with a toolkit of BCTs to promote PA par-
ticipation and PA self-management. It combines specialist
physiotherapy, group-based PA, and self-management,
with education underpinned with BCTs. The program con-
sists of three components: i) six sessions of one-to-one ses-
sions with a PD specialist physiotherapist; ii) 12 weekly
sessions of group-based PA delivered by a fitness
instructor; iii) 12 weeks of self-management, with
monthly telephone contact by the same fitness instructor.
All participants completed a home risk assessment and
received a Microsoft Teams® induction prior to commen-
cing the study, which was delivered online due to corona-
virus restrictions in place at the time.

1:1 physiotherapy
Each one-hour session comprised of individualized exercise
prescription delivered in conjunction with education, self-
management strategies, and BCTs, using a coaching style
of delivery. Each session consisted of a minimum of
35 min of exercise encompassing strength, balance,
aerobic, flexibility, cognitive, gait, and functional compo-
nents, as per current guidelines.41 Exercise was progressed
on an individual basis, by increasing repetitions, speed,
load, or task complexity.41,42 One-to-one sessions were
supplemented with an individualized home exercise plan
(HEP). Participants were encouraged to complete their
HEP for 30 min, five times a week, and record all activity
within an activity diary. Development of a PA routine
was promoted using an activity planner, self-completed
activity diaries and self-monitoring of PA using an activity
tracker. A PDConnect manual was provided to reinforce
key components of the intervention and served as an
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Figure 1. Consort flowchart: participant recruitment and retention.
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educational resource. Education included PD pathophysi-
ology, benefits of activity, types of PA, behavior change,
health and safety, and tips for getting started and staying
active.

Group-based exercise
Each session included a minimum of 60 min exercise adopt-
ing a circuit-based approach. Exercise stations included
mobility, strengthening, aerobic, balance, cognitive, and
goal-oriented components with an emphasis on large amp-
litude movements and intensity of effort as recommended
by current guidelines,41,42 and had four levels of difficulty,
allowing tailoring to individual ability. Participants were
provided with key teaching points, practical demonstration,
and proposed benefits of each exercise prior to commen-
cing. Exercise was followed by 30 min of group-based dis-
cussion facilitated by the fitness instructor to promote
shared experience and develop social connection.

Self-management component
During this component participants exercised independ-
ently, following their HEP developed during the program.
Participants received a 20-min video call every month
from the fitness instructor, to review and adapt the HEP
as required and to support problem solving to overcome
any PA barriers. Full details of the PDConnect intervention
are provided in the Supplemental Material.

Usual care
Participants randomized to usual care received six,
one-hour weekly sessions of physiotherapy. Usual care
was delivered by community-based physiotherapists who
had two or more-year post-registration experience of
working in neurology or geriatrics but had not received spe-
cialist post-registration training in the management of PD.
Each session included assessment, treatment, goal setting,
intervention delivery, and provision of a HEP. Treatment
choices were guided by participant need, as per standard
practice including for example exercise prescription, educa-
tion and advice. On completion of the 6-weeks participants
were given advice and received no further intervention.

Outcome measurement
The primary aim of this study was to determine the feasibil-
ity and acceptability of a multi-component intervention
(PDConnect) aimed at promoting PA and self-management

in community dwelling adults with PD, to inform a future
large-scale effectiveness study.

PDConnect intervention feasibility
Recruitment feasibility was determined by examining the
time taken and number of participants screened, deemed eli-
gible and enrolled. Retention rate was determined by calcu-
lating the percentage of participants who completed the
intervention. Attendance was calculated as the proportion
of sessions attended. Outcome measure and activity diary
completion and return rates were determined by the propor-
tion returned at each data collection point, and the number
and type of adverse events were collated throughout the
study. Following the CONSORT extension for feasibility
and pilot studies,37 pre-specified progression criteria includ-
ing participant recruitment, protocol adherence, and
outcome data, were agreed a priori using the traffic light
progression criteria system described by Avery et al.43

(see Supplemental Material). The go criteria for participant
recruitment included 100% recruitment to target within
6 months, and less than 15% (n= 5) of participants with-
drawing from the study. Go criteria for intervention fidelity
was ≥85% of the intervention being delivered as planned.
The go criteria for intervention included attending 5 out
of the possible six 1:1 physiotherapy sessions and attending
a minimum of 9 out of 12 of the group-based exercise ses-
sions. Go criteria for return of outcome measures was
between 80–100% of measures returned at each phase.

PDConnect intervention fidelity
Fidelity assessment was conducted at the end of the study to
explore what proportion of sessions adhered to ≥75% of
PDConnect intended content. A random sample of video
recordings from Microsoft Teams, representing 10% of
PDConnect physiotherapy sessions and eight group-based
exercise sessions were selected for fidelity assessment
which were conducted by one researcher (JJ). Session
plans were provided to staff prior to the start of the study
to guide intervention delivery. Checklist were developed
and mapped to these session plans allowing the researchers
to assess intervention fidelity.

PDConnect intervention acceptability
Intervention acceptability was explored using a survey and
semi-structured interviews conducted at the end of the
study. Satisfaction was assessed using an 11-point visual
analogue scale (VAS), from zero (not at all satisfied) to
10 (very satisfied). Interviews were conducted by one
researcher (EH) using Microsoft Teams™ following a

Jones et al. 607



standardized topic guide (Supplemental Material) to
explore their perceptions of receiving and delivering
PDConnect. In addition, the acceptability of the research
approach was also explored, as the focus of this study
was to inform the development of a future trial, therefore
perceptions of being randomized and whether this may
impact enrollment were deemed important. Interviews
lasted up one hour. All interviews were audio recorded
and intelligently transcribed by one researcher (JJ).
Semi-structured interviews were also conducted with staff
to explore their perceptions of intervention delivery.

Secondary outcomes were measured at baseline, and at
six, eighteen, and thirty-weeks to provide preliminary data
on outcomes such as PA, motor and non-motor symptoms,
self-efficacy, and quality of life. A suite of measures were
used to inform selection of measures for use in a future
effectiveness study, and to calculate effect sizes to enable
power calculations to be conducted.

Motor function was measured by: Unified Parkinson’s
Disease Rating Scale (UPDRS),44 Schwab and England
Scale,45 and Activities-specific Balance Confidence
Scale.46 All measures are recommended by the Movement
Disorders Task Force which have been shown to be reliable
and valid for PwP.47,48 In addition, individual physical
activity (daily step count) was measured using a wrist-worn
activity tracker (Mi band version 5.0). The Mi band has
good internal consistency among health individuals
during the six-min walk test and stairs climb (ICC:
0.830).49 Daily step counts were recorded within the activ-
ity diary. Self-reported PA was also recorded using the
Physical Activity Scale for the Elderly.50 The Patient
Global Impression of Change (PGIC) scale (11-point
VAS) was used gauge participants perceptions of how par-
ticipation had impacted on their perceived physical activity
levels, knowledge and exercise confidence.

Non-motor function was measured by: UPDRS, Lille
Apathy scale, Parkinson’s Anxiety scale (PAS), Parkinson’s
Fatigue Scale (PFS), Geriatric Depression Scale (GDS),
Parkinson’s Disease Questionnaire 39 (PDQ39), and
Nottingham Health Profile (NHP). All measures are recom-
mended by the Movement Disorders Task Force and have
established validity and reliability within PD properties.51–53

The Lille apathy scale (LARS) is a semi-structured interview
that assesses apathy in nine domains and produces a global
score ranging from−36 to+36, with higher scored indicating
greater apathy.54 The PAS is a 12-item scale encompassing
persistent and episodic anxiety, avoidance behavior.55 This
scale uses a 5-pont Likert score, with a maximum score of
48, with higher scores indicative of greater anxiety. The
PFS contains 16 items and is designed to assess the presence
of fatigue and its impact on daily activities.56 A score of 16–
80, based on the sum of scores for all 16 items is calculated
with higher scores indicating higher levels of fatigue and
great impact on daily life. The GDS is used to identify depres-
sion in older adults.57 Scores range from 0–30 with higher

scores indicating more severe depression. The PDQ-39 is a
PD-specific quality of life (QoL) measure, encompassing 39
questions, encompassing specific dimensions of functioning
and well-being, with higher scores indicative of poorer
QoL.58 NHP assess dimensions of health including pain,
physical mobility, emotional reactions, energy, social isola-
tion, and sleep.59 A total score for each domain is 100
where a score of 0 indicates good subjective health status
and 100 indicates poor subjective health status.

The self-efficacy scale for exercise is a self-report measure
that was used to establish participant exercise confidence.60

Participants rate their confidence on an 11-point VAS covering
nine different items, with higher scores indicative of great exer-
cise confidence. Finally, the Warwick Edinburgh Mental
Health and Wellbeing Scale (WEMWBS) was used to assess
mental wellbeing.61 The 14-item scale incorporates feeling
and functioning aspects of mental wellbeing. The minimum
score is 14 and maximum score of 70, with higher scores are
indicative of greater mental health and wellbeing.

Data analysis
Quantitative data including feasibilitymeasures, demographic
information, and baseline measures were analyzed in SPSS
(V24) using descriptive statistics. As a feasibility study with
a small sample size, test statistics for differences between
groups were not calculated, due to the increased risk of type
II error. In addition, they serve only to identify if an effect
or difference exists, but do not allow inferences to be drawn
on the size of the effect. Therefore, effect sizes were used to
determine the sample size for potential future pilot RCTs,
which aligned with a key aim of this research study.
Cohen’s dwas used to estimate the size of effect, by analyzing
the difference of mean change between PDConnect and usual
care at the six, 18- and 30-weeks data collection timepoints for
each measure. Cohen’s d was interpreted as 0.2 (small), 0.5
(medium), and 0.8 (large) effect sizes.62

Qualitative data was analyzed by JJ and KC using
Framework Analysis.63

Results

Feasibility
Participants were recruited between December 2020 and
February 2021, and the study concluded in October 2021.
The recruitment rate was 76%, with 31 participants enrol-
ling out of 41 expressing an interest within 12 weeks,
exceeding the go criteria for recruitment. Five people
were excluded as they did not meet the study inclusion cri-
teria, one person was excluded following screening as they
did not wish to commit to a 30-week study for personal and
social reasons. The remaining four contacted the researcher
after the target sample was achieved. Recruitment and
retention are summarized in Figure 1, and participant
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baseline characteristics are presented in Table 1. Staff
recruitment took 10 weeks with an average six hours to
complete the study specific training. No falls were reported
when participating in exercise associated with PDConnect
or usual care. One participant fractured their ankle and with-
drew following a trip over garden furniture.

Participant retention rate was 74% (n= 24), with an
equal number of withdrawals from each group. Two parti-
cipants withdrew within the first two-weeks of the study
due to issues with technology. A further six participants
withdrew due to health reasons unrelated to PD.
Participant retention fell one percent below the amber
threshold (75%) for progression to a full trial. Attendance
and return of outcome measures reached the go progression
criteria indicating proceed to a full trial. Intervention
attendance was exceptional, with 100% participation in
1:1 Physiotherapy, with all participants attending all six ses-
sions. Attendance remained high within the group-based
component with participants attending 10 of the possible
12 the group-based exercise sessions (83% attendance).
One participant did not return their outcome measures at
the week 18 collection point; outcome measure return was
100% at all other time points. Most (84%) participants
returned completed activity diaries at the end of the study.
No adverse events were reported during intervention deliv-
ery or the HEP component. Additionally, all participants
completed their monthly follow-up calls, successfully
meeting the green (go) progression criteria.

Intervention fidelity
Most physiotherapy sessions (89%) and group-based exer-
cise sessions (88%) were delivered as planned. Mean time
spent exercising during physiotherapy was 29 min (range
20–38 min). Lower exercise duration was moderated by
participant preference, with many participants having com-
pleted their HEP prior to having physiotherapy that day.
The mean duration of group-based exercise sessions was
63 min (range 58–66 min). 89% of 1:1 physiotherapy and
88% of group-based exercise sessions delivered as

planned, meeting the go a priori progression criteria for
this study.

Intervention acceptability: quantitative findings
Intervention delivery. Satisfaction with PDConnect was
high (see Table 2), with all 12 participants reporting that
they would recommend PDConnect to other PwP. Staff
were perceived as knowledgeable, caring, with strong com-
munication skills.

Three-quarters of participants (n= 9) reported that the
PDConnect manual was helpful or very helpful. The
30-week PDConnect intervention was deemed to be appro-
priate by all participants, however, 58% (n= 7) indicated
that the 1:1 Physiotherapy component was too short, with
the remainder indicating it was about right. Similarly,
58% (n= 7) perceived that the duration of the 12-week
group component was about right, whereas 33% (n= 4)
thought it was too short. Just over half (58%; n= 7) per-
ceived that the self-management component was just right
whereas 44% (n= 4) thought it was too short. No adverse
incidents were reported during the study.

Intervention acceptability: qualitative findings
14 PDConnect participants took part in semi structured
interviews, including 2 participants who withdrew follow-
ing completion of physiotherapy and a minimum of 75%
of the group-based exercise. Three themes were identified
from the Framework analysis: experience of the research
process, experience of intervention delivery, and percep-
tions of intervention participation.

Experience of the research process: Information to support
participation was deemed acceptable. Incorporation of ran-
domizationwas perceived as a signof robust researchmethod-
ology, and participants expressed a sense of loyalty to the
study once they had consented:

“I thought randomization was a really important part of it, and
I could completely understand why it [randomization] had

Table 1. Participant demographic and clinical characteristics at baseline.

Participant demographic and clinical characteristics at baseline Total sample PDConnect (n= 16) Usual care (n= 15)

Age (Mean± SD) years 66.4± 8.1 68.3± 8.3 64.6± 7.6

Sex 13 females (42%) 6 females (37%) 7 females (47%)

18 males (58%) 10 males (63%) 8 males (53%)

Time since diagnosis (Mean± SD) years 4.8± 2.6 4.5± 2.3 5.2± 2.9

Hoehn and Yahr Score Mode (range) 2.5 (1–3) 2.5 (1–3) 2.5 (1–3)
UPDRS (total) (Mean± SD) 73.37± 16.14 72 00± 3.98 75.00± 18.53

UPDRS Part III (Mean± SD) 31.24± 8.82 32.00± 8.87 30.43± 9.00

PDQ-39, (Median, IQR) 9.64,5.99–13.28 8.72, 4.85–13.79 10.42, 5.99–13.28
PASE (Mean± SD) 139.57± 81.86 157.16± 80.60 120.84± 81.67

SD: standard deviation; IQR: interquartile range; UPDRS: Unified Parkinson’s Disease Rating Scale; PDQ39: Parkinson’s Disease Questionnaire 39; PASE:

Physical Activity Scale for the Elderly.
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been done… I was absolutely delighted that I was randomized
to the bit I got, but yes absolutely having committed to partici-
pate I would have gone with whichever one I was chosen for”
(PDC52)

Experience of PDConnect delivery. Four subthemes
were identified: online delivery, the pivotal role of staff,
perceptions of PDConnect components and perceptions of
PDConnect resources. Online delivery of PA was perceived
to reduce many of the barriers associated with PA such as
low motivation, transportation, and provided some partici-
pants with access to a specialist physiotherapist which
they would otherwise not have had access to.

“So, transport would have been a serious issue for me, and I
wouldn’t be able to do it, so I wouldn’t have been a participant
in this project if it had not been online.” (PDC ID80)

“I was very impressed with the physiotherapist, and I found the
very kind and helpful and you know she just took me through
quite gently, considering all my needs not just my
Parkinson’s.” (PDC ID49)

However, challenges with Wi-Fi, initiating conversa-
tions, and positioning the digital device particularly for
floor-based exercises were highlighted.

“I didn’t really enjoy the lying down ones [exercises], but that
was purely because it was online and it was difficult to do the
exercise, plus keep an eye on the screen.” (PDC ID 52)

“All the participants had slightly different internet connection
experiences, so it didn’t make for an easy discussion in the
group.” (PDC ID91)

Staff were perceived as pivotal to the success of the inter-
vention, with participants valuing their personalized
approach to delivery and motivation which inspired partici-
pants to be active.

“She tailored the exercises to my abilities, couldn’t be better in
relation to my needs… she took it on board what I said, and she
focused on what was needed and met my requirements, the
fitness instructor was much the same” (PDC ID1)

“I felt like she had knowledge far, far beyond what even I
expected, for a fitness person, I never expected them to be
clued up in Parkinson’s, but I guess she must’ve done some
preparation…the fitness instructor is remarkable, I mean
she’s had so much patience, so much enthusiasm, so much
encouragement, all from a screen where she’s like getting no
feedback from us because we’re all on mute. I am just in
total awe that she was able to do that to be honest” (ID81).

PDConnect was perceived as enjoyable with many par-
ticipants expressing sadness when the intervention ceased.
The weekly delivery was perceived to positively impact
motivation to start and maintain being active and facilitated
the initiation of a PA routine.

“I think it was positive because it was a weekly meeting and
that was the motivation… the motivation to keep doing it was
the fact that the Physiotherapist was going to be there every
week. The first six weeks were very positive, so at the end of
that six weeks, I probably felt better than I had done for a
wee while.” (PDC ID51)

“I mean, it could have went on longer, I think it could have
went longer and because it was a very very beneficial!”
(PDC ID71)

Table 2. Satisfaction with PDConnect program.

Satisfaction domain
Visual analogue scale score (0–10)

10 9 8 7 6 <5

Satisfaction with Physiotherapy

component of PDConnect

75% (n= 9) 0 (n= 0) 17% (n= 2) 8% (n= 1) 0 (n= 0) 0 (n= 0)

Satisfaction with the group-based

exercise component of PDConnect

58% (n= 7) 25% (n= 3) 8% (n= 1) 0 (n= 0) 8% (n= 1) 0 (n= 0)

Physiotherapists knowledge of

Parkinson’s
83% (n= 10) 17% (n= 3) 0 (n= 0) 0 (n= 0) 0 (n= 0) 0 (n= 0)

Fitness Instructors knowledge of

Parkinson’s
67% (n= 8) 17% (n= 2) 8% (n= 1) 8% (n= 1) 0 (n= 0) 0 (n= 0)

Physiotherapists approachability 83% (n= 10) 17% (n= 3) 0 (n= 0) 0 (n= 0) 0 (n= 0) 0 (n= 0)

Fitness Instructors approachability 75% (n= 9) 17% (n= 2) 8% (n= 1) 0 (n= 0) 0 (n= 0) 0 (n= 0)

Physiotherapists communication skills 83% (n= 10) 8% (n= 1) 8% (n= 1) 0 (n= 0) 0 (n= 0) 0 (n= 0)

Fitness Instructors communication

skills

75% (n= 9) 17% (n= 2) 8% (n= 1) 0 (n= 0) 0 (n= 0) 0 (n= 0)
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Intervention resources were perceived as acceptable.
Three quarters (75%) of the sample reported that the
manual was helpful or very helpful, although differences
in views existed reflecting individual preferences to know
more about PD. Desire for an interactive dashboard to
allow tailoring of information on PD and PA was suggested.

Perceptions of intervention delivery. Subthemes related
to perceived benefits and challenges associated with partici-
pation in PDConnect. Physical, education and psychosocial
benefits, highlighted below, were collectively perceived to
positively influence PA behavior.

“it was absolutely key to me to change my lifestyle at that time.
It actually inspired me to look further for more exercise oppor-
tunities” (PDC ID78)

“It gave me a regime to try and stick to because over the period
of time it showed me the benefits of it” (PDC ID71)

“It brought some awareness too because I was quite active, but
it showed me how important it was to kind of maintain that
level of activity and also push myself from time to time. She
got me back out on my bike again which I was a bit unconfident
because I’d fallen off it before and stuff like that. So, she was
good in an encouraging way to motivate you to try things out
your comfort zone a little bit.” (PDC ID 91)

Experience of physiotherapists and fitness instructors
The staff who delivered PDConnect and usual care were
also interviewed. Two themes were identified from the
Framework analysis: processes and resources involved in
intervention delivery, and perceptions of delivering the
intervention.

Processes and resources involved in intervention deliv-
ery. All staff reported benefits and challenges of using
Microsoft Teams. Despite providing participants with a
Teams induction staff reported it took participants time to
become familiar and confident using Teams. However,
these challenges were not unique nor PwP.

“It worked very well, and I didn’t have any significant chal-
lenges compared to other members of the public that was I
working with online at the time.” (Staff 001, Usual Care
Physiotherapist).

Microsoft Teams presented different challenges during
the group-based exercise component of PDConnect.
Having up to eight participants on the screen made
viewing and providing of feedback more challenging:

“…In a group setting online and seeing small pictures of
people on a screen, it was very difficult for me to ascertain
whether or not they were doing the exercises correctly.”
(Staff 003, Fitness instructor).

Aligning the camera to adequately assess participants’
movements required patience and effective communication
to enable participants to angle their device accordingly.
Identification of issues and provision of feedback was per-
ceived to take longer online compared with face-to-face,
due to the limited view of a participant:

“If I was in the clinic, I would have been able to put my hands
on and worked that out really quickly. It probably took us a
couple of sessions because I was doing it from observation
and trying to instruct but we still worked it out.” (Staff 002,
PDConnect Physiotherapist)

Equally the benefits of online delivery were also reported
by staff:

“Online was brilliant and allowed a lot of flexibility in what we
were doing. So, we were able to move around the house. You
know, there was even one patient who had had issues with a
specific chair -getting in and out of that, so we so we could
take the laptop over and have a look at that.” (Staff 001,
Usual Care Physiotherapist)

“Some of them don’t have the ability to drive anymore, they
were living on their own or their wives have got issues now
and they can’t drive them. So, I think online really works
well because they’re in the comfort of their own home.”
(Staff 003, Fitness Instructor)

Perceptions of delivering the intervention. PDConnect
staff received training prior to delivery of the PDConnect
intervention. PDConnect staff reported that the training
manual provided a comprehensive guide, covering a wide
range of topics pertinent to the study.

“The training manual is far as I was concerned was very
concise. It had a really good flow too. It’s lots of information
and from my point of view for me coming in as a sort of
fitness strength and conditioning person, it gave me a really
good insight into Parkinson’s as an illness, and the limitations
and abilities that I should be looking to expect.” (Staff 003,
Fitness Instructor)

The participant’s manual was viewed by PDConnect
staff as comprehensive covering the information in suffi-
cient detail and in a manner that was accessible.
However, future consideration of the to how the manual
is presented was highlighted by staff to allow enough infor-
mation to educate and motivate participants but not so much
that it appeared off putting.

“What was really great from a manual point of view, is that it
taught the clients a lot about their condition. I empowered them
through the information, and that was so important because
they were not just a patient, they were somebody that is
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taking charge of what was happening to them and you know
they then said, now, I understand why I’m doing it.” (Staff
003, Fitness Instructor)

“It’s really hard because some people, they devour such a
resource and other people, it’s overwhelming.” (Staff 002,
PDConnect Physiotherapist)

Secondary outcomes
Perceived impact of participating in PDConnect: 92% of
participants strongly agreed or agreed that participation in
PDConnect made them more confident with exercise,
developed improved knowledge and understanding of the
benefits of exercise, and PDConnect provided participants
with strategies to stay active. Participants also reported
that participation positively impacted motor aspects of
their PD; however, self-reported pain, fatigue, and sleep
levels were unchanged. Using a global patient impression
of change scale, 60% (n= 7) of PDConnect participants
reported that they were much improved compared to 9%
(n= 1) in the usual care group.

Motor function: Mean weekly step count in both groups
increased over the 30-week intervention in the usual care
and PDConnect groups (1117 and 536 steps respectively).
At baseline the usual care group were less active as mea-
sured by the PASE (Physical Activity Scale for the
Elderly) compared to the PDConnect group, however this
difference was not statistically significant. Both groups
demonstrated improvement in PASE scores over the 30
weeks; however, as illustrated in Table 3, small effects
were demonstrated. Change in mean differences in
UPDRS I-II between baseline and 30 weeks indicated
improvement with a large effect size in both groups.
However, only the PDConnect group demonstrated
improvements in all UPDRS subsections with small to
large effects sizes also reported in UPDRS III and IV (see
Table 3). Large effects sizes in Total UPDRS were
evident in both groups suggesting improvement over
time. Changes in NMS over the 30-week study were vari-
able in both groups as shown in Table 4. Perceived depres-
sion as measured by the GDS improved in both groups, with
small to medium effect sizes. Anxiety as measured by the
PAS improved in both groups from baseline to six week
and continued to stay low for the duration of the study.

Discussion
This study aimed to establish the feasibility and acceptabil-
ity of the PDConnect intervention along with effect size
estimations for PA, motor, and non-motor symptoms,
QoL, and health and well-being. The results demonstrate
that online delivery of PDConnect is feasible and acceptable
to PwP, and the study processes are feasible to conduct.
Prior to scaling up to a large-scale RCT to test the

effectiveness of PDConnect, minor modifications to study
resources and outcome measures are indicated. All progres-
sion criteria, except participant retention, were met, with
retention rate at 74%, one percent below the a priori pro-
gression criterion. Participant retention reported in the
current study aligns with a recent systematic review of
PA trials involving sedentary older people,64 and studies
involving PwP.8 Low withdrawal rates combined with no
adverse events and high acceptability would suggest that
online delivery of PDConnect is a viable option for PwP
and that a large scale RCT to test effectiveness of
PDConnect is warranted.

Intervention fidelity was high in the current study (>85%).
When assessing intervention fidelity, exercising for 35 min
during physiotherapy sessions was the most frequently
omitted item. This was attributed to participants’ preference
to use appointment times to gain feedback on their exercise
technique, having completed their exercise prior to the
appointment. This was confirmed by the qualitative data.
Opportunity for feedback and discussion was highly valued
by participants and contributed to intervention satisfaction.
Feedback has been shown to be integral to motor learning
theory,65 supporting skill acquisition,66 and behavioral
change.34 The value of feedback for learning has also been
highlighted in bridging the gap between actual and desired
performance.67 Learning has been shown to be optimized
when feedback is frequent and based on direct observation
of a task, facilitating self-reflection and problem solving.67

What cannot be determined from this study is whether feed-
back supported motor learning or whether the weekly struc-
ture of PDConnect provided accountability which positively
impacted on learning.

The current studywas not designed nor powered to explore
effectiveness. However, the positive trends highlightedwithin
the PDConnect group combined with the interview data,
suggest that weekly feedback delivered over 18 weeks may
have promoted consolidation of PA performance and devel-
opment of confidence in participation in PA. Ellis et al.
(2011) reported that self-efficacy is a key determinant of PA
behavior,68 therefore the weekly nature of PDConnect may
have allowed for development of greater self-confidence
engaging in PA. Traditionally, research has focused on exer-
cise effectiveness in terms of strength or balance gains.
Findings from the current study would suggest that provision
of feedback, mode of delivery and Intervention dose may be
central to shaping PA performance and behavior, which
needs further exploration in a suitably powered study.

PDConnect was perceived as highly acceptable, with
high levels of satisfaction reported by participants and
staff. This study demonstrates that online delivery of
PDConnect is acceptable to support PwP to manage their
PA, adding to the growing body of evidence supporting
online delivery of PA.65–67 Undoubtedly, the acceptability
of online delivery may have been reflective of the absence
of face-to-face PA options at the time of the study, which

612 Journal of Parkinson’s Disease 15(3)



may have biased responses. However, qualitative data indi-
cated that participation in PA online was perceived as con-
venient, reducing barriers associated with transport, costs,
and stigma, which is congruent with systematic review evi-
dence,27 and more recent mixed methods studies,69–72 sug-
gesting that COVID-19 was not the sole factor influencing
acceptability.

In the current study, the convenience offered by online
delivery mitigated issues with transport, rurality, distance,
and dependency on others, promoting participant attend-
ance. Convenience offered by online attendance has also
been demonstrated in city-based studies. Over half of parti-
cipants in the Engage-PD study, conducted in New York,
reported that they would not have attended had it not
been delivered online due to transportation challenges.73

This suggests online delivery serves to mitigate transport
barriers for those living in both urban and rural areas. The
convenience of online delivery was also recognized by
staff in the current study, as PDConnect provided an oppor-
tunity for participants to access professionals with expertise
in PD which would otherwise not have been available to
them. Therefore, provision of online PA may offer a prag-
matic solution, offering access to specialist services while
also addressing potential differences in the care that
people receive and the opportunities that they have to lead
healthy lives.

Online delivery was not without its challenges. In the
current study, digital literacy varied from participants first
experience of video conferencing to highly competent.
Online challenges were restricted to the initial weeks of
the study, and were not unique to PwP, nor Microsoft
Teams. Similar initial issues with Zoom were highlighted
in the PDEx study,72 suggesting that regardless of the plat-
form used, PwP may need additional time to develop digital
literacy and confidence in using technology, which needs
further consideration prior to a future trial.

The value of PD informed staff, and personalized care
have been highlighted previously.27,33 In the current
study, staff understanding of PD allowed development of
tailored PA programs and the delivery of contextualized
education promoting understanding of the purpose of pre-
scribed PA. Participants felt ‘listened to’ with PA programs
developed that addressed their PD and wider health and
social needs, which may have contributed sustained
improvement in anxiety reported in this study. Although
based on a small sample, 50% of PDConnect participants
reported feeling much improved following participation
compared with 10% of usual care participants reiterating
prior research which suggests that use of PD specialists
may result in enhanced health outcomes.74 While prior
research has illustrated the benefits of PA, this study
would also suggest that the interventional dosage,

Table 3. Mean difference and effect sizes between baseline and 30 weeks (pre and post intervention).

Measure Pre (Mean± SD) Post (Mean± SD) Mean difference Effect size Cohen’s d 95% CI of effect size

PASE

• PDConnect 157.16± 80.60 172.74± 43.28 15.58 0.03 −0.53 to 0.45

• Usual Care 120.84± 81.67 147.96± 55.25 27.12 0.02 0.52 to 0.46

UPDRS I

• PDConnect 16.56± 5.53 7.66± 3.14 −8.9 2.51 0.46 to 4.55

• Usual Care 17.66± 3.97 9.90± 7.42 −7.76 1.37 0.18 to 2.57

UPDRS II

• PDConnect 22.75± 7.25 8.41± 5.05 −14.34 1.53 0.22 to 2.83

• Usual Care 25.80± 7.25 11.18± 6.43 −14.62 1.80 0.29 to 3.30

UPDRS III

• PDConnect 32.00± 8.87 15.70± 4.16 −16.30 0.96 0.05 to 1.86

• Usual Care 30.43± 9.00 23.90± 12.62 −6.53 −0.09 −0.59 to 0.40

UPDRS IV

• PDConnect 0.50± 0.52 1.25± 1.35 0.75 0.30 −0.21 to 0.90

• Usual Care 1.13± 2.23 3.27± 2.57 2.14 0.03 −0.52 to 0.46

UPDRS total

• PDConnect 71.81± 13.98 33.95± 11.20 −37.86 1.98 0.33 to 3.62

• Usual Care 75.03± 18.53 48.27± 25.56 −26.76 0.80 −0.01 to 1.60

GDS

• PDConnect 7.5± 3.8 6.6± 5.2 −0.9 0.43 −0.16 to 1.03

• Usual Care 7.4± 5.3 1.1± 1.2 −6.3 4.01 0.8- to 7.23

WEMWBS

• PDConnect 47.18± 17.79 50.00± (8.73) 2.82 −0.17 −0.68 to 0.34

• Usual Care 53.00± 8.64 52.81± 10.11 −0.19 −0.05 −0.54 to 0.44

SD: standard deviation; UPDRS: Unified Parkinson’s Disease Rating Scale; PASE; Physical Activity Scale for the Elderly; WEMWBS: Warwick Edinburgh

Mental Health and Well-being Scale; GDS: Geriatric Depression Scale.
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opportunity for feedback, and attributes of staff are key
ingredients to shape PA among PwP.

The current study’s qualitative findings suggest that staff
were integral to participant satisfaction. In the current study
the physiotherapist and fitness instructors’ knowledge of
PD was perceived to motivate, educate, and empower par-
ticipants to be active. While no guidelines exist for
Fitness instructors, the UK Parkinson’s guidelines recom-
mend that PwP should be seen by a PD specialist physio-
therapist,75 and competencies exist for both fitness
instructors and physiotherapists.76 However, a national
audit highlighted a knowledge and skills gap in the
current workforce.77 Similarly, an older Dutch survey of
healthcare professionals reported that 75% lacked sufficient
PD expertise.78 Although the current study was not
designed nor powered to explore the impact of PD training,
the findings provide preliminary evidence that 12 h of self-
directed and practical-based learning may be sufficient to
provide the necessary expertise. While NICE guidelines
advocate that PwP should see a PD specialist physiotherap-
ist, no consensus exists on what defines a PD physiotherap-
ist.75 Further research is required to define what knowledge,
skills and attributes are required of a specialist physiother-
apist to inform the development of training programs to
meet the gap in the current workforce.

As a feasibility study, several secondary measures were
employed in the current study. Our small sample size pre-
vents the drawing of specific inferences from the results,
but they indicate that the UPDRSIII, PASE, and Global
Patient Impression of Change Scale hold most promise
for consideration within a future study. Power calculations
based on participants step count were discounted owing to
the variability in the reliability of this measure. For
example, activities such as cycle and walking while
pushing a buggy did not reliability measure step count.
Global impression of change was also discounted as only
those in the intervention arm of the study completed this
measure in this study. Small to large effects sizes for the
PASE and UPDRSIII suggest that participation in
PDConnect may have positively impacted PA levels and
PD motor symptoms. These findings align with prior
research which suggest that regular participation in PA is
associated with slower rate of decline for PwP.25,79 The
UPDRS is regarded as the gold standard measure, but
equally it is criticized for being symptom focused with
less emphasis placed on the impact PD has on everyday
life. Participants in the current study indicated that measures
of PA, QoL and well-being were most important to them.

This study highlights that the sample size requirements
for future definitive trials will be strongly influenced by
the choice of the primary outcome measure. Given that
the primary aim of PDConnect is to support PwP in becom-
ing more active, using PASE as the primary outcome in a
future trial would be a pragmatic choice. However, based
on the data from this pilot study, the effect size differenceT
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between the intervention and usual care groups for PASE
were very small, necessitating a very large sample size.
Using standard sample size calculation software and
effect size estimates derived from this pilot study, a defini-
tive trial with PASE as the primary outcome would require
approximately 274 participants per group to achieve suffi-
cient statistical power (1-β= 0.8, α= 0.05). When consider-
ing more heterogeneous populations and interventions,
required sample sizes could range between 548 and 1000
participants per group. In contrast, this pilot study found a
large to very large effect size difference when using the
UPDRS-III, which specifically assesses motor function
impairment in PwP. With this more specific outcome
measure, the observed effect size suggests that sample
sizes typically feasible within exercise versus control
trials (e.g.,30 to 50 participants per group) are likely to
provide statistical power close to 1. While uncertainty in
population effect sizes remains inherent in pilot studies,
these findings emphasize the substantial differences in
sample size requirements depending on the choice of the
primary outcome measure.

Limitations
This study adopted a pragmatic design exploring the
feasibility and acceptability of a novel intervention;
however, it was not without its limitations in relation to
research processes and study design. Convenience sam-
pling from one geographical area limited ethnic and cul-
tural diversity and resulted in a sample that was younger
than the mean age of diagnosis reported in incidence
studies.80 To maintain participant safety during this
online intervention, those with severe balance abnormal-
ities and significant cognitive issues were excluded.
Therefore, only PwP in Hoehn and Yahr stages I-III
were included, which is not representative of all people
living with PD. The PDConnect group had higher base-
line PASE score compared to usual care group (157.16
v 120.84) suggesting higher baseline physical activity.
This difference may have confounded the findings as
PDConnect may have already been more motivated to
exercise at baseline compared to the usual care group.
PDConnect baseline PASE were also higher than norma-
tive values (144 for males and 112 for females) for people
aged between 65 and 69. However, the large standard
deviation in the PASE score suggests a wide variation
within the sample. Despite higher baseline PASE
scores, all PDConnect participants self-reported improved
levels of PA following completion of the study.

Intervention acceptability and feasibility were assessed
using bespoke individual semi-structured interviews, and
via a study specific survey and checklist. Although this
allowed the researchers to focus on the key aspects of
PDConnect intervention, it recognized that these measures
have not been subject to any reliability testing, therefore

the stability, responsiveness, and predictive validity of the
approaches used is unknown. In addition, the acceptability
of usual care was not explored which is also a potential limi-
tation of this study.

Intervention volume received by both study arms was
not equal. The intervention arm received an additional 12
weeks of group exercise and monthly phone calls for
three months. As the principal aim of this research was to
determine the feasibility and acceptability of PDConnect
rather than its effectiveness, the equity in volume was not
a consideration for this study. In the current study usual
care reflected the number of Physiotherapy sessions typic-
ally provided within the NHS (personal communication).
A future RCT to investigate the effectiveness of
PDConnect needs to address this inequity in intervention
load. Owing to the nature of the intervention, participants
could not be blinded, potentially impacting on the reliability
of the findings.

Conclusions
The current study adds to the growing evidence that
online telehealth interventions can be used to support
PwP to participate in PA. This study has demonstrated it
is feasible to recruit to and deliver a multi-component
online PA intervention, combining specialist physiother-
apy and group-based exercise to support increased PA
and PA self-management. We have identified amend-
ments to be made to the intervention and study processes
before a full evaluation can be conducted, namely: i)
refining study manuals; ii) review of sampling strategy
to ensure sample diversity; and iii) strategies to optimize
digital engagement. In keeping with MRC guidance for
the development of complex interventions,36 this will
enable the effectiveness of PDConnect to be investigated
in a large-scale study.
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Supplemental Material 
 
Feasibility and acceptability of PDConnect, a multi-component intervention to support physical activity in people with 
Parkinson's disease: A mixed methods study 
 
 
 
TIDieR (Template for Intervention Description and Replication) Checklist1 

 TIDiER checklist domain Content 
1 Provide the name or a phrase that 

describes the intervention  
PDConnect Intervention 
PDConnect is an evidence-informed physical activity (PA) intervention aimed at providing 
people with Parkinson’s (PwP) with a toolkit of behavior change techniques to promote PA 
participation, and PA self-management.  

2 WHY: Describe any rationale, theory, 
or goal of the elements essential to the 
intervention.  
 

Research suggests many PwP are aware of the benefits of PA, yet many remain inactive. 
Physiotherapy has been shown to be effective, but PA adherence declines when physiotherapy 
ceases. Therefore, interventions are required which aim to support PwP develop long term PA 
habits to enable them to self-manage their PA are required. 
PDConnect is evidence informed intervention: 
• PA prescription is based on the European2 and American Physical Therapy Parkinson’s 

guidelines.3 
• The COM-B model of behavioral changes and the Behaviour change Techniques taxonomy 

described by Michie et al.4,5 were embedded within the intervention. 
• Education provided within the intervention was informed by systematic review findings6 

which highlighted what PwP motivated them to be active.  
3 WHAT: Materials: Describe any 

physical or informational materials 
used in the intervention, including 
those provided to participants or used 
in intervention delivery or in training 
of intervention providers. Provide 
information on where the materials 
can be accessed.  
 

• All participants received a manual providing guidance on the use of Microsoft Teams and 
how to use their physical activity tracker provided for use during the study. 

• An additional manual was provided to participants randomized to receive PDConnect to 
reinforce key components of the intervention and serve as an educational resource. 
Education included Parkinson’s pathophysiology, benefits of activity, types of PA, 
behavior change, health and safety, and tips for getting started and staying active. 

• Physiotherapists and Fitness Instructors delivering PDConnect received specialist training 
developed by the researcher prior to delivery. Training content was informed by current 
frameworks,7 Physiotherapy guidelines,2,3 and stakeholder consultation. 



• The staff training manual was divided into the following sections: Self-study guide; 
understanding Parkinson’s; medical management of Parkinson’s; the assessment of PwP; 
prescribing PA for PwP; promoting self-management; supporting behavior change; 
developing effective patient relationships; the PDConnect Intervention; using 
RehabGuru™; using Microsoft Teams and Mi bands.  

• Manual can be accessed via the corresponding Author. 
4 Procedures: Describe each of the 

procedures, activities, and/or 
processes used in the intervention, 
including any enabling or support 
activities  
 

Usual care: Participants received standard physiotherapy, and a home exercise program tailored 
to their individual needs. 
PDConnect:  
1:1 Physiotherapy: Each one-hour session comprised of individualized exercise prescription 
delivered in conjunction with education, self-management strategies, and BCTs, using a 
coaching style of delivery. A PDConnect manual was provided to reinforce key components of 
the intervention and serve as an educational resource. Education included Parkinson’s 
pathophysiology, benefits of activity, types of PA, behavior change, health and safety, and tips 
for getting started and staying active. BCTs were selected from the Behaviour Change 
Taxonomy described by Michie et al. (2013),5 and included goal setting, shaping knowledge, 
problem solving, developing self-awareness, self-belief, reward, and regulation. BCTs were 
mapped to each session to support development of PA self-management.  
Individual session plans guided weekly content that included a minimum of 35-minutes of PA 
encompassing strength, balance, aerobic, flexibility, cognitive, gait, and functional components, 
with a focus on quality and amplitude of movement, in dual and single task activities as per 
current guidelines.3 Participants were encouraged to work at moderate to high intensity, defined 
as “somewhat hard” on the Borg Rating of Perceived Exertion scale.8 Exercises were mutually 
selected and delivered in tandem with education, to promote understanding, motivation, and 
adherence. Exercise was progressed on an individual basis, following the European 
Physiotherapy Guideline for Parkinson’s by increasing repetitions, speed, load, or task 
complexity.2 One-to-one sessions were supplemented with a home exercise plan (HEP), tailored 
to individual’s need and goals. HEPs were developed using REHABGuru® exercise library. 
Participants were encouraged to complete their HEP for 30-minutes, five times a week, and 
record all activity within an activity diary. Development of a PA routine was promoted within 
each session using an activity planner, self-completed activity diaries and self-monitoring of PA 
using an activity tracker. Development of routine was also promoted through weekly discussion 
reflecting on prior week activity, and the adoption of a problem-solving approach to address 
barriers or challenges which were encountered.  
Group-based exercise: Each session included a minimum of 60-minutes exercise adopting a 
circuit-based approach. Exercise stations included mobility, strengthening, aerobic, balance, 



cognitive, and goal-oriented components with an emphasis on large amplitude movements and 
intensity of effort as recommended by current guidelines,3 and had four levels of difficulty, 
allowing tailoring to individual ability. Participants were provided with key teaching points, 
practical demonstration, and proposed benefits of each exercise. Videos of each station and 
individual levels were provided on Teams prior to participating. Throughout the class, the fitness 
instructor provided feedback to refine participant technique and progress as appropriate. 
Exercise was followed by 30-minutes of group-based discussion facilitated by the fitness 
instructor to promote shared experience and develop social connection.  
 
Self-management component: During this component participants exercised independently, 
following the HEP which had been developed during the program. Participants received a 20-
minute video call every month from the fitness instructor, to review and adapt the HEP as 
required and to support problem solving to overcome any PA barriers. 
 
Usual Care: participants received six, one-hour long physiotherapy sessions delivered once a 
week for six weeks. Physiotherapy was delivered by a Physiotherapist who had received no post-
registration training in Parkinson’s. an individualized program of physiotherapy was delivered 
based on the participants need including tailored exercise program, education, and self-
management guidance.  

5 WHO PROVIDED: For each category 
of intervention provider, describe their 
expertise, background and any 
specific training given.  
 

Physiotherapist eligibility criteria: UK band 6 physiotherapist were required to be Band 6 or 
above, with a minimum of two years clinical experience, possessing a broad range of experience 
encompassing Neurology and Geriatrics. Band 6 Physiotherapists were selected as they are 
independent and autonomous practitioners, with an ability to modify assessments and treatments 
to meet individual need, with established communication skills.9 
Usual care physiotherapist: Qualified Physiotherapist with 3 years of clinical experience, 
working with a broad range of patients. No specific training was provided as per the study 
protocol. 
PDConnect Physiotherapist: qualified Physiotherapist with over 5 years’ experience, working 
with a broad range of patients including neurology. Received 12 hours of directed Parkinson’s 
specific training via a manual supported by a one-day practical course delivered via Microsoft 
Teams. 
Fitness instructor eligibility criteria: Level three personal training qualification or above, 
which is Register of Exercise Professionals (REPS) accredited or equivalent. Level three or 
above reflects normal practice within local leisure facilities and ensured instructors had broad 
skills and experience in tailoring training sessions out with athletic populations. 



PDConnect Fitness instructor: over 5 years’ experience as a personal trainer with experience 
in cardiac rehabilitation, musculoskeletal rehabilitation, athletic training, Pilates, yoga, and 
coaching. Received training as per the PDConnect Physiotherapist 

6 Describe the modes of delivery of the 
intervention and whether it was 
provided individually or in a group.  
 

Usual Care: delivered 6 weekly hour long 1:1 appointments delivered via Microsoft Teams 
PDConnect: The intervention consists of three components: i) six sessions of one-to-one 
specialist physiotherapy; ii) 12 weekly sessions of group-based PA; iii) 12 weeks of self-
management, with monthly telephone contact. 
Both usual care and PDConnect were delivered using Microsoft Teams 

7 WHERE: Describe the type(s) of 
location(s) where the intervention 
occurred, including any necessary 
infrastructure or relevant features.  

The intervention was delivered in the participants own homes. All participants completed a 
home risk assessment and received a Microsoft Teams® induction prior to commencing the 
study. 

8 WHEN AND HOW MUCH: Describe 
the number of times the intervention 
was delivered and over what period of 
time including the number of sessions, 
their schedule, and their duration, 
intensity or dose.  
 

Usual Care: received 6 one-hour weekly sessions of 1:1 Physiotherapy and received a home 
exercise program tailored to their individual needs. 
PDConnect: 
1:1 Physiotherapy: six sessions of one-to-one specialist physiotherapy over a 6-week period. 
Individual session plans guided weekly content that included a minimum of 35-minutes of PA 
encompassing strength, balance, aerobic, flexibility, cognitive, gait, and functional components, 
with a focus on quality and amplitude of movement, in dual and single task activities. 
Participants were provided with a tailored home exercise program to undertake five times a 
week, with each session lasting a minimum of 30 minutes. 
Group-based exercise: Sessions lasted 90 minutes with a minimum 60 minutes of PA, and 30 
minutes for group education discussion, for 12 consecutive weeks. Exercise was delivered via a 
circuit-based approach. Participants spent four minutes at each station to allow sufficient time 
for participants to optimize performance within each station, recognizing that cognitive 
processing and motor learning can be slower among PwP.10 Exercise stations included mobility, 
strengthening, aerobic, balance, cognitive, and goal-oriented components with an emphasis on 
large amplitude movements and intensity of effort. Each station had four levels of difficulty, 
allowing tailoring to individual participant ability. Difficulty was progressed by the inclusion of 
a dual task or a cognitive challenge.  

9 TAILORING: If the intervention was 
planned to be personalised, titrated or 
adapted, then describe what, why, 
when, and how.  
 

Both usual care and PDConnect 1:1 physiotherapy was tailored to individual need, based on the 
physiotherapists assessment and participants preferences. 
With the group-based component – tailoring of exercise was addressed by having had four levels 
of difficulty within each exercise station, allowing tailoring to individual participant ability. 
Difficulty was progressed by the inclusion of a dual task or a cognitive challenge. 



10 MODIFICATIONS: If the 
intervention was modified during the 
study, describe the changes  

No modifications were made during the study 

11 Planned: If intervention adherence or 
fidelity was assessed, describe how 
and by whom, and if any strategies 
were used to maintain or improve 
fidelity, describe them.  
 

Intervention adherence was assessed by having a register of attendance each week. This register 
was maintained by staff delivering the intervention. 
 
Fidelity was explored used a mixed methods approach. Following completion of delivery semi 
structured interviews with staff were conducted to explore staff perceptions of intervention 
fidelity and explore factors which may have influenced fidelity. Intervention fidelity was also 
explored quantitatively using checklists. All PDConnect sessions were recorded using Microsoft 
Teams. Fidelity assessment was conducted by the researcher following completion of the study, 
after researcher un-blinding had occurred. Fidelity assessment was conducted to establish 
whether the intervention was delivered as planned, specifically content, delivery, and duration. 
Fidelity assessment was conducted by the researcher using a checklist mapped to the individual 
session plans provided to the Physiotherapists and Fitness Instructors. 

12 Actual: If intervention adherence or 
fidelity was assessed, describe the 
extent to which the intervention was 
delivered as planned.  
 

Intervention attendance: Attendance at 1:1 Physiotherapy for both the usual care and 
intervention groups was 100%. The group-based exercise attendance rate was 84%, with 
participants attending on average 10 out of 12 group-based sessions. 
Intervention fidelity: On average 89% of components were delivered as intended (range 75% to 
96%) 
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Participant semi structure interview topic guide 
Areas of interest within Semi Structured Interviews  Probes/prompts to be used depending on how the answer the 

opening question:  
Study Recruitment, we are interested to hear about your experience of being recruited to be involved in this study  

• How did you find out about the study? What did you think of 
the participant information sheet that you were provided with?  

• This study involved participants being randomized to receive 
PDConnect or usual care which consisted of 6 sessions of 
physiotherapy. How did you feel about be randomized as part 
of this study?  

• PIS -was it too much info/not enough/just, right? is there any 
other information that should have been included?  

• Would you still have taken part if you had been randomized to 
receive usual care? And why?  

 

Satisfaction with and experiences and perceptions of the PDConnect Intervention  
1:1 Physiotherapy: we would now like to focus on the 6 sessions of 
1-1 physiotherapy part of PDConnect, that was delivered by the 
physiotherapist 

• Can you tell me what you thought of this part of the 
intervention?  

• The aim of 1:1 Physiotherapy was to develop your confidence 
with exercise, increase your awareness of the benefits of 
exercise, promote increased physical activity, and to develop 
an exercise program that meets your personal needs. 

• What are your perceptions, do you feel that the 1:1 
physiotherapy achieved this or not?  

• If yes, tell me about your experience, if no, how does the 
intervention need to be changed?  

• What were their thoughts on the duration, content and 
delivery?  

• Which elements of the 1:1 physiotherapy did you find the 
most and least beneficial  

• Was there anything you felt was missing from the 1:1 element 
of the program or is there anything you think should be 
removed.  

• Do you have any further comments that you wish to share 
about the 1:1 physiotherapy component?  

 

Group-based component: We now want to focus on the 12 sessions 
of group-based exercise part of PDConnect, that was delivered by the 
fitness instructor.  

• Can you tell me what you thought of this part of the 
intervention?  

• The aim of group exercise was to develop your confidence 
with exercise, increase your awareness of the benefits of 
exercise, help support adopting more physically active 
lifestyle, develop a support network, and to develop an 
exercise program that meets your personal needs.  

• What are your perceptions, do you feel that the group class 
achieved this or not?  

 
• What were their thoughts on the duration, content and 

delivery? 
• The group-based session consisted of exercise and education 

discussions. Which elements of the group-based exercise did 
you find the most and least beneficial  

• Was there anything you felt was missing from the group 
exercise element of the program or is there anything you think 
should be removed.  

• Do you have any further comments that you wish to share 
about the group-based exercise?  

 



• If yes, tell me about your experience, if no, how does the 
intervention need to be changed?  

Self-management: We would now like to focus on the 12 weeks of 
self-management you had. During this time, you had monthly contact 
with the fitness instructor to check up on how you were managing 
your exercise and physical activity.  

• Can you tell me what you thought of this part of the 
intervention?  

• Overall, what impact do you think participating in PDConnect 
has had on you, and why?  

• What were your thoughts on the duration, and contact you 
received during this time?  

• Was the monthly contact sufficient to keep you motivated to 
be active?  

 

Staffing: in this section we would like to focus upon the staff who delivered the PDConnect intervention. XX delivered the 
physiotherapy components and XX the group-based exercise and the self-management components.  
 

• What were your thoughts of the Physiotherapist delivering the 
program?  

• What did you think of the fitness Instructor delivering the 
program?  

• How did you find their communication, knowledge, 
approachability, understanding of PDConnect, supporting 
your involvement?  

 
The next section, we would like to explore are your perception of the study resources – this included the study manual, joint goal 
setting, behavior change techniques or strategies to support you to be physically active, the weekly activity planner and the activity 
diary.  
 

• What were your thoughts on the PDConnect manual? During 
the PDConnect program the physiotherapist and fitness 
instructor will have set with you shared activity goals. How 
did you find the goal setting?  

• Did you use the weekly activity planner – if yes explore what 
they thought of it and if no – explore why not?  

• Did you complete the weekly activity diaries, noting your step 
count? – if yes explore what they thought of it and if no – 
explore why not?  

• Would you prefer to complete these diaries online or did you 
prefer the paper version?  

 

• Manual- what did they think about the length, content, and 
level of detail?  

• How do you think the manual influenced your understanding 
of Parkinson’s?  

• How do you think that the manual influenced your 
understanding of the benefits of exercise  

• How do you think that the manual influenced physical activity 
behavior?  

• What were your thoughts of using goal setting, was this 
helpful or not?  

• Is there anything else you would like to comment on in 
relation to the study resources  

The next aspect we would like to explore with you is your experiences of using the Mi band activity tracker.  
 



• What did you think of the Mi band?  
• Synchronization, did you experience any problems? Were the 

study team able to address these for you adequately?  
• Do you think the Mi band influenced your levels of physical 

activity? If yes or no, why?  
• Would you consider wearing it long term?  

• Consider comfort ease of use, readability, functionality.  
 

Next, we are interested to hear what you thought about the RehabGuru Home exercise sheets which you received.  
 

• Did you use RehaGuru? These were the printed instruction 
sheets to guide your home exercise programs.  

• If no, or not often why not?  

• Did you find the images and instructions clear?  
• Were they ease to use and follow?  

 
This study was originally designed to be delivered face to face. However, due to Covid it was changed to be delivered online. We are interested 
in your thoughts of participating in an online exercise program.  
 

• How did you find using Microsoft teams??  
• Did you experience any difficulties to using Microsoft teams? 

If so, what were these?  
• Did you feel that you were able to engage with the staff 

delivering the intervention effectively on Microsoft Teams, if 
not, what could be done differently to improve this.  

• If you were to participate in this again, would you prefer 
online or face to face delivery or a combination of face to face 
and online, and why?  

 

• Did you experience any challenges participating in any aspect 
of the PDConnect Intervention online, i.e. the 1:1 physio, the 
group-based exercise or the self-management aspect, if yes 
what were these, and how do you think these could be 
addressed?  

• In the group element of the intervention, how did you find 
interacting with another participants? Is there anything that 
could be done to enhance this experience.  

• Do you think anything could be changed to improve the online 
exercise experience?  

• Do you perceive any benefits with online delivery?  
 

You completed a number of questionnaires and measures at 3 different timepoints as part of this study, so we would like to next ask you 
about your experience in completing these measures. Some of these measures were completed on Microsoft Teams with the researcher 
(JJ) and the others you completed yourself online or in a paper booklet.  
 

• The study involved a variety of measures. How did you find 
completing these questionnaires.  

• How easy was it for you to complete the questionnaires? Did 
you find this burdensome?  

• What outcome seemed the most suitable to you?  

• What did you feel about the variety of measures that were 
used within the study, too much, too little?  

• How easy was it for you to complete the questionnaires? Did 
you find this burdensome?  



• This study included a variety of measures that captured 
Parkinson’s symptoms, activities of daily living, physical 
activity and QoL. What do you think is most important for us 
to measure/what do you most want to see an improvement in 
from an intervention like this?  

 

• What did you think about the frequency with which the 
measures were taken?  

• What is important to measure prompt - “is its physical 
activity, walking ability, general wellbeing, QoL, self-
confidence, anxiety, fatigue, Parkinson’s symptoms or 
something else”?  

 
Other views and comments that they wish to share.  
 

• Is there anything else that you would like to tell me about your 
experience of taking part in the PDConnect study?  

 

 



Progression Criteria applied within the PDConnect Study Criteria 
 Red  Amber  Green  
Recruitment rate Less than 50% of total sample 

recruited in 6 months (n=<15) 
Between 50% and <100% of 
total recruitment in 6 months 
(n =15- <30) 

100% of total sample (n=30) 
recruited in 6 months 

Withdrawal rate from total 
sample (n=30) 

More than 25% withdraw 
(n=8) 

15 – 25% (n=5-8) withdraw Less than 15% (n=5) 
withdraw 

Intervention fidelity 
1:1 Physiotherapy n=6 Less than 50% of 1:1 

Physiotherapy sessions 
delivered as planned 

Between 50-84% of the 1:1 
Physiotherapy sessions 
delivered as planned 

85-100% 
the 1:1 Physiotherapy sessions 
delivered as planned 

Group-based component 
n=12 

Less than 50% of 1:1 of the 
group-based classes delivered 
as planned 

Between 50-84% 
of the group-based classes 
delivered as planned 

Between 85-100% of the 
group-based classes delivered 
as planned 

PDConnect Attendance rate 
1:1 Physiotherapy n=6 Attends less than 50% (n≤3) 

of the 1:1 Physiotherapy 
sessions.  

Attends between 50-83% 
(n=3-4) of the 1:1 
Physiotherapy sessions.  

Attends between 84-100% 
(n≥5) of the 1:1 Physiotherapy 
sessions.  

Group-based component 
n=12 

Attends less than 50% (n=6) 
of group sessions 

Attends 50-75% (n= 4-8 of 
group sessions 

Attends 75-100% (n≥9) of 
group sessions 

Outcome measure return rate 
Return of outcome measures 
at 6, 18 and 30 weeks 

Less than 60% of outcome 
measures returned at each 
phase 

60-80% return of outcomes 
measures at each phase 

80-100% of outcome 
measures returned at each 
phase 
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