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Abstract.
Background: Exercise promotion interventions for people with Parkinson’s disease (PD) are often offered on a face-to-face
basis, follow a generic “one-size-fit-all” approach, and are not typically delivered at diagnosis. Considering PD’s heterogenous
nature, the existing evidence on the merits of exercise on symptom management and the expressed wishes of people living
with PD for access to timely and tailored evidence-based information, there is a demand for interventions that are easily
accessible, scalable and co-designed with people living with PD.
Objective: Evaluate the feasibility and acceptability of a co-designed digital intervention promoting exercise and physical
activity, in people newly diagnosed with PD.
Methods: Thirty people living with PD for less than one year participated in an assessor-blinded randomized feasibility trial
from June 2022 to April 2023. The intervention group received the 8-week Knowledge, Exercise Efficacy and Participation
(KEEP) intervention comprising 6 interactive digital modules and 4 online live group discussions facilitated by a specialist
physiotherapist. Assessments were performed at baseline, post intervention and at 6-month follow up.
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Results: Thirty participants were recruited to target with a 64% recruitment rate (30/47). All but one participant completed the
6-month follow-up assessment. There was high retention (97%), module completion (91%), and online discussion attendance
(88%). Outcome measure collection was feasible, including accelerometer data with a daily average wear time of 23.9 hours
(SD:0.295).
Conclusions: The KEEP intervention was feasible and acceptable in people newly diagnosed with PD. A larger trial is needed
to assess intervention efficacy and correlation between knowledge, self-efficacy, and activity levels.

Plain Language Summary
Exercise and physical activity have been found beneficial in managing both motor and non-motor symptoms in people living
with Parkinson’s. But there aren’t many programs available right after diagnosis that focus on exercise and explain why it’s
important for managing PD symptoms and how to exercise with PD. Most existing programs use a one-size-fits-all approach
and don’t give personalized information. In this study, researchers wanted to see if people who were recently diagnosed with
PD would join a study promoting exercise through an online program. This program included educational information and
live online group discussions with both people living with Parkinson’s and a specialist physiotherapist. The program was
developed together with people living with Parkinson’s and healthcare professionals to ensure that it better suited the needs
of people newly diagnosed with PD. Thirty people took part in the study. They were randomly put into two groups: one
received the online program, while the other group continued with their usual care. Participants filled out questionnaires and
wore a wrist accelerometer for seven days to track their physical activity levels. The researchers found that most participants
stayed in the study (97%), completed the program modules (91%), and attended the live discussions (88%) and wore the
accelerometers for 23.9 hours a day on average. Overall, the study showed that the program was doable and well-received.
Participants said they had a better understanding on the benefits of exercise in PD. However, a larger study is needed to see
if the program helps increase activity levels.

Keywords: Physical activity, exercise promotion, co-design, digital health, physical literacy, Parkinson’s disease, feasibility
study

INTRODUCTION

While increasingly recognized as a multisystem
neurodegenerative condition,1 Parkinson’s disease
(PD) is primarily identified by its cardinal motor
symptoms of bradykinesia, rigidity, tremor, and
postural instability.2 Concurrently, prevalent non-
motor symptoms such as cognitive impairment, sleep
disorders, anxiety, and depression contribute to a sig-
nificant impact on both physical and social function,
ultimately reducing the overall quality of life as the
disease progresses.3

Exercise and physical activity are accepted as
fundamental components in the management of PD
with direct impact on motor symptoms like gait and
balance,4,5 and non-motor symptoms such as con-
stipation, sleep, and depression.6,7 Physical activity
and exercise promotion should commence at the time
of diagnosis8 in order to address known barriers that
might hinder someone’s participation in exercise.9–11

This is crucial considering the mounting evidence
which suggest that benefits are greater when exer-
cise and physical activity are introduced early in the
condition’s trajectory.12,13

However, there is a scarcity of interventions aimed
at promoting the role of physical activity in the man-
agement of PD. Existing interventions are delivered
to people who have been living with PD for a mean
of five years, adopt a standardized approach, and pro-
vide the same content and a uniform, linear learning
path for all participants without personalization based
on individuals abilities or exercise habits.14 This
approach lacks the person-centric ethos and design
called by individuals with PD and hinders their abil-
ity to implement the information effectively to meet
their unique needs.15

The time of diagnosis poses significant challenges
for people with Parkinson’s (PwP),16 yet access to
interventions and resources that promote physical
activity and exercise self-management are lacking
due to the pressure in the healthcare system17,18—this
is more evident around the time of diagnosis.14,17–19

Empowering PwP by providing knowledge and skills
to manage their condition actively20 is paramount and
addresses one of their top unmet needs for interven-
tions that focus on improving quality of life through
lifestyle modifications like diet and exercise.21,22

Additionally, PwP report that being active offers a
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great sense of empowerment and control,10,11 as they
are actively participating in the management of their
condition, rather than being passive recipients of care.

The 2020 pandemic led to a rapid expansion of
the use of digital therapeutics.23 This is believed to
have improved the continuity of healthcare services
in clinically vulnerable groups, and to have also lifted
some of the persistent barriers to accessing services,
including the availability of transport to hospital facil-
ities, travel costs, mobility restrictions as well as the
lack of specialist professionals and services in rural
areas.24 Adding to these benefits, digital interventions
and the use of technology allow for personalization
of content, which translates into a tailored, mean-
ingful, and empowering experience for the user.25

Although, since the pandemic, there has been an
increasing number of research studies adopting dig-
ital therapeutics ranging from home-based exercise
training26 to self-care in PD27, digital interventions
remain underutilized,28 including educational inter-
ventions that promote physical activity in PD.

To bridge these gaps, a digital intervention was co-
designed with people living with PD and healthcare
professionals (HCPs). This intervention promotes
physical activity and adapts the educational content
according to participants’ baseline activity levels,
needs and comorbidities. Participatory methods,
which place the person at the center reflecting their
needs and preferences,29,30 were utilized in the
design and development phase. This study aims to
assess the feasibility and acceptability of the co-
designed digital intervention.

MATERIALS AND METHODS

Study design

This was an assessor blinded, randomized con-
trolled feasibility study. It is reported in compliance
with the CONSORT reporting checklist for pilot and
feasibility trials.31 The study was registered at Clin-
icalTrials.gov (NCT05253040) and received ethical
approval by the Health Research Authority and Care
Research Wales, reference 22/EE/0063.

Setting

The study was conducted at Cambridge Uni-
versity Hospitals NHS Foundation Trust and
Cambridgeshire and Peterborough NHS Foundation
Trust.

Participants

Potential participants were eligible for inclusion if
they had received an idiopathic PD diagnosis within
the last 12 months; lived in the Cambridgeshire area;
had access to a computer, tablet or phone that was
connected to the internet; had no acute illness or
history of other neurological conditions; and had no
clinical diagnosis of dementia. Potential participants
were excluded if they had received or participated in a
structured NHS or private PD-specific education pro-
gram with or without exercise classes in the previous
12 months.

Sample size

As this is a feasibility study, a formal sample
size calculation to test efficacy was not performed.
Instead, the study aimed to recruit a total of 30
individuals. This number was guided by recommen-
dations indicating that feasibility and pilot studies
typically have sample sizes ranging from 24 to 50
individuals.32,33

Recruitment and randomization

Potential participants were identified either by PD
consultants in the clinic or by the PD specialist nurse
team both during routine clinic and clinical caseload
review. A study advert was also placed in the neu-
rology and PD-Nurse community clinics and in the
Parkinson’s Clinic at the John Van Geest Centre
for Brain Repair at the University of Cambridge.
The advertisement requested individuals who met the
inclusion criteria and were interested in participating
to contact the research team directly.

The study Primary Investigator (PI) conducted
telephone screenings with potential participants,
offering additional study information, and inviting
eligible individuals to clinic appointments. At the
appointment, participants provided written informed
consent to participate in the study and completed the
baseline assessment conducted by a PD specialist
physiotherapist.

Participants were randomized (by an indepen-
dent researcher) to either intervention or control
group with a computer-generated random number
sequence. Participants were informed of the study
arm allocation after the baseline assessment was com-
pleted. Participants and the PI were unblinded to the
study arm allocation at this point, but the assessor
remained blinded for the duration of the study. The
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Fig. 1. Co-design approach to develop KEEP and emergent themes.

study measurements were performed between June
2022 to April 2023.

Intervention for promoting physical activity
based on the COM-B model

The Knowledge Exercise Efficacy and Partici-
pation (KEEP) intervention utilizes an innovative
blended learning format and comprises six online
modules with content that is tailored to people who
are newly diagnosed. Depending on participants’
activity levels and goals, participants access specific
exercise and physical activity content. For instance,
those who are new to exercise are guided through
the significance of starting out, offering informa-
tion and activity examples to get started. For those
already engaged in exercise and sports, the empha-
sis shifts to the importance of different exercise types
and frequencies, with tailored advice and exercises
for various sports. Individuals exercising with limita-
tions due to comorbidities are provided with content
addressing how to exercise with discomfort, along
with modified exercise examples. In addition to the
self-directed modules, participants engage in four
online group discussions facilitated by a specialist
physiotherapist accommodating up to eight newly
diagnosed PwP per session.

The KEEP intervention was co-designed with PwP
and HCPs, including a neurologist, a geriatrician,
a physiotherapist and a speech and language thera-
pist to represent the multidisciplinary skills required
for the management of PD.20 The co-design entailed
three iterative phases: phase one explored the experi-
ences and needs around physical activity and exercise
promotion. This phase entailed the triangulation of
findings from a mixed-methods study which included
surveys with both PwP34 and HCPs,19 and semi-

structure interviews with PwP. The triangulation of
data revealed high agreement (71%) between PwP
and HCPs on the core topics to be included in
the intervention. The second phase involved focus
group discussions with six PwP and six HCPs.
This phase enabled corroboration of findings from
the triangulation, informed the structure, content
and delivery method of the intervention, which was
co-developed through the Experienced-Based-Co-
design (EBCD) and participatory action research
methodology,30,35,36 incorporating the experiences,
preferences and needs of PwP as well as the views of
HCPs around physical activity promotion. The val-
idation phase included participants from the focus
group discussions as well as PPI members to review
the completed intervention, identify areas for fur-
ther development and assess content and face validity
(Fig. 1). The intervention drew upon the theoreti-
cal framework of COM-B model of behavior.37 The
model describes a behavior in terms of three cate-
gories necessary for the behavior to be performed:
capability, opportunity and motivation.37

A full description of the intervention in line
with the Template for Intervention Description and
Replication (TIDieR) guidelines38 is presented in
Supplementary Table 1. The online modules were
hosted on the Mantal Platform (http://www.mantal.
co.uk), a cloud-based software utilized in many
research studies. The duration of the KEEP interven-
tion was 8 weeks, however, participants had access
to the online modules for up to one year after the end
of the intervention (Fig. 2).

Control group

Participants randomized to the control group
received a Parkinson’s UK booklet which comprised

http://www.mantal.co.uk
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general advice on physical activity. Participants in the
control group received the KEEP intervention after
completion of the study (online modules only).

Training

A specialist physiotherapist was recruited to facil-
itate the online group discussions. The facilitator
received training regarding the theory underpinning
the KEEP intervention and its aims (TIDiER check-
list).

Feasibility and acceptability

To determine the feasibility of the study, sev-
eral key parameters were assessed. These included
recruitment, follow-up, and dropout rates as well
as feasibility of data collection, including the use
of accelerometer monitors to assess activity levels
in the PD population. Recruitment rate was deter-
mined by calculating the percentage of individuals
who consented to participate in the study out of those
who expressed interest. Attrition rate was estimated
by analyzing the overall dropout rate and differ-
ences between the control and intervention groups
post-intervention and at the 6-month follow-up. The
feasibility of data collection procedures was deter-
mined by the percentage of data completeness. The
feasibility of using accelerometer monitors was deter-
mined by compliance in wearing the device (hours per
day). The aim was to assess the feasibility and accept-
ability of using accelerometers in this population by
looking at the overall wear-time rather than specific
time periods.

Uptake rate, attendance and completion of online
modules were assessed to determine acceptability of
intervention. Moreover, a post intervention survey
was completed by participants to assess the accept-
ability of the intervention. The acceptability survey
comprised open-ended questions and Likert- type
questions.

Performance and participant-reported measures

Demographic data including age, sex, ethnicity,
years in education, marital and employment status
were collected. Performance-based and participant-
reported outcome measures were utilized. As is
appropriate in complex interventions,39 multiple
health status variables were included to assess feasi-
bility of data collection. Performance-based outcome
measures included: 1) the Unified Parkinson’s Dis-

ease Rating Scale40 (UPDRS) motor examination
part 3, which is the gold-standard scale for PD assess-
ment; 2) the Mini-BESTest,41 which is a 14-item
scale that assesses dynamic gait and balance com-
ponents, and has high inter-rater reliability and high
test-retest reliability when testing individuals with
PD;42 3) the Five Time Sit To Stand (5TSTS), which
is used to assess functional lower extremity strength,
balance and risk of falls in older adults43 and has been
used in PD populations with high interrater and test-
retest reliability.44 The performance-based outcome
measures were completed by a PD specialist physio-
therapist at baseline and 6 months post intervention.

Participant-reported measures included: the Geri-
atric Depression Scale45 (GDS) which assesses
depression in the older population; the Apathy
Evaluation Scale46 (AES) which is a standard-
ized and validated self-rating instrument to evaluate
apathy, the Oxford Participation and Activities
Questionnaire47 (Ox-PAQ) which assesses partic-
ipation and activity in patients with long-term
conditions; the Self-Efficacy for exercise scale48

(SEE) which assesses a person self-efficacy to
exercise under different circumstances; the Multi-
dimensional Outcomes Expectations for Exercise
Scale49 (MOEES) measuring outcome expectations
about the benefits of regular exercise and PA; the Gait-
Specific Attentional Profile scale50 (GSAP) which
assesses a series of distinct psychological factors that
are known to be associated with conservative gait
behaviors, often observed in anxious older adults.
These outcome measures are used and validated in
the PD population.

To assess specific knowledge about the role of
exercise and PA in the management of PD, the Knowl-
edge Exercise and Physical Activity (KEPA) in PD
was designed by the research team with input from
the Patient and Public Involvement (PPI) members,
specifically to assess knowledge around the role of
exercise and physical activity in PD management.
The PPI members were PwP, who joined academics
and clinicians who had experience and expertise in
PD as members of the advisory group for the study.

Physical activity was also reported by participants
both subjectively by completing the Recent Physical
Activity Questionnaire51 (RPAQ) recalling physical
activity in the last 4 weeks, and objectively with
an accelerometer device. The GENEactiv Original
(Activinsights Ltd., Cambridgeshire, UK) is a triax-
ial wrist-worn device with no external display that
is small (36 cm × 30 cm × 12 cm), lightweight (16 g),
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Table 1
Outcome measures and corresponding data collection timepoints

Outcome Measure Baseline Post-intervention 6-month post
(In clinic) (Remote) (In clinic)

MiniBESTest Y – Y
UPDRS III Y – Y
TUG Y – Y
GDS Y Y Y
Ox-PAQ Y Y Y
SEE Y Y Y
AES Y Y Y
KEPA PD Y Y Y
Accelerometer & RPAQ Y Y Y
MOEES Y Y Y
G-SAP Y Y Y
AoI questionnaire∗ – Y –

Mini-BESTest, Balance Evaluation Systems Test; UPDRS III, Unified Parkinson’s Disease Rating
Scale, part 3; 5TSTS, 5 times Sit to Stand; GDS, Geriatric Depression Scale; OX-PAQ, The Oxford
Participation Questionnaire; SEE, Self-Efficacy for Exercise; AES, Apathy Evaluation Scale; KEPA
PD, Knowledge on Exercise and Physical Activity in PD questionnaire; RPAQ, Recent Physical
Activity Questionnaire; MEOES, Multifactorial Outcome Expectation for Exercise Scale; GSAP,
Gait-Specific Attentional Profile; AoI questionnaire, Acceptability of Intervention questionnaire.
∗intervention group only.

and waterproof. The device was set to record at a sam-
pling frequency of 75 Hz. Wrist-worn accelerometers
have previously been shown to be a valid measure
of physical activity and sedentary time and are com-
monly used in PwP.52 Participants were asked to wear
the accelerometer continuously for seven days, on
the non-tremor side or their non-dominant wrist if
tremor was present in both arms, to reduce the likeli-
hood of activity overestimation.53 The accelerometer
and participant-reported outcomes were assessed at
baseline, post-intervention and at the 6-month follow
up (Table 1). For the post-intervention assessment,
participant reported measures were collected by
post.

Data analysis

Descriptive statistics are used to summarize par-
ticipant demographic characteristics, performance
and participant reported outcomes, and feasibility
and acceptability outcomes. These are presented as
mean with standard deviation (±SD) and median
with interquartile range (IQR) for non-normally dis-
tributed variables or count with percentage (%) for
categorical data. The responses from the open-ended
questions on the acceptability of intervention sur-
vey, are presented as individual statements. To ensure
homogeneity in the data captured via the accelerom-
eters, day 1 and day 7 were removed to account for
travel time to the clinic and posting day.

RESULTS

Feasibility

Recruitment and retention
From June to September 2022, 89 potential par-

ticipants were screened and 47 were deemed eligible
for the study. Clinicians reported main reasons for not
meeting eligibility criteria were not having idiopathic
PD diagnosis (n = 25, 42%), having a diagnosis of
dementia (n = 10, 16%) and living with PD for more
than one year (n = 6, 1%). Telephone screening was
conducted with 47 eligible participants of whom, 17
declined to participate in the study. The main reasons
for declining participation in the study were not hav-
ing access or not being able to use the internet (n = 4),
and transport issues (e.g., willingness to travel to the
clinic or inability to drive; n = 4). Refer to Fig. 3.
Recruitment to target (30 participants) was achieved
within the predefined 4-month timeframe, with a 64%
recruitment rate. Table 2 presents the demographic
and clinical characteristics of participants at base-
line. Twenty-nine of 30 participants completed the
6-month follow up assessment giving the study a 97%
retention rate.

Feasibility of data collection

Participants completed the face-to-face clinic
assessment with no complication or any adverse
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Fig. 3. Flow diagram of feasibility study for full details.

events. All 30 participants completed the perfor-
mance and participant reported outcome measures
at baseline. 28 of 30 participants attended the 6-
month post intervention assessment in clinic with
the PD Specialist Physiotherapist. Table 3 provides
a descriptive summary for all the performance and
participant reported outcomes.

One participant withdrew from the study after the
intervention had started due to bereavement and one
was unwell to travel and attend the clinic session but
consented to wear the accelerometer and complete the
participant reported measures. Data completion rate
was over 96% for the participant-reported measures
at all three timepoints (Supplementary Table 2). All

measures were feasible to collect both in clinic and
by post. There was no missing data due to postage
delivery issues.

At baseline, 26 wore the accelerometer for 6 out of
6 days and 4 wore it for 5 out of 6, with a daily mean
wear time of 23.9 hours (SD:0.234). At post interven-
tion follow-up, daily mean wear time was 23.8 hours
(SD: 0.484), and at the 6-month follow up daily mean
wear time was 23.9 hours (SD:03.43 (Fig. 4).

Intervention acceptability and adherence

Attendance and completion rate of modules was
recorded on the Mantal platform. Thirteen partici-
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Table 2
Participants’ demographic and clinical characteristics at baseline

Variables All Intervention Control
(n = 30) (n = 15) (n = 15)

Age 67.3 (±10.8) 70.27 (±5.23) 64.40 (±13.99)
Male 23 (76.7%) 11 (73.3%) 12 (80.0%)
White British 26 (86.7%) 13 (86.7%) 13 (86.7%)
Years in education 15.0 (±3.9) 14.1 (±4) 15.9 (±3.8)
Married/partnership 25 (73.3%) 15 (100%) 10 (60.0%)
Employed 10 (33.3%) 5 (33.3%) 5 (33.3%)
Retired 15 (50.0%) 10 (66.7%) 5 (4%)
Unemployed 5 (16.7%) 0 5 (33.3%)
H& Y 1 7 (23%) 4 (26.6%) 3 (20%)
H& Y 2 9 (30%) 6 (40%) 3 (20%)
H& Y 3 13 (43%) 5 (33.3%) 8 (53.3%)
H& Y 4 1(0.03%) 1 (6.6%)
On PD medication 28/30 (93%) 14/15 (93%) 14/15 (93%)
Number of comorbidities 1.0 (±1.1) 1.3 (±1.4) 0.7 (±0.7)
Number of falls 0.7 (±1.6) 0.5 (±0.6) 0.9 (±2.1)

∗Numbers are reported as mean (SD) or n (%). H& Y, Hoehn & Yahr Scale; PD, Parkinson’s disease.

pants completed the intervention as intended (86.6
%), one withdrew after 3 sessions due to family
bereavement and one could not attend the sessions
due to prebooked family holidays. Table 4 presents
the completed modules for each participant. Nine out
of 13 (69%) participants completed all six modules
(100%), and the rest completed at least 3/6 mod-
ules. The completion rate for the self-directed online
modules was 91%.

The attendance rate for the online group ses-
sions was 88%. Nine participants (69%) attended all
four online group discussion sessions, 2 participants
(15%) attended two sessions and 3 participants (23%)
attended two out of four sessions. Reasons given for
not attending the online group sessions were hospital
appointments and being unwell.

The acceptability of the intervention was measured
with the online survey which was completed by 12 out
of 13 participants (92% response rate). 83% of par-
ticipants strongly agreed or somewhat agreed they
found it easy to register and use the online plat-
form. 67% of participants somewhat disagreed or
strongly disagreed that the sessions were difficult to
understand with 25% of participants somewhat agree-
ing that the sessions were difficult to understand.
92% participants somewhat to strongly agreed they
enjoyed reading the online sessions. 83% of partic-
ipants somewhat to strongly agreed that the online
sessions explained the reasons why exercise and PA
is important in the management of PD and that the
sessions were a great source of information to allow
them choose activities specific to their symptoms and
preference (Fig. 5).

All participants reported having learned from the
experiences and knowledge shared during the group
discussions. They reported the intervention was help-
ful as it brought together the evidence but also
reinforced the importance of setting goals. Specifi-
cally, when asked whether they had experienced any
unexpected benefits, one participant mentioned:

“The huge link between PD and exercise and
the benefits it can bring. The need to set small
but significant goals to keep myself engaged with
exercise, because I’m not a person who naturally
engages with exercise.”

Another participant found the intervention empow-
ering as it allowed them to reflect on their perceptions
of their own capabilities around exercise:

“Made me aware of what I am capable of.”

While one participant discussed the impact that
participation in the intervention had on their moti-
vation and overall well-being:

“Made me feel more positive, that I can do
something to help my Parkinson’s as well as med-
ication. I have improved my fitness and strength
which I probably wouldn’t have done had I not
been motivated by being on the trial. I still have
some way to go before I’m where I want to be, but
I’m working on it.”

Finally, 11 of 12 participants reported to have made
a change in their everyday activities as a result of the
intervention. Some reported having increased their
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Fig. 4. Box plot of average daily wear time of accelerometers
during the study period.

activity levels by joining a gym or doing more exer-
cise classes:

“Took up free gym membership offered by Every-
body Active and classes there”.

Other participants are implementing the knowl-
edge they gained in the intervention by improving
posture or adjusting their exercise program:

“Yes, repeating exercises during short periods,
several times a day rather than a single long
session” (Supplementary Table 3).

Performance and participant recorded outcome
measures

Median knowledge score in the intervention group
increased in the intervention group from 5 (IQR:
3.5–6) to 6 (IQR: 5–7) post-KEEP and 7 (IQR:
6–7.75) at the 6-month follow up but remained rel-
atively unchanged in the control group. Outcome
expectations (MOEES) showed minor changes, with
the intervention group maintaining stable physical
and social outcome expectations from 25 (IQR:
24–27) to 26 (IQR: 24–27.50), and 24.5 (IQR:
23.25–27) at the 6-month timepoint. The control
group showed similar stability in physical and social
outcome expectations.

In the intervention group, objective physi-
cal activity (ENMO) increased from a baseline
median of 13.10 mg (milli gravitational units) (IQR:
11.80–19.26) to 15.01 mg (IQR: 12.15–18.13) post-
KEEP, then slightly decreased to 13.13 mg (IQR:
12.20–17.37) at the 6-month follow-up, while the
control group showed a general decrease from
17.83 mg (IQR: 12.02–23.03) at baseline to 17.38 mg
(IQR: 10.53–21.29) at the 6-month follow up. Self-
efficacy in the intervention group decreased from 56

(IQR: 49–68) to 40 (IQR: 37.5–63.5) post-KEEP
but improved to 65 (IQR: 53.75–78.25) at the 6-
month follow-up, while the control group showed
slight fluctuations from 64 (IQR: 52.50–74) to 56
(IQR: 51.5–69.5), and increased to 66 (IQR: 50–76)
at 6-months follow up. Depression (GDS), phys-
ical function (5TSTS), motor symptoms (UPDRS
III), and dynamic balance and gait (MiniBesTest)
measures also showed minimal changes across both
groups. Summary of the performance and patient
reported outcome measures are presented in Table 3.

DISCUSSION

This study demonstrated that the co-designed dig-
ital intervention promoting physical activity was
feasible and acceptable in people living with PD
for less than one year, with high acceptability and
retention rates. Additionally, the completeness of data
collection was high at all three timepoints indicating
feasibility in collecting them both in person and by
post. The chosen outcome measures were selected
to reflect the potential impact of the intervention
on various factors such as knowledge, exercise out-
come expectations, and exercise efficacy, while also
considering known barriers to physical activity par-
ticipation such as apathy, depression, and anxiety.
Utilizing many outcome measures has allowed a bet-
ter understanding on the measures to use in future
definite trial; however, it is understood that the large
number of measures could become burdensome for
some participants. Although in this study partici-
pants were able to complete them with no input from
the research team, in future studies, involving and
soliciting PwP and their perspectives on the most
appropriate outcome measures to capture changes in
physical activity behavior would be valuable. The
use of accelerometers to objectively measure activity
levels was also found to be feasible with high daily
mean wear time at all three timepoints. Participants
were asked to wear the accelerometers continuously
so that all activity and inactivity is captured and so
avoid introducing any recording bias between days
or participants, for example, not wearing it for a full
day. In large-scale population-based studies it has
been shown that participants find wearing the moni-
tor 24 hours acceptable and that it reduces the chance
of diurnal bias.54 In a future effectiveness trial, the
accelerometers could be used to assess change in time
spent in different intensities of activity across each
24-hour period.
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Fig. 5. Likert responses from participant on the acceptability of the KEEP intervention.

Results from the acceptability survey confirm par-
ticipants were able to register in the digital platform,
use it and complete the modules with no accessibility
issues being reported. Acceptability of intervention
was also high, with 92% reporting they enjoyed
reading the modules, and that modules provided
information relevant to them. All the participants
somewhat to strongly agreed they felt more confi-
dent in their understanding of the benefits of physical
activity in the management of PD. In the open-ended
questions, 92% of participants reported to have made
a change in their everyday activities following their
participation in the intervention. Participants reported
to have incorporated regular exercise sessions, joined
exercise classes, purchased exercise equipment, and
even taken advantage of free gym memberships avail-
able locally for PwP. Additionally, they mentioned
to be paying more attention to their posture and the

type and duration of exercise they do to ensure they
engage in all types of exercises, for example doing
more aerobic exercises.

This feasibility study corroborates findings of other
studies showing that digital interventions are feasi-
ble and acceptable in people with neurodegenerative
conditions.55,56 However, during recruitment four
participants declined participation due to lack of
access to a laptop or internet. While acknowledging
the benefits of digital interventions, it is paramount to
consider factors such as digital accessibility, health
and digital literacy given these factors are known
to influence engagement with digital platforms.57

Adopting co-design methods can ensure these areas
are discussed inclusively as early as possible in the
design and development of interventions.58

Health literacy was a topic of discussion dur-
ing the co-design process. The intervention modules
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were specifically designed to present information in
a clear, lay language while also providing additional
resources, links to research studies, and further mate-
rial for participants who wished to explore the topics
in greater depth. This approach aimed to accom-
modate varying levels of health literacy and ensure
that participants could engage meaningfully with the
intervention content. A step-by step guide was pro-
duced to aid participants with the creation and logging
in to their account to access the online sessions. These
insights from the co-design process were very mean-
ingful.

The study findings support previous observational
studies, which report that understanding the effects of
exercise on PD symptom management and possess-
ing exercise self-efficacy (i.e., confidence in one’s
ability to engage in exercise) are pivotal motiva-
tors for people with PD to participate in physical
activity.9–11,59 The need for non-pharmacological
interventions that complement the gold-standard
pharmacological approach in the management of PD
symptoms is well recognized,60 as is the necessity
to work collaboratively with PwP in the design and
development of interventions that aligns with their
needs.61 This study represents a co-designed ini-
tiative which equips PwP with the knowledge and
skills necessary to enable physical activity partic-
ipation and maintenance as early as the time of
diagnosis. Currently, there is a lack of standardized
approach to promoting physical activity and exercise
interventions.62 This lack of standardization poses
challenges in ensuring equitable access to physical
activity promotion, irrespective of the geographi-
cal location or socioeconomic background of PwP.
Moreover, physical activity interventions at the time
of diagnosis are scarce. A recent survey exploring
physical activity promotion from the perspective of
healthcare professionals in the UK showed that PwP
are referred to AHPs when difficulties with mobility
and balance occur,19 pointing to a reactive approach
in PD management. In a neurodegenerative condi-
tion such as PD, there is a need for a shift from the
tertiary prevention approach to a secondary preven-
tion approach, where the focus is on health promotion
rather than disability prevention.63,64

Exercise knowledge, engagement, confidence, and
competence, collectively form the concept of phys-
ical literacy.65 The KEEP intervention aimed to
promote exercise and PA participation through
improving physical literacy and exercise efficacy in
people newly diagnosed with PD. Participants were
invited to learn more about the Parkinson’s symptoms

and how exercise and PA can support their manage-
ment. The intervention was adapted to their baseline
activity levels, their goals and comorbidities, which
were assessed via a questionnaire at the beginning
of the intervention. To our knowledge, this is the first
study to provide a personalized learning path, enhanc-
ing the experience and empowering participants by
delivering information that is both useful and directly
applicable to their individual needs.66

Association between physical literacy and physi-
cal activity participation has been researched in adults
and older people as well as in people with diabetes and
suggests a positive association between the two.65

This relationship has not however been explored in
the PD population14,67 and further methodologically
robust research studies need to explore this relation-
ship. This study used a robust randomized design to
provide insights on the potential impact of the inter-
vention on previously identified drivers of physical
activity behavior among individuals living with PD,
and the role of specific and tailored education in facil-
itating behavior change. Previous investigations of
this topic have primarily relied on observational10,11

and qualitative studies.68

The acceptability survey highlighted the valuable
role of group discussions in fostering mutual learn-
ing and support among participants. While group
interventions are recognized for their benefits in alle-
viating isolation and facilitating learning through the
exchange and sharing of experiences,69 the challenge
of lower participation rates due to fixed-time sessions
was evident. This underscores the need for interven-
tion designs that prioritize flexibility (i.e., offering
participants a range of session times to choose from)
allowing participants to access and integrate inter-
ventions into their daily activities more flexibly.
Furthermore, this study demonstrated the feasibility
of data collection both in person and by post. This is a
positive indication that remote data collection meth-
ods are viable alternatives to in-person visit, which
may reduce the burden on participants, particularly
for those who may face challenges with transportation
or have mobility limitations.

Strengths and Limitations

This is the first study to assess feasibility and
acceptability of a co-designed intervention that pro-
motes physical activity in newly diagnosed PwP and
provides access to AHPs within the first year of diag-
nosis. The study might have introduced some barriers
in participation given it was available only to partici-
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pants with access to the internet and mobile device or
computer, yet it had high recruitment and retention
rates.

The study had a strong recruitment strategy and
considered factors such as socioeconomic status,
educational background, and geographic location of
participants, as these variables can significantly influ-
ence recruitment into studies as well as health-related
behaviors and outcomes.70,71 One recruitment cite
was in the center of Cambridge while the PD nurse
community clinics were based throughout Cam-
bridgeshire reaching a more diverse population to
recruit from. Despite this, recruitment from ethnic
minority groups was low and thus, caution should
be taken when generalizing the findings beyond the
specific context of the sites the study was run at.
Physical activity was assessed both subjectively and
objectively. Assessing physical activity via subjec-
tive questionnaires are subject to self-report-bias and
social desirability bias–they were, however, used in
combination with objective measures and were uti-
lized to give an indication of what activities had
changed, rather than to quantify absolute change.

Conclusion

The study findings suggests that a co-designed
digital intervention promoting physical activity is
feasible and acceptable in people who are newly
diagnosed with PD. Measuring physical activity lev-
els objectively with accelerometer monitors is also
feasible and holds significant potential in assess-
ing the effectiveness of interventions, mitigating
the self-report bias commonly encountered in sub-
jective measures of physical activity. This type of
intervention appears ideal for promoting the role
of non-pharmacological interventions early in PD
management, fostering the establishment of physi-
cal activity habits from the outset. The results of this
study also add to the existing literature on the posi-
tive role of knowledge and exercise efficacy in being
active and support the further assessment of these
motivators in larger studies to understand their asso-
ciation and active role in promoting physical activity
participation for PwP.
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