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Background: Up to half of people hospitalised with COVID-19 report version 2 » —
diverse and persistent symptoms affecting quality of life for months (revision) _ '
and sometimes years after discharge (long-COVID). We describe the 141 2023 view view

development of an online group exercise and behavioural support
intervention for people who continue to experience such physical

i version 1 " ?

and/or emotional health problems more than three months after ) )

. . 23 Feb 2023 view view
hospital discharge.
Methods: Intervention development was informed by the Medical ~ 7 mmmmmmmmmmmmmmm—m—————wmw
Research Council framework for complex interventions. Our 1. Garry A. Tew =, York St John University,
multidisciplinary team of academics, clinicians, and people with long- York, UK
COVID, had collective expertise in the development and testing of
complex interventions. We integrated a bio-psycho-social model of 2. Stefan Tino Kulnik "', Ludwig Boltzmann

care drawing on rehabilitation literature for long-term health
conditions and experiences from our pre-pilot study. Multiple
stakeholder meetings were held to refine the intervention which was Any reports and responses or comments on the
designed to be deliverable within the UK National Health Service. We
adhere to TIDieR guidance for transparent and explicit reporting of
telehealth interventions.

Results: The final REGAIN online exercise and behavioural support
intervention consisted of an initial 1:1 consultation with a trained

Gesellschaft, Salzburg, Austria

article can be found at the end of the article.
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practitioner, followed by eight online group exercise, and six group
support, sessions delivered over eight weeks. Participants could also
access an online library of on-demand exercise and support videos.
Conclusions: The final REGAIN intervention, combining exercise and
behavioural support, is fully manualised with clear pathways to
delivery and implementation. It is currently being tested in a
randomised controlled trial. The intervention, developed

with extensive patient and stakeholder engagement, could be
incorporated into existing NHS rehabilitation programmes, should it
prove to be clinically and cost-effective for people with long-COVID.
Trial registration: International Standard Randomised Controlled
Trial Number (ISRCTN) 11466448: Rehabilitation exercise and
psychological support after COVID-19 infection: REGAIN.
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14787 Amendments from Version 1

- We have amended the text throughout to improve consistency
and readability.

- We have amended Figure 2 for clarity and added Figure 3 (logic
model) and appendix 1 (sample exercise session template).

- We have added co-author Professor Charles Abraham,
School of Psychology, Deakin University, Melbourne, Australia.
Conceptualization, funding acquisition, editing and review

Any further responses from the reviewers can be found at
the end of the article

Plain English summary

Long-COVID has many debilitating symptoms, such as breath-
lessness, muscle weakness and fatigue, which significantly
affect peoples’ physical and mental health and quality of life.
Rehabilitation programmes can help people improve their qual-
ity of life in other medical conditions with similar symptoms.
We developed a programme of physical and mental health
rehabilitation, delivered online, specifically to support people
with ongoing long-COVID symptoms more than three months
after hospital discharge. The programme was developed by
people with long-COVID along with clinicians and research-
ers. The programme described in this article is now being
tested in a large research trial to see if it can help people with
long-COVID.

Introduction

‘Long-COVID’ is the term commonly used to describe symp-
toms which continue or develop after the initial acute infection
with COVID-19 has resolved. It includes ongoing symptomatic
COVID-19 (from 4 to 12 weeks) and post-COVID-19 syndrome
(12 weeks or more), where symptoms cannot be explained
by an alternative diagnosis'. As of January 2023, there were
approximately 2.1 million people (3.3% of the population) self-
reporting long-COVID in the UK'. Of those, 57% reported
symptoms lasting at least one year, and 76% reported symp-
toms that adversely affected their daily activities'. The most
common symptoms were fatigue (71%), difficulty concentrat-
ing (‘brain fog’) (49%), breathlessness (47%), and muscle aches
(46%)'. Symptoms vary in severity within and between indi-
viduals, and commonly remit and relapse over time lead-
ing to considerable distress and a negative impact on mental
wellbeing’. People often feel dismissed by medical profession-
als, and abandoned after hospital discharge, and commonly
seek validation and support elsewhere via peer behavioural
support groups and social media**. Long-COVID can have
devastating psychological, physical and cognitive consequences
that disrupt lives and livelihoods®.

To address long-COVID, an NIHR review® suggested the
need for a holistic, integrated treatment approach rather than
symptom by symptom management. This was supported by
UK COVID-19 guidelines which recommended pragmatic
treatment for psychological, emotional, and physical health’.
However, for people with long-COVID, direct face-to-face con-
tact with medical professionals in general, and specifically spe-
cialist post-COVID-19 clinics, has been difficult to access,
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and provision is highly variable. One method of countering
these problems is to provide resources online.

The primary digital resource for people living with long-COVID
in the UK is “Your COVID Recovery’® produced by the National
Health Service (NHS). ‘Your COVID Recovery’ is a com-
prehensive  NHS online resource providing self-management
symptom advice and support. However, this resource lacks
the social connection that patients often desire, is necessar-
ily generic, and may not be versatile enough to meet the needs
of everyone with long-COVID. Furthermore, awareness of the
website is not widespread, and evaluation of patient experience
of the intervention has not yet been published.

Currently, few studies have examined rehabilitation for peo-
ple with long-COVID, particularly in an online setting, although
there are reports that multidisciplinary rehabilitation can
improve symptoms in long-COVID’ and enhance quality of life
for people living with other long-term health conditions with
similar symptom profiles, such as Chronic Obstructive Pul-
monary Disease (COPD)" and Severe Acute Respiratory
Syndrome (SARS)'. Therefore, a large-scale trial to test such
an intervention suitable for online, remote delivery, is required.

This manuscript describes the design and development of an
online exercise and behavioural support intervention for peo-
ple with long-COVID. The REGAIN randomised controlled trial
(RCT) was funded by the National Institute of Health Research
COVID-19 Recovery and Learning Programme (NIHR132046)
to evaluate the clinical and cost-effectiveness of an online exer-
cise and psychological support intervention for people hospi-
talised with COVID-19 who still reported symptoms more than
three months after hospital discharge'.

Methods

Ethical approval

Ethical approval was received from the East of England-
Cambridge South Research Ethics Committee (REC: 20/EE/0235).

Written informed consent for publication of the participants
details and/or their images was obtained from the participants.

Overview of the development process

We followed the Medical Research Council framework'® for
design of complex interventions (Figure 1). Our manuscript
adheres to the recent Template for Intervention Development and
Replication (TIDieR) for ‘telehealth® complex interventions'.
Work was conducted between August 2020 and January 2021.

Stage 1: Exploratory, background research (patient
experience, evidence base, expert opinion, current
practice)

A search of bibliographic databases (MEDLINE, PsycInfo
and CINAHL) identified literature relating to behavioural or
self-management needs for people living with long-COVID.
Due to the relative paucity of long-COVID research, we also
searched for literature on chronic fatigue syndrome (CFS),
chronic obstructive pulmonary disease (COPD), and the 2002—
2004 SARS epidemic. Collectively these conditions exhibit
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Stage 1: Exploratory, background research

! 3 ! 3

Evidence-base
Review of systematic reviews and RCTs in similar
conditions (COPD, SARS, ME/CFS) to establish
effective exercise/rehabilitation interventions;
review of behaviour support interventions.

Long-COVID patient experiences
Focus group with PPI group (all COVID-19
survivors) to identify concerns & symptom
experiences after COVID-19.

L 2 L 3

Expert opinion
Contact with ICU, physical, mental health and
rehabilitation specialists to identify usual care
treatment pathways in NHS.

Current NHS practice
Review of NHS guidance and other online
interventions for long-term conditions.

¥ ¥

Stage 2: Production of draft REGAIN intervention

L ]

Weekly intervention co-development meetings to discuss content and creation of materials.

! |

Continued PPI input on REGAIN materials, specifically online exercise, participant manual, online
platform and exercise/behavioural support videos.

1

Stage 3: Pre-pilot testing of REGAIN intervention

Pre-pilot testing of the REGAIN intervention with people with long-COVID.
Stage 4: Refinement of REGAIN intervention
Final REGAIN intervention with four integrated core components
. Practitioner-led Practitioner-led On-demand
Online 1:1 . - :
. online group online group exercise and
consultation, g B =
exercise behavioural educational
and workbook . : :
sessions support sessions videos

PPI, Patient & Public Involvement; RCT, randomised control trial; SARS, severe acute respiratory syndrome;
CFS - chronic fatigue syndrome; ME, Myalgic encephalomyelitis; ICU, intensive care unit; NHS, National

Health Service.

Figure 1. Intervention development process.

several of the most common and debilitating symptoms of long-
COVID (e.g. fatigue, lethargy, breathlessness, muscle weakness,
brain fog).

Titles and abstracts of papers were assessed for relevance, pri-
oritising recent systematic reviews of needs and interventions in
long-COVID, CFS, COPD and SARS. Articles were examined
to ensure that the needs identified by our stakeholder groups
were addressed by research evidence where possible. Reports
of interventions for conditions with similar symptoms helped
to identify core components that may be effective for people
living with long-COVID.

The literature review revealed limited evidence regarding the
efficacy of rehabilitation interventions for COVID-19 survivors’.

One RCT (n=72) of respiratory rehabilitation reported
improved respiratory function, quality of life (QoL) and
anxiety in elderly people with COVID-19, but there was little
other data available. In other similar conditions, a meta-analysis
of 65 RCTs involving 3822 participants reported that pul-
monary rehabilitation programmes, combining exercise with
various psychological support and education components,
were beneficial in improving health-related quality of life
(HR-QoL) and exercise capacity in people with COPD!. Simi-
larly, a meta-analysis of eight RCTs (n=1518) concluded that
people with CFS may generally benefit and feel less fatigued fol-
lowing exercise therapy, comparable to the effectiveness of cog-
nitive behavioural therapy (CBT), with no evidence to suggest
that exercise therapy may worsen outcomes'®. Exercise training
was also reported to be effective in improving cardiorespiratory
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and musculoskeletal fitness in people recovering from
SARS, although there was no reported effect on HR-QoL!'.
Other studies highlighted the persistent mental and physi-
cal abnormalities in SARS survivors up to two years
post-infection'’. Exercise therapy alone, therefore, is likely
insufficient to optimise recovery for people with long-COVID.

We concluded that to combat the multiple long-term physi-
cal and mental health consequences of COVID-19, a combined
physical and psychological rehabilitation intervention was
required. In order to make the programme as widely accessible
as possible during COVID-19 ‘lock-downs’ and reduced access
to healthcare, the intervention was developed to be deliverable
online.

Stage 2: Production of draft REGAIN intervention

To holistically appraise the needs of people with long-term
COVID-19 symptoms following hospitalisation, a core inter-
vention development team was formed. The team (n=22) had
specialism and extensive experience in clinical academia,
physiotherapy, psychiatry, health psychology, clinical exercise
physiology, critical care medicine, complex intervention develop-
ment and implementation, and online rehabilitation and behav-
ioural support. Six people (male n=3, female n=3; age 33-62
years) with symptoms of long-COVID (3-9 months duration)
were also involved throughout every stage of the development
of the REGAIN intervention (patient and public involvement
(PPI) group). Online meetings facilitated discussions informed
by evidence from Stage 1 development. The team met fre-
quently with the objective of identifying and formulating the
key components of a complex intervention.

The research team identified key themes and priorities from
the literature to form the outline for a series of online discus-
sions held between August and October 2020 (Table 1). Consen-
sus responses relating to core components for inclusion in the
exercise and behavioural support intervention were collated
into the following categories: online group exercise classes (fre-
quency, intensity, time and type principles), concerns about post
exertional malaise/chronic fatigue, exercise programme pro-
gression, behavioural support materials, and the feasibility of
delivering the intervention online in a NHS setting to partici-
pants with diverse symptomology and varying degrees of infor-
mation technology (IT) literacy. Findings from the stakeholder
meetings are summarised in Table 1. A framework of a draft
intervention was finalised for pre-pilot testing.

Post exertional malaise

During the development phase, the trial team were contacted
by several organisations representing the Myalgic Encepha-
lomyelitis/Chronic  Fatigue Syndrome (ME/CEFS) community
with concerns relating to the potential harms of unsuper-
vised vigorous exercise for people with long-COVID, in par-
ticular the risk of post-exertional malaise'®. We recognised the
lived experience and expertise within these groups and sought
to ensure that REGAIN practitioners were appropriately
trained in risks relating to post-exertional malaise. Further-
more, early identification screening measures for post-exertional
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malaise were incorporated into the intervention protocols,
particularly during the initial one-to-one consultation and every
subsequent exercise session. Practitioners were encouraged to
monitor the progress of participants during and after exercise
sessions in order to ensure that exercise intensity and volume
were within individuals’ capabilities and did not cause undue
persistent fatigue or other problems.

Stage 3: Pre-pilot testing of the REGAIN intervention

To test acceptability and deliverability, the draft REGAIN
intervention was feasibility tested in a pre-pilot study with
eight people living with long-COVID. The online exercise and
behavioural support sessions were delivered from a commu-
nity NHS exercise rehabilitation facility (Atrium Health, Cen-
tre for Exercise and Health, Coventry). Feedback was gathered
on the acceptability and practicality of the intervention from
eight participants as well as the healthcare practitioners deliv-
ering the intervention. This included comments on the written
and online trial materials (e.g. practitioner/participant manuals)
and the online platforms used to deliver the intervention. This
helped the trial team further refine and develop the interven-
tion before proceeding to the main trial. The key findings
from the pre-pilot stage are described in Table 2.

Stage 4: Refinement of the REGAIN intervention
On-demand exercise and educational videos. The interven-
tion team, with the support of our patient partners, developed
14 ‘on-demand’ exercise videos which used a similar for-
mat to the live online exercise sessions and were designed to
account for all abilities. Lower intensity videos with postural
stability and balance exercises were included for people with
more pronounced levels of fatigue or disability. Some videos
were themed (e.g., shopping, housework) to reintroduce activi-
ties of daily living and to add some additional context for those
unaccustomed to exercise videos. We also included videos of
other exercise modalities (e.g., Yoga, Pilates, and high inten-
sity interval training (HIIT)), which had already been pro-
duced by the online physical activity provider (BeamFeelGood)
used to deliver the intervention. Finally, five videos provid-
ing advice and education on lung function and care, including
breathing techniques/exercises (Fit for Surgery team, Univer-
sity Hospital Birmingham) and six ‘mindfulness’ videos (Dr Gail
Davies) were produced to give participants additional online
resources. All videos were hosted on the online platform via
a trial-specific protected user area. Participants were encour-
aged to access these exercise videos, unsupervised, between
weekly group sessions and to progress to performing up to two
additional exercise sessions per week as tolerated.

Practitioner-led online group exercise sessions

A series of 12 templates were designed for the online group
exercise sessions. They ranged in modality from low intensity
chair-based activity to higher intensity whole body exercise.
These formed the basis of all online group exercise sessions and
ensured a level of exercise programme standardisation through-
out the trial. All the exercises within each template required
little or no equipment and were easily modifiable to account
for different ability levels within the group. Depending on the
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Table 1. Key findings from intervention co-development meetings.

Component

Online group
exercise classes

Concern about
post-exertional
malaise (PEM)

Exercise
progression

Behavioural
support materials

Feasibility of
delivery within NHS
setting

Outcome/consensus

All agreed that one supervised exercise session per week of 20-60 minutes duration, dependent on
fitness level, should be tested for acceptability during the pre-pilot phase. Additional pre-recorded
exercise classes planned to provide “on- demand” video material for participants to follow unsupervised
at home, up to 2-3 per week.

Videos would include a variety of exercises to appeal to all, including: Yoga, Pilates, chair-based and
breathing exercise videos. Concerns were expressed by patients that some exercises may not be
tolerated by more debilitated patients. The need for robust safety/emergency procedures was also
highlighted.

People with long-COVID symptoms expressed a loss of confidence about being physically active and
anxiety about relapse; also concern about over-exertion. An emphasis on fun over intensity was agreed
for first few weeks to promote confidence and adherence.

All agreed that light-moderate aerobic exercise (40-70% Heart Rate Reserve (HRR), rating of

perceived exertion (RPE) - 11-14) was realistic for most participants after familiarisation. Gentle
mobility, coordination, and balance exercises would be needed after long sedentary periods for some
participants. Clinical exercise physiologists should test acceptability during the pre-pilot phase. All Long
Covid patients agreed that IT literacy might be an obstacle to accessing sessions for older participants.

Members of trial team met with ME groups to discuss the dangers of post-exertional malaise (PEM) in
the long-COVID population. The word exercise seemed to have negative connotations, assumed to only
mean high intensity/exertion levels which could be detrimental to recovery. Use of term physical activity
would be better received. Groups were reassured that (a) intensity would be low-moderate and at the
comfort level of the individual and (b) that the risk of PEM would be minimised by closely monitoring
participants before, during, and after each session, as well as assessing risk of PEM during the initial

1:1 consultation (c) a pre-determined ‘graded’ approach adopted in previous trials would not be applied
to this population. Specific information was provided to participating clinicians during the training
sessions highlighting the need to be aware of PEM and how to address it, and a section on PEM was
incorporated into the Practitioner Manual provided to all clinicians taking part in REGAIN.

It was agreed that exercise physiologists should produce 8-12 exercise session templates of different
levels of intensity for standardised delivery across the trial.

Classes would follow a circuit format with active recovery between exercises. A point was made

that quite conceivably a group containing very low and very high ability participants was likely as
practitioners would not always be able to arrange groups based on ability level. Therefore, a great
degree of versatility was needed with exercise class design and delivery. People with long-COVID
symptoms requested ample rest periods and water breaks. Following warm-up and mobility, duration
of exercise should be progressed primarily as tolerated, for maximal therapeutic benefit. Researchers
requested that exercise physiologists collect ratings of perceived exertion (RPE) to assess intervention
fidelity.

Mind-body disconnect was mentioned by people with long-COVID symptoms, so they felt it would be
really useful to have an integrated intervention. They felt strongly that long Covid wasn't simply physical
symptoms of fatigue and breathlessness, but also how this affected their thoughts and feelings.

Many topics were deemed useful by patients, especially ‘challenging unhelpful thoughts' and ‘anxiety
management'’. Pacing of activities was considered crucial.

Talking to the trained practitioner before and after group exercise sessions in a supportive environment
was thought to be important to ensure continued adherence and group cohesion. This would also
promote peer support.

Breathing was difficult for some and so being able to stop, take a breath and relax was important.
Reinfection was also major source of anxiety/worry.

The participant workbook was thought by patients to be a long document, but all content was relevant
as this could be read in their own time. The written targets were welcomed (e.g. writing down goals),
and making notes during the session was deemed useful. Patients preferred a paper copy to an online
PDF. Patients suggested colour-coded sections of the workbook to make it less daunting, and tabs

to make easy to find sections for each weekly session. Suggested workbook format included adding
the aims of behavioural support, with short clear statements at the beginning of each section of the
workbook.

Exercise physiologists and health psychologists highlighted potential obstacles to online delivery. These
included: the need for a second practitioner, or ‘co-pilot, for safety reasons, IT connectivity , participant
retention, risk of busy classes, accurate intensity monitoring, and adequate behavioural intervention
training for practitioners less experienced with these techniques.

Actions were agreed to mitigate these issues: (1) deliver appropriate training for practitioners led by
health psychologist and an experienced clinical research fellow; (2) provide comprehensive reference
manuals for participants and practitioners to follow; and (3) ensure sufficient time was spent with each
participant during the 1:1 consultation to familiarise them with the online platform and IT requirements.
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Table 2. Main findings from pre-pilot study testing REGAIN intervention delivery.

Component

IT/online
issues

Progression

Safety

Very
debilitated
participants

One to one
consultation

Behavioural
education

group, different exercises were swapped in or out of the ses-
sion template to cater for the specific needs. Generally, the
templates included 7-8 exercises to be completed 2-3 times (i.e.,
2-3 circuits). The warm-up and cool down lasted 5-10 minutes

each.

Finding(s)

Participants not placing device in adequate
position for practitioner to view during exercises.
Some older participants had difficulty navigating
Zoom/MS Teams, enabling microphone/camera,
and accessing link to session.

Some participants accessed the session through
their Smartphone which limited functionality
(couldn't see the rest of group).

One person held smartphone throughout, so
very jerky & too close; it was not possible for the
practitioner to safely monitor exertion levels or
technique.

Participants found the progression more
acceptable once they had gained confidence in the
sessions and felt included in short 'debrief’ post
exercise with rest of group.

Participants would frequently talk or make
noise throughout, inadvertently interrupting
practitioners’ instructions.

Occasionally participants would disappear from
view- going to toilet/answering door- practitioners
were unsure if the patient was unwell.

One participant was chair bound in the same
session as another with a relatively high level of
fitness. Practitioners needed assistance from ‘co-
pilots' (via chat function) to adequately monitor all
participants.

Several participants were identified as having case
level mental health disorder on anxiety/depression
questionnaire. More discussion during the
consultations revealed a higher level of emotional
support needed than initially planned.

Some participants spent longer overcoming IT
issues than they did talking about their long-
COVID.

Participants required more support coping with
anxiety/avoidance around social interaction and
not just physical activity.

Goal setting session was difficult as most
participants experienced frequent setbacks and
had unknown timescale of recovery.

Some participants dominated the support sessions
and others barely spoke. Practitioners were unsure
how long to ‘let it go' before interrupting.

Practitioners were also unsure about PTSD issues
that some participants may be facing, and giving
advice outside of their competences.

Implications for REGAIN Intervention

During 1:1 consultation there is a need to go through
set up - test the device and where the camera will be set
up. etc. Log in to zoom and do test session. Practitioners
and ‘co-pilot’ to log in early to group sessions as
considerable time needed to let everyone into session.

Amend workbook/telephone screening calls to indicate
that a smartphone not good enough unless it can be
‘cast’ to a TV. Laptops & tablets preferred.

Class templates amended so that Practitioners could
alter the duration of exercises and recovery periods to
suit each group. Participants to be asked how they felt
the day after each session, as well as post session, to
guard against post exertional fatigue.

All participants should be instructed to mute during
exercise. Hand signals required to indicate whether
easy, ok, too hard and another to say I am unwell/need
to stop/etc.

Set ground rules and instructions at start of each class
requesting participants to signal before they leave the
screen.

Need alternative chair-based option for all exercises

in the session templates. Priority should be given to
enjoyment while participants gain confidence. Frequent
water breaks should be provided and the emphasis
placed on the participant to take responsibility for their
own exertion level

Consultations should be at least an hour in order

to introduce website and sign-up process, triage
participant for exercise classes, and go through IT
accessibility/optimal camera position etc. Regular
meetings with psychologist planned throughout trial for
ongoing advice/support for practitioners during trial.

Additional material included in the participant workbook
relating to negative thought patterns.

Practitioners should approach long COVID differently to
traditional rehabilitation for long term conditions with
no expectation of linear improvement each week

Health psychologists to do additional training with
practitioners regarding managing groups.

Results

Overview of REGAIN intervention

The final REGAIN exercise and behavioural support intervention
consisted of four main components delivered by clinical exer-

cise physiologists or physiotherapists (REGAIN practitioners).
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The final intervention structure and accompanying logic

model are presented in Figure 2) and Figure 3 respectively.

1. Online one-to one video consultation and
participant workbook
2. Eight-week exercise programme: practitioner-led

live online group sessions once per week

3. Six practitioner-led live online group behavioural
support sessions (during weeks 1-5 & week 8).

4.  On-demand exercise sessions.

Online one-to-one consultation

The one-to one consultation with a REGAIN practitioner
included several components and was designed to triage the
participant for safe exercise, and familiarise them with the IT
requirements:

e Clinical history including COVID-19 hospitalisa-
tion episode(s), resulting problems and other relevant
medical history and co-morbidities

NIHR Open Research 2023, 3:10 Last updated: 28 JUL 2023

e Potential barriers to participation

e Demonstration of, and sign-up processes, for the
online platform.
e Discussion regarding home (e.g. space, lighting)

and device set-up for live group exercise and support
sessions

Eight-week exercise programme

The online exercise rehabilitation programme delivered by
REGAIN practitioners consisted of up to 30 minutes of light to
moderate intensity exercise two to three times per week for eight
weeks. Practitioners individualised group sessions to accom-
modate varying abilities, with progressive multi-modality
exercise at a manageable intensity, monitored with breathless-
ness and perceived exertion scales. Participants were encour-
aged to attend one live online group exercise session each week,
and additionally access the online, pre-recorded exercise vid-
eos once or twice each week. This equipment-free exercise pro-
gramme aimed to improve -cardiovascular fitness, strength,
balance, co-ordination, and confidence. Sessions were undertaken

Online 1:1 consultation
30-60 mins.

Supervised live online group exercise
1 x week, 45-60 mins.

and goal setting

strategies

8—T SY99M
N

Facilitated live online group support
1 x week, 1 hour
1. Introduction, expectations, motivation,

2. Fear avoidance and pacing
3. Recovery and sleep, sleep management

. Management of emotions

5. Understanding stress and anxiety, and
management strategies

6. Managing setbacks and long-term
behaviour change and future goals

* Range of levels

On-demand library of physical activity
1-2 x week, 30 mins.

« Circuit, interval, aerobic.
* Breathing exercises, Pilates, yoga

Participant workbook

)0 @Q@

Figure 2. Final format and components of the ‘Rehabilitation Exercise and psycholoGical support After covid-19 InfectioN’

(REGAIN) intervention.
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REGAIN intervention (8-week programme; 1 x 1 hour 1:1 assessment; 1 x week 45-60 mins supervised live online group exercise (8 sessions); 1 x week group
support sessions (6 sessions); all led by a trained REGAIN practitioner.

Living with Long COVID:
bio-psycho-social
influences

Fatigue, breathlessness,

Exercise

8 structured, home-
based, online,
remotely supervised,

=

Movement and mobility, stamina, muscular
strength/endurance, cardiorespiratory fitness,
flexibility, agility, co-ordination, balance,
proprioception.

live, group-based
exercise, functional
(equipment free,
standing, chair-based
or floor-based).

generalised weakness
and deconditioning,
pain, muscle ache, fear
avoidance of activity,
lack of confidence,
cognitive functioning,
brain fog, stigma,

1:1 assessment,
B setting
expectations,

Group support

unhelpful thoughts, sessions
anxiety, stress, low * Goal setting,
mood, isolation. motivation.

e Fear avoidance,
pacing, establishing
aroutine.

* Understanding and
managing stress.

Practitioner

factors/Intervention
delivery

* Management of
emotions (mood)

o Feedback:
managing setbacks.

e Future planning,
sharing tips and
strategies.

Training and
monitoring

e Competencies

e Knowledge and skills

* Motivational
interviewing

o Attitudes and beliefs

D

Key outcomes

Mechanism of e Health related
behaviour change quality of life
Symptom

Engagement with Management e Dyspnoea
REGAIN intervention, And * Cognitive Function
and monitoring. ) n - « Health utility

i . Behavioural e Physical activity
Education/learning/ Activation « PTSD symptom
interactive group severity
sessions/case studies
(videos). e Depressive and

anxiety symptoms

£ 2 s

* Work status

® Health & social
Care resource use

® General health

* Mortality

Affective response, goal review and tailoring.
Self-efficacy and motivation enhancement.
Individual skill, assessment and development.
Communication and relationship with
practitioner/family/peers. Self-regulation.

)

Group cohesion and formation, social support. h

Figure 3. Logic model for the REGAIN intervention.

in discrete groups where participants remained in the same
group over the eight-week programme. An example of an
intermediate level exercise session is presented in Table 3.

Online group support sessions

Emerging evidence highlighted the importance of the biopsy-
chosocial model” in understanding the interrelation-
ships among risk factors and multidimensional clinical and
psychosocial COVID-19 outcomes. The support sessions were
based on behaviour change theory (Michie’s COM-B model:
mapping key processes and functions to enhance Capability,
Opportunity, and Motivation)?', self-efficacy”?, motivational
interviewing®, and group-based learning*. These theoretical
principles were used to inform the psychosocial content,
structure and delivery of the sessions in combination with
the British Psychological Guidance for management of
long-COVID which was available at the time®.

To enhance the psychological capability of participants
(as per the COM-B model), support sessions, delivered by
REGAIN practitioners, were designed to increase knowledge
and understanding about COVID-19 and its impact on daily
living. Feedback from patient partners highlighted the need
for practitioners to address misinformation from various
sources (e.g., friends/relatives, news, social media etc.) which
often caused more anxiety and distress. Reduced process-
ing and retention of information due to brain fog and poor

concentration also informed the design and content of the sup-
port sessions. Resources and activities could be paused at any
time and revisited by participants via the provided study mate-
rials (PowerPoint presentations, written summaries of key
topics, video clips and further reading). Motivation was incorpo-
rated into support sessions through exploration of self-identity
and the meaning of COVID-19 to the participants and those
around them (e.g., family). By discussing COVID-19 experiences
in a group setting, participants could see that others were having
the same issues and could share experiences and coping strate-
gies. The aim was for participants to feel validated that their
symptoms were not only real, but that they were not alone in
experiencing them.

Opportunity was the third core principle incorporated into the
support sessions: participants were permitted time to engage
in sessions in a supportive environment. Group based sup-
port sessions were chosen because they can promote behaviour
change through shared values and norms, influencing beliefs,
and encouraging common motivations and behavioural pattern-
ing. We stressed the importance of engaging with all elements
of the intervention. To help attenuate fatigue, group support
sessions were no longer than 60 minutes. The six group
support sessions below are further summarised in Table 4:

Session 1:
setting

Introduction, expectations, motivation and goal
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Table 3. Example template for a live online REGAIN exercise session.

Session Plan - REGAIN session 5
Equipment:
Comments:

Exercise Name Reps and/or

Teaching Points

Challenge: Intermediate Circuits: 2

chair (optional: weights of some kind e.g. water bottles, tins, dumbells etc)

All exercises below are interspersed with active recovery (AR), e.qg. marching, side-steps, heel digs etc

Progression Alternatives

Time (Key safety points) (where appropriate)
o Feet hip width apart
Squat + one } o Increase ROM
1 arm reach 45s0n/30s AR 5 Back Stra@ht/ head up, extend o Add vveight o Decrease ROM
arm up as you stand up
o Hold abdominals tight Add weight o Front raise
i a
2 LEEEEL e 45s on/30s AR o Slow controlled movement 9 o Seated

super slow
o Arms up to shoulders

o Toe down first to side

Side lunge with o Slight bend in knee

3 super slow 45s on/30s AR

bicep curl o When in lunge squeeze arms
into curl
o Feet hip width apart
4 High pull 455 on/30s AR O Slight bend in knees back straight © Add weight

o Stand back up bringing hands

o Pause at to
P o Alternate arms

o Deeper lunge
o Add Weight
o Pause attop

o External support
o Shallow lunge

o Decrease ROM

o increase ROM o upright row w/out legs

from knees to chest in 1 movt

o Feet flat on floor, shoulder width

apart
o Back straight, head up
o Knees soft

Wide stance
5 knee to opp.
toe touch

45s on/30s AR

o Rotate to reach down to

opposing knee
o Feet hip width apart

Standing

overhead press 455 EMETE AR

Abdominals tight

o Extend both arms up to meet in

arc overhead

o Sit towards edge of chair

Seated leg lift o Lean backinto chair

over object 45s on/30s AR

water bottle

Session 2: Fear avoidance and pacing
Session 3: Recovery and sleep, sleep management strategies

Session 4: Management of emotions (perceived stigma, mood/
unhelpful thoughts)

Session 5: Understanding stress and anxiety, and management
strategies

Session 6: Managing setbacks and long-term behaviour change
and future goals.

Behavioural support videos

Feedback from our patient partners and intervention practition-
ers suggested potential benefit of having a short video or con-
versation where topics could be explored and viewed during

o Slight pelvic tilt to protect back,

o Lift straight leg one at a time over

o Increase ROM to ankle o Decrease ROM
o wider stance o seated

o Alternate arms
o Seated
o Frontal raise

o Add weight
o Pause at top

o bentleg

hi h
o both legs together o hold chair for balance

the group sessions. We developed short introductory vid-
eos for each of the six group support topics. The videos fea-
tured discussions between the trial health psychologist and
patient partners, filmed and edited by a professional production
company. Practitioners played the relevant video at the start
of each group support session with the intention that partici-
pants may recognise patterns of behaviour in themselves, thus
stimulating support group discussion.

Intervention fidelity: practitioner training and quality
control

To ensure standardisation of intervention delivery, all REGAIN
practitioners completed a full day of training. This included
practical and theoretical components, delivered by a clini-
cal exercise research fellow and health psychologist. Guidance
was provided on delivery of behavioural education sessions,

Page 10 of 22



NIHR Open Research 2023, 3:10 Last updated: 28 JUL 2023

Table 4. Summary of REGAIN intervention components and theoretical underpinnings.

Intervention
component

One to one consultation

Support session 1
Introduction, expectations,
motivation and goal
setting

Group session 2 Fear
avoidance and pacing

Group session 3
Recovery and sleep, sleep
management strategies

Group session 4
Management of emotions
(perceived stigma, mood/
unhelpful thoughts)

Group session 5
Understanding stress and
anxiety and management
strategies

Group Session 6 Managing
setbacks and long-term
behaviour change and
future goals.

Aims

To gather relevant information (clinical
history)

To assess motivations and potential barriers
to engagement with the REGAIN Intervention

To demonstrate and introduce the online
platform

To offer an opportunity to answer any
questions related to the study or intervention
and discuss home environment for
engagement with the sessions

To introduce and familiarise participant with
the programme

Getting to know the group

Explore personal and group expectations
allowing time for planning, prioritising and
setting achievable targets

Explore motivation, understanding potential
short term and long-term benefits of
engagement in the programme

To introduce relationship between thoughts,
feelings, and emotions related to avoidance
of behaviour (for example fear of aggravating
COVID-19 symptoms such as breathlessness/
fatigue)

Exploring reasons for fear avoidance and
consequences on health outcomes

Exploring strategies to overcome fear
avoidance and introduce pacing of activities

To explore how sleep patterns may have
changed since having COVID

Understanding sleep
Introduction of sleep management strategies

To introduce and explore the impact of
COVID on mood, thoughts and behaviour
including unhelpful thought patterns

Introduce skills for reframing thoughts,
encouraging engagement with all
components of the programme

To understand and explore impact of stress
on symptom management (acute vs chronic
stress)

Understand own stress response to COVID
and hospitalisation

Introduce stress management strategies

To consolidate learning from previous
sessions and reinforce long term behaviour
change

To introduce management of setbacks and
strategies of problem solving for long term
change

Theoretical
Framework(s)

COM-B
Self-efficacy

Communication

COM-B
Social Learning Theory

Bio-Psycho-Social

COM-B
Self-Efficacy
Bio-Psycho-Social

COM-B
Bio-Psycho-Social

COM-B

Cognitive Behavioural
Principles

COM-B
Bio-Psycho-Social

COM-B
Group Based Learning

Self-management

Behaviour Change Taxonomy

Goal setting (behaviour)

Restructuring the physical
environment

Instruction on how to perform a
behaviour (online platform)

Verbal persuasion about
capability (if appropriate)

Goal setting (behaviour)
Goal setting (outcome)

Action planning

Information about
antecedents
Problem solving

Information about health
consequences

Problem solving

Re-attribution

Social support (emotional)
Information about emotional
consequences

Monitoring of emotional
Consequences
Framing/reframing
Information about social and
environmental consequences
Reduce negative emotions

Problem solving
Review behaviour goal(s)
Social support (emotional)

Comparative imagining of future
outcomes

Self-talk
Focus on past success
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Intervention
component

Practitioner handbook

Participant workbook

Live group exercise
sessions

On demand exercise
Videos

Other on demand videos;
breathing technique,
mindfulness

Aims

To provide step-by-step guidance on
delivering the REGAIN intervention

To provide facilitation skills and motivational
interviewing prompts and questions for
group sessions

Provide information on programme
structure, safety and contact information for
further support if needed

Provide information and content for each
session, with clear aims, and tasks to
complete to consolidate learning

To allow a log of personal progress and
reflection and point of reference during the
programme and beyond

To increase ability to engage in physical
activity

To increase strength, flexibility, balance and
aerobic capacity.

To increase confidence in ability to move and
engage in physical activity

To encourage physical activity outside of live
sessions.

To strengthen group dynamics

To increase ability to engage in physical
activity

To increase strength, flexibility, balance and
aerobic capacity.

To increase confidence in ability to move and
engage in physical activity

To encourage physical activity outside of live
sessions.

To provide advice and education on relevant
topics.

To provide associated skills/behaviours to
promote engagement in physical activity

To increase confidence in ability to move and
engage in physical activity

NIHR Open Research 2023, 3:10 Last updated: 28 JUL 2023

Theoretical
Framework(s)

COM-B

Motivational
Interviewing

COM-B
Self-Efficacy

Bio-Psycho-Social

COM-B
Self-Efficacy
Group Based Learning

Social Learning Theory

COM-B
Self-Efficacy

COM-B
Self-Efficacy

Behaviour Change Taxonomy

Feedback on behaviour (through
quality assessment and

observations of sessions)

Credible source

Self-monitoring of outcome(s) of
behaviour

Information about health
consequences

Behavioural practice/rehearsal

Feedback on outcome(s) of
behaviour

Instruction on how to perform a
behaviour

Demonstration of the behaviour
Graded tasks
Body changes

Demonstration of the Behaviour

Instruction on how to perform a
behaviour

Behavioural practice/rehearsal
Body changes

Demonstration of the Behaviour

Instruction on how to perform a
behaviour

Behavioural practice/Rehearsal

Distraction

motivational interviewing techniques, and group facilitation
skills. All practitioners completed an assessment after training,
to gauge readiness to deliver the intervention and/or the need
for further training or support. Practitioners were provided with
comprehensive written instruction manuals, and met monthly
with a senior health psychologist and other members of the
intervention delivery team for ongoing support, advice and
troubleshooting. All intervention components were within
the scope of normal practice for the clinicians involved. The
REGAIN intervention was designed for delivery by NHS
clinical exercise physiologists or physiotherapists. All prac-
titioners were subject to regular quality control reviews con-
ducted by an independent health psychologist, clinical exercise

physiologist, and qualitative researcher using pre-determined
checklist criteria. This ensured that exercise and behavioural
support sessions were delivered in a standardised manner.
All online sessions were recorded for independent review
as part of a separate process evaluation.

Safety

Supervised sessions were led by practitioners experienced in
the assessment, prescription, and delivery of exercise for multi-
morbid clinical populations. Pre-exercise session online poll
questions were completed by participants to capture any adverse
events experienced since the previous supervised session.
Practitioners also ended each session by inquiring about any
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symptoms or adverse events the participants may have experi-
enced. Participants with any issues were asked to remain online
after the session or were contacted by telephone or email to
explore further. If a participant failed to attend an interven-
tion appointment, the practitioner attempted to contact them via
telephone or email to ascertain their welfare.

Exercise carries a very small theoretical risk of complications.
All participants were assessed during the one-to-one consulta-
tion for any underlying health conditions or severe complica-
tions related to COVID-19. Participants were excluded from the
study at the eligibility stage where exercise was clearly con-
traindicated, as assessed by a clinical member of the research
team. A further assessment was undertaken by the REGAIN
practitioner, through discussion with the patient about their
current health, at the time of the initial online interven-
tion assessment. During all group online exercise and support
sessions, a second practitioner (‘co-pilot’) was immedi-
ately available online to assist with any emergencies, or if a
participant became unresponsive or left the session without prior
notification.

Regulatory compliance

To ensure compliance with appropriate confidentiality and
data protection regulation, the proposed online intervention
delivery platform and associated data storage facilities were
rigorously reviewed and approved by organisational Infor-
mation Governance committees, further to submission of a
comprehensive Data Protection Impact Assessment.

Discussion

Regular physical activity can benefit people recovering from
illness by increasing cardiorespiratory fitness and muscle
strength, and reducing breathlessness. However, overly vigor-
ous or prolonged activity without adaptation for ability or ade-
quate rest periods can be detrimental to recovery and motivation,
particularly for people with post-viral fatigue. It is important to
mediate the psychosocial obstacles to activity and include inter-
vention components designed to reduce anxiety and improve
confidence, thus supporting people to regain physical strength,
mobility, and independence. Provision of psychological support
has become more challenging due to online delivery and dif-
fering levels of IT literacy. Hence, during development and
pre-pilot testing, it was consistently demonstrated that our inter-
vention would need to be as accessible and well supported
as possible to avoid poor uptake and maintain adherence.

The introduction of an hour-long one-to-one consultation
prior to the group sessions, a ‘co-pilot’ facilitator during the
exercise sessions, and a comprehensive printed participant
workbook aimed to address participants’ concerns about their
condition and any additional fear of engaging with digital tech-
nology. During the pre-pilot phase, we discovered that not
only did the support sessions enhance engagement with the
exercise sessions, but equally, the exercise sessions enhanced
engagement with the support sessions. that the opposite was
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also true. We found substantial unmet need for this patient
group in being able to talk about their traumatic experiences
in hospital with COVID-19, and their need to validate their
ongoing problems since discharge. Our patient stakeholders
expressed their desire to return to activities of normal living,
(e.g., returning to work, walking to collect their children from
school), or resume basic domestic chores at home. This required
not only improved aerobic endurance and muscle strength,
but also the knowledge, confidence and skills to cope with the
inevitable peaks and troughs of recovery. Exercise practitioners
also expressed their desire to improve their own group facili-
tation skills to best support the complex emotional needs of
patients traumatised by COVID-19 and hospitalisation. The final
fully manualised complex intervention for the REGAIN trial
was co-produced with patients, lay people and healthcare pro-
fessionals, and has been rolled out for testing in the REGAIN
randomised controlled trial.

Conclusion

The REGAIN trial will be the largest study to-date to test
whether online group exercise rehabilitation and psychologi-
cal support delivered by NHS professionals is clinically and
cost-effective  for people with long-COVID symptoms more
than three months after hospitalisation, when compared to
best practice usual care. The REGAIN intervention, developed
with extensive patient and stakeholder engagement, could be
incorporated into existing NHS rehabilitation programmes,
should it prove to be clinically and cost-effective for people with
long-COVID.

Data availability

Underlying data

Dryad: REGAIN trial intervention development
evaluation data, https://doi.org/10.5061/dryad.n8pk0Op30r2.

process

This project contains the following underlying data:

e REGAIN_PPI_feedback_on_behavioural_component_
and_practitioner_manual.doc

e Live_online_exercise_session.docx

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).
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I thank the authors for addressing my comments.

I note that the members of the PPI group have now been named in the acknowledgements, which
is a lovely touch.

(One small correction can be incorporated in the typesetting: there is an incomplete part-sentence

in the second paragraph of the discussion which reads "that the opposite was also true" and which
can be deleted.)
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Institute for Health and Care Improvement, York St John University, York, UK

Thank you for updating the manuscript.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Professor of Clinical Exercise Science

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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? Stefan Tino Kulnik
Ludwig Boltzmann Institute for Digital Health and Prevention, Ludwig Boltzmann Gesellschaft,
Salzburg, Austria

Thank you for inviting my peer review of this manuscript entitled ,Development of an online
intervention for the Rehabilitation Exercise and psycholoGical support After covid-19 InfectioN
(REGAIN) trial“. The manuscript describes the stepwise design of a tele-rehabilitation intervention
for individuals with persisting symptoms of COVID-19 more than 3 months after infection.
Intervention design was guided by the Medical Research Council framework for the development
of complex interventions. The reporting followed the TIDieR checklist, including the recent
extension for telehealth interventions.

I appreciate the detailed description of the intervention development process in this well-
presented manuscript, which demonstrates good practice for transparency and scientific rigour
and can be helpful for other intervention developers. I have the following comments for the
authors' consideration, which I suggest to further strengthen the manuscript:

In the plain English summary, you could explicitly state that this is an online/remote
intervention.

In the Methods:

Figure 1 is very helpful. I noticed that there are 4 components described in Stage 1 in Figure 1
(patient experience, evidence base, expert opinion, and current NHS practice), but in the main text
under Stage 1 there is description of the review of evidence only. For consistency, I suggest to also
briefly describe the other 3 components in the main text under Stage 1.
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It would also be helpful for readers to be provided more information on the make-up of the PPI
group (number of participants, gender distribution, age groups, months of living with long
COVID), and the number and clinical roles of the individuals who were consulted for their expert
opinions.

Stage 3 of the development process is described as ,pre-pilot’, which could be read to imply that
there follows a formal ,full’ pilot study - but I understand that the intervention went directly to a
definitive trial. Perhaps you can clarify this in the manuscript.

Please add a description of the timeline (month/year to month/year), ideally for each of the
Stages.

In the Results:

I enjoyed reading about the many good design decision that were made during the development
process, such as the short introductory videos to stimulate support group discussion, and the
thorough approach for screening for adverse events.

Tables 1, 2, and 3 and Figure 2 provide a good amount of relevant and helpful information. Some
sentences seem abbreviated with missing articles, which I feel could be written out for better
readability. Acronyms used in the tables could be explained in a legend. In Figure 2, I noticed that
the wording of the online group support sessions 1-6 is not completely consistent with Table 3 and
the main text. The image to illustrate the exercise programme in Figure 2 could better be an
image without exercise equipment, as I understand it was a deliberate design decision to select
exercises without need for equipment. In table 3 (row ,Group session 2/, last column) the first
behaviour change taxonomy seems to be incomplete (,Information about’).

It was not quite clear to me whether all intervention components are intended to be delivered by
clinical exercise physiologists or physiotherapists (i.e., the group support sessions also). You could
state this more clearly.

Regular quality control reviews and recording of online sessions for independent review are
described. Here it would be helpful to have more detail on who conducts these reviews, whether
any particular assessment tools are used, and whether this is intended solely for trial purposes or
also as an ongoing quality assurance measure if the intervention would be rolled out in practice.

I appreciated the design decisions for patient safety. In table 1, there is mention of aiming at a
rate of perceived exertion (RPE) of 11-14. You could elaborate on this in the main text also and add
a reference to the Borg RPE scale.

Table 3 provides a helpful linkage of intervention components with behaviour change theory. I
would suggest that adding a figure with an explicit logic model is also required, to give readers an
overview of the proposed mechanisms of action, linking through from the context and problem to
the anticipated behavioural and clinical outcomes. This would be in line with the MRC framework
recommendations.

Although the TIDieR checklist is not provided as a separate document, I think the manuscript
covers most items of the checklist. Specifically with regard to the tele-rehabilitation/telehealth
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aspect, you could add details of the technical and data regulatory requirements of the intervention
(e.g., is it necessary to use certain video-conferencing tools to meet data protection regulations,
etc.).

In the Discussion, 2nd paragraph, the meaning of the statement, but that the opposite was also
true was unclear to me.

I note the two supplemental data files which are available for download on Dryad. These are
helpful, but you could augment the files by adding more contextual detail for the reader, such as
dates, number and characteristics of persons involved, who moderated/facilitated the activities,
etc.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Digital health, rehabilitation, physiotherapy, co-design, patient and public
involvement, complex interventions, behaviour change

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 23 Jul 2023
Gordon McGregor

Reviewer 2

Thank you for inviting my peer review of this manuscript entitled ,,Development of an online
intervention for the Rehabilitation Exercise and psycholoGical support After covid-19 InfectioN
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(REGAIN) trial“. The manuscript describes the stepwise design of a tele-rehabilitation intervention
for individuals with persisting symptoms of COVID-19 more than 3 months after infection.
Intervention design was guided by the Medical Research Council framework for the development
of complex interventions. The reporting followed the TIDieR checklist, including the recent
extension for telehealth interventions.

I appreciate the detailed description of the intervention development process in this well-
presented manuscript, which demonstrates good practice for transparency and scientific rigour
and can be helpful for other intervention developers. I have the following comments for the
authors’ consideration, which I suggest to further strengthen the manuscript:

Thank you for your thorough and insightful review. We have amended the
manuscript, figures, and tables accordingly for detail, clarity, consistency and
readability (unless otherwise stated) in response to each of your suggestions below.

In the plain English summary, you could explicitly state that this is an online/remote intervention.

In the Methods:

Figure 1 is very helpful. I noticed that there are 4 components described in Stage 1 in Figure 1
(patient experience, evidence base, expert opinion, and current NHS practice), but in the main text
under Stage 1 there is description of the review of evidence only. For consistency, I suggest to also
briefly describe the other 3 components in the main text under Stage 1.

It would also be helpful for readers to be provided more information on the make-up of the PPI
group (number of participants, gender distribution, age groups, months of living with long
COVID), and the number and clinical roles of the individuals who were consulted for their expert
opinions.

Stage 3 of the development process is described as ‘pre-pilot, which could be read to imply that
there follows a formal ,full’ pilot study - but I understand that the intervention went directly to a
definitive trial. Perhaps you can clarify this in the manuscript.

The pre-pilot phase preceded a 3-month internal pilot which continued seamlessly into
the full trial.

Please add a description of the timeline (month/year to month/year), ideally for each of the
Stages.

In the Results:

I enjoyed reading about the many good design decision that were made during the development
process, such as the short introductory videos to stimulate support group discussion, and the
thorough approach for screening for adverse events.

Tables 1, 2, and 3 and Figure 2 provide a good amount of relevant and helpful information. Some
sentences seem abbreviated with missing articles, which I feel could be written out for better
readability.
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Acronyms used in the tables could be explained in a legend.

In Figure 2, I noticed that the wording of the online group support sessions 1-6 is not completely
consistent with Table 3 and the main text.

The image to illustrate the exercise programme in Figure 2 could better be an image without
exercise equipment, as I understand it was a deliberate design decision to select exercises without
need for equipment.

In table 3 (row ,Group session 2, last column) the first behaviour change taxonomy seems to be
incomplete (,Information about).

It was not quite clear to me whether all intervention components are intended to be delivered by
clinical exercise physiologists or physiotherapists (i.e., the group support sessions also). You could
state this more clearly.

Regular quality control reviews and recording of online sessions for independent review are
described. Here it would be helpful to have more detail on who conducts these reviews, whether
any particular assessment tools are used, and whether this is intended solely for trial purposes or
also as an ongoing quality assurance measure if the intervention would be rolled out in practice.

Determination of delivery practices should the intervention be rolled out in clinical
practice are out with the scope of this manuscript.

I appreciated the design decisions for patient safety. In table 1, there is mention of aiming at a
rate of perceived exertion (RPE) of 11-14. You could elaborate on this in the main text also and
add a reference to the Borg RPE scale.

Reference added.

Table 3 provides a helpful linkage of intervention components with behaviour change theory. I
would suggest that adding a figure with an explicit logic model is also required, to give readers
an overview of the proposed mechanisms of action, linking through from the context and
problem to the anticipated behavioural and clinical outcomes. This would be in line with the MRC
framework recommendations.

Logic model added (figure 3).

Although the TIDieR checklist is not provided as a separate document, I think the manuscript
covers most items of the checklist. Specifically with regard to the tele-rehabilitation/ telehealth
aspect, you could add details of the technical and data requlatory requirements of the
intervention (e.g., is it necessary to use certain video-conferencing tools to meet data protection
regulations, etc.).
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Regulatory compliance section added.

In the Discussion, 2nd paragraph, the meaning of the statement, but that the opposite was also
true was unclear to me.

I note the two supplemental data files which are available for download on Dryad. These are
helpful, but you could augment the files by adding more contextual detail for the reader, such as
dates, number and characteristics of persons involved, who moderated/facilitated the activities,
etc.

These are raw data, thus cannot be altered. Information regarding data collection is
outlined in the manuscript.

Competing Interests: none

Reviewer Report 18 May 2023

https://doi.org/10.3310/nihropenres.14502.r29247

© 2023 Tew G. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Garry A. Tew
Institute for Health and Care Improvement, York St John University, York, UK

The manuscript by Ennis and colleagues describes the development of the REGAIN intervention;
an online group exercise and behavioural support intervention for people with long-COVID.

A multi-stage development process was undertaken, including: (1) background research, (2) co-
production meetings to draft the intervention, (3) pre-piloting of the intervention with people
suffering from long-Covid, and (4) refinement of the intervention based on initial experiences and
feedback.

The final intervention included four main components: (1) an online 1:1 consultation, (2) online
group exercise sessions, (3) online group behavioural support sessions, and (4) on-demand
exercise and educational videos.

The manuscript is clearly written and includes everything that I would expect to see for this type of
paper. I will be interested to see the results of the trial. I only have two relatively minor
suggestions:
1. In figure 2, consider adding something about the on-demand exercise sessions and
consider repositioning the information on the behavioural support sessions so that it
doesn’t look like it happens after the exercise programme.
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2. I was left wanting a bit more information about the content of the group exercise sessions
and on-demand exercise videos. Consider providing access to at least one of the 12 exercise
session templates via the manuscript. And a link to at least one of the 14 videos.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Not applicable

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Professor of Clinical Exercise Science

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Author Response 23 Jul 2023
Gordon McGregor

Thank you for these helpful suggestions. We have amended figure 2 accordingly and
have added an example exercise session template.

Competing Interests: none
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