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Abstract

Introduction Many adults hospitalised with COVID-19 have persistent symptoms such as fatigue, breathlessness and
brain fog that limit day-to-day activities. These symptoms can last over 2 years. Whilst there is limited controlled stud-
ies on interventions that can support those with ongoing symptoms, there has been some promise in rehabilitation
interventions in improving function and symptoms either using face-to-face or digital methods, but evidence remains
limited and these studies often lack a control group.

Methods and analysis This is a nested single-blind, parallel group, randomised control trial with embedded quali-
tative evaluation comparing rehabilitation (face-to-face or digital) to usual care and conducted within the PHOSP-
COVID study. The aim of this study is to determine the effectiveness of rehabilitation interventions on exercise
capacity, quality of life and symptoms such as breathlessness and fatigue. The primary outcome is the Incremental
Shuttle Walking Test following the eight week intervention phase. Secondary outcomes include measures of func-
tion, strength and subjective assessment of symptoms. Blood inflammatory markers and muscle biopsies are an
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rehabilitation (face-to-face or digital) to usual care.

lic, and published in appropriate journals.
Article summary Strengths and limitations of this study

and activity limitation as a top priority

exploratory outcome. The interventions last eight weeks and combine symptom-titrated exercise therapy, symptom
management and education delivered either in a face-to-face setting or through a digital platform (www.yourcovidr
ecovery.nhs.uk). The proposed sample size is 159 participants, and data will be intention-to-treat analyses comparing

Ethics and dissemination Fthical approval was gained as part of the PHOSP-COVID study by Yorkshire and the
Humber Leeds West Research NHS Ethics Committee, and the study was prospectively registered on the ISRCTN trial
registry (ISRCTN13293865). Results will be disseminated to stakeholders, including patients and members of the pub-

- This protocol utilises two interventions to support those with ongoing symptoms of COVID-19
- This is a two-centre parallel-group randomised controlled trial
- The protocol has been supported by patient and public involvement groups who identified treatments of symptoms
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Introduction

Background and rationale
The current coronavirus (COVID-19) pandemic, caused
by infection with the severe acute respiratory syndrome

coronavirus 2 virus (SARS-CoV-2) virus, has resulted
in hundreds of thousands of people being admitted to
hospital for acute medical management in the UK [1].
In 2020, approximately 15% of individuals diagnosed
with COVID-19 required clinical support in a hospital
setting, with severe cases requiring a prolonged stay in
intensive care [2]. Importantly, recent data has demon-
strated that over 70% of individuals are not fully recov-
ered at 5 months and 1 year, and those discharged from
hospital care are likely to have at least one persistent
symptom, such as dyspnoea, fatigue, chronic cough,
functional impairment or mental health impairments
4—6 months post-discharge which can last 2 years [3-5].
Individuals experiencing COVID-19 symptoms more
than 12 weeks after initial infection are considered to
have ‘post-COVID syndrome’ or ‘long-COVID’ [6].
Ongoing symptoms can lead to functional impairment,
reduced exercise capacity and difficulty performing
activities of daily living including return to work [3].

The exact mechanisms for post-COVID-syndrome
and exercise intolerance are not entirely understood and
could be a combination of a number of factors which are
dysfunctional breathing pattern, fibrosis/structural lung
changes resulting in breathlessness and activity limitation
and deconditioning and symptom limitation. COVID-
19 can result in a dysregulated and exhausted immune
system [7]. Elevated concentrations of immune-derived
markers of systemic inflammation, such as tumour
necrosis factor-a (TNF-«), interleukin-6 (IL-6) and inter-
leukin-8 (IL-8), have been observed up to 40 days after
COVID-19. The severity of ongoing health impairments
are associated with increased levels of inflammatory pro-
teins including IL-6 5 months after hospital discharge [3].

Exercise and self-management rehabilitation pro-
grammes improve symptoms, such as breathlessness and
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fatigue, reduce the risk of hospitalisation, and increase
health-related quality of life in other chronic conditions
[8-10]. The benefits of pulmonary and cardiac rehabili-
tation provide protection from morbidity and mortality,
whilst reducing clinical burden [11, 12]. Exercise training,
in the context of rehabilitation programmes, represents a
pragmatic therapy capable of improving the function of
a range of biological systems, including the pulmonary,
cardiovascular, neuromuscular, and immune system, by
increasing exercise tolerance and reducing symptom bur-
den [13].

Given the similarity between symptoms of individu-
als with post-COVID-syndrome and those with chronic
diseases, it is plausible to propose that rehabilita-
tion may convey a range of benefits following hospi-
talisation [6]. Early evidence supports this hypothesis,
with 6 weeks of COVID rehabilitation resulting in an
increase in exercise tolerance and improved respira-
tory symptoms, fatigue, and cognition in individuals
with post-COVID-syndrome [14]. Five studies have
been identified as delivering a rehabilitation interven-
tion for COVID-19 in a systematic review with evolving
evidence that rehabilitation can improve breathless-
ness and other post-COVID symptoms [15]. Impor-
tantly, the interventions focused on breathing exercises
and low level physical activity advice, with little details
on exercise prescription [15]. Attending face-to-face
programmes can be challenging for some individuals
particularly around work and with travel issues and
therefore a suitable alternative such as digital interven-
tions are required.

There is evidence to support an unsupervised telere-
habilitation programme of aerobic exercises, breathing
exercises and lower limb strengthening exercises fol-
lowing hospitalisation with COVID-19 [16]. This dem-
onstrated improvements in exercise capacity measured
by the 6-min walk test in those with moderate breath-
lessness (modified MRC 2-3) [16]. NHS-England has
co-developed a website (www.yourcovidrecovery.nhs.
uk) alongside people with lived experiences of COVID-
19. An increasing body of evidence supports the use
of digitally delivered rehabilitation programmes in
long-term condition conditions that overcome several
access barriers to traditional face-to-face programmes
[17, 18]. Early data has shown that the use of the Your
COVID Recovery programme can improve health-
related quality of life and COVID-related symptoms in
an uncontrolled sample [19].

This protocol describes a randomised controlled trial
with embedded qualitative evaluation to investigate
whether an 8-week rehabilitation programme is more
effective at improving recovery, compared to usual care
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following hospitalisation with COVID-19. The protocol
has been written in accordance with the Standard Pro-
tocol Items: Recommendations for Interventional Trials
(SPIRIT) guidance [20] and was developed in response
to the priority setting partnership alongside experts
in rehabilitation and those with lived experience of
COVID-19 [21].

Objectives

Primary objective

The primary objective of this study is to determine
whether rehabilitation (either face-to-face or digital)
added to usual care increases physical function com-
pared to usual care alone in individuals with ongoing
symptoms following COVID-19 hospitalisation.

Secondary objectives

+ To compare the efficacy of face-to-face and/or digital
COVID-19 rehabilitation strategies to a usual care in
improving exercise capacity and symptoms in indi-
viduals following a COVID-19 hospitalisation

+ Investigate the effect of face-to-face rehabilitation vs.
usual care on immune cell counts, inflammatory cell
phenotypes and stimulated-immune cell inflamma-
tory cytokine release in blood biomarkers

+ To understand the skeletal muscle response to reha-
bilitation in patients with ongoing post-COVID
symptoms, including metabolic, gene/protein expres-
sion, and inflammatory changes

+ To understand barriers and facilitators to the delivery
and implementation of COVID rehabilitation (digi-
tal and face-to-face) in people with ongoing post-
COVID symptoms, and staff delivering the service

Methods

Trial design and setting

This study is delivered in two UK centres and is single-
blind parallel group randomised controlled trial. This
trial aims to assess superiority of the interventions com-
pared to a control (see Fig. 1). This study is a sub-study
to the PHOSP-COVID study detailed elsewhere [3]
(ISRCTN10980107).

Participants—eligibility criteria

Participants are eligible if they were admitted to hospi-
tal during the acute phase of their COVID-19 confirmed
(by PCR) or clinician diagnosed COVID-19 and have
ongoing symptoms lasting more than 12 weeks, with no
upper limit, that may be modifiable by a rehabilitation
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Enrolmentonto trial

Level of access to

rehabilitaiton determined

Either intervention

Fig. 1 Randomisation process for PHOSP-R trial

programme. These symptoms include reduced activity/
exercise tolerance, fatigue, dyspnoea, musculoskeletal
pain, short-term memory loss and a slowing down in
thinking [14].

Individuals with a contraindication for exercise, as
documented in the American College of Sports Medi-
cine guidance, symptoms indicative of another medical
condition that require further investigation/manage-
ment or unstable comorbidities that require follow-up
(i.e. palpitations), or who have completed COVID-19/
exercise rehabilitation in the preceding 6 months will
be excluded from the study. Those who were not admit-
ted to hospital during their SARS-Cov-2 infection
will be excluded [22]. Individuals must be willing to
attend the face-to-face rehabilitation programme and/
or access the digital rehabilitation programme to par-
ticipate in this study. Those with a diagnosis of post
exertional malaise or in the absence of a diagnosis but
experiences severe debilitating fatigue (home or bed
bound) that worsens with activity will not be recruited
to this study.

Who will take informed consent

Eligible participants will provide written informed con-
sent alongside the delegated research study staff prior to
being randomised into a study group.

Usual Care (n=53)

Additional consent provisions for collection and use

of participant data and biological specimens

Participation in sub-studies is indicated on the con-
sent form. If the participant agrees, the study team will
request consent for review of the participants’ medical
records and for the collection of blood samples to assess
inflammatory markers and skeletal muscle biopsies. An
additional clinical consent form is completed for muscle
biopsies as it is an invasive procedure.

Interventions
All groups receive usual care as defined by the National
Institute for Clinical Excellence COVID-19 guidance.

Face-to-face rehabilitation

This is an individualised symptom titrated programme
of exercise, education and self-management. Individu-
als will complete up to five sessions per week, two of
which are supervised sessions, for 8 weeks (approxi-
mately 90-120 min per session), delivered by health-
care professionals. The rehabilitation programme will
consist of aerobic exercise (i.e. treadmill/ground walk-
ing at approximately 80% of incremental shuttle walk
test (ISWT) speed where tolerated, cycling on a cycle
ergometer) and resistance exercise training (upper and
lower limb strength exercises). The exercise intensity
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and duration is tailored to the individuals current abili-
ties, assessed in their first visit and calculated using a
predicted VO, max determined by the ISWT. In addi-
tion to the supervised sessions, patients will be asked
to perform home-based exercise sessions which mimic
the supervised sessions: three aerobic exercise sessions
and one resistance exercise session per week which are
recorded in a self-reported diary. This is used in con-
junction with self-reported symptoms and will be used
to determine exercise modifications and progression.
Participants will be monitored for their symptoms dur-
ing the programme and recorded in a self-reported diary,
which includes the Borg and Rate of Perceived exer-
tion. The programme will be modified in line with their
symptoms and either increased or decrease the intensity
based on their responses, including how they felt the
following day(s). The exercises and respective symptom
scores will be kept in a paper diary by the participant
and monitored throughout the programme by a health-
care professional. Signs of post exertional malaise and
post exertional symptom exacerbation will be monitored
in discussion with the participant and healthcare profes-
sional at the start of each session and adjustments made
as necessary. Participants will record their home sessions
in the diary, and this will be reviewed at every session.

Each rehabilitation session will conclude with an edu-
cational discussion (approx. 30-60 min) delivered by a
member of the multidisciplinary team. These discussions
will be facilitated by information sheets from the Your
COVID Recovery open access website (www.yourcovidr
ecovery.nhs.uk). Topics covered will include getting mov-
ing again, managing activities of daily living, breathless-
ness, fatigue management and recognising symptoms of
worsening in response to exercise, fear and anxiety, mood
and coping, memory and concentration, cough, eating
well, sleeping hygiene, goal setting, headaches, manag-
ing symptom exacerbation and fluctuations, returning to
work, question and answer session and next steps.

Digital rehabilitation
Individuals will be given access to the password pro-
tected Your COVID Recovery® digital rehabilitation
programme. This programme is structured to guide indi-
viduals through four stages; each stage houses specific
tasks that individuals must complete to progress to the
next stage and lasting approximately 2 weeks per stage.
These tasks will include creating and updating goals,
recording physical activity, recording symptoms, and
viewing educational content. The programme contains
interactive resources for managing COVID symptom:s.

A healthcare professional will contact participants via
telephone every 2 weeks (total of three calls) to discuss
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participant progress, review participant goals, COVID-
19 symptoms (including symptom exacerbation and post
exertional malaise) and current exercise prescription.
In addition, individuals can contact a healthcare profes-
sional for support using the message function (monitored
during working hours) or engage in peer-to-peer support
via the Your COVID Recovery® site’s forum.

Usual care (control)

Participants in the control arm will receive usual care
for 8 weeks. Routine clinical care will continue such as
medical follow-up, mental health services and other spe-
cialist services. After their involvement in the trial has
concluded, individuals allocated to this group will receive
their preferred rehabilitation strategy (i.e. face-to-face or
digital rehabilitation).

Criteria for discontinuing/modifying interventions

The intervention will be discontinued if the partici-
pant withdraws consent or if a change in circumstance
results in the participant meeting the trial exclusion
criteria and becomes unsafe to engage in the inter-
vention; these participants will remain in the analysis
for data collected up until the date of withdrawal. The
intervention is individualised, and progression/modi-
fication will be determined through discussions with a
patient and healthcare professional. Reasonable adapta-
tions to exercise will be made based on clinical judge-
ment and participant need. Implementing an 8-week
rehabilitation programme or usual care will not require
alteration to usual care pathways (including use of any
medication), and these will continue for both trial arms.

Provisions for post-trial care

There is no anticipated harm and compensation for trial
participation. Those completing the trial will be offered
their preferred form of rehabilitation and will continue
with their usual care.

Outcomes

All outcomes will be performed pre and post the
intervention phase which is 8 weeks in total. Baseline
demographics will be collected as well as information
regarding their treatment during hospitalisation, social
history (such as employment status, smoking, social
deprivation) and past medical history.

Primary outcome measure
Incremental shuttle walk test The primary outcome

measure for this trial is the absolute change in the
incremental shuttle walk test (ISWT) distance after the
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intervention phase. This is a measure of exercise toler-
ance [23]. To derive this variable, the ISWT will be per-
formed in line with technical standards [24]. Briefly, this
test is an externally paced, incremental test that requires
patients to walk around a 10-m course at a speed dictated
by audio. The walking speed progressively increases each
minute, for a maximum of 12 min, with the test termi-
nated when the patient is no longer able to keep up with
the target walking speed. Individuals will perform the
ISWT twice pre-intervention for familiarisation purposes
with the highest distance achieved used for exercise pre-
scription and once post-intervention.

Secondary outcome measures

Secondary outcome measures include physical meas-
ures (short physical performance battery, handgrip
strength, maximum isometric quadriceps strength
and physical activity) and questionnaires (EuroQol
five-dimension five-level questionnaire, including the
EuroQoL Visual Analogue Scale, Patient Health Ques-
tionnaire (PHQ9), the Generalised Anxiety Disorder
(GAD?7) 7-item scale, Dyspnoea-12, the modified MRC
Dyspnoea scale used with the permission of the Medi-
cal Research Council, SARC-F, the Functional Assess-
ment of Chronic Illness Therapy Fatigue Scale (FACIT),
the Brief Pain Inventory, the General Practice Physi-
cal Activity Questionnaire (GPPAQ), the Nottingham
Extended Activities of Daily Living questionnaire, the
Montreal Cognitive Assessment (MOCA), the DePaul
Symptom Questionnaire, and the Nijmegen Question-
naire) [24—34] (Table 1). Outcomes are further detailed
in Supplement 2.

Assessment of inflammatory markers

This is an optional outcome measure for patients. Before
and after the intervention period, venous blood samples
will be drawn into blood collection tubes containing
EDTA and sodium heparin as anticoagulants. This will be
in a sub-group of patients randomised to either the con-
trol or face-to-face group and will be an optional part of
the trial.

Skeletal muscle biopsies

This optional outcome measure for a subgroup of par-
ticipants who volunteer to undergo this procedure will
involve muscle biopsies of vastus lateralis taken pre-
and post-intervention using the microbiopsy technique
(Magnum, Bard). Approximately 100 pg of skeletal mus-
cle will be taken and processed by snap freezing in liquid
nitrogen for molecular analysis and embedded in optimal
cutting temperature compound (OTC) (Sakura, USA)
medium for histochemistry.
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Outcome Timepoint
Incremental Shuttle Walking Test (ISWT) Primary
Short Physical Performance Battery (SPPB) Secondary
Quadriceps Maximal Voluntary Contraction Secondary
@wvQ)
Handgrip strength Secondary
Physical activity Secondary
EuroQol 5 domain 5 level (EQ5D-5L) Secondary
Patient Health Questionnaire (PHQ-9) Secondary
Generalised Anxiety Disorder (GAD-7) Secondary
Dyspnoea 12 (D12) Secondary
SARC-F Secondary
Modified Medical Research Council (MRC) Secondary
dyspnoea scale
Functional Assessment of Chronic lliness Secondary
Therapy- Fatigue Scale (FACIT-FS)
General Practice Physical Activity Questionnaire  Secondary
(GPPAQ)
Nottingham Extended Activities of Daily Living ~ Secondary
(NEADL)
Depauls Symptom Questionnaire (DSQ) Secondary
Montreal Cognitive Assessment (MoCA) Secondary
Nijmegen questionnaire Secondary

Blood markers Exploratory—optional

Muscle biopsies Exploratory—optional

Uptake, compliance and completion

Recruitment rate will be assessed to determine uptake
and the reason for declining will be recorded. The num-
ber of face-to-face sessions will be recorded and ana-
lysed. For the digital intervention, the phases completed
and the number of logins to the website will be recorded.
Attendance to the phone calls will also be recorded. Rea-
sons for withdrawal will be obtained where possible to
do so and those who withdraw will not have completed
follow-up data.

Qualitative interviews

Semi-structured interviews will be conducted with par-
ticipants and staff members to explore the benefits and
challenges of COVID rehabilitation. This will be con-
ducted by a researcher independent from the trial and
the interventions. These will be performed on a 1:1 inter-
view basis either virtually or face-to-face depending on
preference. A purposive sample of patients who have
completed the entirety of their intervention period will
be recruited. Details of those participants who consent to
be contacted will be passed to the qualitative interview
research team who will approach participants via e-mail
with the opportunity of taking part in either a face to face
or virtual interview. All interviews will be audio recorded
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with permission and transcribed anonymously to ensure
that all identifiable information is removed, managed
using NVivo (version 12; QSR International). All analyses
will be conducted according to the standard procedures
of rigorous qualitative analysis through the use of reflex-
ive thematic analysis [35, 36].

Sample size

The sample size is calculated on the ISWT (primary
outcome) with a change of 50 m at 90% power, with
a standard deviation of 72 m and a 0.05 type 1 error as
previously documented in the literature as the minimum
important difference and variance of the ISWT [14, 37].
This requires 44 participants per group, 132 partici-
pants in total. The sample size has been inflated by 20%
to account for attrition, and therefore, 159 participants
will be recruited across two sites. This sample size also
ensures the trial is fully powered for the FACIT and
EQ5D questionnaire.

Recruitment

Potential participants will be identified through the
PHOSP-COVID study or by referral to COVID Reha-
bilitation Services from Long COVID assessment ser-
vices. For the former, individuals who have consented
to the PHOSP-COVID study and provided consent to
be contacted about other research will be contacted by
a member of the research team and sent a patient infor-
mation sheet. For the latter pathway, participants will
be recruited from COVID rehabilitation services wait-
ing list at University Hospitals of Leicester NHS Trust
and Newcastle upon Tyne Hospitals NHS Foundation
Trust (both UK). All hospitalised patients are followed up
through the Long COVID assessment service, irrespec-
tive of their involvement in PHOSP, and are screened by
clinicians and researchers and deemed safe to undergo an
exercise intervention. Individuals experiencing persistent
COVID-19 symptoms will be referred to this pathway as
part of their discharge follow-up and hospitalisation sta-
tus will be screened by the researcher. Potential partici-
pants will be identified and approached by a member of
their direct clinical care team and asked if a member of
the research team can contact them to discuss the trial
and give them a patient information sheet.

Randomisation

Prior to randomisation, the level of access will be deter-
mined based on which interventions participants are
able to do by asking participants whether they are able
to attend face-to-face rehabilitation and/or access the
digital rehabilitation programme. Individuals who can
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participate in either intervention will be randomised on a
1:1:1 ratio for face-to-face, digital or control (usual care).
Participants who can only participate in one of the two
interventions will be randomised 2:1 to the interven-
tion or control (usual care) (Fig. 1). Randomisation will
be generated within the online randomisation software
‘Sealed Envelope’ (https://www.sealedenvelope.com),
using block randomisation with a stratified block of six
participants. Researchers involved in delivering the reha-
bilitation programmes will implement the randomisation
on a sealed envelope and assign participants.

Blinding

Members of the research team assessing outcome meas-
ures will be blinded to the outcome of randomisation.
There are no perceived circumstances where blinding will
be necessary. Any unintentional blinding will be recorded
and monitored.

Data management

Data will be entered into the REDCap electronic data
capture tool hosted at the University of Leicester before
being transferred to a central data safe haven managed by
the University of Edinburgh and eDRIS at Public Health
Scotland. Users will be granted permission to use this
data within the national safe-haven. Data will be quality
checked and linked to their original PHOSP-COVID ID,
if applicable, and data to obtain baseline characteristics
and hospitalisation data. Data will be quality checked by
a second researcher, and any outliers will be explored and
removed as appropriate.

Statistical analysis

Primary outcome

The statistical analysis will be performed in R studio and
analysis will compare an intervention (face-to-face or
digital) to the usual care group. Changes in the primary
outcome (ISWT distance) will be compared across each
arm using a ¢-test. Those with primary outcome data will
be analysed in the group to which they were randomised.
Two sensitivity analyses will be conducted for the pri-
mary outcome: (1) missing data will be imputed using
multiple imputation allowing for a full ITT analysis and
(2) a per-protocol analysis with those that adhere to the
intervention defined if they attended 75% of face-to-face
sessions or reach stage four of the digital intervention
and attends the follow-up appointment.

Secondary outcomes will not be powered but will be
performed in R studio and compare the interventions
(face-to-face or digital) to the usual care group. This
includes physical measures and questionnaires and will
be performed using a t-test or non-parametric equiva-
lent. Categorical data will be explored using a chi-squared
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test. Muscle biopsy data will be analysed in R Studio as
above. The FDR adjustment for multiple comparisons
with be applied to multiple comparisons [38]. Blood bio-
markers will be analysed in R studio using linear mixed
models, with intervention group (control vs face-to-face),
time point (pre vs post) and group*time treated as fixed
effects, and the participant identifier treated as a random
effect.

Adverse events will be reported for each group. Uptake
to the trial, and compliance to the interventions will be
reported, and compared across groups (face-to-face vs.
digital rehabilitation).

Adverse event reporting

Any and all untoward events arising from the interven-
tion that require further medical attention and/or hos-
pitalisation will be recorded on an adverse events or
serious adverse events log in the investigator site file and
reported to the sponsor. Adverse events will be explored
and categorised as related or unrelated to the trial inter-
vention. Due to the nature of the trial, there are no formal
stopping rules as problems that are detrimental to the
participant are not anticipated.

Frequency and plans for auditing conduct

The PHOSP consortium have regular study meetings in
which this substudy would be discussed. The executive
committee meet every 2 months, and this includes repre-
sentation from funders and sponsors. Data meetings and
PHOSP-Rehab steering meetings occur monthly. Addi-
tional meetings are arranged as required.

Patient and public involvement

Patient and public involvement have been integral to the
PHOSP-COVID study and consortium since concep-
tion. The PHOSP PPI group is co-chaired by NOCRI and
BLF/Asthma UK with representation of over 10 relevant
charities. Members of the ‘Long-COVID Facebook sup-
port group’ are closely involved and a Leicester BRC PPI
group consisting of people with lived experience of a hos-
pital admission for COVID-19. Patients and public are
embedded within the PHOSP infrastructure including
our working groups, core management group and execu-
tive and steering groups. Patients were involved in the
development of the clinical research study including the
overarching aims, choice of outcomes, consent processes
and the structure of the study visits. Patients review all
patient facing material. We have recently completed a
joint patient and clinician research priority questions
exercise hosted by advisors from the James Lind Alli-
ance to ensure co-ownership of the direction of PHOSP-
COVID research. The patient and public involvement
groups will continue to support the implementation of
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this project as well as data interpretation and dissemina-
tion in the future and have assisted in the preparation of
this manuscript. Additionally, this protocol was devel-
oped with key working groups in the PHOSP consortium
including the Rehabilitation, Brain, Cardiac and Sarcope-
nia working group.

Discussion

COVID-19 is a multi-system condition, characterised by
a myriad of physical and mental health symptoms in the
presence of reduced exercise tolerance. Together, these
manifestations can compromise the ability to perform
tasks of daily living, adversely impacting health-related
quality of life [3]. This manuscript presents a detailed
description of a multicentre, single-bind, parallel group,
randomised controlled trial, designed to determine the
effect of COVID-19 rehabilitation after a COVID-19
hospitalisation on disease symptoms, exercise toler-
ance, health-related quality of life and inflammation. The
COVID-19 rehabilitation programme described in this
protocol has been designed to be amenable to all real-
world rehabilitation settings.

The outcomes of this trial will determine whether reha-
bilitation (face-to-face or digital) can improve exercise
capacity in people with ongoing COVID-19 symptoms
compared to usual care alone. Secondary outcomes will
determine the impact on symptoms and health related
quality of life. Exploratory outcomes aim to understand
the effect of rehabilitation on immune biomarkers and
skeletal muscle function and may provide further insight
into mechanistic characteristics that contribute to ongo-
ing symptoms and the potential response to exercise
interventions, therefore providing a scientific hypothesis
for the differences that may occur following rehabilita-
tion. Qualitative interviews will allow for the in-depth
understanding of the benefits of rehabilitation for partici-
pants and the potential barriers for staff delivering this
intervention.

Adverse events will be carefully monitored with par-
ticular attention to those displaying signs of post exer-
tional malaise (PEM) and post exertional symptom
exacerbation (PESE). Steps have been taken to ensure
those with known PEM/PESE are not recruited to this
trial to ensure their symptoms are not worsened by reha-
bilitation. If it appears that someone is experiencing
PEM/PESE during the intervention phase, then they will
be withdrawn from the trial, upon discussion with the
individual, and referred to the appropriate clinic(s). All
adverse events will be documented and reported within
the results.

This trial will be conducted across two UK centres and
is reflective of those presenting to hospital with COVID-
19. It is beyond the scope of this work to recruit those
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who did not present to hospital with COVID-19, though
the authors acknowledge this is an important area of
research. The results of this trial will allow for develop-
ment of other rehabilitation services in the UK to support
those with ongoing symptoms of COVID-19 and could
contribute to the current small body of evidence for
interventions for those with ongoing symptoms. There
is a need to multiple, flexible interventions to suit the
diverse needs of the population, for which there is small
cohort data to support the potential benefit of rehabilita-
tion. In the event of a negative trial, the results and inter-
views may help inform further intervention development
and future research into this area.

Trial progress
Trial recruitment commenced in March 2022 and is due
to complete in March 2023. Current protocol version 1.1.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513063-023-07093-7.

Additional file 1: Supplement 1. Full PHOSP consortium.
Additional file 2: Supplement 2. Outcomes.

Acknowledgements

This study would not be possible without all the participants who have given
their time and support. We thank all the participants and their families. We
thank the many research administrators, health-care and social-care profes-
sionals who contributed to setting up and delivering the study at all of the

65 NHS trusts/Health boards and 25 research institutions across the UK, as
well as all the supporting staff at the NIHR Clinical Research Network, Health
Research Authority, Research Ethics Committee, Department of Health and
Social Care, Public Health Scotland, and Public Health England, and support
from the ISARIC Coronavirus Clinical Characterisation Consortium. We thank
Kate Holmes at the NIHR Office for Clinical Research Infrastructure (NOCRI) for
her support in coordinating the charities group. The PHOSP-COVID industry
framework was formed to provide advice and support in commercial discus-
sions, and we thank the Association of the British Pharmaceutical Industry as
well NOCRI for coordinating this. We are very grateful to all the charities that
have provided insight to the study: Action Pulmonary Fibrosis, Alzheimer's
Research UK, Asthma + Lung UK, British Heart Foundation, Diabetes UK, Cystic
Fibrosis Trust, Kidney Research UK, MQ Mental Health, Muscular Dystrophy UK,
Stroke Association Blood Cancer UK, McPin Foundations, and Versus Arthritis.
We thank the NIHR Leicester Biomedical Research Centre patient and public
involvement group and Long Covid Support.

Full details of the PHOSP-COVID collaboration group is listed in Supplement 1.

Authors’ contributions

The manuscript was initially drafted by ED and further developed by the
writing committee. SS, RE, NG, LB and TY made substantial contributions to
the conception and design of the work. All authors contributed to the data
interpretation and critical review and revision of the manuscript. All authors
had full access to all the data in the study and had final responsibility for the
decision to submit for publication. The author(s) read and approved the final
manuscript.

Funding

The study is jointly funded by the UK Research and Innovation and National
Institute of Health Research (grant references: MR/V027859/1 and COV0319)
and by core funding provided by NIHR Leicester Biomedical Research

Page 9 of 10

Centre—a partnership between the University Hospitals of Leicester NHS
Trust, the University of Leicester and Loughborough University and by pump
priming funding provided by Northumbria University Newcastle (MDRT IHSC
and HLS Faculty). Professor Singh is a National Institute for Health Research
(NIHR) senior investigator. The views expressed in this article are those of the
author(s) and not necessarily those of the NIHR or the Department of Health
and Social Care.

Availability of data and materials

The trial findings will be presented at conferences and published in peer-
reviewed journals. Authorship will comply with the ICMJE recommendations.
Direct access to the dataset will be granted to authorised representatives from
regulatory authorities, authorised individuals from host organisations, funding
bodies, the sponsor (University of Leicester) and from the University Hospitals
of Leicester NHS Trust for monitoring and/or audit of the trial to ensure
compliance with regulations. Requests for the use of data and samples can be
made directly to the trial investigator and will be reviewed on a case-by-case
basis by the trial team.

Declarations

Ethics approval and consent to participate

The trial was approved by Yorkshire and the Humber Leeds West Research
NHS Ethics Committee (20/YH/0225) and registered on the ISCTN registry
(ISRCTN13293865).

Competing interests
The authors declare no competing interests.

Author details

'NIHR Leicester Biomedical Research Centre-Respiratory, Leicester, UK.
“Department of Respiratory Sciences, University of Leicester, Leicester, UK.
*NIHR Leicester Biomedical Research Centre- Diabetes, Leicester, UK. *Diabetes
Research Centre, College of Life Sciences, University of Leicester, Leicester, UK.
°National Centre for Sport and Exercise Medicine, School of Sport, Exercise
and Health Sciences, Loughborough University, Loughborough, UK. SFaculty
of Health and Life Sciences, Northumbria University Newcastle, Newcastle
upon Tyne, UK. "The Newcastle upon Tyne Hospitals NHS Foundation Trust,
Newcastle, UK. ®Department of Social Work, Education, and Community
Wellbeing, Northumbria University Newcastle, Newcastle upon Tyne, UK.
°Department of Health Sciences, University of Leicester, Leicester, UK. '°Col-
lege of Health, Medicine and Life Sciences, Brunel University, London, UK.
""Harefield Respiratory Research Group, Guy’s and St Thomas'NHS Foundation
Trust, London, UK. "2School of Medicine, The University of Nottingham, Not-
tingham, UK. *Centre for Medical Informatics, The Usher Institute, University
of Edinburgh, Edinburgh, UK. *Usher Institute, University of Edinburgh,
Edinburgh, UK. °National Heart and Lung Institute, Imperial College London,
London, UK. "®Royal Infirmary of Edinburgh, NHS Lothian, Edinburgh, UK.
MRC Human Immunology Unit, University of Oxford, Oxford, UK. ®Division
of Infection, Immunity & Respiratory Medicine, Faculty of Biology, Medicine
and Health, University of Manchester, Manchester, UK. *Hospital for Tropi-

cal Diseases, University College London Hospitals, London, UK. ®Division

of Infection & Immunity, University College London, London, UK. ?' Asthma UK
and British Lung Foundation, London, UK. #2Radcliffe Department of Medicine,
University of Oxford, Oxford, UK. 2*University of Dundee, Ninewells Hospital
and Medical School, Dundee, UK. **Harefield Respiratory Research Group,
Heart, Lung and Critical Care Clinical Group, Guy's and St Thomas'NHS Foun-
dation Trust, London, UK.

Received: 18 November 2022 Accepted: 11 January 2023
Published online: 26 January 2023

References

1. Office of National Statistics. Prevalence of ongoing symptoms following
coronavirus (COVID-19) infection in the UK. 2021. [Online] Available
from https://www.ons.gov.uk/peoplepopulationandcommunity/healt
handsocialcare/conditionsanddiseases/bulletins/prevalenceofongoings


https://doi.org/10.1186/s13063-023-07093-7
https://doi.org/10.1186/s13063-023-07093-7
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/1april2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/1april2021

Daynes et al. Trials (2023) 24:61

20.

21

22.

ymptomsfollowingcoronaviruscovid19infectionintheuk/1april2021.
Accessed Sept 2022.

Rees EM, Nightingale ES, Jafari Y, et al. COVID-19 length of hospital stay: a
systematic review and data synthesis. BMC Med. 2020;18:270. https://doi.
0rg/10.1186/512916-020-01726-3.

Evans, et al. Physical, cognitive, and mental health impacts of COVID-

19 after hospitalisation (PHOSP-COVID): a UK multicentre, prospective
cohort study. Lancet. 2021;11:1275-87.

Cortinovis N, Perico N, Remuzzi G. Long-term follow-up of recovered
individuals with COVID-19. Lancet. 2021;397(10270):173-5.

Huang L, Li X, Gu X, Zhang H, Ren L, Guo L, et al. Health outcomes in peo-
ple 2 years after surviving hospitalisation with COVID-19: a longitudinal
cohort study. Lancet Respir Med. 2022;10(9):863-76.

National Institute for Health and Care Excellence. (2021) COVID-19 rapid
guideline: managing the long-term effects of COVID 19.V1.7.

Rha MS, Shin EC. Activation or exhaustion of CD8+ T cells in patients with
COVID-19. Cell Mol Immunol. 2021;18:2325-33. https://doi.org/10.1038/
$41423-021-00750-4.

Spruit MA, Burtin C, De Boever P, Langer D, Vogiatzis |, Wouters EF,

et al. COPD and exercise: does it make a difference? Breathe (Sheff).
2016;12(2):e38-49. https://doi.org/10.1183/20734735.003916 PMID:
27408645; PMCID: PMC4933612.

Dibben G, Faulkner J, Oldridge N, Rees K, Thompson DR, Zwisler AD,

et al. Exercise-based cardiac rehabilitation for coronary heart disease.
Cochrane Database Syst Rev. 2021;11. https://doi.org/10.1002/14651858.
CD001800.pub4.

Long L, Mordi IR, Bridges C, Sagar VA, Davies EJ, Coats AJ, et al. Exercise-
based cardiac rehabilitation for adults with heart failure. Cochrane
Database Syst Rev. 2019;1. https://doi.org/10.1002/14651858.CD003331.
pubs.

. Lindenauer PK, Stefan MS, Pekow PS, et al. Association between initiation

of pulmonary rehabilitation after hospitalization for COPD and 1-year sur-
vival among medicare beneficiaries. JAMA. 2020;323(18):1813-23. https://
doi.org/10.1001/jama.2020.4437.

Goel K, Lennon R, Tilbury T, Squires R, Thomas R. Impact of cardiac
rehabilitation on mortality and cardiovascular events after percutaneous
coronary intervention in the community. AHA Circ. 2011;123(21):2344-52.
Incorvaia C, Russo A, Foresi A, Berra D, Elia R, Passalacqua G, et al. Effects
of pulmonary rehabilitation on lung function in chronic obstructive pul-
monary disease: the FIRST study. Eur J Phys Rehabil Med. 2014;50(4):419-
26 Epub 2014 Apr 2. PMID: 24691247.

Daynes E. Early experiences of rehabilitation for individuals post-COVID
to improve fatigue, breathlessness, exercise capacity and cognition - a
cohort study. Chron Respir Dis. 2021;18:1-4.

Fugazzaro S, Contri A, Esseroukh O, Kaleci S, Croci S, Massari M, et al.
Rehabilitation interventions for post-acute COVID-19 syndrome: a sys-
tematic review. Int J Environ Res Public Health. 2022;19(9):5185. https://
doi.org/10.3390/ijerph19095185 PMID: 35564579; PMCID: PMC9104923.
LiJ, XiaW, Zhan C, et al. A telerehabilitation programme in post-discharge
COVID-19 patients (TERECO): a randomised controlled trial. Thorax.
2022,77:697-706.

Cox NS, Dal Corso S, Hansen H, et al. Telerehabilitation for chronic
respiratory disease. Cochrane Database Syst Rev. 2021;(Issue 1):Art. No.:
CDO013040.

Wongvibulsin S, Habeos EE, Huynh PP, Xun H, Shan R, Porosnicu Rodriguez
KA, et al. Martin SS Digital Health Interventions for Cardiac Rehabilita-

tion: Systematic Literature Review. J Med Internet Res. 2021;23(2).18773.
https://doi.org/10.2196/18773 PMID: 33555259 PMCID: 7899799.
Lloyd-Evans PHI, Baldwin MM, Daynes E, et al. Early experiences of the
Your COVID Recovery® digital programme for individuals with long
COVID. BMJ Open Respir Res. 2022;9:e001237. https://doi.org/10.1136/
bmjresp-2022-001237.

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Ggtzsche PC, Krleza-Jeri¢ K,
et al. SPIRIT 2013 Statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013;158:200-7.

Houchen-Wolloff L, Poinasamy K, Holmes K, et al. Joint patient and clini-
cian priority setting to identify 10 key research questions regarding the
long-term sequelae of COVID-19. Thorax. 2022;77:717-20.

Swain DP, Brawner CA, American College of Sports Medicine. ACSM's
Resource Manual for Guidelines for Exercise Testing and Prescription:
Human Movement Sciences Faculty Books; 2014. p. 3.

Page 10 of 10

23. Singh SJ, Morgan MD, Scott S, Walters D, Hardman AE. Development of a
shuttle walking test of disability in patients with chronic airways obstruc-
tion. Thorax. 1992;47(12):1019-24. https://doi.org/10.1136/thx47.12.1019
PMID: 1494764; PMCID: PMC1021093.

24. FengYS, KohlmanT, Janssen MF, Bucholz I. Psychometric properties
of the EQ-5D-5L: a systematic review of the literature. Qual Life Res.
2021;30:647-73.

25. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16(9):606-13.

26. Swinson RP. The GAD-7 scale was accurate for diagnosing generalised
anxiety disorder. Evid Based Med. 2006;11(6):184.

27. Yorke J, Swigris J, Russell AM, Moosavi SH, Ng Man Kwong G, Longshaw
M, et al. Dyspnea-12 is a valid and reliable measure of breathlessness in
patients with interstitial lung disease. Chest. 2011;139(1):159-64. https://
doi.org/10.1378/chest.10-0693 Epub 2010 Jul 1. PMID: 20595454; PMCID:
PMC3035488.

28. Malmstrom TK, Morley JE. SARC-F: a simple questionnaire to rapidly
diagnose sarcopenia. J Am Med Dir Assoc. 2013;14(8):531-2.

29. Butt Z, Lai JS, Rao D, Heinemann AW, Bill A, Cella D. Measurement of
fatigue in cancer, stroke, and HIV using the Functional Assessment
of Chronic lliness Therapy — Fatigue (FACIT-F) scale. J Psychosom Res.
2013;74:64-8.

30. Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain Inven-
tory. Ann Acad Med Singapore. 1994;23(2):129-38.

31. Lincoln NB, Gladman JR. The Extended Activities of Daily Living scale: a
further validation. Disabil Rehabil. 1992;14(1):41-3 (PubMed abstract).

32. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Col-
linl, et al. The Montreal Cognitive Assessment, MoCA: a brief screening
tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-9.
https://doi.org/10.1111/j.1532-5415.2005.53221.x Erratum in: J Am Geriatr
Soc. 2019 Sep;67(9):1991. PMID: 15817019.

33. Bedree H, Sunnquist M, Jason LA. The DePaul Symptom Questionnaire-2:
a validation study. Fatigue. 2019;7(3):166-79. https://doi.org/10.1080/
21641846.2019.1653471 Epub 2019 Aug 12. PMID: 32685281; PMCID:
PMC7367506.

34. van Dixhoorn J, Folgering H. The Nijmegen Questionnaire and dysfunc-
tional breathing. ERJ Open Res. 2015;1(1):00001-2015. https://doi.org/10.
1183/23120541.00001-2015 PMID: 27730128; PMCID: PMC5005127.

35. BraunV, Clarke V. Reflecting on reflexive thematic analysis. Qualit Res
Sport, Exerc Health. 2019;11(4):589-97.

36. Rapley T. Some pragmatics of data analysis. Qualit Res. 2011;3:273-90.

37. Singh'S, Jones P, Evans R, Morgan M. The minimum clinically impor-
tant improvement for the Incremental Shuttle Walking Test. Thorax.
2008;63:775-7.

38. BenjaminiY, Hochberg Y. Controlling the false discovery rate: a practical
and powerful approach to multiple testing. J R Stat Soc B Methodol.
1995:289-300.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/prevalenceofongoingsymptomsfollowingcoronaviruscovid19infectionintheuk/1april2021
https://doi.org/10.1186/s12916-020-01726-3
https://doi.org/10.1186/s12916-020-01726-3
https://doi.org/10.1038/s41423-021-00750-4
https://doi.org/10.1038/s41423-021-00750-4
https://doi.org/10.1183/20734735.003916
https://doi.org/10.1002/14651858.CD001800.pub4
https://doi.org/10.1002/14651858.CD001800.pub4
https://doi.org/10.1002/14651858.CD003331.pub5
https://doi.org/10.1002/14651858.CD003331.pub5
https://doi.org/10.1001/jama.2020.4437
https://doi.org/10.1001/jama.2020.4437
https://doi.org/10.3390/ijerph19095185
https://doi.org/10.3390/ijerph19095185
https://doi.org/10.2196/18773
https://doi.org/10.1136/bmjresp-2022-001237
https://doi.org/10.1136/bmjresp-2022-001237
https://doi.org/10.1136/thx.47.12.1019
https://doi.org/10.1378/chest.10-0693
https://doi.org/10.1378/chest.10-0693
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1080/21641846.2019.1653471
https://doi.org/10.1080/21641846.2019.1653471
https://doi.org/10.1183/23120541.00001-2015
https://doi.org/10.1183/23120541.00001-2015

	The effect of COVID rehabilitation for ongoing symptoms Post HOSPitalisation with COVID-19 (PHOSP-R): protocol for a randomised parallel group controlled trial on behalf of the PHOSP consortium
	Abstract 
	Introduction 
	Methods and analysis 
	Ethics and dissemination 
	Article summary 

	Administrative information
	Introduction
	Background and rationale
	Objectives
	Primary objective
	Secondary objectives


	Methods
	Trial design and setting
	Participants—eligibility criteria
	Who will take informed consent
	Additional consent provisions for collection and use of participant data and biological specimens
	Interventions
	Face-to-face rehabilitation
	Digital rehabilitation
	Usual care (control)
	Criteria for discontinuingmodifying interventions
	Provisions for post-trial care
	Outcomes
	Primary outcome measure
	Secondary outcome measures

	Assessment of inflammatory markers
	Skeletal muscle biopsies
	Uptake, compliance and completion
	Qualitative interviews
	Sample size
	Recruitment
	Randomisation
	Blinding
	Data management
	Statistical analysis
	Primary outcome

	Adverse event reporting
	Frequency and plans for auditing conduct
	Patient and public involvement

	Discussion
	Trial progress

	Acknowledgements
	References


