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Abstract

Perioperative exercise programmes to promote physical
activity in the medium to long term: systematic review
and qualitative research

Michael W Pritchard ,1 Amy Robinson ,1 Sharon R Lewis ,2

Suse V Gibson ,3 Antony Chuter ,4 Robert Copeland ,5

Euan Lawson 6 and Andrew F Smith 7*

1Lancaster Patient Safety Research Unit, Royal Lancaster Infirmary, Lancaster, UK
2Bone and Joint Health, Blizard Institute, Queen Mary University of London, London, UK
3Department of Health and Care, University of Central Lancashire, Preston, UK
4Patient and public involvement representative, Sussex, UK
5Centre for Sport and Exercise Health, Sheffield Hallam University, Sheffield, UK
6Lancaster Medical School, Lancaster University, Lancaster, UK
7Department of Anaesthesia, Royal Lancaster Infirmary, Lancaster, UK

*Corresponding author Andrew.Smith@mbht.nhs.uk

Background: In England, more than 4 million hospital admissions lead to surgery each year.
The perioperative encounter (from initial presentation in primary care to postoperative return to
function) offers potential for substantial health gains in the wider sense and over the longer term.

Objectives: The aim was to identify, examine and set in context a range of interventions applied
perioperatively to facilitate physical activity in the medium to long term.

Data sources: The following databases were searched – Cochrane Central Register of Controlled
Trials, MEDLINE, the Cumulative Index to Nursing and Allied Health Literature, EMBASE, PsycINFO
and SPORTDiscus in October 2020. Clinical trials databases were also searched, and backward and
forward citation searches were conducted.

Review methods: We undertook a systematic review; ran database searches in October 2020;
extracted data; conducted risk-of-bias assessments of studies; and used Grading of Recommendations
Assessment, Development and Evaluation assessments. We conducted focus groups and interviews
with people running services designed to promote physical activity, to understand the practical and
contextual factors that make such interventions ‘work’. Although the two streams of work were
conducted independently, we considered overlapping themes from their findings.

Results: In the review, we found 51 randomised controlled trials and two quasi-randomised trials;
nine non-randomised studies formed a supplementary data set. Studies included 8604 adults who had
undergone (or were undergoing) surgery, and compared 67 interventions facilitating physical activity.
Most interventions were started postoperatively and included multiple components, grouped as
follows: education and advice, behavioural mechanisms and physical activity instruction. Outcomes
were often measured using different tools; pooling of data was not always feasible. Compared with
usual care, interventions may have slightly increased the amount of physical activity, engagement in
physical activity and health-related quality of life at the study’s end (moderate-certainty evidence).
We found low-certainty evidence of an increase in physical fitness and a reduction in pain, although
effects generally favoured interventions. Few studies reported adherence and adverse events; certainty
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of these findings was very low. Although infrequently reported, participants generally provided positive
feedback. For the case studies, we conducted two online focus groups and two individual interviews
between November 2020 and January 2021, with nine participants from eight services of physical
activity programmes. Conceptual and practical aspects included how the promotion of physical activity
can be framed around the individual to recruit and retain patients; how services benefit from committed
and compassionate staff; how enthusiasts, data collection and evidence play key roles; and how digital
delivery could work as part of a blended approach, but inequalities in access must be considered.

Limitations: Outcome measures in the review varied and, despite a large data set, not all studies
could be pooled. This also limited the exploration of differences between interventions; components of
interventions often overlapped between studies, and we could not always determine what ‘usual care’
involved. The case study exploration was limited by COVID-19 restrictions; we were unable to visit
sites and observe practice, and the range of services in the focus groups was also limited.

Conclusions: Evidence from the review indicates that interventions delivered in the perioperative
setting, aimed at enhancing physical activity in the longer term, may have overall benefit. The
qualitative analysis complemented these findings and indicated that interventions should be focused
around the individual, delivered locally and compassionately, and promoted by a patient’s full clinical
team. There is a need to develop a core outcome set for similar studies to allow quantitative synthesis.
Future work should also investigate the experiences of patients in different contexts, such as different
communities, and with different surgical indications.

Study registration: This study is registered as PROSPERO CRD42019139008.

Funding: This project was funded by the National Institute for Health and Care Research (NIHR)
Health and Social Care Delivery Research programme and will be published in full in Health and
Social Care Delivery Research; Vol. 10, No. 21. See the NIHR Journals Library website for further
project information.
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List of abbreviations

6MWT 6-minute walk test

BMI body mass index

CABG coronary artery bypass graft

CBPT cognitive–behavioural physical
therapy

CBT cognitive–behavioural therapy

CI confidence interval

DVD digital versatile disc

EORTC
QLQ-C30

European Organisation for
Research and Treatment of
Cancer Quality of Life
Questionnaire-C30

EQ-5D EuroQol-5 Dimensions

EQ-5D-5L EuroQol-5 Dimensions, five-level
version

FACT Functional Assessment of Cancer
Therapy

FI financial incentive

GP general practitioner

GRADE Grading of Recommendations
Assessment, Development and
Evaluation

GSLTPAQ Godin–Shephard Leisure-Time
Physical Activity Questionnaire

HOOS Hip disability and Osteoarthritis
Outcome Score

HRQoL health-related quality of life

IPAQ-SF International Physical Activity
Questionnaire-Short Form

IQR interquartile range

IT information technology

KOOS Knee injury and Osteoarthritis
Outcome Score

MD mean difference

MDT multidisciplinary team

MET metabolic equivalent of task

MVPA moderate-to-vigorous physical
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NICE National Institute for Health and
Care Excellence

NIHR National Institute for Health and
Care Research

NRS non-randomised study

PA physical activity

PAL Physical Activity Level

PCS physical component summary

PPI patient and public involvement

Q-RCT quasi-randomised controlled trial

RCT randomised controlled trial

RR risk ratio

SD standard deviation

SF-36 Short Form questionnaire-36
items

SMD standardised mean difference

THC telephonic health coaching

TKR total knee replacement

TUG timed up and go

VAS visual analogue scale

VO2 peak peak oxygen uptake

WHO World Health Organization
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Plain English summary

Encouraging people who need surgery to become more physically active in
the longer term

Our question
We know that physical activity helps keep us all fit and healthy. Each year, lots of people speak to
doctors and other health-care workers because they are having surgery. Is this an ideal opportunity to
encourage people to be more physically active?

What we did
In October 2019, we searched for studies about physical activity programmes that encourage adults
who are preparing for surgery, or who have recently had surgery, to be more active. This time frame
around surgery is called the perioperative period.

Between November 2020 and January 2021, we also had group discussions and interviews [using
Zoom (Zoom Video Communications, San Jose, CA, USA) because of COVID-19] with people who
currently work in these kinds of services.

What we found
We found 53 studies, with 8604 adults, and 67 different services. Most interventions were started
after surgery. Services gave education or advice about physical activity, helped people change their
behaviour or attitudes towards activity, and/or provided one-to-one or group ‘exercise’ classes.

Overall, we found that people who used a service may be more physically active up to 12 months after
surgery and may have a slightly better quality of life and less pain. Although we were unsure whether
or not there were any harms, or how many people continued using the services, people generally felt
positive about their experiences.

We also spoke to nine people from eight UK-based services. They told us that it was important to
‘frame’ the discussion about physical activity around what people enjoy or a goal that is important
to them, to support people to understand how being more physically active can benefit them, and to
listen and be kind. They also told us that everyone should have an equal chance to do physical activity,
with the same access to good facilities, available outdoor spaces and digital technology.

Conclusions
Services given when people are planning, or have had, surgery may have overall benefits. They should
role model the positive benefits of physical activity, be delivered by compassionate staff in local
communities and ensure equal access for all.
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Scientific summary

Background

In England alone, more than 4 million hospital admissions lead to surgery each year. The perioperative
health-care encounter (from the initial presentation in primary care to postoperative return to function)
offers the potential for substantial health gains in the wider sense and over the longer term.

Aims and objectives

This project aimed to examine a broad range of evidence and knowledge to identify, and set in context,
interventions applied during the perioperative period to promote or enable physical activity and
exercise in the medium to long term. To do this, we undertook a systematic review and conducted
focus group and individual interviews with those running services designed to promote physical
activity. We aimed to understand the practical and contextual factors that make such interventions
‘work’, and to synthesise the findings from these research approaches.

Systematic review

Methods
We included randomised controlled trials and quasi-randomised trials, with adult participants (aged
≥ 18 years), in which at least 60% were scheduled to undergo, or had recently undergone, a surgical
procedure. We also included non-randomised studies; because we found a sufficient number of
randomised trials, the non-randomised studies provided a supplementary set to the review findings.

We included interventions that encouraged participants to engage in physical activity. These were
interventions that took place in a group (such as a fitness class) or on a one-to-one level, and either
were or were not individualised to a participant’s needs. We included comparisons that were described
by study investigators as ‘usual care’ or were another type of intervention.

We included studies that measured and reported our primary outcomes: (1) the amount of physical
activity conducted at the end of follow-up (e.g. mean number of steps measured using a step counter) and
(2) the number of people who were engaging in physical activity at the end of follow-up (e.g. measured in
a self-reported questionnaire). Secondary outcomes were (1) physical fitness, (2) health-related quality of
life at the end of follow-up, (3) pain, (4) adverse events, (5) adherence and (6) participants’ experiences
of taking part in the programme.

We searched the Cochrane Central Register of Controlled Trials, MEDLINE, Cumulative Index to
Nursing and Allied Health Literature, EMBASE, PsycInfo and SPORTDiscus in October 2020. We also
searched clinical trials databases and conducted backward and forward citation searches.

Two review authors independently assessed studies for inclusion and extracted data. We used standard
review methods throughout; we assessed the risk of bias in randomised controlled trials and used
the Grading of Recommendations Assessment, Development and Evaluation approach to assess the
certainty of the evidence.
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Results
We found 53 studies (51 randomised controlled trials and two quasi-randomised trials) with 8604
participants reporting the effects of 67 interventions. Surgical indications were cancer (n = 11 studies),
cardiac (n = 12), bariatric (n = 8), and hip and knee replacements (n = 12); the remaining studies were
for a broad range of indications.

In more than two-thirds of studies, interventions were started postoperatively; smaller numbers reported
preoperative initiation (n = 4), or a mixture of pre- and postoperative initiation (n = 10). Interventions
more often involved multiple components or modes of delivery (55.2% of studies). These components
tended to fall into three categories: education and advice, including the provision of written or verbal
information and advice (82.1% of studies), physical activity recommendations or a formal exercise
prescription; behavioural mechanisms, which focused on behaviour change theories, usually through
therapeutic approaches including counselling or motivational interviewing (59.7% of studies); and direct
physical activity instruction in the form of group classes or one-to-one sessions (44.8% of studies).

We analysed our results separately according to whether the intervention was compared with ‘usual
care’ or with another intervention.

Intervention versus ‘usual care’

l Amount of physical activity (37 studies, 4969 participants). We found moderate-certainty evidence
that physical activity interventions may increase the amount of physical activity 6–12 months after
surgery. This was evaluated using a range of measurement values, which we pooled in separate
analyses. Most studies and participants (12 studies, 1947 participants) reported measurements as
minutes per day or week; a small increase in physical activity was demonstrated when participants
received the intervention [standardised mean difference (SMD) 0.15, 95% confidence interval (CI)
0.04 to 0.27]. There was a consistent finding across all measures that the intervention may increase
the likelihood that people would do more physical activity.

l Engagement in physical activity (10 studies, 1097 participants). We found moderate-certainty
evidence that interventions probably slightly increase people’s engagement in physical activity,
compared with usual care [risk ratio (RR) 1.19, 95% CI 0.96 to 1.47; nine studies, 882 participants].
In these results, 60 more participants per 1000 would still be engaging in physical activity at the
end of follow-up after receiving the intervention. However, the wide CI in the effect estimate
indicates that some people receiving the intervention may do less physical activity. Incomplete data
from another study were available but were not included in the analysis.

l Physical fitness (15 studies, 1031 participants). Again, the outcome was evaluated using various
measures that may reflect the age of participants or the reason for surgery, or both. In general, we
noted a similar trend that suggested an improvement in fitness when people had received a physical
activity intervention, but this low-certainty evidence included the possibility that interventions may
or may not improve physical fitness 6–12 months after surgery.

l Health-related quality of life (22 studies, 3015 participants). We found moderate-certainty evidence
that physical activity interventions probably slightly increased health-related quality of life at the
end of follow-up. Although the primary analysis showed a slight reduction in quality of life as well
as an increase, the findings more clearly favoured the physical activity interventions once we
removed studies at high and unclear risks of bias from the analysis (SMD 0.17, 95% CI 0.01 to 0.33;
12 studies, 2167 participants).

l Pain (11 studies, 1057 participants). Again, the findings for pain tended to favour the intervention.
However, the estimates were all imprecise and included possible benefits and harms; the certainty
of this evidence was low.

l Adherence (15 studies, 786 participants). The range of adherence was between 47% and 93%.
However, definitions of adherence varied between studies, and because the designs of interventions
differed significantly it was not reasonable to draw confident conclusions about adherence to all
physical activity interventions; we judged the certainty of this evidence to be very low.
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l Adverse events (10 studies, 1410 participants). Few studies reported adverse events data and the
certainty of this evidence was very low. Most events were described as not serious and unrelated to
the intervention. The few events described as possibly related to the intervention were reported for
only 30 participants.

l Participants’ experiences of intervention (four studies, 159 participants). Very few studies reported
details of participants’ experiences. Feedback was generally positive, and participants were satisfied
and/or felt that they had benefited from being able to engage with the intervention. We did not
downgrade the certainty of this narrative evidence.

Intervention versus intervention
Only seven studies compared one intervention with another intervention, and the differences in these
interventions meant that it was often not feasible to combine data in analysis. The effects from most
studies generally indicated little difference between intervention designs. One study found improved
engagement with physical activity after using a clinic-based intervention, compared with a home-based
intervention; one small study found improved health-related quality of life with a home-based
intervention, compared with a centre-based intervention; and another small study found improvement
in pain with a home-based intervention, compared with a centre-based intervention. But these findings
were not comparable with those of other studies, and we judged all the evidence, which was sparse
and generally inconclusive, to be of very low certainty.

Case study enquiry

We sought existing services that were already promoting physical activity to people scheduled to
undergo, or who had recently undergone, surgery. We noted that services appeared to fit within one
of six ‘models’ of care: (1) spanning primary and secondary care; (2) being embedded within specialist
services; (3) relying on partnerships between community non-health service providers and national
health services; (4) being community or patient led; (5) ‘low-resource’ interventions, but which appear
to be effective; and (6) offering residential and/or extended (≥ 18 months) support. An annotated
compendium of these is presented in the main report.

We conducted two focus group events and two individual interviews (with nine participants from eight
UK-based services), using a topic guide developed together with our patient representative. The online
focus group discussions and interviews were conducted between November 2020 and January 2021
during national restrictions owing to the COVID-19 pandemic. These were recorded, transcribed and
then analysed by one of the research team working with our patient representative to generate a list
of initial codes. These were developed iteratively into three overarching themes, presented below.

Narratives of physical activity promotion
It was clear that how activity was ‘framed’ to patients was important in recruiting them to and
retaining them in programmes. This was focused around three key principles: first, that programmes
take a holistic, well-being approach; second, that programmes aim to motivate, inspire and support
self-efficacy for ‘exercise’; and, third, that programmes and narratives of physical activity are embedded
in usual care. It was evident that there is not a single activity, or ‘dose’ of activity, for every patient
and that finding something that people enjoy and building on that is the best way to increase people’s
activity and make new habits. There is a clinical/non-clinical paradox, such that if physical activity is
presented to patients as a ‘clinical’ intervention (i.e. as part of their treatment), then they are more
likely to engage than if it is not. However, the actual interventions are better delivered in non-clinical
settings. Finally, although services were nominally set up to promote physical activity, they in fact
provide a wider range of benefits, both intended and unexpected, on mental health and well-being.
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Setting up and running the service
Establishing services was often cross-disciplinary, driven by enthusiasts, and more likely to succeed
with the support of managers and wider clinical colleagues. Co-designing and listening to patients, as
well as a continuous learning culture, were seen as important in helping to shape the best provision.
Activity as treatment is a necessary message to engendering wider support from colleagues, but their
support is sometimes reliant on framing physical activity to their particular health perspective, building
trust and good relationships, providing evidence and having a lot of perseverance. Senior ‘clinical
champions’ could aid service development. In this respect, too, patients can act as ‘allies’ in promoting
the service; if patients are impressed by the service, they are more likely to share this with their
clinical team, which can lead to further referrals. Services were typically provided by a number of
health-care professionals, with support from others such as staff at local gyms. The personal qualities
of staff, for example having the capacity for empathy, kindness and excellent communication, are more
important than their professional background. Data collection was seen as a key part of programme
activity: to evaluate processes and outcomes, to help convince clinical and managerial colleagues of
the utility of the service and to help secure further funding.

Digital delivery: the COVID-19 pandemic and beyond
Although the COVID-19 pandemic presented substantial challenges for services, the period also
presented an opportunity to consider new ways of working with patients. To varying degrees, services
maintained contact with patients through heavy use of social media and follow-along videos to help
keep people moving, as well as telephone and e-mail contact, some provision of resources, online
exercise diaries and some live group sessions. One service described a full spectrum adaption to their
provision, providing home exercise packs and telephone calls for people with no technical abilities or
access to devices/the internet up to a full timetable of online classes and digital heart rate monitors
that meant patients could be live-tracked for safety and encouragement by physical activity trainers.
They saw positive results and high engagement. However, other services gave mixed views; several
indicated that new methods of engagement were not as effective as face-to-face encouragement and
participation, and many acknowledged inequalities in access to the necessary technology, thereby
compounding disadvantage. However, services indicated that they would explore hybrid delivery
models beyond the pandemic that blended some of the new digital or remote approaches they had
begun with their original models of delivery. This was seen as potentially benefiting certain groups,
such as patients receiving chemotherapy or those with caring responsibilities who might find it more
difficult to travel to sessions.

Synthesis of findings

Although collected using different methodologies and with different intentions, the findings from the
systematic review and the qualitative work offer complementary perspectives on the same issue.
However, the qualitative work indicates that many factors are at play in ensuring a successful outcome
(such as the framing of physical activity, ‘buy-in’ from wider colleagues and the space/place in which
physical activity is delivered), but these were often not described or explored in the studies, where
the focus tended to be on demographic characteristics of participants, rather than wider structural
considerations at the organisation level. We noted that data collection was an important evaluation
tool for trials and for services. Services often drew on patient experience and feedback in the evolution
and ongoing development of their services, and, although some studies in the systematic review
included patients’ perspectives, these were not reported consistently. Few of the included studies
described the socioeconomic status of participants, the numbers of patients from ethnic minorities or
the digital literacy of patients; however, services in practice acknowledged frustrations in relation
to intersecting inequalities experienced by their patients. Although services have been developing
digital and remote delivery options throughout the COVID-19 pandemic, newer digital delivery of
interventions has not yet had time to feed through to clinical trials. Neither data set took priority in
the synthesis of findings.
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Recommendations for future research

We recommend that additional research actively engages with patients and their experiences of
physical activity promotion and perioperative physical activity programmes. We would encourage
further study of the tentative values and principles outlined in this report and their utility and adoption
in the shaping and development of perioperative physical activity programmes. We also suggest that
inequalities in provision related to socioeconomic disadvantages, digital access and ethnicity should be
explored. Future randomised controlled trials should include, or even prioritise, outcomes that reflect
the wider range of possible benefits associated with physical activity programmes (e.g. greater feelings
of control and autonomy among participants). Standardised measures for research and/or service
evaluation in this field should be developed and tested.

Conclusion

The research evidence base for interventions delivered in the perioperative setting, aimed at
enhancing physical activity among patients in the medium to longer term, suggests some overall
benefit in terms of engagement, levels of activity, physical fitness and quality of life. Our contextual
enquiry complements the research literature and indicates that interventions should be focused
around the individual, delivered by compassionate staff in local communities and promoted by patients’
full clinical teams.

Study registration

This study is registered as PROSPERO CRD42019139008.

Funding

This project was funded by the National Institute for Health and Care Research (NIHR) Health and
Social Care Delivery Research programme and will be published in full in Health and Social Care Delivery
Research; Vol. 10, No. 21. See the NIHR Journals Library website for further project information.
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Chapter 1 Background

It is estimated that around 20 million adults in the UK are physically inactive (i.e. not active to the
recommended levels).1 Low levels of physical activity (PA) are associated with poorer physical and

mental health.2 Encouraging exercise through PA is thus a key part of the UK’s health promotion
strategy,3 with levels of inactivity being an indicator within the current Public Health Outcomes
Framework for England.4 More than 4 million hospital admissions lead to surgery each year in England
alone.5 This presents an opportunity that has hitherto not been fully exploited. Aside from the benefit
that judiciously applied and successfully delivered surgical interventions can bring in their own right,
the perioperative health-care encounter offers the potential for substantial health gains in the wider
sense and over the longer term. The perioperative period is typically defined as starting when a patient
is first referred from primary care and ending at the point at which postoperative return to function is
complete. The journey thus spans primary and secondary care (Figure 1).6 However, we adopted a still
wider view for the purposes of this evidence synthesis. The point at which surgery is first contemplated
was a better place to start. A patient presenting to primary care with a potentially operable condition
(e.g. a hernia or gallstone disease) may find that, if they are able to increase their PA levels, the problem
improves such that surgery is no longer needed.

Likewise, a focus on discharge from hospital was insufficient to allow a proper appraisal of the benefits
and drawbacks of PA in the medium to longer term (e.g. 12 months after surgery). This interpretation
promoted an extended and more intensive involvement with primary health care than is currently
considered within the perioperative pathway; this was a particular focus of our work.

This proposal aimed to explore the potential to use the perioperative encounter to promote PA and
exercise in the medium to long term.

There has been some work on promoting exercise preoperatively, but this has focused on the use of
physical exercise measurements to infer the risk of adverse outcomes after major surgery, and how
this risk might be modulated by exercise training in the weeks before surgery.7 Studies have focused
on circumscribed groups of patients; for instance, the outcomes in the review by Loughney et al.8 were
physical fitness variables, but the participants were limited to people undergoing neoadjuvant cancer
treatments. Loughney et al.8 found that exercise interventions were safe and feasible in this patient
group and that physical fitness was improved. To us, these findings demonstrate how the incentive of
impending surgery, with an appropriate intervention, can provide people with motivation to adopt
healthier lifestyle behaviours.

The concept of ‘perioperative medicine’ has gained ground in recent years.9 This focuses on a wide
package of measures to improve patients’ fitness before surgery; attend more closely to patients’
needs during procedures; and optimise recovery and rehabilitation to speed the return to work, home
and family. This has been stimulated by two factors: first, an understanding that earlier involvement
of a wider team of health-care professionals in the preoperative management of surgical patients
brings substantial benefits.10 For instance, ‘prehabilitation’ through smoking and alcohol cessation and
optimisation of pre-existing diseases has improved surgical outcomes11,12 and may, in itself, reduce the
need for surgical intervention. Second, the recognition that early postoperative problems can affect
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FIGURE 1 The perioperative pathway.
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long-term outcomes has helped clinicians and researchers think further than 30 days postoperatively
(the usual length of follow-up for many surgical outcome studies) to better promote longer-term health
and well-being.13

For any perioperative intervention to be effective, involvement of the necessary multidisciplinary team
(MDT) as soon as surgery is contemplated is vital (rather than immediately before surgery).14 In terms of
health promotion (in this case, exercise promotion), a multidisciplinary approach allows for repetition and
reinforcement of behaviour change messages and addressing barriers to change. General practitioners
(GPs), specialist nurses, anaesthetists, psychologists, surgeons and physiotherapists15 would need to
be included in a pathway that works between primary and secondary care, within an integrated care
model.16,17 Although there is some work on primary–secondary care co-ordination in general,18 and
early interest in primary care intervention to improve postoperative outcomes,19 the potential for
collaborative working to improve health in the longer term has not been studied in this context.

We urgently need to understand how to integrate models of care that optimise not only surgical
outcomes, but also the longer-term health benefits of increased PA in a perioperative pathway, and
understand why the successful models work. The current interest in a broader, cross-cutting approach
to the medical needs of the surgical patient implied by the perioperative medicine ‘movement’ suggests
that the time is right to explore this area more fully.

Our proposal explored the current evidence for using the perioperative encounter to promote exercise.
However, it considered the context of this encounter and the model of care in which any interventions
occurred. We focused on settings in which such interventions might be delivered, timings of interventions,
incentives, staff20 and the types of interventions used (e.g. use of social media applications,21 web-based
interventions22 and motivational interviewing23). Exercise promotion was the focus of this work, but it
may be that something could also be learned from, for instance, interventions to promote alcohol and
smoking cessation.11,12 Williams and Glasby24 have argued that, in attempting to evaluate ‘what works’
in health and social care, too narrow a definition of valid ‘evidence’ has been used. They called for a
notion of ‘knowledge-based practice’ that draws not only on research, but also on ‘the tacit knowledge
of front-line practitioners and the lived experience of people using services’.24 With this in mind, and
drawing on our previous work on tacit knowledge in health-care practice,25,26 we proposed to expand
our evidence synthesis by supplementing our appraisal of the peer-reviewed and ‘grey’ literature with a
series of case examples.

Drawing on a previous mapping exercise we undertook,27 we had a working model of the ‘extended’
perioperative period (see Figure 1), and used this at the start of the project as a substrate for suggestion
and development at the first advisory group meeting, and as the basis for a final overarching narrative
synthesis of evidence against our contextual framework.

Rationale

Ageing populations and increased longevity, coupled with chronic health problems, have become global
challenges, putting new demands on medical and social services. Delivering continuously improving care
in the presence of increasing demand is perhaps the main challenge faced by health systems throughout
the world. Reconciling the three aims of improving the patient experience, enhancing population health
and reducing the per capita cost of care is a global problem, which the UK’s Sustainability and
Transformation Partnerships broadly aim to embed into the NHS.28

Enhancing public health through the promotion of physical exercise, whether at a community29 or,
more commonly, an individual level,30 is a key public health priority. Current guidance is summarised
by the National Institute for Health and Care Excellence (NICE)30 and centres around delivering
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brief interventions. Brief interventions can take many forms and, indeed, there remains some
uncertainty about exactly what constitutes a ‘brief intervention’. There is evidence that they increase
short-term self-reported PA, but there is still insufficient evidence about long-term impacts and
factors influencing their effectiveness.31 Longer interventions may include elements of motivational
interviewing techniques that can be used by any health-care professional and for which there is strong
evidence of increased PA.23 There is also evidence that brief interventions to promote PA are likely to
be cost-effective.32

However, given that so many people are still not active to recommended levels, with the UK ranking
poorly in a recent international study,33 new models of encouraging PA are needed. Consequently, it
makes good sense to make the most of the public health potential of every health-care encounter.34

The Chief Medical Officer’s Moving Medicine initiative (launched in October 2018)35 is part of this
strategy, but is more targeted at specific physical conditions than at the perioperative period.36

This proposal also addressed, and indeed expanded on, one of the key research questions within
the NICE PA promotion guidelines,30 namely ‘What infrastructures and systems help increase the
number of assessments of PA undertaken and the delivery of brief advice?’. In addition, it drew on
the National Institute for Health and Care Research (NIHR)-supported James Lind Alliance Priority
Setting Partnerships.37 Cogent questions already prioritised through this engagement process with
patients, carers and clinicians include ‘How can preoperative exercise of fitness training, including
physiotherapy, improve outcomes after surgery?’.

Theoretical framework

This project involved a mixed-methods approach. We conducted a comprehensive systematic review38

to identify and appraise available peer-reviewed and ‘grey’ literature on exercise interventions that
have been used during the perioperative encounter. We sought evidence on outcomes reflecting
continued engagement in PA (e.g. at 12 months after the intervention) and also measures reflecting
patients’ experiences of the interventions. Only when study designs and interventions were
appropriately homogeneous was quantitative analysis conducted.38

Taking a broad view of ‘evidence’ after Williams and Glasby,24 we also identified practical examples of
relevant interventions to promote PA. For these practical examples we used case study methods to
explore which aspects of the intervention, the individuals and teams, and the wider organisation
(whether within primary or secondary care) influenced the adoption of the intervention.

By using multiple data collection sources in this phase of the project (document collection, interviews
and brief observations), we intended to improve the accuracy and completeness of the current
landscape in exercise innovations.26 This also compensated for ‘lag time’ to publication, which is an
inevitable consequence of a systematic review approach.

We used Bate et al.’s39 ‘challenge’ framework to structure our examination of the contextual factors
within the evaluation of exercise promotion interventions and models of care, both for the literature
and practical case studies. A final integrative, interpretive synthesis explored relationships in the data
between context, mechanisms and outcomes.

Research question/aim

What is the potential for promoting PA and exercise in the medium to long term among people
undergoing elective surgery?
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The aim was to examine a broad range of evidence and knowledge to identify, and place in context,
interventions applied during the perioperative period to promote PA and exercise in the medium to
longer term. We did this through comprehensive literature searching and synthesis (systematic review)
supplemented by an analysis of relevant practical case studies.

Objectives

This research incorporated the following objectives:

l a systematic search that included data extraction from, and quality appraisal of, published
peer-reviewed and ‘grey’ literature

l identification of, and the collection of data from, existing practical examples (i.e. case studies)
l analysis of context, using the ‘challenge’ framework,39 and its role in the effectiveness

of interventions
l overarching narrative synthesis of existing and possible models of perioperative care that offer the

greatest potential benefit for the promotion of PA.
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Chapter 2 Systematic review

Methods

Criteria for considering studies for this review

Types of studies
We included randomised controlled trials (RCTs) and quasi-randomised controlled trials (Q-RCTs);
Q-RCTs use methods of allocation that are not random but are intended to produce similar groups
when used to allocate participants, for example allocation according to date of birth or hospital
record number.

We also included other study designs, or non-randomised studies (NRSs), in the review. We used
study design features to categorise these studies according to Higgins et al.38 (table 13.2.a), rather
than study design labels used by study authors, and considered inclusion of non-randomised controlled
trials, controlled before-and-after studies, prospective cohort studies, retrospective cohort studies,
historically controlled trials, case–control studies, case reports and before-and-after comparison
studies. These study designs represented a supplementary set in the review; we did not conduct
risk-of-bias assessments of, or analyses on findings from, these studies.

We excluded small case studies in which there were fewer than 10 participants.

We also excluded crossover study designs in which participants in each group received both the
intervention and the comparison at alternate times. This design requires a suitable washout period to
avoid any carry-over effects of the initial intervention, and we did not expect a washout period to be
achievable for studies meeting our review objectives.

Types of participants
We included adult participants who were at least 18 years of age.

To include a study population that most closely fitted the review objectives, we adopted population
cut-off points when selecting studies; we acknowledge that these are arbitrary cut-off points. We
included studies in which:

l at least 60% of study participants were undergoing or had undergone a surgical procedure
l participants were recruited within a mean time of 6 months after the completion of surgery.

We included oncological studies if they met the first two or the first and third of following criteria:

l if the study authors specifically stated that participants had received surgery or adjuvant therapies
(such as chemotherapy or radiotherapy)

l if participants were recruited within a mean time of 6 months after surgery (or, if surgery was not
specified, after completion of adjuvant therapies)

l it could be inferred from the study report that surgery was likely to have been completed within
6 months (using information about adjuvant therapies and the time since diagnosis).

We excluded studies in which recruitment took place more than 6 months after completion of surgery/
treatment. We also excluded studies that had an unclearly defined time since surgery/treatment,
and that suggested a time of recruitment in which we expected that most participants (at least 60%)
were likely to have been recruited after the aforementioned cut-off points.

DOI: 10.3310/NZPN0787 Health and Social Care Delivery Research 2022 Vol. 10 No. 21

Copyright © 2022 Pritchard et al. This work was produced by Pritchard et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

5



Types of interventions
We included interventions that encouraged participants to engage in PA or exercise. We defined
exercise and PA as a planned and structured activity that takes place regularly to improve physical
fitness; some examples are walking, running, swimming, cycling, aerobics, Pilates and yoga.

We included interventions that took place as a group (such as a fitness class) or at a one-to-one level,
or that were individualised to the participant or were for all participants. As well as interventions that
required participants to engage in a specific activity (such as attendance at a clinic), we also included
interventions that provided support or encouragement to engage in exercise or PA; these interventions
could include counselling (face to face or remotely) or the provision of information or equipment to
facilitate or motivate participants to engage in exercise or PA.

The interventions could be delivered on one or more occasions and could be delivered by one or
more health-care professionals. We required the intervention to be initiated within the extended
perioperative pathway up to the cut-off time points of participant recruitment described in Types of
participants. However, the duration of the intervention could extend beyond this period.

We included studies in which interventions were given as part of a ‘package’ of measures aimed at
promoting a healthier lifestyle; however, we required the promotion of engagement in exercise or PA
to be a significant component of this package.

For studies in which a comparison group was included, we included comparisons that were ‘usual care’
or were another type of intervention. We accepted any type of usual care described by study authors,
and acknowledge that this could vary considerably between countries and the time that the study was
conducted. We included any other type of intervention as a comparison, which could be a less enhanced
version of the main intervention, or could be the same intervention that was initiated at a later time point.

We excluded studies in which the intervention targeted a specific muscle group or followed surgery for
a sporting injury.

Types of outcome measures
To ensure that studies addressed the research question, we included studies only if they measured and
reported our primary outcomes (PA) at least 6 months after surgery (when the intervention was started post
surgery), or 6 months after the beginning of the intervention (when the intervention was started pre surgery).

We accepted that measures of PA were not always the primary outcomes specified by study authors in
their study objectives or in their sample size calculations. However, we excluded studies that did not
measure and report our primary outcomes; we judged that these studies were not designed to
evaluate our review objectives.

Primary outcomes

l Physical activity: amount of PA/exercise conducted at the end of follow-up (such as mean number of
steps measured using a step counter).

l Physical activity: number of people who were engaging in PA at the end of follow-up (e.g. as measured
in a self-reported questionnaire).

Secondary outcomes

l Physical fitness: mean scores [and standard deviation (SD)] measured using standardised tools at the
end of follow-up [cardiopulmonary exercise testing as first choice, but also included data for peak heart
rate (beats/minute), peak oxygen consumption (ml/kg/minute), peak power output (W), 6-minute walk (m),
bench press (kg), leg press (kg), handgrip (kg), sit and reach (cm), anaerobic or lactic threshold, peak
oxygen uptake (VO2 peak) and minute ventilation to carbon dioxide output (VE/VCO2)].7
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l Quality of life at the end of follow-up: mean scores using a validated tool [e.g. Short Form
questionnaire-36 items (SF-36), EuroQol-5 Dimensions (EQ-5D), the Centers for Disease Control
and Prevention Health-related Quality of Life measure or condition-specific tools].

l Cancellation of surgery because of improved health: number of participants who no longer
needed surgery.

l Participants’ experiences of participation: could include narrative summaries, measures on a
continuous scale or number of people who were satisfied with the experience.

l Adherence: may include attendance at PA classes or completion of motivational telephone calls.
l Pain at the end of follow-up: mean scores using a validated tool [e.g. visual analogue scale (VAS)].
l Adverse events: as described by study authors (both related and unrelated to the intervention).

Search methods for identification of studies

Electronic searches
We conducted electronic searches of a number of major databases, applying no restrictions on
language or publication status (for search strategies, see Report Supplementary Material 1). We searched
the following databases for relevant trials:

l Cochrane Central Register of Controlled Trials (CENTRAL; 2020; Issue 10) via The Cochrane Library
(searched on 22 October 2020)

l MEDLINE (Ovid SP; 1946 to 22 October 2020)
l Cumulative Index to Nursing and Allied Health Literature (CINAHL) (EBSCOhost; 1981 to

22 October 2020)
l EMBASE (Ovid SP; 1974 to 22 October 2020)
l PsycINFO (EBSCOhost; inception to 22 October 2020)
l SPORTDiscus (EBSCOhost; inception to 22 October 2020).

We searched the following clinical trial registers to identify ongoing studies and completed trials
awaiting publication:

l ClinicalTrials.gov40 on 7 January 2020
l World Health Organization (WHO) International Clinical Trials Registry Platform41 on

24 January 2020.

Searching other resources
We conducted forward citation searches of studies that met our inclusion criteria and backward
citation searching of key articles and reviews using the Web of Science citation index. We examined
grey literature, as defined by McGrath et al.42 using ‘opengrey’43 for valuable contextual perspectives
and up-to-date intelligence not yet available within peer-reviewed sources.

Data collection and analysis

Selection of studies
We used reference management software to collate the results of searches and to remove duplicates.
Using Covidence 2018 software (Melbourne, VIC, Australia), two of four review authors (SRL, SVG,
MWP and AR) independently screened the results of the search of titles and abstracts to identify
potentially relevant studies. Results were compared at regular intervals, and consensus was reached
through discussion. During these discussions, we refined the inclusion and exclusion criteria to meet
the specific objectives of the review. We sourced the full texts of all potentially relevant studies
and two of four review authors (SRL, SVG, MWP and AR) considered whether or not they met the
inclusion criteria; again, we reached consensus through discussion and refined the inclusion criteria as
necessary. At this stage we reviewed abstracts, and included them in the review only if they provided

DOI: 10.3310/NZPN0787 Health and Social Care Delivery Research 2022 Vol. 10 No. 21

Copyright © 2022 Pritchard et al. This work was produced by Pritchard et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

7



adequate information and relevant results that contained denominator figures for the intervention and
control groups. We recorded the number of papers obtained at each stage and include this information
in a Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart (see
Figure 2). In the review, we reported brief details of related but excluded papers.

Data extraction and management
We used Covidence 2018 software to collect and record details from individual studies to describe
their context and the results of their outcome measures. We adapted a basic template from Covidence
2018 to collect the following information:

l Methods – type of study design [for studies that were not RCTs, we collected study design features,
as per Higgins et al.38 (table 13.2.a), rather than using the study design labels used by the study
authors], setting in which participant was initially recruited, dates of the study, funding sources and
study author declarations of interest.

l Participants – number of participants randomised to each group, type of surgery, reason for surgery
and baseline characteristics for each group [to include age, gender, body mass index (BMI), weight,
height, baseline level of fitness, current involvement in regular PA, relevant clinical variable and
illness severity scores such as Acute Physiology and Chronic Health Evaluation II (APACHE II) or
American Society of Anesthesiologists status].

l Intervention – details of intervention and control (to include the type of PA, the location of the
intervention, number of sessions, duration, person prescribing and/or providing the intervention,
time point of initiation, group-based/individual, generic or individualised, resources used or
special equipment provided, intensity of PA and provision of supplementary interventions or
additional components).

l Outcomes – all relevant review outcomes as measured and reported by study authors, including
time points of measurement.

l Outcome data – results of outcome data.

We considered the relevance of information from each study and the generalisability of data to the
study population (i.e. the potential for indirectness in our work). In the event of finding associated
publications from the same study, we created a composite data set based on all eligible publications.

Assessment of risk of bias in included studies
We conducted risk-of-bias assessments for RCTs and Q-RCTs using the Cochrane Risk of Bias tool.44

Two review authors (AR, MWP or SRL) independently assessed study quality, study limitations and the
extent of potential bias in each study. Consensus was reached through discussion. The following
domains were assessed:

l sequence generation (selection bias)
l allocation concealment (selection bias)
l blinding of participants, personnel and outcome assessors (performance and detection bias)
l incomplete outcome data (attrition bias)
l selective outcome reporting (reporting bias)
l other potential risks of bias.

For each domain, we judged whether or not study authors had made sufficient attempts to minimise
bias in their study design. We made judgements using three measures: high, low and unclear risk of
bias. We recorded the judgements in risk-of-bias tables (see Report Supplementary Material 2) and
present a summary risk-of-bias table in Appendix 8.

We did not conduct risk-of-bias assessments on the NRSs as these provided supplementary data,
rather than primary data, for this review.
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Measures of treatment effect
We collected both dichotomous and continuous data depending on the measurement methods, tools
and scales used by the study authors. For example, for physical fitness, we collected data that reported
the number of people engaged in PA at the end of follow-up, or the amount of PA using a tool such as
a step counter. Where possible, we reported dichotomous data as risk ratios (RRs) to compare groups,
and continuous data as mean differences (MDs) or standardised mean difference (SMDs); we reported
95% confidence intervals (CI). We also collected narrative data of individual participant experience.

Unit-of-analysis issues
We noted studies that had more than one intervention group. We did not combine data in these
studies; instead, we reported data separately for each intervention or comparison group. We used
sensitivity analysis to explore whether or not the choice of intervention group in the analysis
influenced the effect estimate.

Dealing with missing data
We considered data to be complete if losses were reported and explained by study authors, and we
combined no incomplete data in the meta-analysis. In the event that studies indicated that our primary
outcomes were measured but not were not reported, we attempted contact with study authors
via e-mail.

Assessment of heterogeneity
We assessed whether or not evidence of inconsistency was apparent in our results by considering
heterogeneity. We assessed clinical and methodological heterogeneity by comparing similarities in our
included studies between study designs, participants, interventions and outcomes, and used the data
collected from the full-text reports. We assessed statistical heterogeneity by calculating the chi-squared
test or I2 statistic and judged the level of heterogeneity according to the following I2 values:38

l 0–40% – might not be important
l 30–60% – may represent moderate heterogeneity
l 50–90% – may represent substantial heterogeneity
l 75–100% – considerable heterogeneity.

In addition to considering statistical results, we looked at point estimates and overlap of CIs. When
CIs overlap, results are more consistent. However, although combined studies might display a large
consistent effect, it might have significant heterogeneity. Thus we planned to interpret heterogeneity
with caution.45

Assessment of reporting biases
We sought published protocols for all included studies by utilising clinical trials registers. To assess the
risk of selective reporting bias, we compared published protocols with published study results. We
generated a funnel plot to assess the risk of publication bias if we identified sufficient studies reporting
on an outcome (i.e. > 10 studies46). An asymmetrical funnel plot may suggest publication of only
positive results.47

Data synthesis
We completed meta-analyses of outcomes for which we had comparable effect measures from more
than one study for each comparison group, and when measures of heterogeneity indicated that pooling
of results was appropriate. We did not pool studies that had a high level of methodological or clinical
heterogeneity. We used the statistical calculator in Review Manager (RevMan) 5 (The Cochrane
Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark) to perform meta-analysis.

We used the Mantel–Haenszel random-effects model to account for potential variability in participant
conditions between studies.
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We calculated CIs at 95% and used a p-value of ≤ 0.05 to decide if a result was statistically significant.
We considered imprecision in the analyses’ results by assessing the effect measure’s CI; a wide CI
would suggest a higher level of imprecision. Precision may also be reduced with a small number
of studies.48

For analyses where SMD indicated a statistically significant effect, we used Cohen’s d to judge the size
of the effect.49

We always used the latest time point reported by study authors in our analyses. Some studies reported
data at more than one time point. In analysis, we used the latest time point reported by study authors
because our intention was to establish the long-term effect of interventions. We reported the time
points used in meta-analyses, alongside effect estimates, and whenever possible we used sensitivity
analysis to reanalyse the data with time points that were more consistent.

If a study measured an outcome using different tools, we included data for only one of those tools.
We clearly reported which tool we had used. Whenever possible, we aimed to select the tool that
provided the most objective assessment, or which was the most commonly used tool in the analysis.

We included multiarm studies in the review. In analysis, we selected the intervention that we judged to
be the most enhanced intervention; we selected the alternative intervention in sensitivity analysis.

Subgroup analysis and investigation of heterogeneity
We attempted to explore differences between the included studies using information collected during
data extraction. To draw meaningful results from tests for subgroup interactions, we conducted
subgroup analysis only when we had > 10 studies.

Our choice of subgroups was defined post hoc, after comparison of all the varying participant and
intervention characteristics. We attempted subgroup analysis of the following characteristics:

l duration of intervention – intervention undertaken for < 6 months or for at least 6 months
l time of intervention commencement – intervention was given during the pre-surgery period or

post surgery
l type of surgery – participants underwent surgery for types of cancer or for other conditions
l age – participants had a mean age of < 60 years or a mean age of at least 60 years
l BMI – participants had a BMI of < 30 kg/m2 or of at least 30 kg/m2.

Sensitivity analyses
We used sensitivity analyses to explore the effect of decisions made during the review process. We
compared the effect estimates from sensitivity analyses with those in the primary analyses; we used
this information when assessing our confidence in the estimates. We conducted sensitivity analyses,
if pooled analyses included at least two studies, as follows:

l We excluded studies that measured the outcome immediately after the end of the
intervention period.

l Some studies used more than one measurement tool to report an outcome; we used the alternative
measurement tools in sensitivity analysis.

l Some studies were multiarm studies; we used data from the alternative intervention arm in
sensitivity analysis.

l We excluded studies that we judged to be at high risk of attrition bias (this was an outcome-
specific judgement).

l We excluded studies that we judged to be at high or unclear risk of selection bias (for
sequence generation).
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Grading of Recommendations Assessment, Development and Evaluation
Two review authors used the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) system to assess the certainty of the body of evidence associated with the following outcomes:50

l amount of PA completed at the end of follow-up
l number of people engaged in PA at the end of follow-up
l level of physical fitness at the end of follow-up
l health-related quality of life (HRQoL) at the end of follow-up
l pain at the end of follow-up
l adverse events
l adherence to the intervention.

Based on the extent to which we can be confident that an estimate of effect or association reflects the
item being assessed, the GRADE approach appraises the certainty of a body of evidence. Evaluation of
certainty considers within-study risk of bias and risk of publication bias, heterogeneity of the data,
directness of the evidence and precision of the effect estimates. We used the GRADE approach for
both comparisons in the review: ‘intervention versus usual care’ and ‘intervention versus intervention’.
We did not construct summary-of-findings tables, but instead presented these GRADE assessments
narratively (see Effects of interventions).

Results

Results of the search
After the removal of duplicates from the search results, we screened 20,874 titles and abstracts, which
included forward and backward citation searches and searches of clinical trials registers. We looked
at the full text of 364 records and selected 62 studies for inclusion, based on review criteria (see
Appendix 1, Table 7). We identified 52 ongoing studies (see Appendix 1, Table 9), found 12 studies
for which we were not able to effectively assess eligibility (see Appendix 1, Table 8) and excluded
174 records (Figure 2).

Included studies
We included 62 studies51–112 for which there are 124 references (see Appendix 1, Table 7). A total of
51 studies51–57,59–64,66,68–70,72,74–79,81–84,86–88,90,92–97,100–112 were RCTs, and two58,85 were Q-RCTs, all of which
had a parallel design; 30 studies52–54,56,58,59,62,64,68,70,72,76–78,81,83,85,88,90,91,94–96,100,101,105–108,110 were based in
a single centre, whereas 22 studies51,55,57,60,61,63,66,69,74,75,79,82,84,86,87,92,97,102–104,109,111 were multicentre.
There is no information for one of the studies,93 as it exists as a conference abstract with only
limited information.

Of the remaining nine studies, five were single-group, single-centre, before-and-after comparisons;65,67,
71,89,98 two were single-group, multicentre, before-and-after comparisons;80,99 one was a parallel-design,
multicentre before-and-after comparison;112 and one was a parallel-design, single-centre controlled
before-and-after study.73

In the RCTs and Q-RCTs, a total of 7939 participants were randomised. In the NRSs, 630 participants
were included.

We collected and summarised the data on the population and intervention characteristics of each
included study in characteristics tables (see Appendix 1).
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Description of population characteristics, for randomised controlled trials

Surgical/non-surgical participants
Seven studies56,66,74,90,94,97,103 reported numbers of non-surgical participants; in all of these studies
non-surgical participants accounted for no more than 40% of the total participants. The remaining
46 studies51–55,57–64,68–70,72,75–79,81–88,91–93,95,96,100–102,104–111 reported no non-surgical participants, or we
judged them as being likely to include no, or an insignificant number of, non-surgical participants.

Age
All studies included only adult participants. One study93 did not report the average age of its participants,
but did have an age requirement of between 55 and 75 years in its inclusion criteria. In the case of the
study by Mundle et al.,100 who neither reported the average age of participants nor specified an age
requirement in their inclusion criteria, we assumed that only adult participants were included because
all participants were undergoing a percutaneous coronary intervention or cardiac surgery. A number
of studies included either older adults or elderly people only: Barnason et al.55 included adults aged

Records screened
(n = 20,874)

Full-text records
assessed for

eligibility
(n = 364)

Studies (n = 123
records) included

in review
(n = 62)

Records after duplicates
removed

(n = 20,874)

Records excluded
(n = 20,510)

Records identif ied
through database

searching
(n = 21,793)

Additional records identif ied through
other sources (clinical trials registers,

forward and backward citation tracking,
grey literature)

(n = 1092)

Ongoing studies (n = 52 records)
(n = 52)

Studies (n = 15 records) awaiting
classif ication

(n = 12)
Records excluded

(n = 174)

• Physical activity not reported, n = 86
• Out of perioperative pathway, n = 26
• Length of follow-up, n = 21
• Abstract only (insuf f icient
    information), n = 17
• Wrong patient population, n = 13
• No aim for long-term f itness, n = 5
• Ineligible study design, n = 6

FIGURE 2 Study flow diagram for the review.
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≥ 65 years, Christiansen et al.62 included adults aged > 45 years, Christiansen et al.61 included adults aged
between 50 and 85 years, Kummel et al.91 included adults aged ≥ 65 years, Li et al.93 included adults aged
between 55 and 75 years, Losina et al.96 included adults aged ≥ 40 years, Piva et al.102 included adults
aged ≥ 60 years, Santa Mina et al.103 included adults aged between 40 and 80 years, Taraldsen et al.107

included adults aged ≥ 70 years, Turunen et al.108 included adults aged > 60 years and Turunen et al.109

included adults aged ≥ 60 years.

Gender
Three studies76,88,103 included only male participants. Seven studies59,63,69,77,83,93,104 included only female
participants. The remaining RCTs included a combination of male and female participants.

Type of condition
Eleven studies59,63,66,69,74–76,78,82,83,103 recruited participants undergoing treatment for types of cancer:
breast cancer;59,63,69,83 prostate cancer;76,103 breast and prostate cancer;66 colorectal and prostate cancer;75

colorectal cancer;78,82 and prostate and breast cancer, as well as a number of unspecified tumours.74

Nine studies55,56,70,88,90–92,105,111 recruited participants undergoing coronary artery bypass surgery. One
study72 recruited participants undergoing myocardial revascularisation surgery. One study87 recruited a
mix of participants, with some undergoing percutaneous transluminal coronary angioplasty and some
undergoing coronary artery bypass surgery. One study100 did not specify the surgery that their
participants underwent, describing it as cardiac surgery only.

Five studies53,57,64,85,94 recruited participants undergoing bariatric surgery. Three studies60,104,106 recruited
participants undergoing Roux-en-Y gastric bypass surgery.

Six studies52,62,81,93,96,102 recruited participants undergoing total knee replacement (TKR). Four
studies77,79,107,108 recruited participants undergoing total hip replacement. Two studies58,110 recruited a
mix of participants, with some undergoing TKR, and some undergoing total hip replacement.

The treatments that the remaining 10 studies selected for were as follows: joint replacement and
back surgery,109 lumbar spine fusion surgery,84 laminectomy,51 standard lumbar discectomy,86

surgery for degenerative lumbar spine disorder,95 lumbar fusion surgery,97 lumbar surgery,68 renal
transplantation,101 major digestive surgery54 and dysvascular transtibial amputation.61

Country
A total of 51% of the studies were conducted in Europe: four in the UK,52,76,82,87 five in Finland,70,84,91,108,109

two in Germany,58,77 four in the Netherlands,74,75,81,90 four in Norway,79,83,94,107 four in Sweden,86,95,97,104 two
in Spain,54,85 one in Denmark106 and one in Switzerland.56

A total of 42% of studies were conducted in North America: 15 in the USA;51,55,57,59–62,64,68,72,88,96,101,102,111

six in Canada;53,63,92,100,103,105 and one in both the USA and Canada.66

Six per cent of studies were conducted in Australasia: all three in Australia.69,78,110 One per cent of
studies were conducted in Asia: in China.93

Race/ethnicity
Fifteen studies51,57,59,60,64,66,76,83,85,87,96,101–103,111 reported baseline characteristics data on race and/or
ethnicity. These studies reported a majority of participants of northern European and Iberian descent,
with minority populations of African and Caribbean descent, and various Asian and autochthonous
communities. We considered the ethnic make-up of these studies to be largely representative of the
populations in these countries. We assumed that the study conducted in China93 included a majority
of East Asian participants. The remaining studies did not report baseline characteristics data on race
or ethnicity.
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Body mass index
Seven studies53,57,60,64,85,94,104 reported a mean baseline BMI of ≥ 35 kg/m2 among participants. All these
studies included participants undergoing surgery for obesity. The other study106 including participants
undergoing surgery for obesity reported a mean baseline BMI of > 30 kg/m2.

In addition, four studies51,61,81,102 reported a mean baseline BMI of between 30 and 34.9 kg/m2. One
study51 included participants undergoing surgery for spinal degenerative disorder, one study61 included
participants undergoing dysvascular transtibial amputation and two studies81,102 included participants
undergoing TKR.

Seventeen studies55,58,59,62,63,66,69,75,76,79,84,87,92,97,103,108,110 reported a mean baseline BMI of between 25 kg/m2

and 29.9 kg/m2.

Four studies54,77,78,101 reported a mean baseline BMI of between 20 kg/m2 and 24.9 kg/m2.

One study96 gave numbers of participants with a mean BMI of < 30.0 kg/m2, between 30.0 kg/m2 and
34.9 kg/m2 and ≥ 35.0 kg/m2.

The remaining 19 studies52,56,68,70,72,74,82,83,86,88,90,91,93,95,100,105,107,109,111 did not report baseline BMI data for
their participants.

Education status
Twenty-six studies51,53,55,57,59,64,66,69,74–76,78,79,83–85,87,94,96,97,102–105,109,111 reported baseline characteristics
data for education status. Because these studies were from a number of different countries,
each having a different accreditation system, and they recorded these data in disparate ways,
it was not viable to collate these data. However, when reported, we have included these data
separately for each study in the population box of the characteristics of included studies tables
(see Report Supplementary Material 2).

Economic status
Seven studies53,63,69,78,103,105,111 reported baseline characteristics data for economic status. Because these
studies were from a number of different countries, each having a different currency, and they recorded
these data in disparate ways, it was not viable to collate these data. However, when reported, we have
included these data separately for each study in the population box of the respective characteristics of
included studies tables (see Report Supplementary Material 2).

Other baseline characteristics
A number of studies reported baseline characteristics data for fitness, employment and amount of PA.
Because these data were reported in disparate ways, and often sporadically, it was not viable to collate
these data. However, when reported, we have included these data separately for each study in the
population box of the characteristics of included studies tables (see Report Supplementary Material 2).

Description of intervention models, for randomised controlled trials
We describe the key intervention characteristics and approaches described by study authors. These are
summarised for each individual study; see Report Supplementary Material 2.

We describe 67 interventions that were examined in 53 included studies.51–64,66,68–70,72,74–79,81–88,90–97,100–111

Most studies examined one or more intervention in addition to a usual care comparator. However,
this summary also includes 12 studies51,56,63,64,74,86–88,90,96,102,105 that compared two or more interventions,
rather than an intervention and a control; in the cases of Boesch et al.56 and Losina et al.96 we describe
three interventions.
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Period of delivery
We refer to the interventions as falling into one of three clinical periods: preoperative (those that took
place only in the period before surgery),54,57,95,103 postoperative (those that took place only in the period
following surgery)51,52,55,56,58–63,66,68,69,72,75–79,81–88,90,92,93,96,100–102,104–109,111 or perioperative (those that include
both preoperative and postoperative components).53,64,70,74,91,94,97,110

Particularly for those interventions beginning post surgery, pinpointing exactly when interventions
started was not always possible. Some studies simply noted that they began ‘after surgery’, whereas
others indicated that the time of initiation was influenced by patients’ post-surgery recovery, or by the
time taken to recruit participants to the study. In addition, some studies provided the mean time of the
intervention, others a range. When a range was reported, we used the lower limit. Others provided
time in months (we have equated 1 month to 4 weeks) or in days. We have rounded these figures to
the nearest whole week. Therefore, these data should be interpreted as indicative. A summary chart is
presented in Figure 3.

Post operative
Interventions overwhelmingly began post operatively (79.1%).

A number of studies55,59,62,63,66,78,83,90,100 were vague on start point, and, although we suspect that the
majority began within a few weeks of surgery, as it was not clear, we have grouped them separately.
Some studies indicated commencement a short time after surgery, for example ‘on entering’90 or
‘during’100 cardiac rehabilitation. A number of cancer studies described the intervention beginning
before or during adjuvant therapies.59,63,83 Two studies suggested that participants began interventions
over a broader period of time (a mean of 6.3 months since colorectal cancer diagnosis78 and within
9 months of diagnosis66).

Of the other studies, roughly half of the interventions began in the immediate days or early weeks after
surgery: 10 interventions began within a few days of, or during the first week after, surgery,72,77,81,82,111

including Kinsey et al.,88 which involved two interventions, and Losina et al.,96 which involved three
interventions; and nine interventions began in the 2–4 weeks after surgery,58,85,93,109 including Boesch et al.,56

which involved three interventions, and Johansson et al.,86 which involved two interventions.

The remaining 23 interventions were delayed post surgery: in 17 studies, there was a delay of > 1 month
to 3 months,52,60,68,69,75,76,79,84,101,104,108 including Archer et al.,51 Jolly et al.87 and Smith et al.,105 which each
involved two interventions; in six studies, the intervention began > 3 months after surgery,61,92,106,107

including Piva et al.,102 which involved two interventions.

Preoperative
Perioperative
Postoperative

FIGURE 3 Period of intervention delivery.
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Perioperatively
Ten interventions (14.9%) were delivered perioperatively: five began between 2 and 4 weeks prior
to surgery,70,91,110 including the two intervention arms of Creel et al.;64 two began 6–8 weeks prior to
surgery;94,97 one began 6 months prior to surgery;53 and the intervention arms of Goedendorp et al.,74

which did not clearly state their initiation points (these were cancer interventions described as
beginning at the time, or within days, of diagnosis).

Pre operative
Four interventions (6.0%) were offered pre operatively only: one began up to 18 weeks before
surgery;57 and three began between 4 and 9 weeks prior to admission.54,95,103

Intervention approach
Interventions often involved multiple components or modes of delivery (55.2%). These components
tended to fall into three categories (Figure 4): (1) education and advice (82.1%), including the provision
of written or verbal information and advice, PA recommendations or a formal exercise prescription;
(2) behavioural mechanisms (59.7%), which focused on behaviour change theories, usually through
therapeutic approaches including counselling or motivational interviewing; or (3) direct PA instruction
(44.8%) in the form of group classes or one-to-one sessions.

Education and advice
Fifty-five (82.1%) interventions described the encouragement of PA adoption through ‘education
sessions’ – the provision of information, advice, recommendations, or a formal exercise prescription51–55,

57–62,66,68–70,72,75,76,78,82–85,91–94,97,100–103,107–110 – including Boesch et al.,56 which involved three interventions
in this category, and Creel et al.,64 Goedendorp et al.,74 Johansson et al.,86 Jolly et al.,87 Kinsey et al.,88

Kraal et al.,90 Losina et al.96 and Smith et al.,105 which all involved two interventions in this category.

The content of these interactions tended to fall into one or more of the following groups:

l Exercise recommendations, in which exercise prescriptions, advice for home exercise,
recommendations or goals were described,52,54,55,57–59,62,66,68,69,72,75,78,83–85,87,92–94,97,100–102,108–110 including
Creel et al.,64 Goedendorp et al.,74 Johansson et al.,86 Kinsey et al.,88 Kraal et al.,90 Losina et al.96 and
Smith et al.,105 which all involved two interventions in this group. These were sometimes provided in
addition to, or following, a period of supervised PA. For example, in Artz et al.,52 following 6 weeks
of supervised classes, ‘participants were provided with a list of exercises, including their individual
exercises, to continue with at home on a regular basis’. In others, recommendations might have
been given at the start of an intervention: ‘the nurse explained how to break the negative spiral of
low physical activity . . . consequently, patients were advised to increase their physical activity level
stepwise’.74 Alternatively, they might have been provided alongside sessions that supported the
setting of PA goals.57,62,69,75,96,109 Recommendations were, however, largely self-managed, although
some interventions included a degree of practitioner contact, prompting adherence. For example,
one intervention84 provided participants with booster sessions every second month, in which a
physiotherapist would review the patient’s experience of the home-based exercise programme,
provide instruction for new activities and define a new daily steps target; the option of telephone
support from a physiotherapist was also on offer. The use of an exercise diary or activity log,54,59,64,92,
94,96,108,109 or an activity device (such as a pedometer or wearable heart rate monitor)55,57,59,62,64,68,69,74,75,
78,84,90,96 to monitor progress was also described. Barnason et al.55 used a telehealth device that

provided participants with daily strategies around rest, pain management and progressing PA.
Recommendations were often personalised either in response to a baseline assessment (usually
fitness) or would be reviewed and set again in response to progress over time. Those that were
not personalised were sometimes noted as being based on national clinical guidelines.
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l Education or information materials, which comprised 20 interventions,52,59,61,66,68,69,75,76,82,84,91,103,108,109

including both the counselling and pedometer arms of Creel et al.,64 the nurse and cognitive–
behavioural therapy (CBT) arms of Goedendorp et al.,74 the home-based intervention of
Johansson et al.86 and the home-based intervention of Jolly et al.87 For these interventions,
participants were provided with, for example, ‘a one-page information sheet . . . that also
promoted the progressive attainment of 10,000 steps/day’,64 an exercise workbook,69 ‘pictorial
and written instructions for [home] exercise’,84 or online role modelling or instruction videos
for supporting home exercise adoption.75,103 We also included here studies in which participants
were provided with information about,108 or helped to identify,61 exercise opportunities in the
local community.

l Lifestyle education, which comprised 12 interventions,53,60,66,70,82,91 including all three intervention arms
of Boesch et al.;56 the home-based intervention of Jolly et al.;87 and the financial incentive (FI) and
financial incentive plus telephonic health coaching (FI + THC) intervention arms of Losina et al.,96 in
which the focus of contact with practitioners, or of resources, was placed on broader improvements
to health, with PA just one strand of an emphasis on lifestyle factors that might also include diet,
alcohol or smoking cessation. One study,53 for example, described a voluntary Motivator’s Club
that explored PA, nutrition and psychological issues associated with weight management. Several
interventions in cardiac and cancer studies framed sessions around risk factors for disease,70,82,87

whereas others touched on PA (goals, benefits, barriers, activity progression or diary-keeping) among
a wider programme of sessions covering topics such as nutrition,53,60,70 use of medication,82,87 ‘pain
management strategies’84,97,108 or mindfulness.94 One study59 reported asking participants in both
groups not to make significant changes in their dietary habits.

l The value of PA, which comprised eight interventions,54,68 including the education arm of Archer et al.,51

the nurse and CBT intervention arms of Goedendorp et al.,74 the home-based arm of Johansson et al.,86

and both the centre-based and home-based intervention arms of Jolly et al.87 These studies described
interventions highlighting the ‘importance’,53 the ‘benefits’68 or the ‘promotion’54 of exercise, or, as in
the CBT intervention in Goedendorp et al.,74 explained to participants the negative spiral of low PA and
fatigue. This focus was often part of direct sessions in person, over the telephone, or, in one case,
described as part of computer-tailored PA advice that patients could access from home.75

Behavioural mechanisms
Therapeutic or behavioural approaches to supporting participants to engage in PA was adopted in over
half (59.7%) of all interventions. The majority of these were delivered to the individual,54,55,57–59,61,62,68,69,75,
76,78,81,83–85,91,92,95,97,108,109,111 including the CBT arm of Archer et al.,51 the counselling arm of Creel et al.,64

Education and
advice
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Behavioural
mechanisms
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FIGURE 4 Studies using each intervention approach.
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the CBT arm of Goedendorp et al.,74 both the walking and cycling arms of Kinsey et al.,88 the
home-based arm of Kraal et al.,90 and both the THC and the FI + THC arms of Losina et al.96

A small number of these approaches was incorporated into group sessions of 6–10 people,94 and
between 15 and 25 participants, depending on the site of delivery.82 Baillot et al.53 and Sellberg et al.104

did not report group size. For Engblom et al.70 and Boesch et al.,56 which included three intervention
arms (all residential models), and the centre-based arm of Jolly et al.,87 it was not clear whether their
residential models were delivered as groups or individually.

Fifteen of these approaches59,61,62,68,69,78,83,84,91,108,109 were delivered by telephone, including the CBT arm
of Archer et al.,51 the home-based arm of Kraal et al.,90 and the THC and FI + THC arms of Losina et al.;96

22 approaches53,54,57,58,70,81,82,85,92,94,95,97,104,111 (including all three intervention arms of Boesch et al.,56 the
counselling arm of Creel et al.,64 the CBT arm of Goedendorp et al.,74 the centre-based arm of Jolly et al.,87

and both the walking and the cycling intervention arms of Kinsey et al.88) were delivered face to face in a
clinical, community or inpatient setting. Two interventions were delivered via smartphone55 or computer
application,75 and another, which included motivational messaging, was delivered by participants’ method
of choice (text message, telephone call, e-mail or post).76 Therapeutic sessions were sometimes noted as
being a ‘one-off’, but were usually reported as taking place over the course of several weeks or months.

Although the detail of sessions was generally limited, we identified several recurring topics or
approaches in the content described:

l Most53,54,58,61,62,68–70,75,76,78,81–85,91,92,94,95,97,104,108,109,111 (including the CBT arm of Archer et al.,51 the
counselling arm of Creel et al.,64 the CBT arm of Goedendorp et al.,74 the centre-based arm of
Jolly et al.,87 both the walking and the cycling arms of Kinsey et al.,88 the home-based intervention
arm of Kraal et al.,90 and both the THC and FI + THC arms of Losina et al.96) talked about behaviour
change approaches, counselling or motivational interviewing, describing supporting participants,
for example with the ‘restructuring of cognitions and beliefs’ (the CBT arm of Goedendorp et al.74),
or being ‘counselled to establish a home-based exercise programme’ (Lear et al.92). Some of these
interventions emphasised the use of goal-setting,57 or of focusing on participants’ experiences of
their exercise programme to consider adaptions and new goals.84 Details of the THC arm in Losina
et al.96 described coaches using ‘open-ended questions to elicit the participants’ own objectives’ and
‘while expressing empathy . . . helping to resolve any discrepancy between subjects’ PA goals and
current behaviour’. Some studies described motivational interviewing techniques, sometimes
adopted by PA coaches, and focused on barriers, the discussion of ‘obstacles, fears and solutions’ to
PA (the CBT arm of Goendendorp et al.74) or efforts to ‘allay harmful irrational beliefs and fears
regarding activity’.84

l Improved self-efficacy and promoting self-management were also common foci in 12
interventions55,57,59,61,69,75,78,97 (including the CBT arm of Archer et al.,51 the counselling arm of
Creel et al.,64 and both the THC and FI + THC arms of Losina et al.96). This included self-management
approaches ‘to reduce pain and disability, and improve PA’ (the CBT arm of Archer et al.51) or
to self-care and management of early recovery symptoms,55 but, more often, studies described
a focus on encouraging participants to self-monitor PA,57,61,78 or on participants’ self-efficacy for
exercise,59,69,75,108 which included both the THC and FI + THC arms of Losina et al.96 Other studies
used mechanisms such as exploring ‘self-rewards’.62

l Reference to the following was also common – lifestyle and health coaching68,81,92,94,104 (including the
CBT intervention arm of Archer et al.,51 all three intervention arms of Boesch et al.,56 the CBT arm
of Goedendorp et al.,74 and both the walking and the cycling intervention arms of Kinsey et al.88);
active lifestyles, such as work-related, leisure-related and daily life activities;81 daily walking;56 or
broader counselling approaches, which might include working on addressing fatigue, sleep or ‘risk
factor counselling’.92
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Direct physical activity instruction
Thirty interventions (44.8%) provided face-to-face PA instruction,52–54,60,70,72,77,79,82,84,85,92,95,106,107,109,111

including all three intervention arms of Boesch et al.,56 the aerobic and the resistance arms of
Courneya et al.,63 the centre-based arm of Jolly et al.,87 the clinic-based arm of Johannson et al.,86

both intervention arms of Kraal et al.,90 both the clinic and the community arms of Piva et al.,102

and the hospital and the home training arms of Smith et al.105

These were more often one component of a broader approach52–54,60,70,72,82,84,85,92,95,107,109,111 (including all
three intervention arms of Boesch et al.,56 the clinic-based arm of Johansson et al.,86 the centre-based
arm of Jolly et al.,87 both intervention arms of Kraal et al.,90 the clinic-based arm of Piva et al.102 and
both arms of Smith et al.105) that might also include education and advice52–54,60,70,72,82,84,85,92,107,109

(including all three intervention arms of Boesch et al.,56 the clinic-based arm of Johansson et al.,86

the centre-based arm of Jolly et al.,87 both arms of Kraal et al.,90 the clinic-based arm of Piva et al.102

and both arms of Smith et al.105) or therapeutic approaches53,54,70,82,84,85,92,95,109,111 (including all three
intervention arms of Boesch et al.,56 the centre-based arm of Jolly et al.87 and the home-based arm of
Kraal et al.90). Several studies,52,53,60,77,79,106 (including the centre-based intervention arm of Kraal et al.,90

the community arm of Piva et al.102 and the hospital-based arm of Smith et al.105) indicated that activity
sessions took place in groups, although group size was infrequently described. When it was, group size
ranged from two people79 to 25 people.82

The majority of PA sessions52–54,60,72,77,79,82,85,95,106,107,111 (including all three intervention arms of
Boesch et al.,56 both arms of Courneya et al.,63 the clinic-based arm of Johansson et al.,86 the centre-
based arm of Jolly et al.,87 both intervention arms of Kraal et al.,90 the community-based arm of
Piva et al.102 and the hospital training arm of Smith et al.105) were provided at least weekly, often
two or three times per week; all intervention arms of the Boesch et al.56 study provided five sessions
of cycling each week. Participants in this study56 also participated in walking twice daily; it was not
clear if these sessions were supervised. In some interventions, the regularity of PA instruction varied
over time, for example increasing progressively over 6 months;85 reducing in frequency, as in the clinic-
based arm of Piva et al.;102 or varying as in Baillot et al.,53 in which participants received instruction
(three sessions per week for almost 6 months) in the pre-surgery phase of the intervention only, with
post-surgery intervention components focused on counselling only. In Lear et al.,92 participants received
up to eight cardiac rehabilitation exercise sessions over 12 months, and in the home training arm of
Smith et al.,105 participants were offered 2-hour exercise consultations with an exercise specialist at
the beginning and after 3 months of home exercise.

Physical activity instruction usually took place in a clinical setting (including a hospital or physiotherapy
clinic or gym)52–54,60,72,77,79,82,84,92,95,111 (including the clinic-based intervention arm of Johansson et al.,86

the centre-based arm of Jolly et al.,87 both the centre-based and the home-based arms of Kraal et al.,90

the clinic-based arm of Piva et al.,102 and both the hospital-based and the home-based arms of
Smith et al.105) but also in community settings (including a leisure centre, community centre or public
gym)82,85,106 (including both the aerobic and resistance arms of Courneya et al.63 and the community
arm of Piva et al.102), within a residential inpatient facility or during a hospital stay70,72 (including all
three intervention arms of Boesch et al.56) or as part of a home visit.107,109

Six interventions77,79,106 (including both the aerobic and resistance arms of Courneya et al.63 and the
community-based arm of Piva et al.102) described PA instruction only. In these studies, supervised
training or classes took place two or three times per week, in a community or clinical setting, usually
for ≥ 3 months.

Other components
Several studies noted additional features of intervention design. Artz et al.,52 for example, reimbursed
participants’ travel and parking costs, or supported access to transport. Losina et al.,96 in two of their
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three intervention arms, used FIs, both in relation to the completion of PA logs and again if
participants managed to increase their daily step count or minutes of moderate-to-vigorous physical
activity (MVPA). Losina et al.,96 for their THC arm, also reported providing coaching, always at
a time most convenient to participants, and coaches were prepared to make several attempts
at telephone contact; and Turunen et al.109 described the use of volunteer students who would
support frail participants (who could not manage this alone) to take walks outdoors to meet
their activity goals. Additional design features in these studies could be seen as mechanisms to
support engagement.

Nutritional counselling54 and a plant-based diet or lycopene supplements76 were noted in some studies;
Boesch et al.56 highlighted the provision of low-fat meals and the rural, high-altitude location of the
inpatient facility in which participants spent 4 weeks, shortly after surgery.

Digital technologies
Digital and other technologies were integral components of protocols in just under one-third of
interventions (29.9%). Most commonly this was through the use of a pedometer or other step activity
monitor,57,62,68,69,75,78,84,90,100,110 including in Brandes et al.,58 in which participants were blinded to the
device, but the data were used by counsellors to encourage increases; in both the counselling and the
pedometer arms of Creel et al.;64 and in both the FI and THC arms of Losina et al.96 However, also
included were the use of heart rate monitors;59,60,90,110 an interactive online application for computer
or smartphone (producing tailored advice);75 audio tapes (providing an abridged version of the
intervention ‘Heart manual’, spoken in Punjabi for participants with a limited command of English)
or online exercise videos, as featured in Santa Mina et al.103 and the home-based arm of Jolly et al.;87

and a telehealth device (an interactive device, requiring a telephone line but no internet access,
providing individualised intervention sessions).55

Pedometers in particular, and heart rate monitors, were often referred to as tools to support
participants to engage in, or monitor, their activity. Although 22 studies51,53,55,60–62,64,74,75,81,82,85,90,93,96,97,102,
104,106,107,109,111 also used movement accelerometers such as ActiGraph GT3X (ActiGraph, LLC, Pensacola,
FL, USA) to measure study outcomes (e.g. bouts of MVPA or daily steps), these were generally not
available for patients to use during the intervention period; instead, they were provided at specific
time points, to be returned either side of measurement periods (usually 1 week). With the exception
of five studies55,64,93,96,109 involving eight interventions, two64 of which had the screens on their
devices obscured, all such measurement periods fell outside the intervention delivery period
(usually prior to intervention commencement, at the immediate end of the intervention or at
some point post intervention).

Other resources/equipment
In addition to digital technologies, such as pedometers, used as part of the intervention provision,
32 interventions provided other specific resources or equipment. This included printed materials,
such as programme information, educational booklets, exercise workbooks (some of which were
personalised) and motivational postcards, in 17 of the studies.51,52,59,61,64,66,69,74,76,78,82,84,87,108,109

In 13 studies, interventions included the provision of, or the encouragement for participants
to keep, exercise diaries, logs or similar; the purpose of these diaries/logs was sometimes
described as a method to help participants keep track of progress and to provide additional
motivation.54,57,59–61,64,66,84,92,94,101,105

Participants in both the intervention and control groups in Mundle et al.100 were asked to self-report
daily estimates of their PA via a questionnaire.
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In two studies, interventions included open access to fitness centres throughout the intervention
period106 or, in both study arms of Courneya et al.,63 for up to 1 month post intervention. Fitness
equipment was provided to participants in five studies: resistance bands,83,84,108,109 and a stability ball and
yoga mat, which participants in the study by Santa Mina et al.103 were able to keep post intervention.

Figure 5 shows the number of interventions per resource used.

Physical activity

Type of exercise/physical activity encouraged
Studies were frequently vague on the sorts of physical activities or exercises adopted or recommended.
However, walking was the most frequently reported activity54,57,58,60–62,68,69,72,76,78,81,83,84,107,109–111 (including
in the CBT intervention arm of Archer et al.,51 all three arms of Boesch et al.,56 the aerobic arm of
Courneya et al.,63 the counselling and the pedometer arms of Creel et al.,64 both the nurse and the
CBT arms of Goedendorp et al.,74 the clinic-based and the home-based arms of Johansson et al.,86 the
centre-based and the home-based arms of Jolly et al.,87 the walking and the cycling arms of Kinsey et al.,88

the FI and the FI + THC arms of Losina et al.,96 the clinic-based arm of Piva et al.,102 and both the
hospital-based and the home-based arms of Smith et al.105), including outdoor walking or trekking;
aerobic, brisk walking; running (one study81 only); short or functional walks; or the achievement of
daily steps. Cycling, usually on a stationary bike, although also encouraged as a home-outdoor activity,
was also described, and sometimes suggested as an alternative to walking54,60,70,81 (including in all three
intervention arms of Boesch et al.,56 the aerobic arm of Courneya et al.,63 the nurse and the CBT arms
of Goedendorp et al.,74 the centre-based arm of Jolly et al.,87 the cycling arm of Kinsey et al.88 and the
clinic-based arm of Piva et al.102). For other interventions52–54,59,69,77,83,85,92,103 (including in the clinic-based
arm of Piva et al.,102 and both the hospital-based and the home-based arms of Smith et al.105), authors
simply reported aerobic training (including endurance activities, moderate-to-vigorous and high-intensity
activities, and activities ‘designed to increase general fitness’52). Several studies described other activities
such as swimming or pool activities,70,85,111 gymnastics,70 dance,85,111 rowing (in the centre-based intervention)87

and ‘traditional Spanish games’.85

Resistance or strength training was often included52,61,69,77,83–85,103,106–109,111 (including in the resistance
intervention arm of Courneya et al.,63 the clinic-based and the home-based arms of Johansson et al.,86

and both the clinic-based and the community-based arms of Piva et al.102), which, with the exception of
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the resistance training arm of Courneya et al.,63 was delivered or encouraged alongside one or more
other activities. Ten interventions61,77,92,108,111 (including in both the clinic-based and home-based
intervention arms of Johansson et al.,86 the community-based arm of Piva et al.,102 and both the
hospital-based and the home-based arms of Smith et al.105) were described as including stretch,
flexibility and balance exercises.

Those studies that were less specific55,66,68,72,75,79,82,91,93–95,97,100,101,104,106 (including in both the CBT and the
education intervention arms of Archer et al.,51 the counselling arm of Creel et al.,64 the home-based
arm of Jolly et al.,87 both the centre-based and the home-based arms of Kraal et al.,90 and the THC
arm of Losina et al.96) tended to include reference to interventions supporting ‘activities of choice’,
as in the home-based intervention for Jolly et al.;87 ‘progressing physical activity’;55 participants being
encouraged to engage in, for example, 30 minutes of daily exercise;94 or an exercise prescription
(these, as in Painter et al.,101 might include goal intensity markers, but there were no details on the
activity or activities prescribed).

How much physical activity and at what sort of intensity?
Studies were also not always clear on the frequency or intensity of PA that was being encouraged or
delivered. Sometimes this was explicitly undefined: when participants were encouraged to focus on
simply being more active95 or on the ‘quality of movement rather than quantity’.52 Other studies
focused on incremental progression, such as a 5% increase in daily steps58 or increasing ‘speed and
duration . . . as tolerated up to a maximum 30 minutes’.72 Some studies focused on perceived exertion,
describing exercise classes ‘designed to be challenging for active older adults and safe for more frail
individuals’, as in the community-based intervention for Piva et al.;102 or the use of the Borg Scale
to estimate participants’ training intensity, gradually increasing, for example from a score of 15 in
the initial phase of the intervention to a Borg Scale score of 17.106 Boesch et al.,56 for both the
self-regulation and the objective/subjective intervention arms, focused on a lower score of 12–14.
A number of studies described activities of moderate to vigorous intensity, often also inclusive of
bout-related goals, such as walking a ‘brisk pace for 30 minutes on at least five days a week’,76 or a
goal of meeting a PA guideline of at least 150 minutes of MVPA each week, as in all three intervention
arms in Losina et al.96

A number of interventions described being guided by exercise testing, such as working (cycle
ergometer, treadmill or elliptical trainer) at 60% of VO2 peak for 15 minutes and progressing to 80%
of VO2 peak for 45 minutes, as found in the aerobic training arm of Courneya et al.63 Similarly, the
hospital training intervention arm in Smith et al.105 used an exercise prescription based on a target
intensity of 60% of VO2 peak for 3 months, revised, when appropriate, to 70% of VO2 peak for a
further 3 months. Participants were advised to follow this regime using a cycle ergometer, arm cycle
ergometer, treadmill and track-walking for 40 minutes, 5 days per week. Sessions would also include
additional time doing warm-up and stretching exercises. Kinsey et al.,88 in their walking programme,
used metabolic equivalent of task (MET), encouraging short walks at a level of 3.3 METs three to five
times weekly or, in their cycling programme, progressive cycling goals (also three to five times weekly)
from 1.5 METs at the start of the intervention to 5.3 METs over 12 weeks. Yates et al.111 encouraged a
PA minimum goal of 150 minutes per week (but preferably activity all days of the week) at 3 METs,
whereas Painter et al.101 used an exercise prescription based on an intensity goal of 60–65% of
maximal heart rate, increasing gradually to 75–80% of maximal heart rate, four times per week,
over a 10-month period.

The total amount of PA either delivered or encouraged was sometimes hard to gauge from the limited
details provided. However, we considered these as falling into one of three groups:

1. low – those encouraging PA once or twice per week (17.9%)52,61,62,79,82,106,107 (including in the
centre-based intervention arm of Jolly et al.,87 both the centre-based and the home-based arms
of Kraal et al.,90 and the clinic-based and the community-based arms of Piva et al.102)
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2. regular – those largely in line with typical PA recommendations of three (or four, as with Santa Mina
et al.103) times per week (11.9%)53,77,84,85,103,108 (including in the aerobic and the resistance intervention
arms of Courneya et al.63)

3. frequent – those encouraging PA on ≥ 5 days per week (46.3%)54,55,57,59,60,66,70,72,76,78,83,93,94,109–111 (including
in all three intervention arms of Boesch et al.,56 the pedometer arm of Creel et al.,64 the CBT arm of
Goedendorp et al.,74 the clinic-based and the home-based arms of Johansson et al.,86 the home-based
arm of Jolly et al.,87 both the walking and the cycling arms of Kinsey et al.,88 all three intervention arms
of Losina et al.,96 and both the hospital-based and the home-based arms of Smith et al.105).

Just under one-quarter of interventions (23.9%) did not provide this information58,68,69,75,81,91,92,95,97,100,101,104

(including in both the CBT and the education arms of Archer et al.,51 the counselling arm of Creel et al.64

and the nurse intervention arm of Goedendorp et al.74).

Tailoring activity
Forty-one (61.2%) interventions took a personalised or tailored approach to PA. This was usually
described in respect to participants’ capacities or fitness (such as tailored goals or activity intensity)
54,57,58,60–62,66,68,69,72,75,77,79,81,82,84,92,95,101,103,107–109,111 (including in the CBT intervention arm of Archer et al.,51

all three intervention arms of Boesch et al.,56 the counselling arm of Creel et al.,64 the CBT arm
of Goedendorp et al.,74 both the walking and the cycling arms of Kinsey et al.,88 the centre-based
and the home-based arms of Kraal et al.,90 the clinic-based arm of Piva et al.,102 and the hospital-based
and the home-based arms of Smith et al.105) and/or participant preferences (such as activity of choice)
52,59,61,66,69,75,79,81,82,84,92,95,101,109,111 (including in the CBT intervention arm of Archer et al.,51 the counselling
arm of Creel et al.,64 both the walking and the cycling arms of Kinsey et al.,88 the centre-based and
home-based arms of Kraal et al.,90 all three intervention arms of Losina et al.,96 the clinic-based
arm of Piva et al.102 and the home-based arm of Smith et al.105). This included, for example, participants
being asked to identify activities that they would like to return to following their surgery;52 activities
that they wished to become better at;79 or PA plans developed around individuals’ interests, found in
both intervention arms of Kinsey et al.88 Other studies described interventions tailoring the number of
sessions, intensity and progress of training (Barberan Garcia et al.54); ‘the frequency and duration’ of
rehabilitation components being ‘individualised to patient characteristics’;58 and ‘exercise parameters’
and ‘rate of progression’ that accounted for patients functional capacity, and treatment side effects
(as well as their exercise preferences or previous exercise history).69

Delivery

Home
Thirty-nine interventions took place in participants’ homes (or neighbourhood environment): 21
exclusively55,59,66,69,75,76,78,83,93,101,103,107–110 (including in both the CBT and the education arms of Archer et al.,51

the home-based arm of Jolly et al.87 and all three intervention arms of Losina et al.96), whereas 19 included
home-based components57,60–62,68,72,81,84,85,91,92,111 (including in both the clinic-based and the home-based
intervention arms of Johansson et al.,86 the walking and the cycling arms of Kinsey et al.,88 the home-based
arm of Kraal et al.,90 the clinic-based arm of Piva et al.102 and the home-based arm of Smith et al.105).
Of those taking place exclusively at home, the majority included some contact (usually weekly, but it
was variable) with their clinical or intervention team via telephone, post or the participant’s method of
choice, be that text message, telephone, post or e-mail, as in Hackshaw-McGeagh et al.76 A small number
had no ‘human’ contact, relying instead on support/guidance delivered through the use of a telehealth
device,55 computer-generated messaging75 or a smartphone application.110

Three of the exclusively home-based interventions included, in addition to telephone support, home
visits from physiotherapists (delivering motivational interviewing with musculoskeletal patients108,109) or
a nurse (supporting exercise goals among cardiac patients87). The addition of volunteer health sciences
students to support frail participants, who were unable to go outdoors alone, to take outdoor walks
was also offered to participants in one of these studies.109
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Clinical settings
The use of clinical settings, including hospitals and hospital gyms, outpatient and physiotherapy clinics,
and health centres, was also common (49.3%), but was more usually accompanied by expectations for
home exercise or further telephone support provided to participants at home52–54,57,60,62,68,72,77,79,81,82,84,91,92,95,

97,104,111 (including in both the counselling and the pedometer arms of Creel et al.,64 the nurse and the
CBT arms of Goedendorp et al.,74 the clinic-based and the home-based arms of Johansson et al.,86 the
centre-based arm of Jolly et al.,87 the walking and the cycling arms of Kinsey et al.,88 the centre-based and
the home-based arms of Kraal et al.,90 the clinic-based arm of Piva et al.,102 and both the hospital-based
and the home-based arms of Smith et al.105).

Community
Community spaces (public or private leisure centres or gyms; local activity groups, such as walking
groups; or community centres) were described less frequently (10.4%)61,82,85,106 (including in both the
aerobic and the resistance intervention arms of Courneya et al.63 and the community-based arm of
Piva et al.102). Some of those delivered in community settings were delivered as group activities,
whereas some also provided access to leisure facilities outside (and, for a short period, beyond)
the intervention delivery. One intervention61 that did not directly deliver PA described taking a
therapeutic and goal-setting approach to behaviour change, and supported participants to identify
walking opportunities within their local community.

Inpatient care
Six (9.0%) interventions had components set in inpatient care: one72 in a hospital setting and five in
a residential rehabilitation centre,58,70 including in all three intervention arms of Boesch et al.56 With the
exception of Brandes et al.58 (hip or knee replacement patients), these were all interventions aimed
at cardiac patients. Stays lasted 2 weeks,72 3 weeks58 and 1 month,56 with one intervention involving
three phases of admission that included a 2-day stay pre surgery, a 3-week stay 6–8 weeks post
surgery and a further 2-day stay at 8 months post surgery.70 The intervention in Foster et al.,72 the
only study to describe an intervention as part of their hospital stay, began within 48 hours of surgery,
but continued in an outpatient clinic and as home exercise on discharge, after approximately 5 days.

Two further studies94,100 included no details on intervention setting. Figure 6 shows the number of
interventions per setting.
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Remote delivery
Twenty-six interventions55,59,61,62,66,68,69,75,76,78,83,84,91,93,101,103,108–110 (including in the CBT and the education
arms of Archer et al.,51 the home-based arm of Jolly et al.,87 the home-based arm of Kraal et al.90 and all
three intervention arms of Losina et al.96) included some form of remote delivery. In 16 interventions55,59,
66,69,75,76,83,93,101,103,110 (including in the CBT and education arms of Archer et al.51 and all three intervention
arms of Losina et al.96) it was exclusively remote, reliant on contact with practitioners or study staff via
telephone or post and/or supported by technology. Several studies,61,62,68,84,91 including in the home-based
intervention arm of Kraal et al.,90 took a blended approach, combining in-person/clinic-based support
with remote (usually telephone) contact; three of these108,109 (including in the home-based arm of
Jolly et al.87) also included home visits in addition to telephone support.

Of those taking place exclusively at home, three interventions55,75,110 relied on no practitioner (or study)
contact throughout the intervention period at all. Barnason et al.55 was, for example, designed around
a telehealth system that provided participants with daily strategies around rest, pain management and
incremental progression of PA over the course of 6 weeks, but no direct contact with practitioners
or the study team throughout that period. Similarly, Van der Walt et al.,110 also a 6-week intervention,
relied on predefined daily steps goals supported by the use of a Garmin Vívofit® (Olathe, KS, USA)
activity tracker, but again included no interaction with practitioners throughout. Golsteijn et al.75 was
an application-driven intervention (although apparently a more enhanced package) providing computer-
generated PA advice to participants at three time points (monthly intervals for 3 months) across the
intervention period. The advice was generated automatically using a message library, questionnaire
data and computer-based data-driven decision rules. The advice was also made available on paper
and mailed to participants. This advice was provided alongside interactive content on the intervention
website including role-modelling videos, home exercise instruction videos and a module for goal-setting
using a pedometer. There was, however, an option to consult a physical therapist for additional
information if needed (no details were provided as to whether or not participants selected this option).

Twenty-one59,61,62,68,69,78,83,84,91,93,101,103,108,109 (including in the CBT and the education arms of Archer et al.,51

the home-based arm of Jolly et al.,87 the home-based arm of Kraal et al.90 and all three intervention arms
of Losina et al.96) of these remote delivery models predominantly relied on frequent (e.g. weekly) or
irregular or less frequent (e.g. monthly, or reducing or variable over time) telephone support or coaching.
Others were reliant on a smartphone, device or computer application guiding the intervention55,75,110

(including the home-based training intervention arm of Kraal et al.90), or the exchange of workbooks
and tailored newsletters via post (containing activity/lifestyle goals);66 just workbooks via post was a
further mechanism for engaging with participants.101 In Hackshaw-McGeagh et al.,76 participants could
choose the method of contact (text message, telephone, post or e-mail) through which they received
motivational messages to encourage continuation of the intervention.

When remote and face to face was blended, some interventions appeared to begin with face-to-face
contact and then move to a less frequent telephone model. For example, Christiansen et al.62 provided
weekly face-to-face therapeutic support (as an add-on to usual care rehabilitation) for the first
6–8 weeks, after which participants received monthly telephone contact with a physical therapist.
In Ilves et al.,84 participants received clinic booster sessions every second month, but otherwise
exercised independently and, only if they needed it, had contact via telephone with a physiotherapist.
However, Kraal et al.90 was based on short but regular telephone-delivered motivational interviewing
(of 10–20 minutes per session) each week in addition to in-person supervised PA training.

Practitioners and those involved in delivery
Interventions tended to be delivered by a single practitioner (62.7%): 12 by a physiotherapist52,54,60,69,79,84,
95,106–108 (including in both the clinic-based and the home-based intervention arms of Johansson et al.86),
nine by study staff83,101,103,104,110 (including in both the aerobic and the resistance intervention arms of
Courneya et al.,63 the pedometer arm of Creel et al.64 and the centre-based arm of Jolly et al.87), nine by a
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physical therapist61,62,77,97 (including in the CBT and the education arms of Archer et al.,51 the centre-based
and the home-based arms of Kraal et al.,90 and the clinic-based arm of Piva et al.102), four by a health
coach78 (including in all three intervention arms of Losina et al.96), three by a nurse72,76 (including the
nurse intervention arm of Goedendorp et al.74), two by a PA specialist85 (including in the community-based
arm of Piva et al.102), one by a psychologist,74 one by a psychiatrist57 and one by a student.58 Others
(23.9%)53,70,81,82,91,92,94,109,111 (including in all three intervention arms of Boesch et al.,56 the counselling arm
of Creel et al.,64 the home-based arm of Jolly et al.,87 and both the hospital-based and the home-based
arms of Smith et al.105) were delivered by a MDT or provided no details55,59,66,68,75,93,100 (13.4%) (including in
both the walking and the cycling intervention arms of Kinsey et al.88) (Figure 7).

Multidisciplinary teams included staff from between two and six different specialties. Physiotherapists
were involved with nine interventions81,82,94,109 (including in all three intervention arms of Boesch et al.,56

and the home-based and the hospital-based arms of Smith et al.105), PA specialists were involved with
seven53,81,92,111 (including in the counselling arm of Creel et al.,64 and both the home-based and the
hospital-based arms of Smith et al.105), physicians were involved with five70,111 (including all three
intervention arms of Boesch et al.56) and dietitians with four.53,70,92,111 The following were also featured
in interventions as part of these multidisciplinary approaches: psychologists in two interventions,70,94

physiotherapist assistants in one,82 students in one,109 a pharmacist in one111 and an occupational
therapist in one.81 The involvement of family or another key support person whom participants
would invite to engage in activities111 or education sessions91 was mentioned in two studies.

Studies sometimes made reference to specific training or qualifications held by practitioners, including
accredited qualifications, such as physical therapists with graduate diplomas in CBT,97 or exercise and
sports science professionals with post-graduate qualifications in PA and health.85 One study noted peer
training, whereby physiotherapists and nurses had received training relating to cancer and exercise
from a cancer exercise specialist,82 and several studies mentioned that practitioners had received some
form of training from the study team69,78,85,87 or were following an accredited (intervention) course.81

One study74 described regular supervision and therapists experienced in treating chronically fatigued
cancer survivors, and two studies97,107 referenced staff with substantial clinical experience.

Interventions varied considerably in terms of the amount of practitioner contact or support they
offered. This sometimes varied over time, or might be quite intense over a short period of time,
for some interventions, or much more infrequent but over a much longer period of time in others.
Therefore, when data were available, we considered the interventions as falling into one of three
groups: 24 low contact (one to nine total contacts)52,54,57,58,66,68,76,81,83,84,91,93,94,97,103,104 (including in both the

0 2 4 6 8 10 12 14

Physiotherapist

Study staff

Physical therapist

Health coach

Nurse

PA specialist

Psychiatrist

Student

Multidisciplinary

Not reported

Number of interventions

FIGURE 7 Practitioners involved in the delivery of interventions.
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CBT and the education intervention arms of Archer et al.,51 the counselling and the pedometer arms
of Creel et al.,64 the nurse arm of Goedendorp et al.,74 both the home-based and the clinic-based arms
of Johansson et al.,86 and the home-based arm of Jolly et al.87), 19 intermediate contact (10–20 total
contacts)61,62,69,78,79,82,92,95,107–109 (including in the CBT arm of Goedendorp et al.,74 the centre-based arm
of Jolly et al.,87 the home-based arm of Kraal et al.,90 all three intervention arms of Losina et al.,96

the clinic-based arm of Piva et al.102 and the home-based arm of Smith et al.105), and 17 high contact
(≥ 21 total contacts)53,59,60,70,72,77,101,106,111 (including in all three intervention arms of Boesch et al.,56 both
the aerobic and the resistance arms of Courneya et al.,63 the centre-based arm of Kraal et al.,90 the
community-based arm of Piva et al.102 and the hospital-based arm of Smith et al.105). We also looked at
average weekly contacts. This ranged from 0.03 contacts (one contact across a 7-month pedometer-use
intervention in the pedometer arm of Creel et al.64) to 19 contacts (in which participants were residents
at a residential facility providing several daily sessions, for 1 month, as in all arms of Boesch et al.56).
The mean number of contacts was 1.89 (median 0.97, mode 1.0). Excluding the 1-month residential
intervention, which was an outlier, average weekly contacts ranged from 0.03 to 3.35 (mean 1.02,
median 0.75).

Four studies were not included in the previous calculations; participants in Barnason et al.55 received
daily self-management messaging via the Health Buddy Telehealth device, but it was not clear whether
this was entirely automated or whether physicians inputted messaging; Golsteijn et al.75 provided
automated computer-tailored advice at monthly intervals (3 months) across the intervention period
(participants had the option to consult a physical therapist if they wished, although it was not clear
whether or not participants took up this offer); and Van der Walt et al.,110 an intervention based on
daily steps goals, involved use of an activity tracker, but received no practitioner support. Mundle
et al.,100 an add-on to usual care cardiac rehabilitation, provided participants with accelerometers,
but provided no details of the rehabilitation programme or any practitioner contact.

Duration of intervention
Interventions varied in duration from a mean of 19.4 (SD 1.4) days58 to 26 months.94 Thirty-six
interventions52,54,55,57,58,61,75,77,79,82,95,97,100,103,104,107,110,111 (including in both the CBT and the education
intervention arms of Archer et al.,51 all three arms of Boesch et al.,56 the aerobic and the resistance
arms of Courneya et al.,63 the nurse arm of Goedendorp et al.,74 the clinic-based and the home-based
arms of Johansson et al.,86 the centre-based and the home-based arms of Jolly et al.,87 the walking
and the cycling arms of Kinsey et al.,88 the centre-based and the home-based arms of Kraal et al.,90

and the clinic-based and the community-based arms of Piva et al.102) lasted < 6 months, whereas
15 interventions72,76,78,85,93,106,109 (including in the CBT arm of Goedendorp et al.,74 all three intervention
arms of Losina et al.,96 and the hospital-based and the home-based arms of Smith et al.105) lasted
6 months. Seven studies108 took place over the course of 1 year or up to 2 years. One intervention83

was delivered throughout adjuvant therapy, and so varied in relation to patients’ treatment (Figure 8).

< 6 months
6 months
12–24 months
Variable

FIGURE 8 Duration of delivery of interventions.
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Usual care
Of the 45 studies involving usual care treatment as the study control, 21 studies54,58,62,68,70,77,79,81,85,91,95–97,
100,102,104,107–111 provided details of what that provision involved. Although minimally described, this could
be roughly grouped into the following categories:

l Comprehensive. In two studies58,110 usual care could be described as comprehensive. One58 involved a
period of inpatient rehabilitation including, for example, mobility and strength training, hydrotherapy
and theoretical (usually group) classes.. In the other,110 following discharge from acute care (usually
5 days, including twice-daily physiotherapy sessions), the majority of patients received 7–10 days of
inpatient rehabilitation, followed by 6 weeks of twice-weekly outpatient sessions.

l Support. In 11 studies54,62,77,79,81,91,95,96,100,109,111 care was less intensive than ‘comprehensive’, but
nevertheless included ongoing support, including PA recommendations, nutritional counselling
and other lifestyle advice;54 outpatient physiotherapy79 or rehabilitation (e.g. Lindbäck et al.95

and Mundle et al.100, including a 6-week home exercise programme in Lindbäck et al.);95 or group
education classes in nutrition, exercise, lifestyle modification, and disease and risk factors.111

l Advice. Three studies68,85,108 gave information about strategies such as ‘safe physical activity’68 or
exercise recommendations focused on trying to maintain an active lifestyle (although without
patient-specific information or exercise prescriptions).85

l Follow-up. Three studies70,97,104 provided follow-up such as ‘a single session with a physical
therapist’;97 ‘consultancy with a dietician, nurse, or surgeon usually about medical complications,
weight loss, and proper post-surgery diet’ at four points across a 2-year period;104 or clinic visits
at 2, 6 and 12 months postoperatively, at which coronary heart disease risk factors, diet and
medication were considered.70

l In addition, Piva et al.102 indicated that their usual care (waiting list) control group received no
rehabilitation support during the study period, explaining that, as participants were at least 2 months
post TKR, there was an expectation that all usual care treatment had come to an end. However,
any patients receiving ‘usual care’ were excluded from the study. Furthermore, Taraldsen et al.107

reported that usual care varied between patients, but that no control group participants received
extensive rehabilitation.

Funding and sponsorship
Forty-four studies were either not funded or funded from independent sources.51–57,59–64,66,69,70,74–79,81,82,
84–87,90–92,94–97,102–109,111 We could not ascertain funding sources from the remaining studies.

Description of population characteristics, for non-randomised studies

Surgical/non-surgical participants
The nine NRSs65,67,71,73,80,89,98,99,112 reported no non-surgical participants, or we judged them as being
likely to include no, or an insignificant number of, non-surgical participants.

Age
The nine NRSs65,67,71,73,80,89,98,99,112 included only adult participants. However, Macchi et al.98 included only
adults aged ≥ 65 years.

Gender
Two studies71,112 included only male participants. The remaining NRSs included a combination of male
and female participants.

Type of condition
Six studies67,73,80,89,99,112 recruited participants undergoing treatment for types of cancer: colorectal
cancer,80,99 oesophageal cancer,67,89 prostate cancer112 and abdominopelvic cancer.73
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Two studies65,71 recruited participants undergoing coronary artery bypass surgery. One study98 did not
specify the surgery the participants underwent, describing it only as cardiac surgery.

Country
Fifty-six per cent of studies were conducted in Europe: two in Germany,80,112 two in the UK67,99 and one
in Italy.98

Eleven per cent of studies were conducted in North America: the one71 in the USA.

Eleven per cent of studies were conducted in Australasia (i.e. the one73 in Australia), 11% were conducted
in Asia (i.e. the one89 in Japan) and 11% were conducted in South America (i.e. the one65 in Brazil).

Race/ethnicity
These studies65,67,71,73,80,89,98,99,112 did not report baseline characteristics data on race or ethnicity.

Body mass index
Four studies73,98,99,112 reported a mean baseline BMI of between 25 kg/m2 and 29.9 kg/m2.

One study89 reported a mean baseline BMI of between 20 kg/m2 and 24.9 kg/m2.

The remaining four studies65,67,71,80 did not report baseline BMI data for their participants.

Education status
Three studies65,73,98 reported baseline characteristics data for education status. Because these studies
were from a number of different countries, each having a different accreditation system, and they
recorded these data in disparate ways, it was not viable to collate these data. However, when reported,
we have included these data separately for each study in the population domain of the characteristics
of included studies table (see Report Supplementary Material 2).

Economic status
One study99 reported baseline characteristics data for economic status. We have reported these data in
the population domain of the characteristics of included studies table.

Other baseline characteristics
A number of studies reported baseline characteristics data for fitness, employment and amount of PA.
Because these data were reported in disparate ways, and often sporadically, it was not viable to collate
these data. However, when reported, we have included these data separately for each study in the
population domain of the characteristics of included studies table.

Description of intervention models, for non-randomised studies
We describe below the key intervention characteristics and approaches described by authors.
These are summarised for each individual study; see Report Supplementary Material 2.

Period of delivery
The nine NRSs fall into two clinical periods: postoperative65,71,73,80,98,112 (those that take place only
in the period following surgery) and perioperative67,89,99 (those that include both preoperative and
postoperative components). None of the NRSs was conducted in the preoperative period alone.

Similar to the RCTs, the majority (66.7%) of interventions began post surgery: within a few days or
during the first week following surgery;65,98 ‘on-average’ 4 weeks following surgery;71 or, for two cancer
studies, several months post surgery.73,112 An additional cancer study80 simply described the intervention
as beginning ‘after surgery’.
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The three interventions67,89,99 delivered perioperatively were all cancer studies described as starting
at the time, or within days, of diagnosis;99 on decision of surgery67 (but prior to commencement of
adjuvant therapies when appropriate); or pre surgery.89

Intervention approach
Similar to the RCTs, interventions often (77.8%) involved multiple components or modes of
delivery65,67,73,89,98,99,112 and we summarised these designs using the same categories: (1) education and
advice (77.8%) (including the provision of written or verbal information and advice, PA recommendations
or a formal exercise prescription), (2) behavioural mechanisms (66.7%) (those that focused on behaviour
change theories, usually through therapeutic approaches including counselling or motivational
interviewing) and (3) direct PA instruction (55.6%) in the form of group classes or one-to-one sessions.

Education and advice
Seven interventions65,67,73,80,89,99,112 described the encouragement of PA adoption through ‘education
sessions’: the provision of information, advice, recommendations or a formal exercise prescription.

The content of these interactions tended to fall into one or more of the following groups:

l Exercise recommendations, including studies in which exercise prescriptions, advice for home
exercise, recommendations or goals were described.65,67,73,80,89,99,112 This sometimes involved the
recommendation of, for example, 10,000 daily steps,73 the self-management of a personalised
exercise programme67 or activity goals.99 Sometimes advice was provided in addition to supervised
PA; for example, in Zopf et al.,112 participants were recommended to undertake an additional
60 minutes of weekly exercise on top of weekly supervised classes. Studies provided variable
details on how PA recommendations were delivered or managed; in some cases, participants
self-managed these expectations, sometimes through the use of a PA diary73,89 or an activity
device that monitored or measured activity.73,99 Doganay et al.67 describes the weekly monitoring
and modification of participants’ adherence to the exercise programme (recommendations) by the
participants’ clinical team, and Macleod et al.99 gave weekly feedback during the first weeks of
the intervention from their lifestyle coach. Most recommendations were personalised in response
to a baseline assessment (usually fitness) or to the participants’ personal goals, or would be
reviewed and set again in response to progress over time.

l Education or information materials, including studies in which participants were provided with
exercise sheets;73 written resources with a focus on self-monitoring activity and goal-setting;99 or,
as in Dantas et al.,65 an ‘educational folder’ at hospital discharge, which detailed common physical
and emotional experiences of patients following a coronary artery bypass graft (CABG), as well as
information around the use of medication, activity progression and benefits, healthy diet, smoking
cessation, sexual activity and managing weight.

l The value of PA,65,67,73 including studies that reported participants being encouraged to recognise the
importance of ‘exercise for well-being’;73 incorporating ‘routine exercise’ into daily life for ‘lasting
benefit’67 was also described.

l Lifestyle education – one study65 noted that the focus of education or advice was placed on broader
improvements to health. This was delivered in the form of an ‘educational folder’, provided to
patients on hospital discharge following CABG surgery (see previous list item ‘educational or
information materials’).

Behavioural mechanisms
A therapeutic or behavioural approach to supporting participants to engage in PA was adopted in
over half (66.7%) of interventions.65,67,73,89,98,99 These sessions were delivered one to one, although in
both Dantas et al.65 and Macleod et al.99 the participation of the patient’s family or a support person
was encouraged.
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Three interventions65,73,99 combined an initial period of face-to-face clinic contact with subsequent
home telephone contact. For example, in Frawley et al.,73 participants attended 8 weeks (two sessions
per week) of in-person education sessions that used motivational interviewing and CBT techniques
to discuss emotional management, diet and PA. These were followed by a series of six telephone
motivational coaching sessions over the remaining intervention period (4 months). In Dantas et al.,65

it appeared to be optional whether the latter counselling sessions, delivered at increasingly extended
periods across the 6 months following hospital discharge, were provided at the clinic or on the
telephone. Dantas et al.65 also reported an invitation to patients or their families to call with any
questions or problems, at any time.

The Komatsu et al.89 intervention was delivered in a clinical setting; the Macchi et al.98 intervention was
delivered as part of a residential stay.

In Doganay et al.,67 it was not clear from authors’ reporting where the intervention was delivered.

The finer detail of these sessions was limited. However, we identified some recurring topics or
approaches in the content described. Five interventions67,73,89,98,99 talked about behaviour change
approaches, counselling or motivational interviewing, such as coaching focused on removing bad
habits or incorporating PA into participants’ daily routines,67 or motivational interviewing and CBT
around emotional management, diet and PA.73 As we saw in Frawley et al,73 these tended to overlap
with references to lifestyle and health coaching,67,73,99 in which the focus might be on supporting
participants to make broader behavioural changes, such as support from a lifestyle coach to reach
‘collaborative agreements’ towards achieving and maintaining, for example, smoking cessation,
increased PA, caloric intake appropriate to weight status and a nutrient-dense diet.99

Direct physical instruction
Five interventions71,73,80,98,112 (55.6%) provided face-to-face PA instruction. With the exception of
Fontana et al.,71 who described their intervention solely as medically supervised treadmill walking
(three times per week), these sessions ran as one component of a broader approach that included
the provision of education and advice73,80,112 and/or therapeutic behavioural mechanisms.73,98 Activity
sessions took place either individually71,98 or as group classes.73,112 Among other activities (such as
aerobic and resistance training), Zopf et al.112 described ‘games and exercise’ ‘to promote interaction
and communication’.

Physical activity sessions were provided at least weekly (although no details on the frequency
of supervised training were provided in Heitkamp et al.80). This ranged from once per week112

(over 15 months), to two or three sessions per week (for 8 weeks73 or 12 weeks71), to twice-daily
sessions during a 3-week residential stay.98

Physical activity instruction took place in a clinical setting71,73 or during a residential rehabilitation
centre stay,98 or, as in Zopf et al.,112 participants attended weekly ‘exercise classes’ in a local leisure
centre. Again, no details were provided for Heitkamp et al.80

Other components
Several studies65,67,99 reported additional features of intervention design. Dantas et al.,65 for example,
described efforts to improve communication among health teams and the patient and/or family and
encouraged family participation in the patient’s health management. Macleod et al.,99 too, noted the
invitation for participants to engage a support person, such as a spouse, to assist in their adherence
to the programme. Doganay et al.67 described the reiteration of PA messaging by patients’ broader
multidisciplinary clinical team at clinical follow-up appointments.
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Digital technologies
There was limited utilisation of digital and other technologies to support delivery of interventions,
or to provide objective outcome measures of participants’ PA. Two studies73,99 (22.2%) included the use
of pedometers, provided to participants to support self-monitoring and goal-setting of PA99 and step
count;73 this is a similar proportion of studies as in the RCTs.

Other resources/equipment
In addition to pedometers, the provision of specific resources or equipment was described in four
studies.65,73,99,112 This included the provision of an ‘educational folder’ containing information relating
to the physical and emotional experiences often experienced by patients following CABG surgery,
as well as guidance around the use of medication, activity progression and benefits, healthy diet,
smoking cessation, sexual activity and body weight control;65 an exercise diary and home exercise
sheets, provided to patients alongside a pedometer to support self-management of activity;73 and an
‘equipment toolkit’ for participants to use at home included a pedometer, resistance bands, digital
versatile discs (DVDs) and booklets.99 It is also worth noting that participants in Frawley et al.73 had
access to a well-equipped gym (aerobic and resistance training equipment including a treadmill, a
stationary bike, a Pilates reformer, resistance bands and dumbbells).

Physical activity

Type of exercise/physical activity encouraged
Studies were often vague on the sorts of physical activities or exercises adopted by or recommended
to participants. Some referred to aerobic training, including supervised aerobic training,73 aerobic
exercise98,112 and counselling that aimed to facilitate at least 150 minutes of moderate-intensity activity
per week.99 Walking or the measurement of steps was described in three studies, including participants
following a progressive programme of daily walking,65 treadmill walking71 and the encouragement of
10,000 daily steps.73 Resistance or strength training,73,98,112 such as gentle calisthenic exercises to
improve muscle strength or exercises for balance, was also reported,98 as were games and exercises
focused on flexibility and relaxation,98,112 such as ‘gentle passive stretching’.98 Both were in conjunction
with other activities.

Doganay et al.67 described a ‘personalised exercise programme’ with no details on the sorts of activities
adopted by participants, except that the aim of the programme was to focus on PA that supported
recovery and could be incorporated into daily routines. Similarly, Komatsu et al.,89 noted counselling
that encouraged PA, and that participants were to maintain a PA diary, but did not describe the sorts
of activities participants undertook. Heitkamp et al.80 reported supervised and home-based training,
but provided no further details.

How much physical activity and at what sort of intensity
Studies reported varying approaches to the specification of the intensity at which participants should
exercise or the frequency with which they should do it. In several studies65,67,99 this was largely
undefined; rather, participants were encouraged to increase their activity such as by walking an
additional 5 minutes each day up to a specified goal of 60 minutes,65 or to progress PA for lasting
benefit.67 Others used standard measures to focus intensity; Frawley et al.,73 for example, stated
participants were required to do at least 150 minutes of moderate-intensity activity at a Borg Scale
score of ≥ 13. In Zopf et al.,112 intensity was adjusted individually based on each patient’s condition and
experience, but was aimed at moderate-intensity exercises of approximately 3.84 to 4.84 METs/hour/
week. Similarly, for Fontana et al.,71 target training intensity (for 35 minutes of treadmill walking each
week) was tailored to each individual’s condition, to within 85% of maximal heart rate, determined by
exercise testing at the start of, and 6 weeks into, the intervention period.
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Although Macchi et al.98 provided no details in relation to the aerobic activities, they referred to the
adoption of ‘gentle passive’ stretching and ‘gentle’ strengthening exercises. Two studies80,89 provided
no details.

The total amount of PA either delivered or encouraged tended to fall into one of three groups. The low-PA
group comprised those studies encouraging PA once or twice per week, for example the recommendation
of one supervised session and 60 minutes of home exercise each week.112 The regular-PA group comprised
studies largely in line with typical PA recommendations of three or four times per week.71 Studies in the
frequent group encouraged PA on at least five days per week.65,67,73,99 Three studies80,89,98 did not provide
this information.

Tailoring activity
The majority (88.9%) of interventions65,67,71,73,89,98,99,112 took some form of personalised or tailored
approach to PA. This was usually65,71,73,98,112 described with respect to participants’ capacities or fitness,
such as target heart rates determined by participants’ fitness,71 or the adjustment of intensity based on
a patient’s condition and activity experience.112 Two interventions, however, focused on participants’
preferences, such as determining specific action goals,99 or the collaborative development of an
exercise programme between participants and their clinical team.67

Delivery

Clinical settings
Over half of interventions65,71,73,89,99 took place in a clinical setting (outpatient clinic or rehabilitation
centre), either exclusively71,89 or in conjunction with additional telephone contact with participants.
Komatsu et al.89 included expectations for self-directed home exercise.

Home
Four interventions65,73,80,99 took place in participants’ homes (or neighbourhood environment): coaching
or counselling took place via telephone, in addition to some expectation of self-directed PA, and some
face-to-face clinic contacts,73,99 including Dantas et al.65 in which participants had the option to decide
whether to meet in person or to receive telephone calls. Telephone contacts between participants and
their clinical team (lifestyle coach, physiotherapists, research nurse) took place roughly every 3 or
4 weeks,73,99 or at months 1, 3 and 6 after hospital discharge.65 Heitkamp et al.80 noted home-based
exercise training, but provided no further details.

Inpatient care
One intervention,98 for cardiac surgery patients, was delivered in a residential rehabilitation centre,
across a 3-week stay.

Community
In Zopf et al.,112 patients attended a weekly exercise class at a community sports centre. There was also
an expectation for self-directed home exercise.

Although Heitkamp et al.80 included home-based training, the authors provide no details as to where
the supervised sessions took place. One further study67 provided no details on intervention setting.

Remote delivery
Three studies65,73,99 described some form of remote delivery. None was exclusively remote and instead
combined either an initial or early face-to-face contact along with home resources, such as an education
folder;65 exercise diaries, exercise sheets and pedometers;73 and subsequent telephone support (optional
in-person in Dantas et al.65). In Macleod et al.,99 colorectal patients received a face-to-face session at the
beginning of each phase of the three-phase, perioperative programme, followed by ongoing telephone
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contact to support participants’ progress. Each participant received an ‘equipment toolkit’, which included
a pedometer, resistance bands, DVDs and booklets. Participants were also encouraged to engage a
support person, such as a spouse, to assist in their adherence to the programme.

Practitioners and those involved in delivery
Interventions were often delivered by a MDT.65,67,73,99 Specialisms within these teams varied between
interventions; several included physiotherapists,65,73,99 with a lifestyle coach,99 dietitian,73 research
nurse65 and psychologist73 also involved. In addition, Dantas et al.65 and Macleod et al.99 encouraged
a family member or support person to actively support patients’ health management and adherence
to programmes.

Doganay et al.67 described a multidisciplinary clinical team, but provided no further details.

Two interventions were delivered by a single practitioner: one described as a nurse89 and one as
a ‘qualified trainer’.112 Fontana et al.71 described the intervention being delivered under ‘medical
supervision’. Heitkamp et al.80 and Macchi et al.98 provided no details.

Two studies mentioned specific training, qualifications or experience held by practitioners.
Frawley et al.73 described exercise physiologists who were experts in exercise prescription, with at
least 2 years’ clinical experience, and Macleod et al.,99 described lifestyle coaches with a ‘nursing
background’; experience with cancer patient management; and having undertaken a 3-day bespoke
training programme covering smoking cessation, increasing moderate PA, and brief interventions on
alcohol and weight management.

Interventions varied considerably in terms of the amount of practitioner contact or support they
offered. This sometimes varied over time, or might be quite intense over a short period of time for
some interventions and much more infrequent over a much longer period of time in others. As a result,
where data were available, we considered the interventions as falling into one of three groups:

1. low contact89 (25%) (one to nine total contacts), including Dantas et al.,65 in which patients or family
members were encouraged to call the MDT at any time if questions or problems arose

2. intermediate contact67 (25%) (10–20 contacts), including Macleod et al.,99 in which a minimum of
12 contacts with the lifestyle coach was offered; they also reported that this might vary, depending
on a patient’s individual treatment regime

3. high contact71,73,98,112 (50%) (≥ 21 contacts).

As the duration of interventions varied considerably, we also looked at the average number of weekly
contacts. This ranged from 0.15 contacts (one contact at hospital discharge with the provision of
educational materials, followed by three contacts in person or on the telephone over a 6-month period,
as in Dantas et al.65) to 14 contacts (two sessions per day during a 3-week residential rehabilitation
centre stay, as in Macchi et al.98). The mean number of contacts was 2.98, the median was 0.92 and the
mode was 1. Excluding the 3-week residential intervention, which was something of an outlier, average
weekly contacts ranged from 0.15 to 3.0 (mean 0.95, median 0.85). This contact time was comparable to
the interventions in the RCTs.

No details were provided in Heitkamp et al.80

Duration of intervention
Interventions varied in duration from 3 weeks98 to 64 weeks.112 With the exception of Macchi et al.98

(3 weeks), all interventions lasted at least 3 months, although most lasted ≤ 6 months.65,67,71,73,89,98

One intervention,67 delivered to oesophagogastric cancer patients, varied in duration, typically between
8 and 18 weeks, depending on a patient’s treatment plan; we have used a median point for the
purpose of calculations.
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Usual care
Neither of the two studies73,112 that included comparator groups provided details of the ‘usual care’
support that patients were offered. There was, however, some indication that, in Zopf et al.,112

participants in the comparator group were able to access some form of rehabilitative sports groups,
as these were described as accessible and open to all cancer patients in Germany.

Funding and sponsorship
Six studies were either not funded or funded from independent sources.73,80,89,98,99,112 We could not
ascertain funding sources from the remaining studies.

Studies awaiting classification
During the search, we identified 12 studies that were completed without peer-reviewed published
results. For completeness, we have summarised the characteristics of these studies (see Appendix 1,
Table 8).

These include 12 RCTs and two NRSs. Half of the studies were conducted with cancer patients,
and other studies included orthopaedic, bariatric, cardiac and renal transplantation surgical patients.
Intervention approaches included education and advice, behavioural mechanisms and direct
PA interventions.

Ongoing studies
We identified 52 ongoing studies that were potentially eligible for inclusion in our review (see
Appendix 1, Table 9). Most of these are single-centre parallel-design RCTs with a hospital as the
recruiting centre.

Most include cancer patients; others include bariatric, orthopaedic, transplantation, cardia, abdominal
aortic aneurysm and major surgery patients. We noted that 30% of the interventions in these
studies are being conducted during the preoperative period, 12% are perioperative and the rest
are postoperative. The design of these studies largely reflects those of completed, included studies.
Other design characteristics are also comparable with those included in this review (such as using
education and advice, behavioural mechanisms and direct PA instruction).

Although all these studies aim to measure PA, only one-third of them have listed PA as the primary
outcome. Most will gather PA data using digital technologies such as accelerometers and pedometers,
and these data will be supplemented with responses from questionnaires completed by participants.

Risk of bias in included studies
See Appendix 8 for a summary of our risk-of-bias judgements. Blank spaces in the risk-of-bias table
indicate that we did not conduct risk-of-bias assessments.

Allocation (selection bias)
We judged 33 studies51–54,57,59–61,63,66,69,74–76,78,82,84,86,87,90,92,94–97,102,104–107,109–111 as having a low risk of
selection bias for sequence generation, because the study authors reported sufficient methods for
randomisation. Two studies58,85 were Q-RCTs and performed quasi-randomisation by alternative
allocation in blocks of 10. We judged these studies as having a high risk of bias for sequence
generation. The remaining studies reported insufficient methods of sequence generation; therefore,
we judged these to be at an unclear risk of bias.

We judged 24 studies51,54,59,61,63,64,66,74,78,81,82,84,86,87,90,94,95,97,102,103,105,107,109,110 as having a low risk of bias for
allocation concealment, because the study authors reported sufficient methods for this judgement.
We judged the two Q-RCTs58,85 as having a high risk of bias, as it was not feasible to conceal allocation
because of the quasi-randomised methods to allocate groups. The remaining studies reported
insufficient methods of allocation concealment; we judged these to be at an unclear risk of bias.
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Blinding (performance bias and detection bias)
Because it was generally not feasible to blind participants and personnel to the intervention, we judged
52 studies51–64,66,68–70,72,74–76,78,79,81–88,90–97,100–111 as having a high risk of performance bias. One study77 was
a placebo-controlled study, suggesting that participants were not aware of group allocation, but the
study authors did not report details on personnel, although we assumed that they were aware of
group allocation; we judged this study77 to be at an unclear risk of performance bias.

For detection bias for PA outcomes, we judged 26 studies52,54,56,59,66,69,70,72,76–79,83,84,86–88,91,92,94,95,101,103,105,108,113

that used subjective measurement tools as having a high risk of detection bias. One study53 reported
data for two PA outcomes, one measured using subjective tools and one measured using objective
tools. We judged this study53 to be at high risk of detection bias when outcomes were measured with
subjective tools, and at low risk of detection bias when measured with objective tools. One study100

reported PA data using a combination of subjective and objective measurement tools; we judged
this study to be at low risk of detection bias, but noted a high risk of bias for the self-reported data.
The remaining 25 studies51,55,57,58,60–62,64,68,74,75,81,82,85,90,93,96,97,102,104,106,107,109–111 used only objective
measurement tools for PA outcomes; we judged these to be at a low risk of detection bias.

Because all the studies53,60,61,72,77,79,83,87,90,97,101–103,105,107,109 that measured physical fitness used objective
measurement tools, we judged these as having a low risk of detection bias for this outcome.

Conversely, all the studies51–54,58,59,63,66,69,75,76,78,79,82,84–87,90,95,97,101–107,110 that measured self-reported
outcomes, including HRQoL, pain and participant experience, we judged as having a high risk of
detection bias for these outcomes.

For detection bias for adverse events outcomes, we judged studies76,79 that used self-reported
measurements to have a high risk of detection bias. Sixteen studies51,56,59,61,66,69,77,82,83,87,90,97,102–104,109

did not clearly specify their observation method for this outcome; we judged these studies to have
an unclear risk of detection bias. In one study107 the outcome was reported by physiotherapists
observing the intervention effects; we judged this study to have a low risk of attrition bias.

For detection bias for adherence outcomes, we judged studies59,83,84,103 that used self-reported
measurements to have a high risk of detection bias. One study69 did not clearly report its measurement
tool for this outcome; we judged this study to have an unclear risk of detection bias. The remaining
11 studies52,53,63,77,82,90,92,96,106,108,109 that reported data for this outcome used objective methods for its
measurement; we judged these studies to have a low risk of attrition bias.

Incomplete outcome data (attrition bias)
We judged 21 studies51,53,54,56,59,61,66,69,70,76,77,79,84,86–88,92,93,97,102,111 as having a low risk of attrition bias
because the study authors reported no participant losses or few losses (< 15%).

We judged 29 studies to have a high risk of attrition bias. One study72 did not report the number of
participants randomised to each group, and losses were reported overall only; one study91 did not
report the number of participants randomised to, or lost from, each group, and reported data for a
subset of participants only; and the remaining studies52,55,57,58,60,63,64,74,75,78,81–83,85,90,94–96,101,103–110 reported
a high number of participant losses (> 15%).

One study62 was an interim report and, although it reported a smaller number of participants at
follow-up than at baseline, we were uncertain if this indicated participant loss or that data for the
remaining participants were, as yet, unavailable. We could not ascertain losses in one study68 reported
as an abstract because of insufficient information. In another study,100 authors did not report losses or
numbers randomised to each group; thus, we were uncertain of attrition bias. Each of these studies
was judged as having an unclear risk of attrition bias.
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Selective reporting (reporting bias)
Eighteen studies prospectively registered with a clinical trials register and reported review outcomes
consistent with the clinical trials register documents;51,61,69,75,78,79,82,84,85,90,95,96,102–104,107,109,111 we judged
these studies to have a low risk of reporting bias. Two additional studies54,106 were also prospectively
registered with a clinical trials register, but we noted discrepancies between the clinical trials register
documents and the reported results; in these studies, we made risk-of-bias judgments at the outcome
level. In Barberan-Garcia et al.,54 we judged the risk of selective reporting bias to be high for PA because
it was not listed in the clinical trials register, and to be low for HRQoL, which was listed in the clinical
trials register. In Stolberg et al.,106 PA (measured as number of steps) was judged to be at a low risk
of reporting bias because it was listed in the clinical trials register; we judged both PA (measured as
minutes per day) and HRQoL to be at a high risk of reporting bias because these outcomes were
reported but not listed in the clinical trials register.

Seven studies52,57,58,64,74,97,108 retrospectively registered with a clinical trials register and we decided that
it was not feasible to use these documents to effectively assess the risk of selective reporting bias.
Twenty-one studies55,56,59,63,66,68,70,72,77,83,86–88,91–94,100,101,105,110 did not report clinical trial registration or study
protocol publication; therefore, it was similarly not feasible to effectively assess the risk of reporting
bias for these studies. One study54 prospectively registered with a clinical trials register, but we noted
that the measurement of PA was not listed as a study outcome in the clinical trials report; we could
not be certain of the risk of reporting bias for this outcome.

We judged five studies to have a high risk of reporting bias: Baillot et al.53 did not include study
dates in their study reports, which meant that it was unclear if registration was prospective, and
not all reported outcomes were included in the clinical trials report; Carnero et al.60 reported data
from a secondary analysis and report outcomes that were not listed in the clinical trials document;
Christiansen et al.62 was an abstract that did not report all outcomes consistent with the clinical trials
report; Hackshaw-McGeagh et al.76 registered their study retrospectively and did not report PA data
consistent with the clinical trials report; and, in Hoorntje et al.,81 we noted that not all reported
outcomes were included in the registration documents, which may indicate a high risk of reporting bias.

Other potential sources of bias
We could not be certain of other risks of bias in the four studies62,68,93,100 that were reported only as
abstracts, but, because these studies had not been peer reviewed, we judged them to have a high risk
of other biases.

Additional arms of one study76 explored nutritional interventions, for which participants were provided
information, meaning that there may have been a crossover in behaviour, potentially diluting results;
we judged this study to have a high risk of other biases. In Hubbard et al.,82 the study authors reported
a recruitment bias at baseline wherein most participants were already meeting the recommended level
for MVPA; we judged this study to have a high risk of other biases.

We judged the remaining studies to have a low risk of other biases.

Effects of interventions
In this section, we report the analyses for combined data from RCTs and Q-RCTs, as well as effect
estimates calculated from individual study data; we provide forest plots for these analyses (see
Appendix 2). We also report data from studies for which we did not calculate an effect estimate.
These data were reported without distribution values appropriate for our calculations; we provide
data for these studies in tables (see Appendix 3, Tables 10–21).

We report the findings of subgroup analyses for outcomes that were included in at least 10 studies.
We report the findings from sensitivity analyses only when these indicated a change in our interpretation
of the effect; for the complete results from sensitivity analyses, see Appendix 4.
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Intervention versus usual care

Amount of physical activity

Amount of physical activity at the end of follow-up measured as minutes per day or per
week Twenty-one studies57,59,60,62,64,66,74,75,78,81,82,85,94,96,97,100,104,106,107,109,111 used instruments to measure
minutes of PA per day or per week. A combination of objective methods (such as using accelerometers)
and subjective methods (such as using questionnaires) was used to record PA data in these studies.

Twelve studies59,66,74,75,78,82,85,94,96,100,104,109 reported PA as post-intervention values. Of these studies,
Demark-Wahnefried et al.,66 Hawkes et al.,78 Lier et al.94 and Sellberg et al.104 measured the outcome
at 12 months; Jiménez-Loaisa et al.85 measured the outcome at 13 months; and the remaining studies
measured the outcome at 6 months. When combining these studies, we found that people participated
in more PA at the end of follow-up when they had received the intervention (SMD 0.15, 95% CI 0.04
to 0.27; participants, n = 1947; studies, n = 12; I2 = 24%; favours intervention) (Figure 9). This effect
was likely to be small.49

We conducted the following subgroup analyses on these data:

l Duration of intervention. We subgrouped the studies according to whether the intervention
was undertaken for < 6 months75,82,100,104 or for at least 6 months.59,66,74,78,85,94,96,109 From our visual
inspection of the data, we noted that, when the intervention was given for at least 6 months,
people receiving the intervention appeared to participate in more PA at the end of follow-up
(SMD 0.23, 95% CI 0.12 to 0.33; participants, n = 1303; studies, n = 8; I2 = 0%; favours intervention)
(see Appendix 2, Figure 16). However, this difference was not supported by a formal test for
subgroup interactions (p = 0.10).

l Time of intervention commencement. We subgrouped the studies according to whether the
intervention was given pre surgery74,94 or post surgery.59,66,75,78,82,85,96,100,104,109 From our visual
inspection of the data, we noted that, when the intervention was given post surgery, people
receiving the intervention appeared to participate in more PA at the end of follow-up (SMD 0.14,
95% CI 0.02 to 0.25; participants, n = 1735; studies, n = 10; I2 = 18%; favours intervention
(see Appendix 2, Figure 17). However, this difference was not supported by a formal test for
subgroup interactions (p = 0.65).

l Type of surgery. We subgrouped the studies according to whether the participants underwent
surgery for types of cancer59,66,74,75,78,82 or for other conditions.85,94,96,100,104,109 During our visual
inspection of the data, we noted that, when the intervention was given to participants undergoing
surgery for cancer, people receiving the intervention appeared to participate in more PA at the end
of follow-up (SMD 0.22, 95% CI 0.07 to 0.38; participants, n = 1472; studies, n = 6; I2 = 45%; favours
intervention) (see Appendix 2, Figure 18); we noted a moderate level of statistical heterogeneity
in this effect. However, this difference was not supported by a formal test for subgroup
interactions (p = 0.95).

l Age. We subgrouped the studies according to whether the participants had a mean age of
< 60 years59,66,74,85,94,104 or at least 60 years;75,78,82,96,109 one study100 did not report baseline
characteristics for age. There was no statistically significant difference between the two
subgroups (favours intervention; see Appendix 2, Figure 19).

l BMI. We were unable to perform a subgroup analysis on the basis of BMI because of insufficient data.

We also conducted sensitivity analyses on this meta-analysis. When we excluded studies that measured
this outcome immediately after the end of the intervention period, we found evidence of a possible
increase, as well as a decrease, in amount of PA at the end of follow-up (SMD 0.11, 95% CI –0.03 to
0.26; participants, n = 1517; studies, n = 7; I2 = 35%); we noted a moderate level of statistical
heterogeneity in this effect. For all sensitivity analyses for this outcome, see Appendix 4, Table 22.
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The following additional data also provided evidence for this measure:

l Two studies60,97 that used instruments to measure minutes of PA per day or per week reported their
data based on changes from baseline; both measured the outcome at 6 months, and both used
accelerometers to collect their data. We found little or no difference in the amount of PA according
to whether an intervention or usual care was provided (MD –1.56, 95% CI –15.71 to 12.60;
participants, n = 214; studies, n = 2; I2 = 76%; favours usual care) (see Appendix 2, Figure 20);
we noted a substantial to considerable level of statistical heterogeneity in this effect.

l Bond et al.57 measured the amount of PA as mean bout-related MVPA minutes per day, but did
not report a SD for these data, and did not clearly report the number of participants analysed at
follow-up. The study authors reported little or no difference in the amount of PA according to
whether an intervention or usual care was provided (p = 0.15) (see Appendix 3, Table 10).

l Christiansen et al.62 measured the amount of PA as total MVPA minutes per day, and reported their
data as median [interquartile range (IQR)]. The study authors reported little or no difference in
the amount of PA according to whether an intervention or usual care was provided (p = 0.55;
participants, n = 22) (see Appendix 3, Table 10).

l Creel et al.64 reported their PA data as mean bout-related minutes per week, but did not include a
SD with these data; the outcome was measured at 6.5 months. The study authors reported that
people participated in more PA at the end of follow-up when they had received the intervention
(p < 0.05; participants, n = 58) (see Appendix 3, Table 10).

l Stolberg et al.106 reported their data as the difference between groups at 24 months post surgery. The
study authors reported little or no difference in the amount of PA according to whether an intervention
or usual care was provided (p-value not stated; participants, n = 42) (see Appendix 3, Table 10).

l Taraldsen et al.107 reported their PA data as mean minutes per day of upright time, and based on
between-group differences at 6 months post intervention. The study authors reported little or no
difference in the amount of PA according to whether an intervention or usual care was provided
(p = 0.346; participants, n = 113) (see Appendix 3, Table 10).

l Yates et al.111 reported their PA data based on changes from 3 to 6 months post surgery, and gave
their data as a median (range). The study authors reported little or no difference in the amount of
PA according to whether an intervention or usual care was provided (p = 0.79; participants, n = 34)
(see Appendix 3, Table 10).

l Hoorntje et al.81 reported their data based on changes in the percentage of time spent active from
baseline to 6 months post surgery. The study authors reported little or no difference in the amount
of PA according to whether an intervention or usual care was provided (p = 0.59; participants, n = 97)
(see Appendix 3, Table 10).
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FIGURE 9 Combined data: amount of PA at end of follow-up measured as minutes per day or week. a, Multiarm study:
in this analysis, we combined CBT vs. usual care; b, multiarm study: in this analysis, we combined FI + THC vs. attention
control. df, degrees of freedom; IV, inverse variance.
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Amount of physical activity at the end of follow-up measured as steps per day Thirteen studies53,57,58,

60–62,64,93,96,97,104,106,110 used instruments to measure steps per day; all used some type of activity monitor

to measure the number of steps taken.

Six studies53,58,61,93,96,104 reported PA data as a set of post-intervention value scores. Sellberg et al.104

and Baillot et al.53 measured the outcome at 12 months; the other four studies measured the outcome
at 6 months. When analysing these studies, we found that people participated in more PA at the
end of follow-up when they had received the intervention (MD 817.14 steps per day, 95% CI
82.95 to 1551.33 steps per day; participants, n = 378; studies, n = 6; I2 = 59%; favours intervention)
(see Appendix 2, Figure 21); we noted a moderate to substantial level of statistical heterogeneity
in this effect.

We had an insufficient number of studies to conduct a subgroup analysis. We conducted sensitivity
analyses, and noted the following:

l When we excluded studies deemed to be at high and unclear risks of selection bias (for random
sequence generation), we noted that the effect indicated a possible increase, as well as a possible
decrease, in the amount of PA at the end of follow-up (MD 642.76 steps per day, 95% CI –293.59
to 1579.12 steps per day; participants, n = 290; studies, n = 4; I2 = 58%) (see Appendix 4, Table 23);
we noted a moderate to substantial level of statistical heterogeneity in this effect.

l When we excluded studies that measured the outcome immediately after the end of the
intervention, we noted that the effect indicated a possible increase, as well as a possible decrease,
in the amount of PA at the end of follow-up (MD 351.24 steps per day, 95% CI –287.96 to 990.44
steps per day; participants, n = 232; studies, n = 3; I2 = 15%) (see Appendix 4, Table 23).

l Losina et al.96 was a multiarm study. We replaced data from both alternative groups in a sensitivity
analysis. We noted no evidence of a difference in the amount of PA according to whether an
intervention or usual care was provided for either group (using data from the FI-only group: MD
658.57 steps per day, 95% CI –195.43 to 1512.56 steps per day; participants, n = 384; studies,
n = 6; I2 = 70%; using data from the THC-only group: MD 572.99 steps per day, 95% CI –382.20
to 1528.17 steps per day; participants, n = 383; studies, n = 6; I2 = 76%) (see Appendix 4, Table 23);
we noted a substantial to considerable level of statistical heterogeneity in these estimates.

The following additional data also provided evidence for this measure:

l Two studies60,97 that used instruments to measure steps per day reported data based on change
from baseline; both measured data at 6 months using accelerometers. When analysing these studies,
we found little or no difference in the amount of PA according to whether an intervention or usual
care was provided (MD 187.48 steps per day, 95% CI –410.09 to 785.06 steps per day; participants,
n = 214; studies, n = 2; I2 = 0%; favours intervention) (see Appendix 2, Figure 22).

l Bond et al.57 did not report a SD for the mean value in their results section, and did not clearly
report the number of participants analysed at follow-up. The study authors reported that people
participated in more PA at the end of follow-up when they had received the intervention (p = 0.024)
(see Appendix 3, Table 11).

l Christiansen et al.62 reported their data as median (IQR). The study authors reported little or no
difference in the amount of PA according to whether an intervention or usual care was provided
(p = 0.11; participants, n = 22) (see Appendix 3, Table 11).

l Creel et al.64 reported their PA data as mean steps per day, but did not include a SD with these data;
the outcome was measured at 6.5 months. The study authors reported that people participated in
more PA at the end of follow-up when they had received the intervention (p < 0.05) (see Appendix 3,
Table 11).
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l Stolberg et al.106 reported their PA data based on the difference between groups at 24 months
post surgery. The study authors reported little or no difference in the amount of PA according
to whether an intervention or usual care was provided (p-value not stated; participants, n = 42)
(see Appendix 3, Table 11).

l Van der Walt et al.110 reported their PA data as the mean daily step count expressed as a
percentage of the preoperative step count at 6 months. The study authors reported that people
participated in more PA at the end of follow-up when they had received the intervention (p = 0.030;
participants, n = 163) (see Appendix 3, Table 11).

Amount of physical activity at the end of follow-up using energy expenditure measures Seven
studies55,60,68,76,92,102,103 used instruments to measure energy expenditure.

Five of these studies55,76,92,102,103 reported PA data as sets of post-intervention value scores. Lear et al.92

measured the outcome at 12 months; the remaining studies measured the outcome at 6 months.
Two studies55,102 used an accelerometer to measure the outcome, one study76 used patient-reported
outcome measures, one study92 used the Leisure Time Physical Activity questionnaire and one study103

used the Community Health Activities Model Program for Seniors (CHAMPS). When analysing these
studies, we found little or no difference in the amount of PA using energy expenditure measures
according to whether an intervention or usual care was provided (SMD 0.17, 95% CI –0.16 to 0.50;
participants, n = 695; studies, n = 5; I2 = 76%; favours intervention) (see Appendix 2, Figure 23);
we noted a substantial to considerable level of statistical heterogeneity in this effect.

We had an insufficient number of studies to conduct a subgroup analysis. Exploration of the data in
sensitivity analyses identified no differences in our interpretation of this effect (see Appendix 4, Table 24).

The following additional data also provided evidence for this measure:

l One study68 reported its data based on change from baseline at 12 months post intervention.
It used the Paffenbarger Physical Activity and Exercise Index and reported data only for the
intervention group. The study authors found that there was a significant increase in PA among
the participants receiving the intervention (p = 0.03) (see Appendix 3, Table 12).

l One study60 reported its data based on change from baseline at 6 months post intervention.
Using these data, we found little or no difference in the amount of PA using energy expenditure
measures according to whether an intervention or usual care was provided (MD –84.00, 95% CI
–192.79 to 24.79; participants, n = 96; studies, n = 1; favours usual care) (see Appendix 2, Figure 24).

Amount of physical activity at the end of follow-up using a range of questionnaires Five
studies52,54,74,77,79 measured amount of PA using various questionnaires: two studies52,79 used the
University of California, Los Angeles, activity scale (scale 1–10); one study54 used the Yale Physical
Activity Survey (scale 0–13); one study74 used a Daily Observed Activity questionnaire (scale 0–16);
and one study77 used a PA questionnaire for the elderly (total activity score). For each of these
different scales, a higher score indicates more PA. Four studies52,54,74,77 measured the outcome at
6 months, and the remaining study79 measured the outcome at 5 years. When analysing these data,
we found that people participated in more PA at the end of follow-up when they had received the
intervention (SMD 0.47, 95% CI 0.24 to 0.70; participants, n = 304; studies, n = 5; I2 = 0%; favours
intervention) (see Appendix 2, Figure 25). The effect size from the findings of these questionnaires is
likely to be medium to large.49

We had an insufficient number of studies to conduct a subgroup analysis. Exploration of the data
in sensitivity analyses identified no differences in our interpretation of this effect (see Appendix 4,
Table 25).
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Amount of physical activity at the end of follow-up using the International Physical Activity
Questionnaire-Short Form Three studies53,83,84 used the International Physical Activity Questionnaire-
Short Form (IPAQ-SF) to measure amount of PA (in METs/minute/week).

Baillot et al.53 and Husebø et al.83 measured this outcome at 12 months and 6 months, respectively,
and we found no evidence of a difference in the amount of PA according to whether an intervention or
usual care was provided (MD 247.11 METs/minute/week, 95% CI –701.84 to 1196.05 METs/minute/
week; participants, n = 78; studies, n = 2; I2 = 0%; favours intervention) (see Appendix 2, Figure 26). We
had an insufficient number studies to conduct a subgroup analysis. Exploration of the data in sensitivity
analyses identified no differences in our interpretation of this effect (see Appendix 4, Table 26).

In addition, Ilves et al.84 measured this outcome at 12 months, and the study authors reported no
evidence of a difference in the amount of PA according to whether an intervention or usual care was
provided (p = 0.92; participants, n = 98) (see Appendix 3, Table 13).

Amount of physical activity at the end of follow-up measured using a daily activity score
Goedendorp et al.74 used an actometer to measure mean daily activity counts at 6 months. We found
little or no difference in the amount of daily activity counts according to whether an intervention or
usual care was provided (MD 2.50, 95% CI –10.17 to 15.17; participants, n = 55; studies, n = 1; favours
intervention) (see Appendix 2, Figure 27). Exploration of the data in sensitivity analyses identified no
differences in our interpretation of this effect (see Appendix 4, Table 27).

Engagement in physical activity at the end of follow-up
Ten studies63,69,70,72,91,94,95,101,108,109 measured engagement in PA.

Seven of these studies69,70,72,91,94,101,109 measured the outcome at 12 months, one study63 measured the
outcome at 6 months and one study108 measured the outcome at 24 months. When analysing these
studies, we found little or no difference in the number of people engaged in PA at the end of follow-up
when they had received the intervention (RR 1.19, 95% CI 0.96 to 1.47; participants, n = 882; studies,
n = 9; I2 = 25%) (Figure 10). We had an insufficient number of studies to conduct a subgroup analysis.
Exploration of the data in sensitivity analyses identified no differences in our interpretation of this
effect (see Appendix 4, Table 28).

In addition, one study95 reported engagement in PA as analysed data at 12 months. The study authors
reported that more people were engaged in PA when they had received the intervention (p = 0.020;
participants, n = 197) (see Appendix 3, Table 14).
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FIGURE 10 Combined data: engagement in PA at the end of follow-up. a, Multiarm study: in this analysis, we compared
aerobic exercise training group with usual care. df, degrees of freedom; M–H, Mantel–Haenszel.
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Physical fitness

Physical fitness at the end of follow-up using walking tests Six studies53,61,79,83,97,103 measured physical
fitness using walking tests.

Four studies61,79,83,103 reported physical fitness data as sets of post-intervention value scores. Of these,
three studies61,83,103 measured the outcome at 6 months and one study79 measured the outcome at
5 years. Christiansen et al.61 measured walking distance using the 2-minute walk test; the remaining
studies79,83,103 used the 6-minute walk test (6MWT). We did not pool the studies for this measurement
tool because we noted substantial statistical heterogeneity (86%); for data from individual studies,
see Appendix 2, Figure 28.

We conducted sensitivity analyses on this effect (see Appendix 4, Table 29). We used data from a
time point for Heiberg et al.79 that was more consistent with other studies. We found evidence of
improved physical fitness when participants received the intervention (SMD 0.99, 95% CI 0.47 to 1.51;
participants, n = 215; studies, n = 4; I2 = 69%); we noted a moderate to substantial level of statistical
heterogeneity in this effect. This effect was also consistent when we removed studies with unclear
risks of selection bias (SMD 0.73, 95% CI 0.02 to 1.44; participants, n = 33, studies, n = 1); this
estimate included only one small study.

Two studies53,97 that measured physical fitness using walking tests reported data based on changes
from baseline. Baillot et al.53 measured the outcome at 12 months and used the 6MWT. Lotzke et al.97

measured the outcome at 6 months and used the 5-minute walk test. When analysing the Baillot et al.53

study, we found that people achieved a greater increase in distance walked when they had received
the intervention (MD 50.90, 95% CI 0.55 to 101.25; participants, n = 25; studies, n = 1; favours
intervention) (see Appendix 2, Figure 29). When analysing the Lotzke et al.97 study, we found no
evidence of a difference between groups in this outcome according to whether an intervention or
usual care was provided (MD 0.50, 95% CI –65.62 to 66.62; participants, n = 118; studies, n = 1;
favours intervention) (see Appendix 2, Figure 30).

Physical fitness at the end of follow-up using the timed up and go test Three studies61,77,97 measured
physical fitness using the timed up and go (TUG) test (measured in seconds).

Christiansen et al.61 and Hauer et al.77 reported their data as sets of post-intervention value scores, and
measured the outcome at 6 months, whereas Lotzke et al.97 reported these data based on change from
baseline to 6 months. Because these studies used the same measurement tool for this outcome, we
were able to combine their data using the unstandardised mean difference method. When analysing
these data, we found little or no difference between groups in this outcome according to whether an
intervention or usual care was provided (MD –0.09, 95% CI –0.98 to 0.80; participants, n = 175; studies,
n = 3; I2 = 0%; favours usual care) (see Appendix 2, Figure 31). Exploration of the data in sensitivity
analyses identified no differences in our interpretation of this effect (see Appendix 4, Table 30).

Physical fitness at the end of follow-up using handgrip strength Two studies77,103 measured fitness
using handgrip strength; both measured the outcome at 6 months. Hauer et al.77 gave their data in
kPa, whereas Santa Mina et al.103 gave their data as kilogram-force. We did not pool the studies for
this measurement tool because we noted substantial statistical heterogeneity (93%); for data from
individual studies, see Appendix 2, Figure 32. Exploration of the data in sensitivity analyses identified
no differences in our interpretation of this effect (see Appendix 4, Table 31).

Physical fitness at the end of follow-up using an exercise tolerance test Three studies53,72,111 measured
cardiopulmonary fitness using an exercise tolerance test.
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Baillot et al.53 used a symptom-limited cardiac exercise; they reported these data as sets of
post-intervention value scores, and measured the outcome at 12 months. Foster et al.72 used a
cardiopulmonary exercise capacity test, and measured the outcome at 6 months. We judged the
measurement tools in these studies to be comparable and included the data in the same analysis.
We found that people scored higher in this outcome at the end of follow-up when they had received
the intervention (SMD 0.82, 95% CI 0.23 to 1.40; participants, n = 53; studies, n = 2; I2 = 0%; favours
intervention) (see Appendix 2, Figure 33).

During a sensitivity analysis of this meta-analysis, we reanalysed the data using only Baillot et al.,53

which was at low risks of selection and of attrition biases. With only this study, we found a change
in the interpretation of the effect, finding little or no difference between groups in this outcome
according to whether an intervention or usual care was provided (SMD 0.60, 95% CI –0.21 to 1.40;
participants, n = 25; studies, n = 1) (see Appendix 4, Table 32).

In addition, Yates et al.111 used a similar symptom-limited exercise test, but reported their data based
on changes from 3 months to 6 months. For this study, we found no evidence of a difference between
groups in this outcome at the end of follow-up according to whether an intervention or usual care was
provided (p = 0.10; participants, n = 34) (see Appendix 3, Table 15).

Physical fitness at the end of follow-up using performance-based tests Three studies measured
physical fitness using performance-based tests: one study102 used a battery of six performance-based
tests and reported their data as a composite z-score; the other two studies107,109 used the Short
Physical Performance Battery and reported their data using a scale of 0–12.

Two studies102,109 measured their data at 6 months and reported their data as a set of post-intervention
value scores. When analysing these studies, we found little or no difference between groups in
this outcome according to whether an intervention or usual care was provided (SMD 0.19, 95% CI
–0.08 to 0.45; participants, n = 240; studies, n = 2; I2 = 0%; favours intervention) (see Appendix 2,
Figure 34). Exploration of the data in sensitivity analyses identified no differences in our interpretation
of this effect (see Appendix 4, Table 33).

Taraldsen et al.107 reported their physical fitness data based on between-group differences at 6 months
post intervention. The study authors reported little or no difference between groups in this outcome
according to whether an intervention or usual care was provided (p = 0.017; participants, n = 113)
(see Appendix 3, Table 16).

Physical fitness at the end of follow-up using a sit-to-stand test One study53 measured fitness
using a sit-to-stand test; it measured the outcome at 12 months. For this study we found little or
no difference between groups according to whether an intervention or usual care was provided
(MD 2.50, 95% CI –1.30 to 6.30; participants, n = 25; studies, n = 1; favours intervention) (see
Appendix 2, Figure 35).

Physical fitness at the end of follow-up using arm-curl test One study53 measured fitness
using an arm-curl test; it measured the outcome at 12 months. For this study we found little or
no difference between groups according to whether an intervention or usual care was provided
(MD 0.50, 95% CI –3.86 to 4.86; participants, n = 25; studies, n = 1; favours intervention) (see
Appendix 2, Figure 36).

Physical fitness at the end of follow-up using leg press One study77 measured physical fitness using a
leg press, measuring the outcome at 6 months. For this study we found little or no difference between
groups in this outcome at the end of follow-up according to whether an intervention or usual care was
provided (MD 42.00, 95% CI –1.61 to 85.61; participants, n = 24; studies, n = 1; favours intervention)
(see Appendix 2, Figure 37).
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Physical fitness at the end of follow-up using peak oxygen uptake Two studies60,101 measured physical
fitness using VO2 peak. Painter et al.101 reported these data at 12 months, whereas Carnero et al.60

reported these data based on change from baseline to 6 months. For Painter et al.,101 we found little
or no difference between groups in this outcome at the end of follow-up according to whether an
intervention or usual care was provided (MD 3.60, 95% CI –0.22 to 7.42; participants, n = 95; studies,
n = 1; favours intervention) (see Appendix 2, Figure 38). For Carnero et al.,60 we found that people scored
higher in this outcome at the end of follow-up when they had received the intervention (MD 188.00,
95% CI 55.57 to 320.43; participants, n= 96; studies, n= 1; favours intervention) (see Appendix 2, Figure 39).

Health-related quality of life
Twenty-two studies52–54,58,59,63,66,69,75,78,79,82,85,95,97,101–104,106,107,110 measured HRQoL.

Seventeen studies52–54,58,59,63,66,75,78,79,82,85,101–104,110 reported the outcome as a set of post-intervention values.
Three of these studies measured the outcome using components of the Functional Assessment of Cancer
Therapy (FACT): two studies66,103 used FACT-General and one study63 used FACT-Anaemia. Two of these
studies63,103 measured the outcome at 6 months and one66 measured the outcome at 12 months. Eight
studies54,58,59,78,85,101,102,104 measured the outcome using components of the SF-36; we extracted the data
from the global score or general score for Brandes et al.,58 Cadmus et al.,59 Jiménez-Loaisa et al.85 and
Sellberg et al.;104 for the remaining studies, we extracted the physical component summary (PCS). Of these
studies, four54,58,59,102 measured the outcome at 6 months, three78,101,104 measured the outcome at 12 months
and one85 measured the outcome at 13 months. One study52 measured the outcome, at 6 months, using
the Knee injury and Osteoarthritis Outcome Score (KOOS). One study79 measured the outcome, at 5 years,
using the Hip disability and Osteoarthritis Outcome Score (HOOS). One study53 measured the outcome
using the Laval Questionnaire and reported their data as a weight-related quality-of-life score, measuring
the outcome at 12 months. One study75 measured the outcome using the European Organisation for
Research and Treatment of Cancer Quality of Life Questionnaire-C30 Global (EORTC QLQ-C30 Global),
and measured the outcome at 6 months. One study110 measured the outcome, at 6 months, using the
EQ-5D. The remaining study82 measured the outcome using the EuroQol-5 Dimensions, five-level version
(EQ-5D-5L), and measured the outcome at 6 months. When analysing these studies, we found a possible
improvement in HRQoL at the end of follow-up with an intervention, as well as a possible reduction
(SMD 0.12, 95% CI –0.03 to 0.26, favours intervention; participants, n= 2455; studies, n= 17; I2 = 60%;
favours intervention) (Figure 11); we noted a moderate to substantial level of statistical heterogeneity in
this effect. The effect size is likely to be small.49
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FIGURE 11 Combined data: HRQoL at the end of follow-up. Measured using a range of measurement tools. a, Multiarm
study: in this analysis, we compared aerobic exercise group with usual care; b, multiarm study: in this analysis, we
compared clinic-based group with usual care. df, degrees of freedom; IV, inverse variance.
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We conducted the following subgroup analyses on these data:

l Duration of intervention. We subgrouped the studies according to whether the intervention was
undertaken for < 6 months52,54,58,63,75,79,82,102–104,110 or for at least 6 months.53,59,66,78,85,101 There was no
statistically significant difference between the two subgroups. During our visual inspection of the
forest plots, we noted that people receiving the intervention appeared to have improved HRQoL at
the end of follow-up when the intervention was given for at least 6 months (SMD 0.32, 95% CI 0.01
to 0.62; participants, n = 1045; studies, n = 6; I2 = 75%; favours intervention); we noted a substantial
to considerable level of statistical heterogeneity in this effect. However, this effect was not
supported by a formal test for subgroup interactions (p = 0.11) (see Appendix 2, Figure 40).

l Time of intervention commencement. We subgrouped the studies according to whether the
intervention was given pre surgery53,54,103,110 or post surgery.52,58,59,63,66,75,78,79,82,85,101,102,104 There was
no statistically significant difference between the two subgroups (see Appendix 2, Figure 41).

l Type of surgery. We subgrouped the studies according to whether the participants underwent
surgery for types of cancer59,63,66,75,78,82,103 or for other conditions.52–54,58,79,85,101,102,104,110 There was
no statistically significant difference between the two subgroups (see Appendix 2, Figure 42).

l Body mass index: we subgrouped the studies according to whether the participants had a mean
BMI of < 30 kg/m2 (10 studies58,59,63,66,75,78,79,101,103,110) or of at least 30 kg/m2 (three studies85,102,104).
Four studies52–54,82 did not report baseline characteristics for BMI. There was no statistically
significant difference between the two subgroups (see Appendix 2, Figure 43).

l Age. We subgrouped the studies according to whether the participants had a mean age of
< 60 years53,59,63,66,85,101,104 or of at least 60 years.52,54,58,75,78,79,82,102,103,110 There was no statistically
significant difference between the two subgroups (see Appendix 2, Figure 44).

We also conducted sensitivity analyses on this meta-analysis (see Appendix 4, Table 34). We noted
that the estimate clearly favoured the intervention group when we excluded studies that were
deemed to be at a high or an unclear risk of selection bias for random sequence generation (SMD 0.17,
95% CI 0.01 to 0.33; participants, n = 2167; studies, n = 12; I2 = 63%), or we excluded studies at a high
risk of attrition bias (SMD 0.34, 95% CI 0.00 to 0.68; participants, n = 913; studies, n = 6; I2 = 77%).
We noted moderate to considerable levels of statistical heterogeneity in these estimates.

The following additional data also provided evidence for this measure:

l Two studies95,97 measured the outcome using the EQ-5D and reported the outcome based on
change from baseline. Lindbäck et al.95 reported the outcome based on change from baseline
to 12 months, whereas Lotzke et al.97 reported the outcome based on change from baseline
to 6 months. When analysing these studies, we found little or no difference between groups
in this outcome according to whether an intervention or usual care was provided (MD –0.05,
95% CI –0.11 to 0.01; participants, n = 315; studies, n = 2; I2 = 0%; favours usual care)
(see Appendix 2, Figure 45).

l One study69 measured the outcome using the Functional Assessment of Cancer Therapy –

Breast cancer plus arm subscale (FACT-B+4), and reported the outcome based on change
from baseline to 12 months. For this study we found little or no difference between groups
in this outcome according to whether an intervention or usual care was provided (MD 3.70,
95% CI –1.48 to 8.88; participants, n = 126; studies, n = 1; favours intervention) (see Appendix 2,
Figure 46).

l One study106 measured the outcome using the PCS of the SF-36; the outcome was reported as
the difference between groups, and measured at 24 months post surgery. The study authors
reported little or no difference in the outcome according to whether an intervention or usual
care was provided (the study authors reported the p-value as not significant; participants, n = 42)
(see Appendix 3, Table 17).
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l Taraldsen et al.107 reported the outcome data based on between-group differences at 6 months
post intervention. The study authors reported little or no difference in HRQoL according
to whether an intervention or usual care was provided (p = 0.965; participants, n = 113)
(see Appendix 3, Table 17).

Pain
Eleven studies52,58,59,79,84,95,97,103,104,106,110 measured pain using a range of measurement scales.

Seven studies52,58,59,79,103,104,110 reported pain as a set of post-intervention values. Three studies58,59,104

measured pain using the relevant subscore of the SF-36 HRQoL tool. Of these, Brandes et al.58 and
Cadmus et al.59 measured the outcome at 6 months, whereas Sellberg et al.104 measured the outcome
at 1 year. Two studies52,110 measured pain using the relevant subscore of the KOOS HRQoL tool;
both of these studies measured the outcome at 6 months. Heiberg et al.79 measured pain using the
relevant subscore of the HOOS HRQoL tool and measured the outcome at 5 years. Santa Mina et al.103

measured pain using the Pain Disability Index, and measured the outcome at 6 months. Whereas all
previously mentioned measurements report pain using a scale whereby a higher score indicates a
better outcome, the Pain Disability Index reports pain using a scale whereby a higher score indicates a
worse outcome. To avoid a unit-of-analysis error, we inverted the data for Santa Mina et al.103 When
analysing these studies, we found little or no difference between groups in pain according to whether
an intervention or usual care was provided (SMD 0.19, 95% CI –0.14 to 0.53; participants, n = 602;
studies, n = 7; I2 = 71%) (Figure 12); we noted a substantial level of statistical heterogeneity in this
effect. Exploration of the data in sensitivity analyses identified no differences in our interpretation of
this effect (see Appendix 4, Table 35).

In addition, two studies95,97 measured back pain and leg pain using the region-specific VAS, and
reported their data based on changes from baseline; in this scale, a lower score indicates less pain.
Lindbäck et al.95 measured the outcome at 12 months, whereas Lotzke et al.97 measured the outcome
at 6 months. When analysing the data for back pain, we found little or no difference between groups
in this outcome according to whether an intervention or usual care was provided (MD 5.45, 95% CI
–1.03 to 11.92; participants, n = 315; studies, n = 2; I2 = 0%; favours intervention). Similarly, when
analysing the data for leg pain, we found little or no difference between groups in this outcome
according to whether an intervention or usual care was provided (MD 2.00, 95% CI –6.19 to 10.18;
participants, n = 315; studies, n = 2; I2 = 0%; favours intervention) (see Appendix 2, Figure 47).
Exploration of the data in sensitivity analyses identified no differences in our interpretation of
this effect (see Appendix 4, Table 35).
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FIGURE 12 Combined data: pain measured at the end of follow-up using a range of pain scores. df, degrees of freedom;
IV, inverse variance.
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The following additional data also provided evidence for this measure:

l Ilves et al.84 measured back and leg pain using the region-specific VAS, and reported their data
based on changes from baseline to 12 months post intervention; in this scale, a lower score
indicates less pain. The study authors reported the data using median (IQR). They reported little or
no difference in pain according to whether an intervention or usual care was provided (back pain,
p = 0.76; leg pain, p = 0.40) (see Appendix 3, Table 18).

l Stolberg et al.106 measured bodily pain as a subscore of the SF-36 scale, and reported their data as a
difference between groups 24 months post surgery. The study authors reported a non-significant
difference (see Appendix 3, Table 18).

Adverse events
Seventeen studies51,56,59,61,66,69,76,77,79,82,83,97,102–104,107,109 reported information regarding adverse events.
Of these, seven51,56,59,79,97,104,109 reported that no participants experienced adverse events that were
related to the intervention.

Ten studies61,66,69,76,77,82,83,102,103,107 reported numbers of adverse events that were related or unrelated to
the intervention, or were serious or not serious. Table 1 presents a summary of these events.

Adherence
Fifteen studies52,53,59,63,69,76,77,82–84,92,96,103,106,108,109 reported adherence data (Table 2).

Participant experiences of the interventions
Four studies52,69,76,82 reported data on participants’ experiences of the interventions. Table 3 presents a
summary of these data.

TABLE 1 Intervention vs. usual care: adverse events reported by study authors

Study Data for adverse events Related or unrelated to study

Christiansen et al.61 Intervention group: 16 falls among 11 participants No falls during study-related activity
or exercise

Comparison group: 13 falls among 9 participants

Demark-Wahnefried
et al.66

Intervention group: participants reported
137 total events (35 serious and 102 non-serious)

Not reported

Comparison group: participants reported
142 total events (39 serious and 103 non-serious)

Eakin et al.69 Intervention group: 3 (muscle soreness: 2;
musculoskeletal injury: 1). None was serious and
none required discontinuation of participation

Described as possibly related to the
intervention

Hackshaw-McGeagh
et al.76

l Nine adverse events, self-reported by
participants, were classed as unrelated to the
interventions; they included fever, alcohol
withdrawal symptoms, urinary symptoms,
diverticulitis, pneumonia, Campylobacter
infection and hernia repair procedure

l Three adverse events were considered
as ‘possibly related to the interventions’;
these were indigestion, abdominal bloating
and knee pain

Three events were ‘possibly related’

Hauer et al.77 No major health problems occurred during training
or testing. Minor problems included aching
muscles after initial training sessions, cramps,
tenderness, knee pain and wound/scar aching.
All these problems were resolved by adjustment
of training and physiotherapy

Not reported
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TABLE 1 Intervention vs. usual care: adverse events reported by study authors (continued )

Study Data for adverse events Related or unrelated to study

Hubbard et al.82 One participant was unable to start cardiac
rehabilitation owing to a torn knee ligament

Described as unrelated to the study

Husebø et al.83 One participant in the intervention group
reported knee discomfort and was referred
to her primary physician for further evaluation.
The participant stayed in the trial and completed
the exercise prescription. Another participant
in the intervention group experienced syncope
during the walking exercise. This was related
to a secondary chronic condition, and the patient
was advised by her oncologist to withdraw from
the trial

These events were considered as possibly
related to the study

Piva et al.102 Clinic based (n = 96 participants)

l Arthralgia, n = 12
l Back pain, n = 1
l Fall, n = 0
l Myalgia, n = 0
l Other musculoskeletal and connective

tissue, n = 5
l Skin and subcutaneous tissue, n = 1

There were no serious adverse events
related to study participation

However, the events listed were described
as being study related

Community based (n = 96 participants)

l Arthralgia, n = 7
l Back pain, n = 2
l Fall, n = 1
l Myalgia, n = 1
l Other musculoskeletal and connective

tissue, n = 0
l Skin and subcutaneous tissue, n = 0

Comparison group (n= 48 participants)

l Arthralgia, n = 1
l Back pain, n = 0
l Fall, n = 1
l Myalgia, n = 0
l Other musculoskeletal and connective

tissue, n = 0
l Skin and subcutaneous tissue, n = 0

Santa Mina et al.103 Intraoperative adverse events were more common
in the intervention group than in the control
group. Most adverse events in the intervention
group (3/^) were anastomotic leak

No serious events associated with the
intervention. Any other adverse events
lacked obvious plausible connection with
the intervention

Taraldsen et al.107 Adverse events were defined as any undesirable
experience during the intervention and follow-up
period reported to the monitoring committee by
the physiotherapists responsible for the research
intervention. A medical doctor determined
the relatedness to the intervention of the
events reported

Six adverse events were reported during
the intervention period; two of these were
described as serious

Described as unrelated to the intervention

CON, control group; PREHAB, prehabilitation.
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TABLE 2 Intervention vs. usual care: adherence data

Study
Description of intervention group
(n participants)

Adherence data (as reported by study
authors)

Artz et al.52 6-week intervention (23) 73% of participants attended classes; 57% of
participants attended all six classes; 17% of
participants attended five classes

Baillot et al.53 Counselling every 6–8 weeks, exercise
sessions three times per week; delivered
by PA specialist (counselling and exercise
sessions) and dietitian (counselling only)
over 18 months (15)

Participants attended a median of 70%
(45–90%) of the recommended sessions (three
times per week); 47% of participants attended
> 70% of sessions

Cadmus et al.59 Telephone behavioural model for increasing
or maintaining PA; self-selected MVPA
(most selected walking) 5 days per week
for 6 months (25)

64% met the goal of 150 minutes of exercise
per week. Participants returned a mean of
23.1 (SD ± 8.1) weekly logs; 72% of
participants returned all 26 logs

Courneya et al.63 Multiarm: AET group [use of cycle ergometer,
treadmill or elliptical trainer, with goal of
VO2 peak; three times per week throughout
duration of chemotherapy (median 17 weeks)]
and RET group [performing two sets of
8–12 repetitions of nine different exercises
three times per week throughout duration
of chemotherapy (median 17 weeks)], post
surgery (AET: 68; RET: 73)

l Supervised exercise session attendance
¢ AET group: 72.0% (2685/3750 sessions)
¢ RET group: 68.2% (2810/4079 sessions);

p = 0.411
l Prescribed duration: AET group – 95.6% of

the time
l Prescribed intensity: AET group – 87.2% of

the time
l Exercise completion: RET group –

completed all nine exercises, 96.8%; two
sets each, 96.9%; 8–12 repetitions each set,
94.5% of the time

l < 15% of participants reported regular
exercise aside from the trial, which did not
differ between groups (p > 0.2)

Eakin et al.69 Sixteen calls of 15- to 30-minutes’ duration
over 8 months (once per week for 2 months,
once per fortnight for 2 months and once per
month for 4 months) (73)

93% completed a median of 14 out of 16
(range 5–16) calls with their exercise
physiologist; 79% completed the majority
(≥ 75%) of calls

Hackshaw-
McGeagh et al.76

Brisk walking at least 5 days per week in
addition to usual PA, remote structured
support via method of choice (text message,
telephone, e-mail, post) from research nurse
seven times over 6 months (42)

53.8% (95% CI 38.6% to 68.4%; 21/39) had
90% adherence (defined as doing ≥ 30 minutes
of walking on 18 of the 28 days)

Hauer et al.77 3 days per week, 36 sessions, approximately
1 hour and 45 minutes for 12 weeks (15)

93.1% (SD ± 13.5%) adhered to the
intervention [median 99% (range 55–100%)];
data available for those who started group
sessions (13 participants)

Hubbard et al.82 Exercise sessions once or twice per week
over 6–12 weeks (21)

62% completed the programme

Husebø et al.83 Home-based exercise programme that
combined strength and aerobic training
performed throughout the time period of
adjuvant chemotherapy (33)

58% met the general recommendations of
150 minutes per week of MVPA; 17% adhered
to the walking prescription of a minimum of
210 minutes per week of MVPA. Participants
carried out approximately two sessions of
resistance-band exercises per week, and 15%
of the participants in the intervention group
achieved the prescribed number of strength
training sessions

Ilves et al.84 Instructed to perform exercises at least two or
three times per week for 12 months (52)

Frequency of back-specific exercises during first
2 months: median 2.5 (IQR 1.9–3.4). Frequency
during last 2 months: median 1.4 (IQR 0.6–1.9)

Lear et al.92 Cardiac rehabilitation exercise sessions with
lifestyle and risk factor counselling and home
exercise plan, delivered monthly with exercise
specialist, dietitian and case manager over a
12-month period (151)

83% attended exercise sessions
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TABLE 2 Intervention vs. usual care: adherence data (continued )

Study
Description of intervention group
(n participants)

Adherence data (as reported by study
authors)

Santa Mina et al.103 Aerobic and resistance training prescription
(based on baseline assessment) and provision of
exercise equipment (resistance band, stability
balls, yoga mat), three or four times per week,
pre surgery (typically 4–8 weeks) (44)

68.4% met the minimum target exercise
volume for the total exercise programme

Stolberg et al.106 Twice-weekly physical training sessions,
supervised by a physiotherapist, access to
fitness centre, delivered over 26 weeks (32)

59.4% had an acceptable compliance, defined
as attending ≥ 50% of the planned training
sessions

Turunen et al.108 Combination of home visits, functional
exercises and PA motivational counselling,
delivered by a physiotherapist at
approximately 10 time points across
12 months (40)

Compliance with the home-based physical
exercises in the first 6 months was fair:
strengthening, 61%; stretching, 53%; balance,
65%; and functional exercises, 69%. Thereafter,
the values for the strengthening, stretching
and balance exercises were 39%, 37% and
43%, respectively. Compliance with the
face-to-face PA counselling session was 98%
in the first 6 months and 88–90% thereafter

Turunen et al.109 Seven physiotherapy home visits to
supervise and adjust the exercise plan, with
three telephone support calls, independent
exercise and outdoor walking, delivered over
6 months (59)

58% performed all the strengthening exercises;
53% performed balance exercises, 68%
performed walking exercises, 15% visited a
gym and 7% visited a swimming facility with
the physiotherapist

AET, aerobic exercise training; RET, resistance exercise training.

TABLE 3 Intervention vs. usual care: participants’ experiences of the interventions

Study
Description of intervention
(n participants) Experience data

Artz et al.52 Postoperatively; a combination of
education and advice, and direct
physical instruction; generic aerobic
and resistance; not frequently; to
participants’ preferences; clinical
setting with a physiotherapist; low
contact for < 6 months (23)

A total of 17 participants provided feedback about
the exercise class. All participants felt that the 1-hour
duration of the session was the right amount of time
to exercise, but three (18%) participants would have
liked to receive more than six sessions. Overall,
participants were satisfied with the range of exercises
offered, with 15 (84%) participants reporting that they
were ‘very satisfied. All patients felt that the exercise
class met their individual functional needs and many
provided positive feedback about the exercise class

Reproduced with permission from Artz et al.52

This article is distributed under the terms of the
Creative Commons Attribution-NonCommercial
3.0 License (https://www.creativecommons.org/

licenses/by-nc/3.0/) which permits non-commercial
use, reproduction and distribution of the work

without further permission provided the original
work is attributed as specified on the SAGE and

Open Access page (https://us.sagepub.com/en-us/
nam/open-access-at-sage)

Eakin et al.69 Postoperatively; a combination of
education and advice, and behavioural
mechanisms; walking, and generic
aerobic and resistance; to participant’s
capacity and preferences; at home
through remote delivery; with
physiotherapist; intermediate
contact (73)

In recovery for breast cancer the majority of
participants in the telephone group provided positive
feedback for each component of the intervention.
For the telephone sessions in particular, > 90% of the
participants rated them as helpful. In addition, most
participants reported that had the EfH programme
been delivered face to face or over the internet they
would have been interested in taking part

continued
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TABLE 3 Intervention vs. usual care: participants’ experiences of the interventions (continued )

Study
Description of intervention
(n participants) Experience data

Hackshaw-McGeagh
et al.76

Postoperatively; a combination of
education and advice, and behavioural
mechanisms; walking with frequent
bout-related goals; at home through
remote delivery; with nurse; low
contact for 6 months (42)

Participants were predominantly positive with regards
to the acceptability of the [. . .] physical activity
interventions, with men indicating that they felt
enabled to make the changes requested and to
sustain them following completion of the trial. [. . .]
Most felt that they were able to wear the physical
activity monitors provided and record their daily
steps. Two participants even stated that they found
the monitors to be useful motivational tools and were
purchasing their own at the end of the trial so that
they could continue to monitor their daily steps. [. . .]
Preferences made by some men to the type of
physical activity they do, particularly to cycling,
highlighted the importance of considering a choice of
exercise regime or a more varied regime for future
studies in this population

Reproduced with permission from Shingler et al.114

This article is distributed under the terms of the
Creative Commons Attribution 4.0 International

License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided you give

appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made. The
Creative Commons Public Domain Dedication

waiver (https://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made

available in this article, unless otherwise stated

Hubbard et al.82 Postoperatively; a combination of
education and advice, behavioural
mechanisms, and direct physical
instruction; non-specific, low
frequency to participant’s capacity and
preferences; clinical and community
setting; MDT; intermediate contact for
< 6 months (21)

Participants in the control and intervention group
believed that rehabilitation was an important part of
their recovery. [. . .] There were two main reasons why
people with CRC agreed to participate in this study:
they believed that it might help them and/or they
believed that it might help others. In particular,
some participants welcomed involvement in a
study that was about physical activity because
they believed physical activity was beneficial. [. . .]
Given the favourable comments made about cardiac
rehabilitation by those participants with CRC
allocated to the intervention group, it is perhaps
not surprising that the overall impression of cardiac
rehabilitation was that it was very good, and
that many participants would have liked to have
remained on the programme for much longer

Reproduced with permission from Hubbard et al.82

This article is distributed under the terms of the
Creative Commons Attribution 4.0 International

License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided you give

appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made. The
Creative Commons Public Domain Dedication

waiver (https://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made

available in this article, unless otherwise stated

CRC, colorectal cancer; EfH, exercise for health.
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Grading of Recommendations Assessment, Development and Evaluation, and
certainty of the evidence: intervention versus usual care

Amount of physical activity (37 studies, 4969 participants)
We found moderate-certainty evidence that PA interventions may increase the amount of PA in the
‘medium term’ after surgery. Most studies measured this outcome at either 6 or 12 months after surgery.

This outcome was evaluated using a range of measurement values that we could not combine in a
single analysis: minutes of PA per day or week, energy expenditure measures such as kcal/kg/day,
METs/minutes/week, steps/day, daily activity scores or results from activity-related questionnaires.

Physical activity was most commonly recorded as minutes per day or week (12 studies, 1947
participants), and analysis revealed a small increase in PA among participants who received the
intervention. We similarly found a small increase in PA when reported as steps/day or from
questionnaire data. Although energy expenditure measures, METs/minutes/week and the results
of daily activity scores showed both a reduction and increase in PA when participants received the
intervention, we noted that the effect size in all these analyses favoured the intervention. We believe
that there was a consistent finding across all measures that the intervention may increase the
likelihood that people would do more PA.

Engagement in physical activity (10 studies, 1097 participants)
We found moderate-certainty evidence that PA interventions probably slightly increase people’s
engagement in PA, compared with usual care. For this outcome, we found that 60 more participants
per 1000 would still be engaging in PA at the end of follow-up after receiving the intervention.
However, we noted a wide CI for the data from this outcome, indicating that some people receiving
the intervention will do less PA.

Physical fitness (15 studies, 1031 participants)
Although we noted that effects generally favoured the PA intervention, we found low-certainty
evidence that PA interventions may improve physical fitness in the ‘medium term’ after surgery.
Most studies measured this outcome at either 6 or 12 months.

This outcome was evaluated using various measures, and the differences in these measures of fitness
may reflect the age of participants or the reason for surgery, or both. This outcome was measured
using walking tests (such as the 6MWT), exercise tolerance tests (measured as METs maximum),
sit-to-stand tests (such as the TUG test), handgrip strength tests, leg-press tests and VO2 peak tests.
It was not feasible for us to combine the data when the measurement tools were so different, and
most of our effects were derived from single studies or from two studies. In general, we noted a
similar trend that suggested an improvement in fitness when people had received a PA intervention.

Health-related quality of life (22 studies, 3051 participants)
We found moderate-certainty evidence that PA interventions probably slightly increase HRQoL at the
end of follow-up.

This outcome was evaluated using a range of measures that allowed for the combining of data using a
SMD. The tools used were appropriate measures of quality of life, with some of these measures specific
to the surgery within the study criteria (e.g. KOOS and FACT-Anaemia). Although the primary analysis
showed a slight reduction in HRQoL as well as an increase, the findings more clearly favoured the PA
interventions once we removed studies rated as having a high or an unclear risks of bias from the analysis.

Pain (11 studies, 1057 participants)
Again, the findings for pain tended to favour the intervention. However, the estimates were all imprecise
and included possible benefits as well as harms; we judged the certainty of this evidence to be low.
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Adherence (15 studies, 766 participants randomised to intervention groups)
Among studies clearly reporting this outcome, the level of adherence ranged from 47% to 93%.
We noted that 93% of studies reported that adherence to the intervention was > 53% and that 20%
reported that adherence was > 79%. However, the definitions of adherence varied between studies,
and, because the designs of the interventions differed significantly, it was not reasonable to draw
confident conclusions about adherence to all PA interventions; we judged the certainty of this evidence
to be very low.

Adverse events (10 studies, 1410 participants)
We could not be certain of the risk of adverse events for interventions promoting PA because few
studies reported adverse events data; we judged the certainty of this evidence to be very low.
We noted that most events were described as not serious, and that most events were unrelated to
the intervention. The few events described as possibly related to the intervention included muscle
soreness, musculoskeletal injury, indigestion, abdominal bloating, knee pain/discomfort, syncope,
arthralgia, back pain, myalgia, falls, musculoskeletal/connective tissue effects and skin/subcutaneous
tissue effects; these events were reported for 30 participants.

Participant experience of intervention (four studies, 159 participants randomised to
intervention groups)
Very few studies reported details of participants’ experiences. In the four studies that clearly reported
this information, feedback was generally positive and participants were satisfied and/or felt that they
had benefited from being able to engage with the intervention. We did not downgrade the certainty of
this narrative evidence.

Reasons for downgrading the evidence
We used GRADE to assess the certainty of the evidence in this review.

Using our risk-of-bias assessments, we considered the impact of this on the data. Most outcomes
included some studies that had an unclear risk of selection bias (often because of inadequate reporting
in the studies of their methods for randomisation), and the Q-RCTs were at high risk of bias. In
addition, we noted that some studies had high attrition rates for longer-term measures, which were
not always adequately explained. We explored these risks of bias in sensitivity analyses. For most
outcomes, we did not observe that these study limitations influenced the effect estimates of our
primary analyses such that our interpretation of the findings was altered. For HRQoL, we found that
removing studies in a sensitivity analysis made us more confident in the effectiveness of physical
activities to slightly improve quality of life.

All the studies were inevitably at a high risk of performance bias and were also at a high risk of
detection bias. We expected that being included in a trial that encourages a person to exercise could
influence a participant’s reporting on the amount of PA or level of engagement with PA at the end of
follow-up. We therefore downgraded all the evidence in this review by one level for serious risks of bias.

We considered consistency within an effect estimate (using evidence of statistical heterogeneity and
observation of CIs in each study).We also considered whether or not effects were consistent when different
measures were used for each outcome.We were not surprised by the high levels of statistical heterogeneity
in some of our findings.We expected that some of this may have been caused by our decision to pool
studies with different surgical population groups and a wide range of different types of interventions.

We noted some apparent inconsistencies in some of the analyses for ‘amount of PA’; for example, one
analysis using energy expenditure measures produced potentially considerable statistical heterogeneity.
We explored the possible causes of this heterogeneity, removing studies judged to have a high risk of
both selection and attrition biases, and found that this reduced heterogeneity to an unimportant level;
we are confident that our interpretation of the effect for this outcome was unaffected by inconsistency.
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We downgraded for imprecision when we noted that the CI in most of the effect estimates for an
outcome included harms as well as benefits. We therefore downgraded the evidence for measures of
physical fitness and pain by one level for imprecision. Adverse events were reported by few of the
included studies, and events were rare; we downgraded this outcome by two levels for imprecision.
Similarly, the adherence was often not reported and the differences between studies and the
descriptions for adherence meant that imprecision in the findings was inevitable; we also downgraded
this outcome by two levels for imprecision.

We generated a funnel plot for outcomes with > 10 studies: only ‘amount of physical activity measured
as minutes per day or per week’ and HRQoL included > 10 studies. When generating funnel plots, we
noted very few outliers in terms of data distribution (Figures 13 and 14). However, we were unconcerned
about publication bias as these were small studies with few participants, and the removal of their data
reduced any statistical heterogeneity and increased the overall effect in favour of the intervention.
Although we did not downgrade any of the evidence for publication bias in this review, we did not assess
this in most of our outcome measures. Because these measures included several small studies, we could
not confidently infer that the evidence did not include risk of publication bias or small-study effects.

We included in the review only studies that recruited eligible participants and conducted relevant
interventions. We therefore did not downgrade any of the evidence in the review for indirectness.

Intervention versus intervention

Amount of physical activity

Amount of physical activity at the end of follow-up using energy expenditure measures In one
three-arm study,56 participants exercised during indoor cycling sessions using a heart rate reserve
method (with resistance controlled using a heart rate feedback mechanism), a self-regulation
method (with participants using their own perception to determine intensity) or a combination
of both. Study investigators measured the outcome at 2 years, and used a questionnaire modelled
on the Harvard Alumni Study questionnaire to evaluate energy expenditure. In analysis, we
compared the self-regulation method with the combined method and found little or no difference
between these methods in the amount of PA at the end of follow-up (MD 723.00 kcal/week,
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FIGURE 13 Amount of PA measured as minutes per day or per week. SE, standard error.
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95% CI –409.33 to 1855.33 kcal/week; participants, n = 48; studies, n = 1; favours combined method)
(see Appendix 2, Figure 48). Exploration of the data in sensitivity analyses identified no differences in
our interpretation of this effect (see Appendix 4, Table 36).

Amount of physical activity at the end of follow-up measured as activity counts per minute One
study51 measured PA in activity counts per minute. This study compared data from a group receiving
a cognitive–behavioural physical therapy (CBPT) intervention with data from a group receiving an
education intervention. Study investigators measured the outcome at 12 months. In this study, we
found little or no difference in the number of activity counts per minute according to the type of
intervention (MD –6.13, 95% CI –66.77 to 54.51; participants, n = 198; studies, n = 1; favours
education intervention) (see Appendix 2, Figure 49).

Amount of physical activity at the end of follow-up using the Godin–Shephard Leisure-Time Physical
Activity Questionnaire One study87 measured amount of PA using the Godin–Shephard Leisure-Time
Physical Activity Questionnaire (GSLTPAQ). This study compared data from a group receiving a centre-
based intervention with data from a group receiving a home-based intervention, and measured the
outcome at 24 months. In this study, we found little or no difference in the amount of PA according to
the type of intervention (MD –0.12, 95% CI –0.86 to 0.62; participants, n = 461; studies, n = 1; favours
home-based intervention) (see Appendix 2, Figure 50).

Amount of physical activity at the end of follow-up using the Physical Activity Level score
One study90 measured the amount of PA using the Physical Activity Level (PAL) score; this measure
combines data from an accelerometer with data from a heart monitor. The study compared data
from a group receiving a home-based intervention with data from a group receiving a centre-based
intervention, and measured the outcome at 12 months. In this study, we found little or no difference
in the amount of PA according to which type of intervention was provided (MD 0.01, 95% CI –0.45 to
0.47; participants, n = 78; studies, n = 1; favours home-based intervention) (see Appendix 2, Figure 51).
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FIGURE 14 Health-related quality of life measured using a range of measurement tools. SE, standard error.
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Engagement in physical activity at the end of follow-up
This outcome was measured in three studies,86,88,105 which we did not pool because of differences in
intervention designs.

Johansson et al.86 compared a clinic-based intervention with a home-based intervention, and measured
the outcome at 12 months. For this study, we found that more people were engaged in PA at the end
of follow-up after receiving the clinic-based intervention (RR 1.25, 95% CI 1.03 to 1.52; participants,
n = 57; studies, n = 1; favours clinic-based intervention) (see Appendix 2, Figure 52).

Smith et al.105 compared a home-based intervention with a hospital-based intervention, and measured
the outcome at 6 years. For this study, we found little or no difference in engagement in PA at the
end of follow-up according to which type of intervention was provided (RR 1.30, 95% CI 0.90 to 1.87;
participants, n = 108; studies, n = 1; favours home-based intervention) (see Appendix 2, Figure 53).

Kinsey et al.88 compared a home walking intervention with a home cycling intervention, and measured
the outcome at 4 years. The study authors did not report the data by group, and so we could not
determine any differences between groups (see Appendix 3, Table 19).

Physical fitness

Physical fitness at the end of follow-up using peak oxygen uptake This measure was assessed in two
studies.90,105 Kraal et al.90 compared a group receiving a home-based intervention with a group receiving
a centre-based intervention, and measured the outcome at 12 months using a unit of measurement
of ml O2/kg/minute. Smith et al.105 compared a group receiving a home training intervention with a
group receiving a hospital training intervention, and measured the outcome at 6 years using a unit of
measurement of ml/minute. Because these studies both compared a home-based intervention with a
centre-based intervention, we judged their designs to be similar, and pooled the data. We found little
or no difference between home- and centre-based interventions with this measure of physical fitness
(SMD 0.21, 95% CI –0.07 to 0.50; participants, n = 222; studies, n = 2; I2 = 11%; favours home-based
intervention) (see Appendix 2, Figure 54). Exploration of the data in sensitivity analyses identified no
differences in our interpretation of this effect (see Appendix 4, Table 37).

Physical fitness at the end of follow-up using walking tests One study,87 which compared a centre-
based intervention with a home-based intervention, used the Incremental Shuttle Walk Test to measure
this outcome at 24 months. In this study, we found little or no difference between groups in distance
walked according to which type of intervention was provided (MD –8.20 m, 95% CI –43.85 m to 27.45 m;
participants, n = 342; studies, n = 1; favours home-based intervention) (see Appendix 2, Figure 55).

Physical fitness at the end of follow-up using an exercise tolerance test One study,105 which
compared a home-based intervention with a hospital-based intervention, used a symptom-limited
exercise test (METs maximum; a higher score indicates greater fitness) and measured the outcome at
6 years. In this study, we found that people scored higher in this outcome when they had received the
home-based intervention (MD 0.50 METs maximum, 95% CI 0.09 to 0.91 METs maximum; participants,
n = 144; studies, n = 1; favours home-based intervention) (see Appendix 2, Figure 56).

Health-related quality of life
Five studies51,86,87,90,105 measured HRQoL:

1. Smith et al.105 measured the outcome using the PCS of the SF-36, and compared a group receiving a
home training intervention with a group receiving a hospital training intervention; the study investigators
measured the outcome at 6 years. In this study, we found little or no difference in HRQoL between
the home and the hospital training groups at the end of follow-up (MD –2.30, 95% CI –5.70 to 1.10;
participants, n= 144; studies, n= 1; favours centre-based intervention) (see Appendix 2, Figure 57).
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2. Jolly et al.87 compared a centre-based intervention with a home-based intervention and measured
the outcome at 24 months using the EQ-5D. In this study, we found little or no difference in
HRQoL between the centre- and the home-based intervention groups at the end of follow-up
(MD 0.02, 95% CI –0.03 to 0.07; participants, n = 454; studies, n = 1; favours centre-based
intervention) (see Appendix 2, Figure 58).

3. Kraal et al.90 measured the outcome using the total score from the MacNew Heart Disease Health-
Related Quality Of Life Questionnaire, which uses a scale from 1 to 7, whereby a higher score
indicates a higher quality of life. The study investigators compared a group receiving a home-based
intervention with a group receiving a centre-based intervention, and measured the outcome at
12 months. In this study, we found a small improvement in HRQoL at the end of follow-up when
participants had received the home-based intervention (MD 0.32, 95% CI 0.27 to 0.37; participants,
n = 78; studies, n = 1; favours home-based) (see Appendix 2, Figure 59).

4. Johansson et al.86 measured the outcome using the EQ-5D and compared a clinic-based intervention
with a home-based intervention and measured the outcome at 12 months. We did not calculate an
effect estimate because the data were reported with median values. The study authors reported little
or no difference between groups in HRQoL (p = 0.35; participants, n = 57) (see Appendix 3, Table 20).

5. Archer et al.51 measured HRQoL using the PCS of the Short Form questionnaire-12 items compared
a group receiving a CBPT intervention with a group receiving an education intervention and
measured the outcome at 12 months. For this study we found little or no difference in the outcome
according to whether a CBPT intervention or an education intervention was provided (MD 1.82,
95% CI –1.44 to 5.08; participants, n = 229; studies, n = 1; favours CBPT) (see Appendix 2, Figure 60).

Pain
Three studies51,86,87 measured pain using various components:

1. Archer et al.51 measured back and leg pain using the region-specific Brief Pain Inventory, in which
a higher score indicated a worse outcome. The study investigators compared a group receiving a
CBPT intervention with a group receiving an education intervention, and reported the outcomes at
12 months. When analysing the data for back pain, we found little or no difference between CBPT
and education intervention groups (MD 0.12, 95% CI –0.54 to 0.78; participants, n = 229; studies,
n = 1; favours education). Similarly, when analysing the data for leg pain, we found little or no
difference between the CBPT and the education intervention groups (MD –0.46, 95% CI –1.17 to
0.25; participants, n = 229; studies, n = 1; favours CBPT) (see Appendix 2, Figure 61).

2. Jolly et al.87 measured pain using self-reported chest pain on movement; a higher score indicated
a worse outcome. The study investigators reported the outcome at 24 months, and compared a
group receiving a centre-based intervention with a group receiving a home-based intervention.
When analysing these data, we found little or no difference between the centre- and the home-
based intervention groups (MD 0.09, 95% CI –0.09 to 0.27; participants, n = 342; studies, n = 1;
favours home-based intervention) (see Appendix 2, Figure 62).

3. Johansson et al.86 measured the outcome using the region-specific VAS in which a lower score
indicates a better outcome. The study investigators measured back pain and leg pain, and reported
the outcomes at 12 months. They also compared a group receiving a clinic-based intervention with a
group receiving a home-based intervention. We did not calculate an effect estimate for these data,
which were reported as median values. The study authors reported a reduction in back pain for
participants receiving the home-based intervention (p = 0.04; participants, n = 57) (see Appendix 3,
Table 21).

Adverse events
Two studies87,90 reported information regarding adverse events. Both studies reported numbers of
adverse events. These events are summarised in Table 4.

Adherence
One study90 reported adherence data; Table 5 shows the data for this study.
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Participant experience of intervention
One study87 reported data on participants’ experiences of the interventions; Table 6 presents this data.

Grading of Recommendations Assessment, Development and Evaluation, and
certainty of the evidence: intervention versus intervention

Amount of physical activity (four studies, 785 participants)
We were uncertain whether or not there was any difference between the interventions in the amount
of PA at the end of follow-up; we judged the certainty of the evidence to be very low.

TABLE 4 Intervention vs. intervention: adverse events reported by study authors

Study Data for adverse events Related or unrelated to study

Jolly et al.87 Centre based, n (%)

l MI
¢ 1 ×MI, 3 (1.4); p = 0.2
¢ 2 ×MI, 1 (0.5)

l Revascularisation
¢ 1 × revascularisation, 25 (12.1); p = 0.1
¢ 2 × revascularisations, 1 (0.5)

l Any event
¢ 28 (14.5); p = 0.2
¢ 3 people reported 2 events

Not reported

Home based, n (%)

l MI
¢ 1 ×MI: 7 (3.2)
¢ 2 ×MI: 2 (0.9)

l Revascularisation
¢ 1 × revascularisation, 30 (14.0)
¢ 2 × revascularisations, 6 (2.8)

l Any event
¢ 38 (19.2)
¢ 5 people reported 2 events, 2 people had 3 events and

1 person had 4 events

Kraal et al.90 Centre based (n)

l Serious adverse events
¢ Heart attack (1)
¢ Rehospitalisation for cardiac reasons (8)

l Other (non-serious) events
¢ Total (0)

Not reported

Home based (n)

l Serious adverse events
¢ Heart attack (0)
¢ Rehospitalisation for cardiac reasons (2)

l Other (non-serious) events
¢ Total (0)

MI, myocardial infarction.
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TABLE 5 Intervention vs. intervention: adherence data

Study Description of intervention groups (n participants)

Adherence data by group (as reported by
study authors)

1 2

Kraal
et al.90

l Group 1: home-based training with motivational interviews
via telephone. Exercise prescription with remote support;
12-week training programme with at least two training
sessions of 45–60 minutes per week (40)

l Group 2: group-based training with individual tailored
programme of treadmill or cycle ergometer; 12-week
training programme with at least two training sessions
of 45–60 minutes per week (37)

Exercise sessions
completed, mean
22.0 (SD ± 6.8)

Exercise sessions
completed, mean
20.6 (SD ± 4.3)

TABLE 6 Intervention vs. intervention: participants’ experiences of the intervention

Study
Description of intervention
(n participants) Experience data

Jolly et al.87 l Group 1: postoperatively; a
combination of education and
advice, behavioural mechanisms
and direct physical instruction;
walking, cycling and rowing; low
frequency; clinic-based with study
staff; intermediate contact for
< 6 months

l Group 2: postoperatively;
education and advice; walking
and non-specific PA; frequent;
home-based; included remote
delivery with MDT; low contact
for < 6 months

Centre-based programme quotation:
Patients enjoyed exercising in a group and mixing with other
people was a positive experience for all the patients. They
described this as like belonging to one community and being
related to each other. Patients gained both motivation and
support from other patients. [. . .] Patients described a sense
of achievement and increasing confidence as they progressed
through the exercise programme. [. . .] Views on the education
sessions were more mixed and the quality of the talks was
variable. The education sessions also appeared to be less well
organised as the speakers did not always arrive as expected or
talks were repeated and patients were given the same talk at
more than one session. Comments included ‘some were boring,
some were good’, ‘every week you learn something’, ‘a couple of
times I was there and nobody came’, ‘too much talking’, ‘very
informative’, ‘very helpful’ and ‘I enjoyed the talks’. However,
in general patients thought the education programme helped
them learn more about what had happened to them and how
to improve their lifestyle

Jolly et al.87 © Queen’s Printer and Controller of HMSO 2007.
Contains public sector information licensed under the

Open Government Licence v3.0

Home-based programme quotation:
Patients thought the exercises were well planned and the
gradual build-up helped to build confidence as initially patients
found exercising difficult. [. . .] A few patients said they were
worried about exercising on their own, especially early on in
the programme, and were reluctant to push themselves. [. . .]
Recording the exercises patients had completed could help with
motivation as patients knew the nurse would be coming and
would check up on them. Patients also found it encouraging to
look back and see the progress they had made over the weeks

Jolly et al.87 © Queen’s Printer and Controller of HMSO 2007.
Contains public sector information licensed under the

Open Government Licence v3.0
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In each study, the estimates indicated little or no difference between intervention groups when measured
at 12 months or 24 months. The outcome was evaluated using a different measurement tool in each study:
energy expenditure measures, activity counts per minute, the GSLTPAQ and the PAL score.

Engagement in physical activity at the end of follow-up (three studies, 204 participants)
We were uncertain whether or not there was any difference between the interventions in engagement
in PA; we judged the certainty of the evidence to be very low.

In one study,86 the evidence indicated that more participants receiving a clinic-based intervention engaged
in PA at 12 months than participants who had received a home-based intervention. However, this finding
was not demonstrated in another study105 that compared a hospital-based intervention with a home-based
intervention and found little or no difference between groups. Differences between the interventions in
these studies meant that comparing the findings in these two studies was not appropriate.

Physical fitness (three studies, 564 participants)
We were uncertain whether or not there was any difference between the interventions in physical
fitness; we judged the certainty of the evidence to be very low.

We pooled the data from two studies90,105 and found little or no difference between a home-based
and a clinic-based intervention in VO2 peak. We similarly found little or no difference between
interventions in the distance walked in a walking test. In one study,105 a home-based intervention
showed improved results in exercise tolerance tests, compared with a clinic-based intervention.

Health-related quality of life (five studies, 962 participants)
We were uncertain whether or not there was any difference between the interventions in HRQoL;
we judged the certainty of the evidence to be very low.

We did not pool the data from any of these studies because of the differences in the study designs.
Only one small study90 (78 participants) noted an improvement in HRQoL when a home-based
intervention was provided, rather than a centre-based intervention. Other studies, however, noted
little or no difference in HRQoL between their intervention groups, and effects were often imprecise.

Pain (three studies, 628 participants)
We were uncertain whether or not there was any difference between the interventions in pain;
we judged the certainty of the evidence to be very low.

Again, we did not pool the data from these studies. Only one small study86 (57 participants) noted
an improvement in pain when a home-based intervention was provided, rather than a clinic-based
intervention. However, this finding was not consistent with the other two studies, for which there
appeared to be little or no difference between interventions in pain.

Adverse events (two studies, 615 participants)
We were uncertain whether or not any of interventions led to adverse events, and the certainty of this
evidence was very low.

There were few adverse events reported in only two studies,87,90 and, because of limits in the reporting
of these data, we could not ascertain whether these adverse events were related or unrelated to
the interventions.

Adherence (one study, 90 participants)
It was not reasonable to draw confident conclusions about adherence to all PA interventions, as this was
reported in only one study.90 There appeared to be a comparable number of exercise sessions completed
in both intervention groups in this study. We assessed the certainty of this evidence to be very low.
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Participants’ experiences of the intervention (one study, 525 participants)
Only one study87 reported feedback on participants’ experiences. Participants in the centre-based
intervention had enjoyed exercising in a group, and those who exercised at home were motivated
by regular contact with a study nurse. We did not downgrade the certainty of this narrative evidence.

Reasons for downgrading the evidence
We judged the studies in this comparison to be at similar risks of bias to those in the intervention
versus usual care comparison group, including some that had unclear risks of selection bias and high
risks of attrition bias for some of the outcomes. All studies were also at a high risk of performance
bias. We therefore downgraded all the evidence by one level for serious risks of bias.

Fewer studies contributed evidence in this comparison. Because of the differences in the types of
interventions in both study arms, as well as the differences in measurement tools, it was often not
feasible to pool the data. The effect estimates for most outcomes were often from single studies with
a small number of participants. Effect estimates had wide CIs. We downgraded all the evidence by two
levels for imprecision.

Consistency in the results was not of concern, largely owing to the absence of pooled data, and the
limited number of studies meant that we did not formally assess risk of publication bias. The included
studies in this comparison were all relevant to our review question. We therefore did not downgrade
the certainty of the evidence for consistency, publication bias or indirectness.

Non-randomised studies
For a summary of the outcome data from the nine NRSs, see Appendix 5. We noted that the study
authors reported statistically significant effects (p ≤ 0.05) in favour of the PA intervention for the
following outcomes:

l amount of PA at the end of follow-up (assessed using the IPAQ-SF) – Frawley et al.73 (165 participants;
at 6 months) and Heitkamp et al.80 (50 participants; at 12 months)

l amount of PA at the end of follow-up (assessed using GSLTPAQ) – Doganay et al.67 (39 participants;
at 13 months)

l engagement in PA at the end of follow-up – Dantas et al.65 (15 participants; at 6 months)
l physical fitness at the end of follow-up [assessed using distance travelled (m) in walking tests] –

Frawley et al.73 (165 participants; at 6 months) and Macchi et al.98 (131 participants; at 12 months)
l physical fitness at the end of follow-up [assessed using work capacity (METs)] – Fontana et al.71

(number of participants unknown; at 9 months)
l physical fitness at the end of follow-up (assessed using handgrip strength) – Doganay et al.67

(39 participants; at 13 months) and Frawley et al.73 (165 participants; at 6 months)
l physical fitness at the end of follow-up (assessed using VO2 peak) – Doganay et al.67 (34 participants;

at 13 months) and Heitkamp et al.80 (50 participants; at 12 months)
l HRQoL at the end of follow-up [assessed using the EORTC QLQ-C30 Global (0 to 100)] –

Frawley et al.73 (166 participants; at 6 months).

Because the NRSs provided a supplementary set of data to this review, we did not use GRADE to
assess the certainty of this evidence.

Discussion

Brief summary of studies included in the review
We included 62 studies overall. Fifty-one were RCTs, and two were Q-RCTs; we included these within
the description and data for RCTs. In addition, we found nine NRSs.
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Of these studies, 46 RCTs compared one or more intervention with a usual care comparison, and seven
RCTs compared an intervention with another intervention. We analysed these as two comparison
groups, and we collected data for eight outcomes for these comparison groups.

We also reported the findings from the NRSs, but these data formed a supplementary set and we did
not combine them with any data from the RCTs. We did not conduct risk-of-bias assessments on these
studies or use GRADE to assess the certainty of the evidence for these study designs.

Overall completeness and applicability of evidence for the systematic review
The review included 8604 adult participants scheduled for, or who had recently had, elective surgery.
In the RCTs, the types of surgery were cancer surgery (11 studies), cardiac surgery (12 studies),
bariatric surgery (eight studies), and hip and knee surgery (12 studies), as well as individual studies for
joint replacement and back surgery, lumbar fusion surgery, laminectomy, standard lumbar discectomy,
surgery for degenerative lumbar spine disorder, lumbar surgery, renal transplantation, major digestive
surgery and dysvascular transtibial amputation. Most studies included patients of a range of ages
representative of the relevant surgical populations; seven studies recruited only participants who were
at least 55 years of age.

Although the studies all described interventions that encouraged PA among people who were
scheduled for, or had recently had, elective surgery, the design of interventions differed considerably.
Among the RCTs, there were 67 distinct interventions overall, with some studies comparing two
types of interventions, and two studies comparing three types of interventions. We explored the
characteristics of the interventions and, although interventions typically involved multiple components
or modes of delivery, we grouped the interventions into three broad categories: those that delivered
education and advice, those that used behavioural mechanisms such as CBT, and those that involved
direct PA instruction such as with group or one-to-one exercise classes. Differences in intervention
strategies often related to a variety of contextual variables such as surgical procedure, illness type,
population type and available resources.

Some interventions included additional resource components such as digital technologies, exercise
diaries or other exercise equipment. Most interventions took place, in part, in participants’ homes,
with others taking place in clinical settings, community settings (such as public or private gyms) or
in inpatient care. One-third of interventions included some form of remote delivery. Most of the
interventions were initiated after surgery, with only four taking place during the preoperative period.
The duration of interventions ranged widely from 3 weeks to 26 months; half lasted < 6 months and
only seven studies lasted > 1 year.

It is likely that services responsible for PA interventions had different motivators depending on the
surgical indication. For example, after cardiopulmonary surgery, the aim may be to maintain and
improve cardiopulmonary function, prevent cardiopulmonary events and improve function. In contrast,
people managing their health following a cancer diagnosis may be engaged in PA to reduce symptoms
of fatigue, improve quality of life and improve the effectiveness of their treatment. However, we
inferred that the overarching purpose of PA in all studies was to improve overall general health,
regardless of motivators in individual studies. We were unable to fully explore the impact of these
potential different motivators on our findings because we had insufficient numbers of studies for all
the clinical indications. We were similarly unable to explore the effect of the different intervention
components in subgroup analyses, often because of a large overlap or because of a lack of information
in published reports.

The types of measures for our outcomes (particularly for the amount of PA and physical fitness) were
not consistent across studies, and we could not always combine data in analyses. We had only a few
studies, with small numbers of participants, for many of these measures. We attempted to explore
differences in our population (for oncological surgery vs. other types of surgery, for participants with a
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BMI of < 30 kg/m2 or > 30 kg/m2 and for participants who were aged < 60 years vs. those who were
aged at least 60 years) or in the intervention characteristics (whether the intervention was initiated
before or after surgery, or whether the intervention lasted < 6 months or at least 6 months). However,
this was only possible in outcomes that had at least 10 studies (amount of PA measured as minutes per
day or week, and HRQoL). In these subgroup analyses, we found no evidence of subgroup differences,
but we could not be confident as to whether this reflected no real difference between subgroups or
no evidence of a difference because of insufficient studies in each subgroup.

We did not limit our studies to those that specifically aimed to evaluate whether or not interventions
enabled people to engage in PA in the long term. Limitations in reporting standards in many studies
meant that the study objectives were not always clear (e.g. many did not include an ‘objectives’
statement or the outcome used in sample size calculation). Our evidence, therefore, included some
studies that did not measure outcomes at a longer follow-up time point, and many did not include
a delay between end of the intervention and measurement; this delay allowed us to establish if the
intervention had been effective at self-regulated behaviour change. We expected that the lack of
long-term follow-up in these studies could be explained by funding/resource limitations that mean
that most studies have a short-term research period.

Relationship to existing literature: direction and magnitude of effect
The effect sizes of the interventions designed to promote PA were modest at best. However, the
‘headline’ MDs and RRs offer a deceptively simple account of a complex picture. This complexity stems
from a number of factors:

l The heterogeneity of care in the ‘usual care’ groups. Although the outcome measures express the
difference between the result in one group (exercise intervention) with another group (usual care),
the outcome measures are affected as much by the intervention in the ‘usual care’ groups as by the
intervention in the activity promotion groups. As ‘usual care’ is not standardised between studies,
this will affect the pooled differences between groups in a way that is unpredictable in both size
and direction of effect.

l The inclusion of more than one type of intervention component (education/advice, behavioural
mechanisms and direct PA instruction) in many trials. As one component might be more or less
effective than another (or, indeed, might worsen rather than improve intended outcomes), the net
effect of this is also hard to predict.

l The generally moderate recruitment rates in the studies. We do not know if there are random or
systematic differences between the sorts of patients who are likely to participate in studies and
those who do not. If there are differences, they are likely to have more influence the further that
recruitment rates drop below 100%.

We are not aware of any other systematic reviews that have included such a broad surgical population
or have considered such a range of interventions to promote PA. Similar to our findings for HRQoL,
Coenen et al.115 also found a slight improvement in quality life when ‘integrated programmes’ were
used with orthopaedic surgical patients. Their systematic review included services that were additional
to usual care provision, and also evaluated whether or not these programmes improved participation
in PA; because of the smaller number of studies and the wider differences between interventions,
data were not pooled for PA. The work by Steffens et al.,116 for people undergoing cancer surgery,
demonstrates an improvement in quality of life when there are higher levels of preoperative PA.
Our own subgroup analysis, which included all indications for surgery, showed no evidence of
overall improvement in HRQoL for preoperative interventions. A recent review conducted by
van der Wardt et al.117 found, in their meta-analysis of 24 studies of the effect of counselling about
PA in primary care (not specific to surgical patients), that interventions showed a marginal effect on
changing people’s PA behaviour. In a related area of practice, Mishra et al.118 conducted a Cochrane
systematic review of exercise interventions and quality of life among cancer survivors, published
in 2012. Overall, the review included 3694 participants in 40 trials, and found beneficial effects of
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exercise on global HRQoL in a smaller number of participants at 12 weeks (SMD 0.48, 95% CI 0.16 to
0.81). The effect was still evident at 6 months, but data were available for only 115 participants; this is
reflective of few clinical trials with long follow-up times.

Strengths and limitations
We used rigorous methods to search and independently assess study eligibility, extract data and assess
risk of bias in the included RCTs. We reached consensus in decisions through discussion. We made
changes to the methods section, which are described in Chapter 6. These changes were made once we
had begun screening the results of our search. We identified a very large number of studies that met
our broad criteria but did not fit with our review objectives. We therefore developed a more specific
set of criteria that accounted for the time of initiation of the intervention and reported our primary
outcomes (which we specified as ‘amount of PA’ and ‘engagement in PA’). Although this reduced the
number of studies identified from our search, we believed that our criteria still allowed for the broad
range of possible interventions initiated during the perioperative pathway. In addition, we reached
the decision to present evidence from non-RCTs as a supplementary set of data; we were guided by
Higgins et al.38 We did not exclude the data from non-RCTs in our report and believe that we did not
introduce bias from this change to protocol.

We expanded the methods for the review, as these were reported only briefly in the protocol; these
were standard methodological considerations. Our choice of subgroup analyses was established post
hoc. We had not anticipated such a broad range of interventions and participant conditions, and our
selection of subgroups was based on those criteria that we believed may reveal differences in findings.
It is possible that there are other relevant subgroups that we have not explored.
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Chapter 3 Case studies

Objectives

We sought to identify existing services that were already promoting PA to people scheduled to
undergo, or who had recently undergone, surgery. We aimed to identify promising and divergent
intervention designs and use a series of online focus group discussions, supplemented by survey
data, to explore how different interventions and services are embedded in practice, and into the
‘everyday lives’ of service users. We hoped to capture the practical experience of those who had
introduced and developed the services and understand specific contextual features that appeared
to make them successful.

Methods

Types of services
We aimed to identify services that promote PA and exercise to adults who were scheduled for,
or had undergone, elective surgery. We used the following criteria to identify services of interest
(although the primary focus was UK services, we did not at this stage exclude non-UK sites):

l services that were overtly committed to longer-term behaviour change in PA
l services that had a unique or novel design
l services that provided a broad representation of different designs, delivery contexts and

population/surgery groups.

We noted that services appeared to sit within at least one of six ‘models’ of care and we were keen to
include representation of each of these:

1. those embedded across primary and secondary care as common/recommended practice
2. those embedded within specialist services
3. those that rely on partnerships between community non-health service providers and national

health services
4. those that are community or patient led
5. those that are low-resource interventions yet appear to work
6. those that offer residential and/or extended (≥ 18 months) support.

Types of participants
We aimed to involve a broad range of perspectives in focus group discussions (including patients,
different front-line practitioners, service managers and commissioners); we aimed to capture what
goes on in each service, and understand the context of that service, rather than compare services with
one another. We encouraged our service contacts to consider inviting colleagues in different roles
within the service provision and across the perioperative pathway. We were also keen to include the
perspective of service users, and we encouraged our service contacts to assist with the recruitment of
service users from their own services.

Search methods to identify services
We used the following methods to select an initial list of possible services meeting our criteria:

l We identified articles about possible services when screening the results of the database searches
for the systematic review.
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l We sought knowledge and suggestions from the Advisory Group, the Study Steering Committee and
its wider networks, and from clinicians in our local NHS trust.

l We conducted web searches.
l We used the study Twitter (Twitter, Inc., San Francisco, CA, USA; www.twitter.com) account to

‘advertise’ what we were looking for.

Using our criteria (see Types of services), we selected a shortlist for our remote focus group discussions.
We selected UK-based services only. We sought to include unique/novel services that concentrated
on trying to bring about longer-term behaviour change, and which represented the various models
mentioned previously with respect to design, delivery context and population/surgery groups.

Participant recruitment and ethics considerations
Health and Social Care Research Ethics Committee approval was granted.

Using e-mail and telephone, we invited contacts from our shortlist of services to take part in focus
group discussions and/or individual online interviews. We encouraged the contacts to invite one or
two of their patients to take part in the focus group discussions. We invited contacts to complete
an online survey and to share an online patient survey with their patients. We also sought to recruit
patients through our regional NIHR Clinical Research Network. Participant information sheets
outlining the research process were provided to potential participants [see Report Supplementary
Material 3 (staff) and Report Supplementary Material 4 (patients)], and informed consent [see Report
Supplementary Material 5 (staff) and Report Supplementary Material 6 (patients)] was obtained prior
to discussions/interviews.

Although we identify services involved in discussions, data collected from participants have
been anonymised.

Focus groups
Group and individual discussions were conducted between 25 November 2020 and 19 January 2021.
We conducted two online focus group discussions using Zoom (Zoom Video Communications,
San Jose, CA, USA) (one with four participants and one with three participants) and two online
individual discussions using Microsoft Teams (Microsoft Corporation, Redmond, WA, USA). Group
discussions were co-facilitated by Amy Robinson and Antony Chuter [patient and public involvement
(PPI) representative]. Individual discussions were conducted by Amy Robinson only. The focus groups
lasted approximately 2 hours, and the interviews lasted 30 minutes. All discussions were recorded.

We developed a focus group topic guide (see Report Supplementary Material 7). This was a collaborative
process with the research team and the PPI representative.

Patient and staff/service surveys
We sent, via e-mail, links to an online patient survey (see Report Supplementary Material 8) and an
online staff/service survey to our service contacts (see Report Supplementary Material 9). Although
service contacts initially thought it was feasible to complete these surveys, and to encourage their
patients/clients to complete surveys, owing to COVID-19 constraints and service pressures (service
contacts cited heavy patient engagement in relation to COVID-19 service adaptions, pressures on
their time, and patients feeling overburdened and overwhelmed by online engagement), these were
not completed.

Analysis of the results
One researcher (AR) transcribed the discussion recordings and produced a verbatim account of each
event. Transcripts were read by Amy Robinson. Antony Chuter (the PPI representative) used an audio
function to ‘listen’ to the transcripts. Following reading of/‘listening’ to each transcript, Amy Robinson
and Antony Chuter engaged in four reflective discussions to consider, for example, common themes,
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divergent perspectives and comments of particular interest. Following these discussions, Amy Robinson
produced an initial coding frame (see Appendix 6). Coding was undertaken by the copying of extracts
of data from transcripts manually, without computer software, into separate computer files. Guided by
our research aims and following principles of thematic analysis as set out by Braun and Clarke,119,120

these were developed iteratively into three overarching themes that we felt supported the utility of
our research.

Results

During our initial search, we compiled a ‘directory’ of 61 services/interventions of interest. These
programmes were designed for adults generally in a clinical pathway and included some form of PA
promotion and behaviour change. Thirty-three were located in the UK. Although we aimed to engage
services in the UK, we also found services of interest in other countries that we believed provided
useful information to the global context (eight were in the USA and Canada, four in Denmark, two in
Ireland, two in Australia, two in Norway and two in Germany). Each of the following locations contained
one of these services: France, Italy, Sweden, Finland, Switzerland, Japan, Copenhagen, Gothenburg and
Oslo, and one service is classed as being international. Twenty-six of the services or studies were for,
or involved, cancer patients; five were for cardiac-related conditions; three were for either total knee
arthroplasty or total hip arthroplasty; five were for weight-related health issues; and two were for
people with diabetes. The remaining 20 services were for general patients, surgical and non-surgical,
with various conditions, including social prescribing initiatives. The directory contains details about
the intervention or service provided, as well as links to related websites and papers (see Report
Supplementary Material 10).

Contacts from eight services (with nine participants) took part in online focus group discussions
between November 2020 and January 2021. Services were chosen for their explicit commitment
to long-term PA behaviour change, for their unique and creative methods of engaging with patients
and for their different approaches to working within perioperative pathways and/or community
health pathways. We have summarised these services in tables of service characteristics (see
Report Supplementary Material 11).

Seven of these services were based in the north of England (Barrow, Leeds, Harrogate, Manchester
and Greater Manchester, Middlesbrough and Stockport). One participant/service was based in
Kilmarnock, Scotland, using, alongside other approaches, nationally available resources/provisions.
Three services were unique to patients in a cancer pathway; two included people scheduled for,
or who had undergone, any type of major surgery, one of which also included patients receiving
cancer treatment. One service provided rehabilitation for surgical patients and supported people
with long-term health conditions. Two services were general practice clinics: one with a focus on
lifestyle medicine and the other an active practice.

Three services worked perioperatively and/or with patients during cancer treatment. Two services
worked postoperatively (or post treatment) and one service delivered care preoperatively but could
link to postoperative rehabilitation. The two general practices worked with patients at any point in
their health-care journey.

Two services were co-ordinated and delivered by community-based organisations (a charity and a
social enterprise). Other services were co-ordinated in primary and secondary care. Referrals to most
services could be made via self-referral, but more generally were made from general practice, clinical
teams or other cancer services. All but one service was located in areas of deprivation higher than the
national average.
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Each service promoted or enabled PA through information provision, scheduled PA classes or access
to local gyms. Contact with patients was usually through group sessions but typically also included
one-to-one contact, individualisation and support. Services all relied on in-person contact; however,
many adapted their provision during COVID-19 lockdowns (see Digital delivery: the COVID-19 pandemic
and beyond). Activities included regular high- and low-intensity exercise classes; taster sessions,
including active core, Nordic walking, tai chi, ballroom dancing, strengthening and cardiovascular
work; walking groups; and signposting to local leisure centres or other community provision.

Services tended to focus on physiological status as their primary concern, but this was consistently
combined with an emphasis on people’s broader health and well-being, either through integrated
provision or collaborative relationships with other care or programmes, such as nutritional,
psychological and smoking cessation support.

We held two online focus group discussions, which each lasted approximately 2 hours: one discussion
with four participants and one discussion with three participants. We also held two semistructured
interviews lasting 30 minutes.

Focus group participants included two GP partners (one specialising in lifestyle medicine and the other
in sports and exercise science). Five were managers or previous managers of the programmes, two
were specialist PA trainers, one was a physiotherapist, two were health coaches and one was an
anaesthetist and clinical director of a large hospitals trust. The majority of participants had been
involved in the initial development and start-up of the services.

See Appendix 7 for an expanded thematic analysis of the qualitative contextual data from these events.
Here, we present summary themes from the focus group discussions and individual interviews.

Narratives of physical activity promotion
Several narratives seemed to describe the impetus with which services and staff approached their
work with patients. These centred largely around the idea that the patient was central, their needs
were individual, and a broad wrap-around approach was necessary to both engage and support
patients to make long-term changes to their health. This seemed to be grouped around three key
principles: supporting a holistic, well-being approach; embedding PA in usual care; motivating and
inspiring patients (around which PA was framed); the individual (as central to the sorts and ‘dose’
of activity promoted); and compassionate care (as a valued principle in services’ interactions
with patients).

Framing of activity

Supporting a holistic, well-being approach
A ‘holistic’ approach, focused on a patient’s overall well-being, was frequently described, with many
participants commenting on the link between PA and a patient’s psychological profile and ‘sense of
self’. Several participants indicated that they frame the impact of their programmes to patients using
the same narrative, encouraging patients to understand how activity might support them through
their treatment, and help them manage stress and anxiety. This appeared to be seen as central to
the efficacy of their approaches and an acceptable narrative with which patients could connect.
This focus often included broader lifestyle aspects such as smoking and alcohol reduction; efforts
to keep patients nutritionally ‘stable’; or working closely with dietitians, or with nurses around pain
management, optimising medication and any ‘other elements of supporting patients’ that might become
apparent. One participant described current efforts to find a way (perhaps using technology) to more
systematically stratify the different aspects of patients’ physical, psychological and nutritional needs
when they first meet a person, to ensure that every patient gets the right amount of support for
each of their varying needs.
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Well-being was often aligned with thinking about helping patients to feel supported, and this was often
talked about in terms of making sure people ‘feel like they’re in a safe space’; one participant described
feedback from patients that they had had ‘enough clinical appointments and don’t want this to be seen
as clinical as well . . . so every effort is taken to create a more informal and relaxed service’. This was
described as helping patients ‘open up’ much more than they might do with their clinical team.

Motivating and inspiring
Another common frame participants spoke about was driving ‘self-empowerment’ and motivating or
inspiring people to make permanent changes; one participant explained that they focus on ‘self-efficacy
for exercise because we know somebody with a higher self-efficacy for exercise are more likely to
be independent once they’re discharged from our service’. Another talked about helping patients to
understand ‘how to monitor their own body, [and] how to put together their own gym programme’.
Attempts to motivate change sometimes included an element of education: group sessions, for
example, focused around ‘physical activity and why it’s important and the kind of benefits of it’
or conversations, for example in which a patient’s anaesthetist might be talking to a patient about
how their aerobic fitness is going to affect their care. This was seen as incentivising patients to
concentrate on how they may be able to influence treatment outcomes and reduce side effects
(e.g. of cytotoxic chemotherapy).

Several participants talked about providing information or guidance on how to find support and
‘the right exercise classes or activities’ available in patients’ local areas. This was described as ‘key
for the long term’ and ‘massively important’ in making sure ‘they are able to motivate themselves,
have the know-how and the confidence to keep active and address their activity needs’.

Several participants also commented on leading by example. One service, in working on becoming an
active practice, described focusing first on getting their staff and GPs within the practice moving more.
This included walking challenges and signing up to be a Park Run Practice (advertising local runs and a
couple of staff going along). The participant felt that, on the whole, everyone now ‘feels more active’,
more ‘willing’ and better placed to discuss PA more with their patients. Others too talked about role
modelling, with one participant suggesting that it might be extremely helpful if activity was ‘something
that is habitual’ and ‘health-care professionals themselves [are] physically active’.

Participants generally echoed a perception that their provision was ‘one area that [patients] do actually
have control over . . . they can control what they come to and what they don’t come to . . . it’s a choice
at the end of the day’. There was some understanding that ‘once you get into a hospital system, you
don’t get a lot of control over many things . . .’ and that the programmes provided an opportunity
to ‘actively participate in something’, regain an element of control over part of their lives among
unfamiliar and unwelcome aspects of their illness, and that this feeling of choice can itself be enabling
and ‘quite a kind of powerful thing for patients’.

Embedding physical activity in usual care
A further frame was that PA was effectively part of a patient’s treatment options, it was usual care or
a prescription, and the ultimate aim of services was that their programmes were embedded in standard
care. One participant explained that clinical teams at patients’ MDT appointments would ‘present a
treatment plan’, and ‘this plan includes . . . “we’re going to send you to the exercise team” . . . it’s part
of patients’ prescription . . . it’s just like them going to see the radiotherapist, they come and see us’.
The message from participants was that PA must form an integral part of a patient’s treatment, and,
whether implicit or overtly stated by those involved in patients’ care, having this reinforced was
very helpful.

Activity: variety and dose
‘Physical activity; you’re not gonna do it, if you’re not gonna like it.’
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Although the sorts of activities that services described sometimes differed, the need to be acutely in
tune with patients’ individual contexts and needs was a recurrent message, and placing the individual
at the centre by finding something that people enjoy and working on increasing the amount of PA
people were doing, rather than driving particular activity guidelines, seemed to be the most important
principles. This may be rekindling an old activity, starting a new one or finding something that means
something to patients.

Participants talked about getting people ‘doing something that they love’ and finding that thing
that ‘they enjoy in order to adopt a long and healthy lifestyle’ and make PA ‘a habit’. They also talked
about testing possible activities with patients; one participant, emphasising that some people may not
have been physically active before, suggested that this might require ‘building confidence to just try
different things’ and ‘that what matters . . . is that people can just give stuff a go without feeling like
they’re embarrassed or uncomfortable’. Finding what matters to the patient was often talked about as
goal-setting. Examples described included patients wanting to get ‘back to kicking ball in the park with
the grandkids’, ‘seeing their blood pressure decrease’ and ‘getting ready for their daughter’s wedding’.

There seemed to be a move away from relying on national guidelines recommending a particular
amount and type of PA. As one participant explained, ‘guidelines don’t fit everybody. If we took
everybody’s shoe size in this room and just gave you the average shoe size and said there you go,
there’s your shoes for the next year, none of us would probably fit them’. In this respect, participants
often talked about ‘every minute counts’ as the message they would convey to their patients and,
from there, ‘building structure’.

One participant described, ‘intuitive exercise’, ‘it’s about . . . we listen to them, and their body and
how their body responds . . . we learn how far we can push their exercise prescription before it starts
to have a negative impact’, which might, they added, come afterwards rather than at the time of
the activity. They described this as requiring collaboration between the exercise instructor and
the patient, ‘listening to [the patient] and being flexible’ and there were frequent comments from
participants that lesser ‘doses’ of activity, and expectations, can initially be tailored to what patients
can realistically achieve.

The possibility of supporting patients in seeing the functional benefits of the programme was also
mentioned, especially by relating it to everyday tasks, making the link between exercise and ‘real life’.

Timing was sometimes noted as important too; on the one hand, some services needed to be
responsive enough to be able to perform useful work with patients within a few weeks (for cancer
patients, this was typically the time between diagnosis and surgery or the beginning of treatment).
As a result, in these services there was a heavy focus on the immediate benefits to patients’
physiological status, preparing them for treatment, the side effects of treatment and their initial
recovery from surgery.

On the other hand, a number of participants commented on the need to recognise that some patients
may simply not be ready to make changes in their lives relating to PA. They may, however, be ready to
do so at some stage in the future, and participants felt that it was important that the initial contact
with such patients remain positive, and that they ‘make sure that we’re doing all that we can’ and to
have a ‘legacy with people’ should they wish to engage in the future. For those more reluctant patients,
one participant mentioned their service’s ‘walk-and-talk’ sessions, volunteer-led events, with friends,
family and dogs all invited, that provided an informal opportunity to talk about what the service could
offer and see the facilities it provided. These were seen as useful in providing a taste of what was on
offer; from here patients would usually go on to join the programme.

One respondent talked about cultural issues relating to PA and health perceptions that can be
completely at odds with the approach they are taking. They suggested having cultural champions,
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giving the example of a young family from a particular ethnic background that seemed to reject all
their suggestions. They suggested that one option here would be to work with local community leaders
and in appropriately sited community centres to support particular patient groups.

The importance of the language used when talking to patients was raised by several participants.
Although ‘exercise’ was a word readily used by participants when describing provision, there was some
agreement that ‘physical activity’ was a better terminology to use with patients.

The clinical/non-clinical paradox
Participants were of the opinion that patients are most likely to engage in provision if the idea is
presented to them as ‘part of their treatment’, endorsed by their clinical team. This could be anyone
(e.g. physiotherapists, surgeons, anaesthetists, GPs, nurses), but ideally would be everyone, ‘singing
from the same hymn sheet’. Several participants noted the benefit of this coming from a patient’s
surgeon or consultant, suggesting that the person (e.g. a surgeon) who was going to ‘save someone’s
life’ has ‘more of an influence than some random physio[therapist]’. Even if consultants/surgeons did
not have a huge amount of time to explain to patients what prehabilitation was all about, if they
‘endorse the programme’ this was seen as making a significant difference; patients will have ‘almost
bought into the idea’ and service staff felt that they could begin to build on the benefits from there.

However, despite this clinical endorsement, delivery appeared to work best in non-clinical settings
delivered by people with very specific qualities.

There was strong belief that the acceptability of the setting and space in which services delivered
sessions with patients is influenced both by the local context and by the patient group; ultimately it is
important that the space is easily accessible and that it is not clinical (for instance, people do not want
to go for exercise to the building where they were diagnosed with cancer). There was consensus that
good-quality facilities support the success of programmes, but that the acceptability of a space is
clearly subjective, and something to be considered by staff in relation to the patient group and the
community in which their services are provided. One participant described their space (within a private
sports and fitness centre, well equipped, with social spaces and cafes, and welcoming to families) as a
‘big draw’ in encouraging people to come, helping people to socialise and to relax. Others, however,
talked about private gyms being rejected by patients, with local leisure centres, church halls or
community hubs being preferred spaces.

Accessibility was also acknowledged by the majority of participants; venues needed to be ‘easy and
local’ and accessible by public transport (‘if they’re on a bus then the bus needs to stop near the leisure
centre . . . [not] down country lanes and stuff’) or by walking. One participant talked about the
availability of parking: ‘if they can’t park their car . . . they’re not going to stop’.

Beyond the physical accessibility, the idea that ‘people like to go to their local centre’ seemed to
also include an element of community affiliation, membership of a language: colloquial and centred
around a narrative and life lived in a shared place and space. For example: ‘people like the fact that
the receptionist has the same accent and uses the same terminology and the same dialect. They like
the fact that my team are all from Greater Manchester and live in Greater Manchester and so we all
have the lovely Greater Manchester twang . . . they like that sort of familiarity’. Another participant
explained that a lot of the conversations patients and staff might have ‘aren’t necessarily about health
and not about medical conditions [but] just about life’ and that ‘being able to talk about your local
monuments . . . the local pub . . . or the local restaurant might seem quite small, but actually help, help
a lot in terms of engaging people and keeping them wanting to stay within programmes or services’.

Several participants did also accept that, for some patients, familiarity is not always helpful; one service
(in a small isolated town) trying to develop group lifestyle clinics found that ‘being in a small place,
people didn’t want to engage a lot because they didn’t want their next-door neighbour or family to
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know what’s going on with them . . .’. Another participant described a small number of patients on their
cancer programme ‘who don’t want to go to their local [sessions] because they don’t want to be seen
as having cancer in their community. So, they prefer sometimes to travel’.

Family members too were seen as ‘strong influencing factor[s]’ in patients’ experiences. According
to one participant, it is important that relatives, as well as providing practical help in getting to and
from sessions, are enticed in: ‘patients have got all this stuff going on in their head, actually, if they
bring husband, wife or whoever in with them, it’s another person to take information in, or ask a
question that they’ve forgotten’. Several participants talked about inviting family members not just
to appointments but also to activity or education sessions, with one describing ‘the big thing’ for them
as ‘the opportunity to meet patients and the families’. Others talked about inviting family members into
an exercise class: ‘they can actually learn the exercises and then they can actually do the exercises
together at home. And that’s quite powerful’. Another participant said that there were often some
great stories of families coaching patients: ‘you know, within an inch of their life basically but it was
very good for the family, as well, because the family . . . it was often children coaching their relatives
and they felt that they were really, really trying to give their relative the best chance’.

Plurality of benefit
Participants were clear that, although their services were nominally set up to promote PA, they in fact
provided a wider range of support and benefits, both intended and unexpected. Focusing on PA in
isolation was seen to miss the full potential of the perioperative encounter, and a ‘well-being focus to
physical activity’ was seen as enabling conversations about nutrition; mental health; other lifestyle
changes, such as smoking or alcohol reduction; and providing social support in the context of illness.
One participant referred to their programme as a ‘safe space’ in which to broach topics patients might
not have shared with anyone else. Several participants talked about efforts to forge greater links
with psychology services and to build on colleagues’ existing ‘listening skills’, and some services
provided counselling and psychological skills training to staff. In one discussion, a participant described
a shared city-centre space with local public health teams as ‘a one-stop-shop’ enabling the joining up
of support. Another participant emphasised the ‘luxurious position’ that their service was in, providing
the ‘opportunity to help people, two or three times a week’, and viewed their frequent contact with
patients as an opportunity to think much more broadly about patients’ health and well-being, and to
utilise their colleagues or wider networks to access additional support or referrals depending on
patient needs.

The significance of patients’ peers was commented on in a number of discussions, with the provision of
time for patients to talk to other patients seen as supporting well-being. Several participants said that
it was ‘the social side of things’ that patients ‘get a lot from’. In one (men’s-based) programme, there
was a view that the programme had helped to create a ‘kind of lad-like feeling, that they find they can
be a team together’. And in another service a participant described the benefit of people visiting the
high-dependency unit (where a patient would wake up after surgery), and this creating an opportunity
for patients to ‘see people that were like [them], who had cancer or were having major surgery’, to
have a conversation and to see that ‘they’re all right’.

Setting up and running the service

Establishment and development
Most services were initiated by one person, or by a small number of enthusiasts. Individual characters
seemed to have been the primary ‘drivers’ in many services, often then with the coming together of
a small number of like-minded individuals. This might include someone with an academic background
or interest in the science, including sports medicine, and/or strong experience in specialist PA
training, cardiac rehabilitation or physiology, sometimes new to the NHS and not always with
clinical experience.
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Typically, services grew and evolved, with the majority of participants suggesting that soliciting
and acting on the views of the people using the service was important in helping shape provision.
One participant admitted, ‘We thought we knew the answers . . .. We thought that men would like to
train with men and women would like to train with women. We were absolutely wrong about that.
We were told absolutely not’. This influence from patients on how programmes evolved, from start-up
and pilots to ongoing improvements, seemed to be rooted in ‘listening to them and, kind of, their
concerns’. This was sometimes referred to as ‘a lot of co-designing’, with one participant suggesting
that this meant that patients do ‘generally feel that [provision is] about them’. Another participant
talked about patients ‘always at the table’, explaining that ‘at the end of the day they’re the ones we
want to do it and we have to listen’, while another maintained that, ‘feedback makes anything possible
and makes you kind of improve as you go along’. One participant suggested that acting on patient
engagement was not always straightforward, describing it as being often ‘so personal’ and everyone
having ‘extremely different’ opinions.

Framing and ‘marketing’
Bringing colleagues ‘on board’ was seen as essential. Having the understanding and support of
management, whether at the level of a clinical lead within the trust, a senior GP or board-level
leadership, was also seen as helpful in smoothing the path of service development. Relationships
among broader colleagues, both within programmes but, critically, outside programmes and/or
organisations, were frequently presented as important or as making things possible. Here, participants
consistently presented a coherent message that ‘activity as treatment’ was a necessary message to
engender that support, as well as being prepared to frame PA to the particular perspective of different
health professionals. It was clearly a nuanced and gradual process, reliant on individuals, perseverance,
good relationships, education and evidence.

Several participants echoed the benefits of having a proactive clinical lead, ‘who could get their
colleagues on board’; another admitted that, for their service, it had probably helped that they had
been in an increasingly managerially responsible role (now the clinical director for the intensive care
unit and anaesthetics), that they already had personal relationship with hospitals across their trust
and that they had a certain amount of ‘authority to say, well, we’re going to go in that direction . . .’.
In another service, the participant explained that they had ‘hand-selected people’ who they knew
‘were already bought into the idea [of PA]’ and that they saw these ‘clinical champions’ (usually
surgeons) as helping to ‘spread the word’. There was the impression too that patients also played
a role in engaging their broader clinical team in the value of PA provision. One participant talked
about this as having an almost cyclical effect in which patients were often reinforcing the positive
effects of a programme, ‘how much they’ve enjoyed it’ and ‘how successful they’ve been’.

More generally, gaining clinical buy-in appeared to be a slow and ongoing process that took tenacity
and perseverance, and that broader support from clinicians demanded ‘knock[ing] on the hospital doors
a hell of a lot’ trying to ‘speak to a lot of nurses who were not too keen on sending their patients to
anybody but a nurse’, and who ‘did not see the value in physical activity’. There was a clear message
that ‘you’ve got to do the legwork . . . you’ve got to really promote . . . it’s like any sort of marketing:
you get out what you put in . . .’.

One participant described as high on their agenda the need to ‘generate evidence or generate
momentum that encouraging patients to be physically active should be viewed as a clinical intervention
rather than something that’s kind of a well-being add-on to treatment’. Similarly, another recounted
that the ‘big thing’ for them in developing their programme and gaining momentum had been being
able to evidence impact (reductions in length of stay and in respiratory complications). For one service,
a grassroots community programme having little direct connection with clinical teams, building trust
with clinical colleagues and with patients appeared to have additional challenges. They talked about
reputation (which they had ‘worked so hard to build’) and branding (their association with a rugby
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league club, with players acting as ambassadors for the programme) making ‘it easier’ sometimes
‘to get in the door somewhere’.

Resistance was often put down to a ‘lack of understanding’ of what services provide and practitioners
are ‘qualified to do’ and that there was a need to ‘prove quite a lot’ to gain the trust and support of
other clinical staff. There was broad acknowledgement that there is ‘a massive amount of work’ still to
be done, as well as ‘a lot for primary and secondary care to learn about activity’. Encouraging dialogue
about PA within health care in general was seen as important too; respondents noted that many
health-care workers do not know how to talk about exercise, and need support with finding and
using appropriate resources to integrate conversations about activity into routine clinical care.

Respondents recognised the benefits, but also the difficulties, of linking general practice, primary care
and secondary care; one service had begun working with its local information technology (IT) team to
try to develop a software-based solution for this.

Staff
Participants consistently portrayed staff as compassionate and prepared to do whatever it
takes, praised them frequently, described a strong collegial environment, and acknowledged the
responsibilities and challenges faced by their colleagues. A wide range of staff groups often took
part in the provision of services. ‘Core teams’ tended to include physical trainers, physiotherapists
(including oncology specialist physiotherapists), exercise scientists, nurses and administrative staff/
receptionists. Several participants expressed that it was not so much the profession or experience
that staff might have but the personal qualities that they bring. One participant suggested that these
are ‘the keen individuals’ who bring a range of complementary skills. Several picked up on staff who
are ‘very caring people’, ‘fantastic communicators’ and ‘good listeners’, and who ‘can pick up on’, ‘notice’
and ‘understand’ the needs of individuals.

Participants clearly had empathy for patients’ lived experiences: they often talked about pain, one
suggesting that it is ‘probably one of the hardest things . . . for people to manage . . . living with pain,
every single day . . . you know, the impact that has on mental health, as well as anxiety, depression,
I’m not surprised people are not too enthusiastic about doing physical activity’. Participants also often
acknowledged the ‘human’ aspects that their patients were likely to be experiencing, ‘the worry, the
concerns, the anxieties related with the referral and “What’s my prognosis? Have I got weeks? Have I
got months? Have I got years?”. . .’.

One participant explained that it is not just the attributes of staff directly delivering the programme,
but everyone a patient may come into contact with that was important, a point that was echoed across
other discussions, with one participant clarifying that ‘you need the receptionist at the facility to be
kind to the person . . . see that they might be struggling a little bit and help them out’. Others who
were key and, although perhaps not directly involved in a programme, were seen as clinical champions
included nurses, cancer nurse specialists, care co-ordinators, anaesthetists, surgeons and oncologists.
Broader collaborators, who took a greater or lesser part in providing the service depending on local
needs and arrangements, included pharmacists, dietitians, clinical psychologists, GPs, staff at local
gyms, volunteers and data analysts.

There was also recognition of the impact on staff of working with people in these contexts; one
participant gave the example of colleagues working with newly diagnosed cancer patients, describing
staff as ‘an outlet for a lot of stuff’, and conversations with patients that can be ‘emotionally draining’.
Several services talked about making sure that there are systems in place to support staff, which in
some cases included psychology provision, regular ‘debriefs’ and ‘continuously doing CPDs [continuing
professional development courses]’.
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Funding
Many services started with charitable or grant funding, or with one-off quality improvement money.
The challenge then was to ‘mainstream’ the service within standard funding sources. Support from
managers within NHS trusts, or commissioners outside, seems to help with this.

Data and outcomes
Some services started out as quality improvement projects, with data collection and monitoring an
integral part of their work from the beginning. Others felt the need to gather data to evaluate their
processes and outcomes, partly to help convince clinical and managerial colleagues of the utility of the
service, but also to help secure further funding.

Data that appeared to be seen as important included objective physiological measures, such as the
6MWT, the sit-to-stand test, grip strength and more global measures of disability (e.g. WHO Disability
Assessment Schedule), as well as measures related to efficiency of care; length of postoperative
hospital stay was a primary outcome for one service, whereas for another fatigue was a primary
outcome. Service-based measures such as recruitment and attendance at sessions were used and
there were attempts/hopes to link this to patient records. Most services did not collect data on
patients’ level of PA.

One service was described as being ‘heavily monitored’ on its recruitment of patients and getting
clinical outcomes, ‘so our prehab[ilitation] is really heavily focused on getting people into the gyms,
and really getting them exercising, to quite a high intensity’.

Participants also frequently mentioned patient feedback, often as something commissioners were
particularly interested in seeing: ‘they want to know the patient impact, and the patients say that
themselves, and they’re the best at saying that’. Video testimonials were also described as being
useful for engaging both other patients and health professionals.

Several services were involved in formal service evaluations of their provision (see Report
Supplementary Material 11).

Digital delivery: the COVID-19 pandemic and beyond
Although the COVID-19 pandemic presented substantial challenges for services, participants generally
commented on the opportunities the period had presented to consider and explore new ways of working
with patients. All services, to varying degrees, continued contact with patients during the period. Several
services described providing information or linking patients to online and community-based activities,
such as walking challenges. Participants also talked about a move towards the heavy use of social media,
including service websites and YouTube channels (YouTube, LLC, San Bruno, CA, USA), to keep people
moving. These tended to provide short active challenges or follow-along exercise videos, sometimes
broken down into smaller parts than might be delivered in typical face-to-face sessions. Participants from
one service also talked about the provision of an online exercise diary that people could complete, and
that also linked with a PA trainer for feedback. Telephone and e-mail conversations and consultations
were also described, as were some individual and group virtual interactions.

One service appeared to have been able to adapt particularly well to a digital and remote delivery
model. Participants from this service talked about providing ‘the full spectrum’. People with ‘zero
technical ability’ or those deemed ‘technically deprived’ (a high proportion of their patients) would
receive home exercise packs, diagrams and descriptions, and resistance bands in the post, and then
coaching sessions on a telephone. These were described as ‘a bit weird to get used to’ and ‘massively
labour intensive’ but something they now ‘quite enjoy . . . it’s good fun, we’re enjoying it’. For others,
they had a timetable of 15 online group classes each week, and, for some, the use of Myzone chest
belts (digital heart rate monitors) (Myzone, Nottingham, UK), allowing trainers to track a patient’s
heart rate during sessions. This enabled exercise trainers to visualise up to 10 people at one time
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doing an activity session, and provide encouragement, when appropriate, to ‘go a bit harder’, and
also acted as a safety tool, whereby the trainer could ‘keep an eye’ on how people were doing.
The approach also allowed the service to continue with much of its data collection.

Participants gave mixed views on the success of their service’s remote adaptions. Some felt that
they had been ‘successful’, and, of these, some more so than others. One participant felt that, on
the whole, remote delivery, ‘for the people we work with’ was not the ‘optimal method . . . to get the
best outcomes from them’. There was agreement, however, that provision had supported well-being
and prevented patients’ health deteriorating as much as it might have, although one described as
‘astonishing’ the sharp deterioration in fitness after the first lockdown, despite good adherence to
the revised programme, and one service (the ‘full spectrum service’) reported gains.

Several participants suggested that virtual delivery had worked better for people who were already
on a programme or known to the service, with one participant suspecting that had they ‘been
delivering remote programmes from the off, it would have been very, very difficult to get the same
level of engagement’ from patients whom they did not already know. One participant, however,
described engagement as ‘really good’ from new and existing patients, the conjecture being that
patients had responded well to the varying degrees of technicality/use of technology or resources
that they offered: ‘nobody is excluded and I think that’s why the engagement rate is so high’.

Participants talked about remote sessions being particularly useful for particular patient groups: those
with ‘caring responsibilities’ for example, or people who are on chemotherapy and radiotherapy, who
‘find it very hard to travel’. One participant described finding the way appointments were now being
managed, many of them virtually, via e-mail or on the telephone, actually made it easier to bring in
discussion of PA, and sometimes allowed for a bit more time to talk about broader issues with patients.

Although several services talked about efforts to ensure that there was an offer for everyone,
regardless of the sorts of digital devices or internet access people might have, there was generally
a heavy reliance on technology, mobile telephones, computers, devices for video contact and the
internet, with services using various platforms for video sessions. Some participants emphasised how
not having access to the technology ‘definitely hindered some people’; there was repeated discussion
of the influence of deprivation and of technological literacy, with one participant describing their team
as becoming ‘part-time IT consultants’. Several people commented, however, that many of the technical
barriers had reduced as time had gone on; one felt that ‘older people and relatives have joined up and
learnt technology’ in a way that, prior to COVID-19, ‘we could not have imagined’.

Most participants indicated a hope to move beyond COVID-19 with some form of a ‘hybrid model’
that might allow them to work more flexibly with different patients, or utilise remote delivery
for certain aspects of their provision, such as an initial consultation, which ‘might actually engage
somebody as a first step where before they wouldn’t have engaged at all. Because the thought of
coming to a facility, to do their initial consultation, might have actually been a barrier’. These were
seen as potentially reducing some barriers that some people experience in making a first step to
coming along to a programme.

One participant suggested that the experience had shown that ‘remote rehab[ilitation] can be done’,
although others suspected that people might ‘just crave that social interaction’, and one participant
mentioned that they had ‘people begging us for turning things back to normal and back to face to face.
They just cannot stand the virtual stuff’.

Several participants commented on how they felt that COVID-19 had ‘reinforced the importance
of exercise’, ‘[be]cause we’ve been allowed out for an hour every day for 6 months, haven’t we, to
exercise’ and that, now more than ever, it was such an ‘important time . . . to really push this forward’.
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Health inequities and social determinants of health
Participants alluded to several conditions influencing both service capacity to reach patients and
patients’ reception of, and capacity to engage in, provision. Primarily this related to the physical
space/place in which services were delivered and access to digital technologies/the internet
(during the pandemic period).

Accessibility was seen to be important, particularly for those in deprived areas, whom several
participants suggested were much less likely to travel than patients in other areas. The quality of
facilities in these areas was described as ‘probably the worst’, often with limited equipment, problems
with heating and cold rooms, or ‘nicer rooms’ upstairs but there being no lift. This too was described as
influencing engagement.

Most participants acknowledged that patients (sometimes a high proportion) might be deemed
‘technically deprived’ and attributed drops in attendance during the pandemic to people living in areas
of high deprivation where people were often marginalised from access to certain technologies and/or
access to the internet. Although some services had clearly attempted to adjust for these barriers, for
example one service issued home exercise packs with no reliance on digital devices, such efforts were
described as particularly labour intensive, and so raised questions about the long-term sustainability
of those approaches.

One service had chosen to focus primarily on those they felt were most negatively affected by the
pandemic, in terms of risk and isolation. Another service, during the second national lockdown, had,
in fact (with the exception of those who were clinically extremely vulnerable), been able to reopen its
in-person classes and face-to-face assessments, offering a full timetable that ran at > 70% capacity.
This was unusual, but was made possible because, combined with the national drive for medical
services to continue, it had been successful in ‘convincing’ its trust that its programme ‘is treatment’
and ‘part of normal cancer care’.

Finally, there was occasional reference to the use of public spaces: local green spaces, parks and
outdoor park gym equipment, and cycle/walking routes in which some service contact took place or
which patients might be encouraged to use. Although not explicitly discussed, this was clearly valued
where it was available, which raises important questions around areas deprived of green space and
inequality in access to good pedestrian/cycle ways, particularly given that people from low-income
households and ethnic minority backgrounds are more likely to be affected by both these circumstances
and inequalities in health.121

Overall, participants appeared to be conscious of, and frustrated by, disparities in provision and the
multiple disadvantages affecting many of their patients.

Discussion

Strengths and limitations of qualitative data from focus groups and interviews
We had initially planned a series of physical case study visits to the services of interest. However,
the COVID-19 pandemic made this impossible, partly because of restrictions on travel and personal
contact, but also because the way the services were delivered changed considerably. Further detail is
given in Chapter 6. Nevertheless, we have been able to gather a great deal of contextual information to
help others running, or considering setting up, a service to promote PA during the perioperative period.
In addition, because many services have now incorporated elements of remote delivery into their work,
we have been able to capture these experiences too, as health care moves into the post-pandemic
period. As our project was already funded and running, we were able to respond promptly to the
changes in service provision brought about by the pandemic. Unfortunately, the constraints posed by
the pandemic meant that we were unable to recruit any patients to the online focus groups, and it
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must be noted that their perspective is not represented in our findings. We see this as a limitation of
this study, and have recommended this as an area for further research.

We have compiled a compendium of 61 services/interventions of interest; 33 of these are based in the
UK (see Report Supplementary Material 10). Choosing services from the list of candidate sites, we used a
purposive sampling strategy, as outlined in Chapter 2, designed to identify sites that, collectively, could
tell us as much as possible about different aspects of service provision. This shortlist was also shaped
by the availability/capacity of services during the COVID-19 pandemic context. We had approached
an additional four services, with initial agreement to take part from three of those services; however,
participation was not feasible. We felt that the number of focus groups/interviews was relatively small
compared with some qualitative studies;122 had we been able to include representation from all our
intended services, we would have had a more complete sample that included broader service designs,
surgical focus, profession positions and geographical location within the UK. We note that the work of
Guest et al.123 found that 80% of themes were discoverable during the first two or three focus groups,
and also noted the problem of generating too many data if too many groups were run. Although time
constraints prevented us from carrying out formal participant validation, we did benefit from the added
analytical perspective of our principal PPI representative, and an informal ‘sense check’ from members
of our Study Steering Committee.

We had planned to recruit additional PPI representatives, both at national and local levels. This was
not progressed because of the COVID-19 pandemic, and we believe that this was a limitation of
the project.
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Chapter 4 Synthesising the two streams
of the research

Our systematic literature review and the qualitative work with existing services offer two
complementary perspectives on the same issue, namely the promotion of longer-term PA in the

perioperative setting. Although their methodologies and intentions differ, they provide an opportunity
to set the knowledge from the systematic review in context and highlight a number of aspects where
their findings intersect and reinforce each other. These are now considered, under the following
headings. It should be noted that neither data set took priority, and, although data did sometimes
reinforce one another, comparable data were not always available.

Contextual features

Many features of study populations and care settings can influence process and outcomes in clinical
trials, and in general service provision. These include the age and gender of patients, their diagnosis,
the type of surgery and the health-care system. Ethnicity, education level and economic status of
patients are also relevant, but are less obviously ‘clinical’ and thus may not be reported in clinical
studies. For instance, only 15 of our included RCTs (28%) reported ethnicity, and only seven (13%)
reported the economic status of participants. More reported educational level (26 studies, 49%), but
this is still only roughly half of the trials in the data set, and the data are not comparable across studies
because of global differences in education systems. We did not evaluate the effects of factors such
as ethnicity, education level and economic status in the systematic review; differences between and
within studies meant that this was not feasible.

Examination of the qualitative data, however, reveals that many other factors are at play in ensuring
a successful outcome. These include staff enthusiasm, knowledge and personal qualities; the framing
of PA; family and peer support; the broader ‘buy-in’ of colleagues; the physical state and location of
facilities; and, for digitally delivered services, access to technology. These are seldom even mentioned
in RCTs of even the highest methodological quality (e.g. Turunen et al.,109 Piva et al.102 and Lotzke et al.;97

see Chapter 2), where the focus is on demographic and clinical characteristics. This makes it difficult to
transfer the intervention from the study setting to another, as the ‘tacit’ elements making the intervention
‘work’24 are not described.Within our small-scale work with eight UK-based services, we identified and
described a number of discrete ‘ways of understanding’ the promotion of PA.

Patient engagement and adherence
We did not capture data on recruitment rates within included studies in the review. Given that the
complex information and consent process associated with research may discourage some patients
who might otherwise have considered participating, we expect that the way the programmes were
presented to potential participants was key to recruitment success. In our focus group discussions,
ways of ‘framing’ activity were seen as important components of patient engagement. Participants
wanted to motivate and inspire patients to engage in PA, with the intention of permanent behaviour
change; this was often described as finding something people enjoy and building up levels of PA from
there. This often included supporting broader lifestyle changes, helping patients to understand how
they might benefit from being more active and helping patients to think about goals they might want
to achieve. We found that more than half of the interventions in the included studies used behavioural
mechanisms, and education and advice was a key component to most of the interventions; this
included lifestyle education in 12 of these interventions.
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Although data for adherence to interventions were reported less frequently than we had hoped in the
included studies, it was apparent that some studies used interventions that enabled an adherence rate
of > 90% (although, overall, this ranged from 47% to 93%). In the review, we did not explore further
which intervention components had improved adherence levels; overlap of intervention components
within and between studies meant that this exploration was not feasible. It is possible that the
different health conditions, as well as the motivations of intervention delivery related to indication for
surgery, may have affected people’s engagement and subsequent adherence in studies in the review.
We noted in the focus group discussions that participants believed that an individualised model was
essential; this included understanding an individual patient’s needs, listening to patients and noticing
when they might need additional support, finding out what patients enjoy doing and supporting
different options. This was also reflected in the included studies, with > 60% using a tailored approach.

Measures and metrics
The RCTs we included used a range of measures to present data for the outcomes. We selected only
studies that measured the amount of PA or the number of people engaging in activity at the end
of follow-up; thus, these studies were more clearly aligned with the aim of this research. We found
that studies used a range of measures to present the amount of activity, and this was also the case
for physical fitness, which used a number of different physiological and functional assessments. Less
commonly reported were the effects of interventions on quality of life, adherence to the programme
and participants’ experiences of the intervention. These last-named have been investigated in a number
of studies and reviews, both within124–126 and outside127,128 the perioperative setting. Participants
in the focus groups noted the importance of data collection, both to be able to demonstrate progress
to programme participants, and also to be able to justify the programme to health-care funders,
policy-makers and sceptical local clinicians. These different purposes require different metrics, making
the business of data collection and analysis quite complex and time-consuming. It also needs skills in
data management, and many services may therefore struggle to collect and process the necessary
measures, especially when outside the framework of a formal funded quality improvement project.
Some of the physiologically based measures used in the trials in the systematic review were used
in practice. Service-based measures, such as recruitment and attendance at sessions, were also
used in practice and there were attempts/hopes to link these to patient records. Notably, levels
of patient PA were not collected in practice. In both the systematic review and services in practice,
patients’ perspectives were sought formally or informally, or collected in the form of quotations and
‘testimonials’, or sometimes in discrete funded evaluations. In the systematic review, these data were
not collected consistently, so it was not feasible to explore this further. We did not have access to
these data from services in practice.

Inequity
Services in practice appeared conscious of, and frustrated by, disparities in provision and the multiple
disadvantages affecting many of their patients, including access, for example to appropriate spaces and
places for safe and comfortable activity (such as buildings and walking/cycle lanes), as well as to the
internet/digital technologies and literacy. Although ethnicity is an essential consideration intersecting
with these inequities, this was not explicitly discussed during our focus group discussions. However,
digital exclusion, particularly in the context of evolving provision in response to COVID-19, was
discussed, and some services went to sometimes substantial lengths to try to circumvent the impact
of digital disadvantage. The studies included in the systematic review all predated the COVID-19
pandemic. However, we noted that more than one-third of the interventions incorporated remote
delivery within their models, and that 16 delivered an exclusively remote service. These were mostly
delivered by telephone or post, but some also used digital technologies and/or relied on access to
the internet. Although we were unable to explore effects of remote delivery in our systematic review,
we were able to capture some of the ways in which services had responded initially to having to
deliver their programmes online/remotely in our qualitative focus group work. Although their
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understanding of this is still developing, the overarching message was that a blended approach that
combines digital and remote contact with face-to-face provision, and that can be flexible to a patient
and their changing needs, is a model of care many of them wished to continue exploring.

Organising for quality in health care: application of the ‘challenge
framework’ to project findings

Bate et al.’s39 ‘challenge framework’ provides a useful way of structuring our findings. Bate et al.39 examined
health-care organisations that had earned reputations for sustained achievement of quality improvement
in an attempt to understand the process of improving quality. Although there are many different routes
to sustained quality improvement, they found that the successful organisations they studied shared the
ability to respond to multiple challenges. Therefore, we set out below, under Bate et al.’s39 six domains,
what we see as the main challenges and areas of focus that staff, services or commissioners might wish
to consider within the area of perioperative PA; Figure 15 provides a summary.

• Shared understanding of
    service objectives
• Compassionate narratives
• Recognising benef its of
    collaborative work
• ‘Patients at the table’
• Structured supporting of
    ‘valued’ staff

Cultural

• Health-care policy
• Relying on enthusiasts
• Encouraging dialogue
• Acknowledge/support shift
    from ‘usual care’
• Support learning/evolving
    culture
• COVID-19 (evolving
    practice to new context)

Political
Educational

• Importance of a learning
    culture and capacity to evolve
• Involvement of patients as
    co-developers
• Learning through
    measurement

Emotional

Structural

• Solidarity between
    patients and staff
• Opportunities for peer
    support
• Involvement of families
• Health agenda
• Collegiate teams
• Compassionate staff
• Glimmer of possibility
•  Accept when ‘just not
     the right moment’

• Links: primary and secondary
    care, local authorities,
    community groups,
    commercial exercise facilities
• Starting early
• Scoping new roles
• Intersecting inequalities
    and inequitable provision

Physical
and technological

•  Places and spaces for PA
•  Digital literacy and access
•  Collecting and sharing data
•  Data-linking between
     organisations and groups

FIGURE 15 Challenges for perioperative PA promotion.
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Structural

l Good links primary and secondary care, local authorities, grassroots/community organisations and
commercial exercise facilities. Co-working sites can be beneficial.

l Starting early: GPs ‘sowing the seed’ as instigator, interested and involved, and connected with
service (requires supported education and active collaboration).

l Scoping new roles for the ‘perioperative practitioner’ focused on a core compassionate team with
knowledge and capacity for empathy, kindness and excellent communication.

l Intersecting inequalities and inequitable provision considered at all times (including, but not limited
to, access to good and appropriate facilities, green space and good pedestrian/cycle ways;
appropriate support and/or alternatives relating to digital exclusion; good public transport links; and
consideration of cultural norms and practices).

Physical and technological

l Places and spaces for PA:

¢ accessibility (hyperlocal, identified green space, easy transport, parking)
¢ warm, well-equipped, ‘nice’ spaces
¢ non-clinical venues, part of patients’ community (consider local, sociocultural and socioeconomic

contexts, and patient group).

l Digital literacy and access:

¢ people can learn (but only with support and patience and when motivated for change)
¢ inequity in digital access (devices, internet/data)

¢ alternative models with no compromise on quality
¢ broader approaches to address physical, social and economic conditions driving marginality.

l Collecting and sharing data (between services/departments, for evidence and service development).
l Data-linking and codes between, for example primary and secondary care.

Political

l Health-care policy:

¢ health equity as central to policy interventions and their design, including consideration of the
inter-related mechanisms and disadvantages influencing health and engagement in good
health behaviours

¢ new PA priorities that place individuals at the centre, take a broad wrap-around approach that
aims to be embedded in usual care, and are motivating and inspiring to patients.

l Every service relied on enthusiasts:

¢ engendering the value of PA as treatment in health-care narratives (reducing reliance on
enthusiasts to make services possible); it helps if this comes from the top, and it requires
education and good relationships

¢ opportunities for enthusiasts to pursue valuable ideas.

l Encouraging dialogue about PA and supporting a transition to integrating conversations about PA
into routine clinical care.

l Acknowledging and supporting the shift from ‘usual practice’.
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l Supporting and valuing a learning and evolving culture: engaging health-care practitioners
in evidence.

l COVID-19 (evolving practice in response to new contexts, being open to change and adaption at
pace and being better prepared for future pandemics).

l Being prepared to work for and be open-minded about initial funding (seeking collaborations with
charitable organisations and other sectors, quality improvement grants, a marketing approach to
‘selling’ ideas/service to commissioners).

Cultural

l Shared understanding of service objectives, PA as integral ‘part of treatment’, endorsed by all,
including patient-valued endorsement from senior clinical practitioners (e.g. patient’s surgeon).
‘Singing from the same hymn sheet’ with a consistent and considered approach from all
clinical contacts.

l Compassionate PA narratives that see patients as:

¢ social rather than physiological beings
¢ situated at the centre of their own care
¢ with autonomy to choose what they enjoy (and could become habit)
¢ understanding of what benefits they might experience
¢ supported in the process.

l Crossing boundaries and recognising collaborative benefits of the clinical versus non-clinical paradox
(community health care at its best; professional medical objectives sharing space and priority
with communities).

l ‘Patients at the table’ from start-up to developing and improving provision.
l Structured supporting of valued staff; recognising the impact of working closely with patients, and

sometimes with people with terminal illness, and seeking and acknowledging staff with exceptional
compassion and communication skills who are good at noticing patient needs and concerns.

Educational

l Importance of a learning culture and capacity to evolve.
l Involvement of patients as co-developers.
l Learning through measurement.

Emotional

l Solidarity between patients and staff becoming active together.
l Providing opportunities for beneficial peer support.
l Involving families in patient care.
l Addressing and supporting broader health and well-being through PA behaviour change and

bringing back a sense of control in an otherwise difficult period (health agency).
l Collegiate teams.
l Compassionate staff who are empathetic, kind, caring and excellent communicators.
l Glimmer of possibility: astute, patient and committed staff (from the receptionist, to the trainer,

to management) able to notice and build on ‘a little glimmer’ of interest from patients.
l ‘Just not the moment’: accepting that patients may not be ready to change ‘just now’ but maintain a

legacy for future engagement.
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Chapter 5 Recommendations and conclusions

Recommendations for future research

The following recommendations are not presented in priority order; therefore, we give them equal merit.

Patient voice
To hear from patients (in different contexts, such as different communities and people with different
surgical indications) about their experiences of PA promotion in the perioperative pathway, in particular
patients who have engaged in specific perioperative PA programmes.

Practitioner and service manager voice

l To further explore (using our expanded thematic analysis) identified tentative values and principles
and present these. To study the utility and adoption of these further in the context of shaping new
service development or quality improvement in relevant perioperative settings.

l To further explore the role of the ‘prehabilitation or perioperative practitioner’ as part of a
structured evaluation project.

Interventional studies

l To develop a core outcome set for studies promoting PA (including in pre-surgical prehabilitation),
to facilitate a structured approach to evaluation and to allow proper comparison and, if necessary,
quantitative synthesis, of studies. We propose outcomes that reflect the wider benefits of PA
programmes, for instance greater feelings of control and autonomy for patients, and reduction
in symptoms (such as pain). We also recognise the need for adherence to be included.

l To consider long-term follow-up of study participants beyond 12 months.
l To provide more contextual information in study reports about how interventions were delivered,

or at least make wider use of descriptive frameworks such as the Template for Intervention
Description and Replication (TIDieR) checklist. Providing greater detail of the interventions
proposed is likely to lead to making such features more explicit.

Inequities

l To explore the interplay of ethnicity and PA in the perioperative setting, especially given that
black and ethnic minority patients have been disproportionately represented in the numbers of
COVID-19 deaths and hospital admissions. It will be important to explore cultural narratives,
contextual factors and structural assumptions.

l To map inequities in digital access, which appear to intersect with existing inequities including
socioeconomic conditions, pre-existing illness and age. To document and explain corrective strategies
from the research literature and exemplar services of relevance to perioperative service delivery.
More broadly, to explore the physical, social and economic conditions driving health inequality and
inequitable provision for the purpose of equitable ‘lifestyle’ health gains experienced across the
population. This may include exploration of radical effective approaches.

Organisation

l To consider, within service evaluations, the long-term benefits of provision, including social impact
as an important measure to quantify the value of broader changes people (and communities) may
experience. This could include measuring and acknowledging factors such as social relationships,
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self-confidence, the creation of ‘safe spaces’, accounting for people being more engaged in positive
behaviours, raising awareness of green space depletion and equitable access to public space, and
reduced demands on the public purse.

l To develop and test a relevant service evaluation measures toolkit, to enable a standardised
approach to data collection and service evaluation as programmes evolve.

l To explore how best to flexibly support patients through the now evolving (post-COVID-19)
blended (digital/home-based/face-to-face) approaches services are adopting. It would be helpful to
understand the optimum blended approach and how patients can still receive the important peer
support, compassionate relationships with practitioners, and individualised care and encouragement
we identified as important.

l To design and evaluate simple programmes for enhancing the educational skills of health
professionals in the promotion of PA. Although clinical staff are knowledgeable about their own
area of work, they are not always trained as ‘educators’, especially of patients and the public.

l To explore broader implementation issues such as the challenging logistics of embedding such
support in perioperative and cancer care pathways.

l To explore the potential benefits of establishing a national PA ‘observatory’, extending beyond the
perioperative setting to encompass PA more generally, initially by a scoping study examining similar
initiatives either in other areas of health care in the UK, or relevant centres abroad.

Implications for decision-makers

We would encourage decision-makers to engage in our application of Bate et al.’s39 challenge framework.
However, in summary, the findings of this evidence synthesis support a focus by decision-makers on
the following:

l The repercussions of intersecting inequalities and inequitable access to both services and
appropriate public spaces and resources appear to be key to effective engagement of patients/
participants and the promising impact of interventions. This warrants, but is not limited to, a focus
on good and appropriate facilities (non-clinical, hyperlocal, warm, well-equipped and easy to access),
green space and good pedestrian/cycleways, appropriate support and/or alternatives relating to
digital exclusion (technologies and access to data), good public transport links and close parking,
and culturally accessible services (that consider the norms of all faiths, traditions and backgrounds).

l Strong links, collaboration, co-working and multipurpose sites between primary and secondary care,
local authority services and staff, grassroots/community organisations and commercial exercise
facilities can be beneficial in terms of resources, patient care and patient engagement.

l Seed funding is helpful for getting things going but, once established, a degree of funding security
is necessary to ensure investment in staff (who are knowledgeable, excellent communicators and
compassionate, and well-supported).

l Design of services that takes seriously the inclusion of patients ‘at the table’ is essential because
different patients, in different places, require different things.

Implications for policy and practice

We would encourage policy decision-makers and practitioners to engage in our application of
Bate et al.’s39 ‘challenge framework’. However, in summary, the findings of this evidence synthesis
present the following implications for policy and practice:

l Active collaboration with colleagues in primary and secondary care, local authorities, grassroots/
community organisations and commercial exercise facilities makes programmes possible and
supports participant engagement. This includes shared messaging that places conversations about
PA into routine clinical care and engenders the value of PA as treatment in all perioperative
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narratives from receptionist to senior clinical practitioners (and particularly senior clinical
practitioners). The sharing and linking of data, the acknowledging of and supporting of the shift
from ‘usual practice’, and engaging health-care professionals in evidence may support adoption of
this messaging.

l A core compassionate team with knowledge and capacity for empathy, kindness and excellent
communication supports the delivery of PA programmes. This, however, requires staff to be well
supported and actively valued. Staff should be able to access training and have available specialist
support that acknowledges the impact of often working closely with people with terminal illness.
In addition, an active workforce can support solidarity with patients.

l Policy and delivery of services must focus on reducing the inequalities in the determinants of
health. These are interconnecting and far-reaching, but should specifically consider factors
influencing engagement in, and maintenance of, good health behaviours, including digital literacy
and access to appropriate spaces and facilities.

l A holistic approach that sees patients as social rather than physiological beings, which places them
at the centre of their own care, with autonomy to choose what they enjoy and are motivated to
make a habit and with support to understand the benefits they might experience and changes
they will need to make, appears to trump any focus on generalised PA goals of dose and intensity.

l Services benefit from a learning culture that includes ongoing patient feedback and involvement and
the capacity to evolve in changing contexts. Data and measurement appear to be key to a learning
culture, as well as to buy-in from commissioners and senior management.

Conclusion

The research evidence base for interventions delivered in the perioperative setting, aimed at enhancing
PA among patients in the longer term, suggests some overall benefit in terms of engagement, levels
of activity, physical fitness and quality of life. Our detailed contextual enquiry complements the
research literature by identifying many features that contribute to establishing and delivering
successful programmes.
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Chapter 6 Differences between protocol
and completed project

The protocol for this project was published on PROSPERO.129 We describe here the changes made
during the project.

Systematic review

In the protocol, we described this part of the project as a comprehensive literature search. Given the
rigorous methods used, we refer to this as a systematic review (or review) throughout this report.

Types of participants
We included people who had undergone surgery, as well as those who were scheduled to undergo surgery.
The intention was always to capture people at any stage during the perioperative pathway.We found,
however, that this criterion was too broad; therefore, we established a more specific criterion based on
time since surgery, as well as a cut-off point to manage studies that had a mixed population of surgical
and non-surgical participants.We adapted the criterion further for participants within an oncological
treatment pathway, which was often a much longer pathway and did not always include surgery. We
believed that it was not feasible to establish a specific time since surgery that captured the variable
lengths of perioperative period for all potential studies; we acknowledge that cut-off points in the review
were arbitrary. We reached decisions following discussion with clinical members of the Advisory Group.

Types of interventions
In the protocol, we stated that we would exclude interventions that were given as part of a ‘package’
of measures aimed at promoting a healthier lifestyle. However, once we began identifying potentially
eligible studies, we judged this criterion to be too restrictive. We found that it was most likely that
well-designed studies would combine educational provision or advice that included approaches to
overall health management, as well as PA. In the review, we included these ‘packages’ of interventions,
but required PA to be a dominant part of those packages; we used outcomes in the reported studies
(see below) to assist the decision of whether or not PA was a dominant part of this package.

Types of outcomes
We found that many studies included PA interventions but did not have the intention to measure
PA in the medium to long term. Whenever possible, we used the study objectives or a sample size
calculation to determine the aim of the study. However, we found that these were often poorly
reported. We adopted a criterion to include studies only if they measured and reported PA either
as an amount of PA or as engagement in PA; the studies could describe these outcomes as primary
or secondary outcomes. We also engaged with our PPI representative (AC) who asked that we also
capture pain data and we added this to our list of outcomes; this outcome could indicate a benefit or
harm of PA interventions. In the protocol, we did not present our outcomes in order of primary and
secondary outcomes. When conducting the review, we provided a better structure for these outcomes
and agreed that the primary outcomes were about how much PA people engaged in (either as an
amount or as a number who were engaging in PA). The protocol included cancellation of surgery as
an outcome. We identified no studies that measured or reported this outcome (most included studies
initiated interventions after surgery), and so we removed this outcome.

Assessment of study quality and synthesis of findings
We did not conduct a quality assessment, such as the Risk Of Bias In Non-randomized Studies – of
Interventions (ROBINS-I), for non-RCT designs. When setting out the protocol, we did not expect to
find a substantial body of evidence from RCTs. Given the more robust design of RCTs, we judged it
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more appropriate to consider the synthesis of findings from the RCTs as the main findings. However,
we identified a number of non-RCTs during our search and, although we present a briefer overview
of their findings in the report, we judged it relevant to still include these studies. The evidence from
non-RCTs formed a supplementary set.

Data collection and analysis
We had presented only limited detail on our methods for managing data within the review. In this
report, we present these methods in more detail. These methods are largely consistent with accepted
systematic review methodology and allowed us to be transparent about all our approaches. We did not
specify sensitivity analysis or exact subgroup analysis in the protocol. Our choice of subgroups was
based on the broad range of interventions and participant conditions within our included studies and
we were not able to anticipate this range prior to the search. Some sensitivity analyses were based on
risk-of-bias decisions, and others on specific case-by-case decisions made during the review project
(such as when more than one tool was used to measure an outcome).

Case studies

This project took place between 2019 and 2021. Plans for our case study investigation were halted
in March 2020 because of the COVID-19 pandemic. At this stage, we had identified a broad list of
possible services (these are presented in a directory of services; see Report Supplementary Material 10),
we had approval from the Health Research Authority and we had engaged with a small number of
services that were keen to work with us during site visits.

In the protocol, we stated an aim to collect qualitative data from services during site visits, which
included interviews (most likely as focus group interviews with patients and one-to-one interviews
with staff) and observations of practice. Our intention was to conduct these site visits in person.

As this was no longer viable, we worked with the funding body representatives, the Advisory Group
and the Study Steering Committee, to create a new plan for this part of the project. We believed that
there were still opportunities for us to collect useful information, and new approaches learnt as a
consequence of the pandemic environment. We engaged with the identified services to see if the
revised approach was acceptable and practical within the current context. We did not visit services,
conduct face-to-face interviews or carry out any observations of practice.

Although we had sought preliminary agreement from services to engage their service users in our
work, by the time that all approvals had been sought, and a survey agreed and produced, online
services found that they were too overwhelmed to be able to support this element of the project.
They cited efforts from their own teams to engage their patients in research around the COVID-19
response, pressures on their own time and patients citing that they were overburdened and
overwhelmed by online engagement. As a result, this element of the project was not progressed.

Narrative synthesis

We stated within the original protocol that we would draw up a practical toolkit. During our research,
it was apparent that we did not have the resources (in terms of time) to complete this part of the
project within the time frame required by the funders; an edit was made to the protocol to reflect
this, in consultation with the funders.

We did not present a graphical summary-of-findings statement. Combining the qualitative and
quantitative results of this project within a template summary-of-findings table was not practical.
Ideally, a summary of findings provides presentation summary statistics along with certainty of the
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evidence in a concise format. We found that our review outcomes were measured using many different
approaches and these results could not easily be presented concisely. However, we believed that it
was important to present certainty of the evidence; therefore, we used GRADE for the results of the
systematic review and presented a narrative summary of these findings.

Patient and public involvement

We planned to work with two or three further PPI representatives. With the support of our PPI
representative (AC), we identified the support of one national PPI representative. We were also
preparing to recruit a local representative, from within our hospital trust, who was in the perioperative
pathway. However, because of the impact of the COVID-19 pandemic, it was no longer feasible to
draw on clinical colleagues to support local recruitment or to engage further with PPI representatives.
We remained committed to working with Antony Chuter throughout the project.
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Chapter 7 Stakeholder and patient and
public involvement

We worked closely with Antony Chuter as our primary PPI representative. Antony Chuter lives
with long-term conditions of pain, is chairperson of Pain UK and has extensive experience as a

lay member on a variety of health-care research projects. Antony Chuter was a paid co-applicant on
the study, and was involved in the project from bid-writing to completion.

We describe Antony Chuter’s involvement as it occurred throughout the report and we summarise
Antony Chuter’s contributions below, including reflections from both Antony Chuter and the research
team on the impact and efficacy of working with Antony Chuter on this project.

Primary PPI contributions included involvement in the following:

l The early development of the project, including in the writing of the research funding application,
developing the final research plan and recruitment of a researcher to the project (including sifting
and scoring applications and conducting candidate interviews).

l Encouraging the use of patient-focused language, for example advising against the original title of
the project from ‘perioperative exercise project’ to ‘fit for surgery’. Antony Chuter continued to
encourage patient-focused language throughout the duration of the project, both in written
documentation (such as consent forms) and in conversational language among the research team.

l Attending Advisory Group meetings, in person and via Microsoft Teams.
l Selection of outcome measures within the systematic review. Antony Chuter influenced the decision

to include pain measures as a secondary outcome of interest, emphasising the association between
experiences of pain and an individual’s well-being and capacity/motivation to engage in PA.

l Support with additional PPI recruitment (not progressed because of COVID-19).
l Co-development/review of focus group topic guide, survey questions for patients and services,

staff and patient consent forms, and participant information sheets.
l Co-facilitation of two online focus group discussions.
l Reflective discussion of quantitative data (interview/discussion group transcripts) to inform

analytical framework.
l Review of final report.

Towards the end of the project, Antony Chuter and one of the researchers engaged in a reflective
meeting to consider the impact of PPI, the more nuanced contributions Antony Chuter provided and
how the research team might seek to improve PPI in future research projects. A summary of the key
points is included below:

l Antony Chuter frequently emphasised to the research team how much language really matters.
He described the reception to his encouragement in the early days of the project to consider more
patient-focused language as ‘changing the atmosphere in the team’ and the ‘focus of the research’.
Antony Chuter described this as accounting for a much broader perspective of the people who
might benefit from activity and increased fitness. Antony Chuter also encouraged regular reflection
on subjective perceptions of exercise for people with and people without a long-term
health condition.

l Antony Chuter would have benefited from being involved in a regular monthly meeting with the
whole research team. This would have helped Antony Chuter to have ‘felt in touch’ and ‘more aware
of the project as it evolved’.

l Antony Chuter is an extensively experienced PPI representative and patient advocate with the
associated confidence and understanding of ‘how health research works’. We discussed the different
perspectives that Antony Chuter brought to the project, compared with someone who might be
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more of a ‘raw’ local surgery patient (representative). Although Antony Chuter felt able to be
‘a physical representation’ of patients, in part because of Antony Chuter’s experience of long-term
conditions of pain and wide experience working with patient groups, there was some agreement
that a combination of the two would have enhanced the project.

l The research team felt that a central and constant commitment to PPI in our work and individual
roles was needed to ensure that we were not using PPI as a ‘tokenistic’ gesture. During the project,
we acknowledged that to do this effectively required allocation of our own time to account for
effective and productive communication with the PPI representative in a way that ensured
full involvement.

l Antony Chuter commented that he felt ‘respected over a very short time’ and that there was
agreement of good collegiate relationships with the research team, and that members, including
Antony Chuter, brought ‘different skills to the table’. Antony Chuter described the principal
investigator on the project as ‘a trailblazer for public involvement’, noting in particular the
importance of being paid consistently throughout the project, from bid development to project
completion (rather than at irregular times), and relationships in which members of the research
team ‘gave time’ to Antony Chuter’s contributions.

l One researcher felt particularly positive about Antony Chuter’s contribution to focus group
discussions. As well as practical support, Antony Chuter was able to act as a pseudo patient, at
times encouraging the discussion among focus group participants back to the patient and prompting
interesting reflection among and between group participants. The researcher noted that there
was a need for them (as co-facilitator) to be a bit more relaxed around lines of discussion that
sometimes deviated from the discussion guide, but that, ultimately, they recognised the important
conversations that Antony Chuter’s questions initiated.
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Appendix 1 Characteristics of studies

TABLE 7 Characteristics of included studies

Study
Type of surgery
(condition)

Total
sample (n) Follow-up Intervention; duration Comparator

Archer et al.51 Laminectomy (spinal
degenerative
disorder)

248 12 months post
surgery

CBPT; 6 weeks Education

Artz et al.52 TKR (osteoarthritis) 46 6 months post
surgery

Physiotherapy exercise
class; 6 weeks

Usual care

Baillot et al.53 Bariatric surgery 30 12 months post
surgery

Counselling, exercise
classes and education;
18 months

Usual care

Barberan-Garcia
et al.54

Major digestive
surgery

144 6 months post
surgery

Motivational
interviewing and
exercise sessions;
4–6 weeks

Usual care

Barnason et al.55 CABS 280 6 months post
surgery

Telehealth; 6 weeks Usual care

Boesch et al.56 CABS 51 2 years post
surgery

Objective/subjective
regulation; 1 month

Heart-rate reserve

Self-regulated

Bond et al.57 Bariatric surgery 80 6 months post
surgery

Counselling sessions,
monitored walking;
6 weeks

Usual care

Brandes et al.58 Unilateral joint
replacement

65 6 months post
intervention

PA counselling; mean
19.4 (SD ± 1.4) days

Usual care

Cadmus et al.59 Surgery for breast
cancer

50 6 months post
surgery

Telehealth with
self-selected MVPA;
6 months

Usual care

Carnero et al.60 RYGB 128 6 months post
intervention

PA and health
education, and
supervised exercise;
6 months

Lifestyle education
sessions

Christiansen et al.62 Unilateral TKR 43 6 months post
intervention

Fitbit (Fitbit LLC,
San Francisco, USA)
and telephone support;
7–8 months

Usual care

Christiansen et al.61 Dysvascular TTA 38 6 months post
intervention

Behaviour change,
walking and disease
management; 12 weeks

Telephone session
with physical
therapist

Courneya et al.63 Surgery for breast
cancer

242 6 months post
intervention

Aerobic exercise
training; 1 month

Usual care

Resistance training

Creel et al.64 Bariatric surgery 150 6.5 months post
surgery

Counselling; 26 weeks Usual care

Pedometer

Dantas et al.65

(NRS)
Cardiac surgery 24 6 months post

surgery
Lifestyle counselling
with walking
programme; 6 months

N/A
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TABLE 7 Characteristics of included studies (continued )

Study
Type of surgery
(condition)

Total
sample (n) Follow-up Intervention; duration Comparator

Demark-
Wahnefried et al.66

Surgery for breast
and prostate cancer

543 12 months post
surgery

Personalised workbook
and newsletters;
10 months

Non-tailored
materials

Doganay et al.67

(NRS)
Oesophagogastric
cancer surgery

39 13 months post
surgery

Personalised exercise
programme; 6–8 weeks

N/A

Duculan et al.68 Complex lumbar
surgery

230 12 months post
intervention

Psychosocial
intervention; education
and support with goal-
setting; 12 months

Information about
safe PA

Eakin et al.69 Lumpectomy and
mastectomy

143 12 months post
surgery

Telephone-delivered
aerobic and resistance
training; 8 months

Usual care

Engblom et al.70 CABS (severe
coronary artery
disease)

201 12 months post
surgery

Residential
rehabilitation
programme; 9 months

Usual care

Fontana et al.71

(NRS)
CABG 50 9 months post

intervention
Supervised exercise
training programme;
12 weeks

N/A

Foster et al.72 Myocardial
revascularisation
surgery

40 6 and 12 months
post surgery

Supervised exercise
training; 6 months

Limited supervised
exercise training

Frawley et al.73

(NRS)
Surgery for
abdominopelvic
cancer

188 6 months post
intervention

Exercise programme
and education;
6 months

Usual care

Goedendorp et al.74 Surgery for various
cancers

240 6 months post
intervention

Brief nurse
intervention; 3 months

Usual care

CBT; 6 months

Golsteijn et al.75 Colorectal and
prostate cancer

478 6 months post
intervention

Personalised
home-based lifestyle
package; 3 months

Usual care

Hackshaw-
McGeagh et al.76

Radical
prostatectomy

81 6 months post
surgery

Remote-supported
walking (text message,
telephone, e-mail, post);
6 months

Usual care

Hauer et al.77 Hip surgery 28 6 months post
intervention

Group-based exercise
training; 12 weeks

Placebo activities

Hawkes et al.78 Surgery for
colorectal cancer

410 12 months post
surgery

Telephone-delivered
health coaching;
6 months

Usual care

Heiberg et al.79 Total hip
arthroplasty

68 5 years post
surgery

Group exercise classes;
6 weeks

Usual care

Heitkamp et al.80

(NRS)
Surgery for
colorectal cancer

50 12 months post
surgery

Supervised and
home-based exercise
training; 12 months

N/A

Hoorntje et al.81 Knee arthroplasty 120 6 months post
surgery

Goal-based
physiotherapy
and rehabilitation
activities; 3–12 months

Usual care

Hubbard et al.82 Surgery for
colorectal cancer

41 6 months post
surgery

Cardiac rehabilitation
including exercise
sessions; 6–12 weeks

Usual care
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TABLE 7 Characteristics of included studies (continued )

Study
Type of surgery
(condition)

Total
sample (n) Follow-up Intervention; duration Comparator

Husebø et al.83 Mastectomy or
lumpectomy

67 6 months post
intervention

Exercise prescription
with telephone support;
mean 16.7 (SD ± 7.6)
weeks

Usual care; mean
17.6 (SD ± 7.9)
weeks

Ilves et al.84 Lumbar spine fusion
surgery

104 12 months post
intervention

Home exercise with
clinic booster sessions
and telephone support;
3 months

Usual care

Jiménez-Loaisa
et al.85

Bariatric surgery 40 13 months post
surgery

Personalised exercise
sessions and plan;
6 months

Usual care

Johansson et al.86 Standard lumbar
discectomy

59 12 months post
surgery

Behavioural approach
to physiotherapy
(clinic based); 8 weeks

Behavioural
approach to
physiotherapy
(home based)

Jolly et al.87 Percutaneous
transluminal
coronary
angioplasty/CABG

525 24 months post
surgery

Centre-based
exercise and
education programme;
8–12 weeks

Home-based
lifestyle
programme

Kinsey et al.88 CABG 48 4 years post
surgery

Home walking
programme; 12 weeks

Home cycling
programme

Komatsu et al.89

(NRS)
Oesophagectomy
(thoracic
oesophageal cancer)

29 6 months post
surgery

One-to-one counselling;
3 months

N/A

Kraal et al.90 CABG 90 12 months post
intervention

Centre-based group
training; 12 weeks

Home-based
training with
telephone support

Kummel et al.91 Acute CABG 173 12 months post
surgery

Group-based health
counselling and
education; 12 months

Usual care

Lear et al.92 CABG 302 12 months post
intervention

Combined
rehabilitation;
exercise and lifestyle
classes; 12 months

Usual care

Li et al.93 Total knee
arthroplasty

50 6 months post
surgery

Monthly telephone
sessions; not stated

Usual care

Lier et al.94 Bariatric surgery 99 12 months post
surgery

Semistructured group
therapy; 6 weeks
pre surgery then
24 months post surgery

Usual care

Lindbäck et al.95 Surgery for
degenerative lumbar
spine disorder

197 12 months post
surgery

Physiotherapy and
exercise sessions;
9 weeks

Usual care

Losina et al.96 TKR 202 6 months post
surgery

THC; 6 months FI+ THC and
attention control

FI

Lotzke et al.97 Lumbar fusion
surgery

118 6 months post
surgery

Physiotherapy and
counselling, and
educational and
therapeutic sessions;
14 weeks

Usual care
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TABLE 7 Characteristics of included studies (continued )

Study
Type of surgery
(condition)

Total
sample (n) Follow-up Intervention; duration Comparator

Macchi et al.98

(NRS)
Cardiac surgery 143 1 year post

intervention
Counselling and
exercise sessions;
3 weeks, with a 1-year
booster session

N/A

Macleod et al.99

(NRS)
Surgery for
colorectal cancer

22 31 weeks post
surgery

Lifestyle intervention
with PA focus;
31 weeks

N/A

Mundle et al.100 Cardiac surgery 50 6 months post
surgery

Accelerometer wear;
30 days

Usual care

Painter et al.101 Renal
transplantation

167 12 months post
surgery

Independent
home-based exercise
prescription; 12 months

Usual care

Piva et al.102 TKR 240 6 months post
surgery

Clinic-based physical
therapy; 12 weeks

Usual care

Community-based
exercise class

Santa Mina et al.103 Radical
prostatectomy

86 6 months post
surgery

Home exercise
programme; 4–8 weeks

Usual care

Sellberg et al.104 RYGB 259 1 year post
surgery

Group-based well-being
sessions; 4 weeks

Usual care

Smith et al.105 CABG 242 6 years post
surgery

Centre-based
supervised exercise
sessions; 6 months

Home-based
exercise
consultation
and training

Stolberg et al.106 RYGB 60 24 months post
surgery

Supervised exercise
classes; 26 weeks

Usual care

Taraldsen et al.107 Hip fracture surgery 143 6 months post
intervention

Personalised exercise
sessions; 10 weeks

Usual care

Turunen et al.108 Surgery for hip
fracture

81 24 months post
surgery

Home-based
counselling and
rehabilitation;
12 months

Usual care

Turunen et al.109 Joint replacement
and back surgery

117 6 and 12 months
post surgery

Physiotherapy home
visits and telephone
support

Usual care

Van der Walt
et al.110

Hip or knee
arthroplasty

202 6 months post
surgery

Activity tracking; daily
step goal and activity
tracker; 6–8 weeks

Usual care

Yates et al.111 CABG 35 6 months post
surgery

Individualised
rehabilitation
programme involving
partner; between
3 days and 3 weeks

Usual care

Zopf et al.112 (NRS) Radical
prostatectomy or
combination therapy
(prostate cancer)

85 15 months post
intervention

Supervised group
and home exercise;
15 months

Usual care

CABS, coronary artery bypass surgery; N/A, not applicable; RYGB, Roux-en-Y gastric bypass.
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TABLE 8 Characteristics of studies awaiting classification

Study Description

ACTRN12615000527561 Pilot RCT investigating the effects of exercise on young cancer patients

Barker 2016 RCT with a nested qualitative study and a health economic analysis

Klaassen 2017 RCT with the aim of increasing PA, physical function and quality of life

NCT02083913 Clinical trial, single group assignment investigating exercise training prior to bariatric
surgery

NCT02381262 RCT investigating how wearable technology can improve healthy lifestyle behaviour

NCT02650661 RCT evaluating a programme designed to assist cancer patients cope with their illness
proactively

NCT02720172 RCT of a home exercise programme within first 6 weeks of surgery

NCT03498157 RCT concerning a prehabilitation programme

NCT03902834 Clinical trial, single group assignment looking at wearable technology

Short 2012 RCT examining the effects of education, counselling and training to increase PA

Stammers 2015 RCT of a cardiac prehabilitation programme

van Vulpen 2017 Multicentre RCT investigating the effects of exercise on cancer patients

TABLE 9 Characteristics of ongoing studies

Study Study name

ACTRN12617001267347 Preoperative exercise medicine for prostate cancer (PEX) trial: efficacy of a pre- and
postoperative exercise medicine intervention on sexual function and urinary incontinence
in men with prostate cancer

ACTRN12617001283369 Cancer And Physical ACtivITY (CAPACITY) trial: a RCT of exercise and self-management
for people with lung cancer

ACTRN12618000930280 Better knee, better me: effectiveness of two scalable health-care interventions supporting
self-management for knee osteoarthritis – a RCT

ACTRN12618002020268 A text message programme to support women’s physical and mental health after breast
cancer treatments

Augustin 2017130 Low glycemic index diet, exercise and vitamin D to reduce breast cancer recurrence
(DEDiCa): design of a clinical trial

Bruce 2018131 Randomised controlled trial of exercise to prevent shoulder problems in women
undergoing breast cancer treatment: study protocol for the prevention of shoulder
problems trial (UK PROSPER)

CTRI/2017/10/009981 Effect of yoga on recovery after heart surgery

DRKS00013972 Process optimization by interdisciplinary and cross-sectoral care using the example of
patients with hip and knee prostheses

Gentry 2018132 Protocol for Exercise Program in Cancer and Cognition (EPICC): a randomized controlled
trial of the effects of aerobic exercise on cognitive function in postmenopausal women
with breast cancer receiving aromatase inhibitor therapy

Heiman Ullmark 2018 PhysSurg-B: physical activity in relation to surgical operations – breast cancer

ISRCTN13543667 Trial to test the feasibility of an exercise and metformin intervention for men with
prostate cancer
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TABLE 9 Characteristics of ongoing studies (continued )

Study Study name

ISRCTN16417174 Can group therapy improve well-being and mental health of overweight women after
gastric bypass surgery?

ISRCTN29770908 PEP-TALK: a study investigating whether or not having group discussions in addition to
physiotherapy improves the amount of PA following hip and knee replacement

ISRCTN82233115 Supportive exercise programmes for accelerating recovery after major abdominal cancer
surgery

ISRCTN96374224 Cancer: Life Affirming Survivorship support in Primary care (CLASP): pilot and randomised
controlled trial

Kastelz 2015133 Experimental protocol of a randomized controlled clinical trial investigating the effects of
personalized exercise rehabilitation on kidney transplant recipients’ outcomes

McGregor 2016134 High-intensity interval training versus moderate-intensity steady-state training in UK
cardiac rehabilitation programmes (HIIT or MISS UK): study protocol for a multicentre
randomised controlled trial and economic evaluation

NCT02647021 Therapeutic resistance group exercise training for head and neck cancer survivors
(TARGET)

NCT02997618 The AAA get fit trial: a pilot randomised controlled trial of community-based exercise in
patients with abdominal aortic aneurysms

NCT03036007 Physiotherapy after anterior cervical spine surgery

NCT03187028 Diet and exercise after pancreatic cancer (PACE)

NCT03191630 Increasing activity post kidney transplant with SystemCHANGE (CHANGE)

NCT03214471 Evaluation of a lifestyle intervention after bariatric surgery

NCT03215537 Development of patient-tailored guideline of physical activity for lung cancer

NCT03306992 Precision-exercise prescription for lung cancer patients undergoing surgery: the PEP study

NCT03364673 Stepping into survivorship: harnessing behavioral economics to improve quality of life in
ovarian cancer

NCT03388983 Effectiveness of prehabilitation for patients undergoing lumbar spinal stenosis surgery

NCT03452319 Effects of increased PA before thoracoabdominal esophageal surgery

NCT03480464 App technology to improve the level of PA after bariatric surgery

NCT03497546 Exercise following bariatric surgery for severe/morbid obesity (EFIBAR)

NCT03502317 Prehabilitation to improve cancer surgery outcomes (PICaSO)

NCT03509428 The Wessex fit-4-cancer surgery trial (WesFit)

NCT03564171 Prehabilitation for women undergoing preoperative chemotherapy for breast cancer

NCT03626610 Prehabilitation of patients with oesophageal malignancy undergoing peri-operative
treatment (Pre-EMPT)

NCT03641027 Physical activity before obesity surgery (PABOS)

NCT03659123 Prehabilitation and rehabilitation in oncogeriatrics: adaptation to deconditioning risk and
accompaniment of patients with cancer (PROADAPT)

NCT03728257 Lung transplant G0 (LTGO): improving self-management of exercise after lung
transplantation (LTGO)

NCT03783481 Distress reduction by activity tracking and activity enhancement by mobile support group
in oncology (DRAAGON)

NCT03873597 Physical activity telecoaching in lung transplant recipients

NCT03885817 Physically active during cancer treatment (FAKT)

NCT03955627 REJOIN Trial for Older Breast Cancer Survivors
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TABLE 9 Characteristics of ongoing studies (continued )

Study Study name

NCT03963986 Impacts of remote digital support on physical activity for patients in bariatric surgery
(STIMUL)

NCT04044963 The effect of a prehabilitation exercise program on physical functioning for patients
undergoing kidney transplantation

NCT04046367 Prehabilitation in bariatric surgery

NCT04054323 The efficacy of physical activity on improving health outcomes for renal transplant
patients and their caregivers

NCT04088968 Against all odds: prehabilitation in urologic cancer surgery

NCT04103970 The effect of Graded Activity and Pain Education (GAPE) for patients early after lumbar
spinal fusion

NCT04190719 Patient empowerment for major surgery preparation @ home (Paprika)

NCT04193397 Effects of physical training on health markers of post-bariatric patients (obesity)

O’Brien 2018135 Improving physical activity, pain and function in patients waiting for hip and knee
arthroplasty by combining targeted exercise training with behaviour change counselling:
study protocol for a randomised controlled trial

van Rooijen 2019136 Multimodal prehabilitation in colorectal cancer patients to improve functional capacity and
reduce postoperative complications: the first international randomized controlled trial for
multimodal prehabilitation

Vasankari 2019137 Personalised eHealth intervention to increase physical activity and reduce sedentary
behaviour in rehabilitation after cardiac operations: study protocol for the PACO
randomised controlled trial
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Appendix 2 Data and analyses

Intervention versus usual care

Total (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Heterogeneity: τ2 = 0.01; χ2 = 14.40, df = 11 (p = 0.21); I2 = 24% 

Test for subgroup differences: χ2 = 2.78, df = 1 (p = 0.10); I2 = 64.0% 

Heterogeneity: τ2 = 0.00; χ2 = 4.59, df = 7 (p = 0.71); I2 = 0% 

Heterogeneity: τ2 = 0.04; χ2 = 6.23, df = 3 (p = 0.10); I2 = 52% 

Test for overall effect: Z = 2.68 (p = 0.007)

Test for overall effect: Z = 4.05 (p < 0.0001)

Test for overall effect: Z = 0.27 (p = 0.79)

SMD
IV, random, 95% CI

SMD
IV, random, 95% CI

Weight
(%)

Usual care
SDSD TotalTotal MeanMean

Intervention
Study or subgroup

331
1.4.1 < 6 months

1.4.2 ≥ 6 months

992

650

955

158
112.7

322
85.2

387.22
177

49
167 81 52

34
34

118
126.6

277
181

24.49
186.2

65.9184

17
159

76
253

25 101 114 25
83.8
211

54.3
385.65

181.6
35

164 72 45
653 67.7

6.6

119.1
223
120

32.23
148.6

65.9835 37
30
15

163
72

266
3.6

9.1
15.8

2.5
4.6
5.1

20.3

100.0

22.5
172.4

27.4

234
17.41
145.2

17.5

6
30
98

342

208 301
54.5

166.2
29.7 22.2 63

302

137.9
28.34

219 211
8

20

18.3
0.9
3.6
9.6

32.3

0.13 (–0.06 to 0.32)

0.04 (–0.52 to 0.61)

0.48 (–0.08 to 1.05)
0.23 (0.06 to 0.41)
0.44 (0.11 to 0.76)

0.20 (–0.02 to 0.42)
0.05 (–0.64 to 0.75)

0.04 (–0.36 to 0.44)
0.23 (0.12 to 0.33)

0.15 (0.04 to 0.27)

0.21 (–0.26 to 0.68)
–0.03 (–0.52 to 0.46)

–0.04 (–0.33 to 0.25)
–0.12 (–0.43 to 0.20)

–0.23 (–2.42 to –0.04)

0.00 0.25–0.25–0.50 0.50
Favours usual care Favours intervention

Golsteijn et al.75 2018
Hubbard et al.82 2016
Mundle et al.100 2016
Sellburg et al.104 2019

Cadmus et al.59 2009

Hawkes et al.78 2013

Lier et al.94 2012
Jiménez-Loaisa et al.85 2020

Losina et al.96 2018b

Turunen et al.109 2020

Goedendorp et al.74 2010a
Demark-Wahnefried et al.66 2007

FIGURE 16 Amount of PA at the end of follow-up measured as minutes per day or week, subgrouped by duration of
intervention. a, Multiarm study: in this analysis, we compared CBT with usual care; b, multiarm study: in this analysis,
we compared FI+ THC with attention control. df, degrees of freedom; IV, inverse variance.

Total (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Heterogeneity: τ2 = 0.01; χ2 = 14.40, df = 11 (p = 0.21); I2 = 24% 
Test for overall effect: Z = 2.68 (p = 0.007)

Test for overall effect: Z = 2.35 (p = 0.02)

Test for overall effect: Z = 1.06 (p = 0.29)

SMD
IV, random, 95% CI

SMD
IV, random, 95% CI

Weight
(%)TotalTotal SDSD Mean

Usual careIntervention
MeanStudy or subgroup

992

Heterogeneity: τ2 = 0.01; χ2 = 11.02, df = 9 (p = 0.27); I2 = 18% 

Heterogeneity: τ2 = 0.06; χ2 = 2.39, df = 1 (p = 0.12); I2 = 58% 

Test for subgroup differences: χ2 = 0.20, df = 1 (p = 0.65); I2 = 0% Favours usual care Favours intervention
0.00–0.25 0.25 0.50–0.50

101

211
181.6

76
34

277
186.2

110

322
177

158 118 25
112.7

331
85.2
22.5

49
387.22

172.4
27.4
167 81

882

17.5
145.2 30

34
17

6

126.6
234
181

17.41
24.49

65.9184

52
98

159
208
253

223
148.6

72
30

102

114
119.1

219
120

28.34
32.23

65.9835
137.9

22.2
72

83.8
301

54.3
54.5

35
385.65

166.2
29.7
164

955 100.0

45
853 86.2

63
20
37
15

8
163
211
266

25

9.1
4.6

3.6

0.9
2.5
5.1
3.6
9.6
6.6

20.3
18.3
15.8

13.8

0.15 (0.04 to 0.27)

0.14 (0.02 to 0.25)
0.04 (–0.36 to 0.44)

0.04 (–0.52 to 0.61)
0.21 (–0.26 to 0.68)
0.05 (–0.64 to 0.75)

0.48 (–0.08 to 1.05)

0.44 (0.11 to 0.76)

0.24 (–0.21 to 0.69)

0.23 (0.06 to 0.41)
0.13 (–0.06 to 0.32)
0.20 (–0.02 to 0.42)

–0.12 (–0.43 to 0.20)

–1.23 (–2.42 to 0.04)

–0.03 (–0.52 to 0.46)

1.5.1 Pre-surgery

1.5.2 Post-surgery

Lier et al.94 2012

Cadmus et al.59 2009

Golsteijn et al.75 2018
Hawkes et al.78 2013
Hubbard et al.82 2016

Losina et al.96 2018b

Mundle et al.100 2016
Sellberg et al.104 2019
Turunen et al.109 2020

Jiménez-Loaisa et al.85 2020

Demark-Wahnefried et al.66 2007

Goedendorp et al.74 2010a

FIGURE 17 Amount of PA at the end of follow-up measured as minutes per day or week, subgrouped by time of
intervention commencement. a, Multiarm study: in this analysis, we compared CBT with usual care; b, multiarm
study: in this analysis, we compared FI+ THC with attention control. df, degrees of freedom; IV, inverse variance.
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SMD
IV, random, 95% CI

SMD
IV, random, 95% CI

Weight
(%)TotalSDSD

Usual care
MeanMean Total

Intervention
Study or subgroup

Heterogeneity: τ2 = 0.01; χ2 = 14.40, df = 11 (p = 0.21); I2 = 24% 

Heterogeneity: τ2 = 0.00; χ2 = 1.39, df = 5 (p = 0.92); I2 = 0% 

Heterogeneity: τ2 = 0.02; χ2 = 9.13, df = 5 (p = 0.10); I2 = 45% 

Test for subgroup differences: χ2 = 3.12, df = 1 (p = 0.08); I2 = 68.0% 
Test for overall effect: Z = 2.68 (p = 0.007)

Test for overall effect: Z = 0.06 (p = 0.95)

Test for overall effect: Z = 2.77 (p = 0.006)

Total (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

955 100.0 0.15 (0.04 to 0.27)

0.01 (–0.18 to 0.19)
0.04 (–0.36 to 0.44)

–0.12 (–0.43 to 0.20)

–0.03 (–0.52 to 0.46)

–1.23 (–2.42 to –0.04)

0.04 (–0.52 to 0.61)
0.21 (–0.26 to 0.68)

0.05 (–0.64 to 0.75)

0.22 (0.07 to 0.38)

0.20 (–0.02 to 0.42)
0.13 (–0.06 to 0.32)

0.44 (0.11 to 0.76)
0.23 (0.06 to 0.41)

0.48 (–0.08 to 1.05)

–1.0 –0.5 0.0 0.5 1.0
Favours usual care Favours intervention

1.6.1 For various types of cancer

1.6.2 For other conditions

158
112.7

322
331

85.2
22.5

727
17.41 6

181
234
277

126.6
118 25

253
76

208
159

101
83.8
211
301

54.3
54.5 28.34

745 68.1

114
119.1

223
219
120

8
163
211

72

25
266

387.22
177

49
172.4

27.4
167 81

265
52
98
30

17.5
145.2

24.49 17
34
34

186.2
65.9184

385.65
181.6

35
166.2

29.7
164 72

22.2
137.9

45
210

63
20
37
30
1532.23

148.6
65.9835

2.5

0.9

9.1

3.6

15.8
18.3

20.3

4.6
5.1
3.6
9.6
6.6

31.9

992

Cadmus et al.59 2009

Golsteijn et al.75 2018
Hawkes et al.78 2013
Hubbard et al.82 2016

Losina et al.96 2018b

Mundle et al.100 2016
Sellberg et al.104 2019
Turunen et al.109 2020

Jiménez-Loaisa et al.85 2020

Demark-Wahnefried et al.66 2007

Lier et al.94 2012

Goedendorp et al.74 2010a

FIGURE 18 Amount of PA at the end of follow-up measured as minutes per day or week, subgrouped by type of surgery.
a, Multiarm study: in this analysis, we compared CBT with usual care; b, multiarm study: in this analysis, we compared
FI+ THC with attention control. df, degrees of freedom; IV, inverse variance.

SMD
IV, random, 95% CI

SMD
IV, random, 95% CI

Weight
(%)TotalTotal SDSD

Usual care
MeanMean

Intervention
Study or subgroup

Total (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Heterogeneity: τ2 = 0.01; χ2 = 14.40, df = 11 (p = 0.21); I2 = 24% 

Heterogeneity: τ2 = 0.01; χ2 = 5.74, df = 4 (p = 0.22); I2 = 30% 

Heterogeneity: τ2 = 0.02; χ2 = 8.02, df = 5 (p = 0.15); I2 = 38% 

Heterogeneity: not applicable

Test for subgroup differences: χ2 = 0.37, df = 2 (p = 0.83); I2 = 0% 
Test for overall effect: Z = 2.68 (p = 0.007)

Test for overall effect: Z = 0.15 (p = 0.88)

Test for overall effect: Z = 1.35 (p = 0.18)

Test for overall effect: Z = 1.93 (p = 0.05)

1.5.3 Unknown

1.5.2 Mean age ≥ 60 years

1.5.1 Mean age < 60 years

992 955 100.0

20
20137.9166.2

30
30145.2172.4

331
85.2

Mundle et al.100 2016

Turunen et al.109 2020

Golsteijn et al.75 2018
Hawkes et al.78 2013
Hubbard et al.82 2016
Losina et al.96 2018b

81
459

52
34

6
159
208234

181
17.41

65.9184
22.5

49
167

301
54.3
54.5

35
164 72 45

464

65.9835
28.34

120
219 211

471

163
8

37

Lier et al.94 2012

Cadmus et al.59 2009

Sellberg et al.104 2019

Jiménez-Loaisa et al.85 2020

Demark-Wahnefried et al.66 2007
Goedendorp et al.74 2010a

3.6

6.6
5.1
0.9

18.3

49.8

20.3

9.6
4.6
2.5
9.1

3.6

15.8

46.6

3.6

22.2
148.6
32.23

223
119.1

114101
83.8
211

181.6
29.7

385.65

25
266

72
15
30
6398

34

503

17
76

253
25118

126.6
277

24.49
186.2

17.5

158
112.7

177
387.22

322

27.4

0.48 (–0.08 to 1.05)
0.23 (0.06 to 0.41)
0.44 (0.11 to 0.76)

0.05 (–0.64 to 0.75)

0.19 (–0.00 to 0.37)

0.13 (–0.06 to 0.32)

0.12 (–0.05 to 0.30)

0.04 (–0.52 to 0.61)
0.04 (–0.52 to 0.61)

0.15 (0.04 to 0.27)

0.04 (–0.36 to 0.44)
0.21 (–0.26 to 0.68)

0.20 (–0.02 to 0.42)
–1.23 (–2.42 to –0.04)

–0.12 (–0.43 to 0.20)
–0.03 (–0.52 to 0.46)

0.0–1.0 –0.5 0.5 1.0
Favours interventionFavours usual care

FIGURE 19 Amount of PA at the end of follow-up measured as minutes per day or week, subgrouped by age. a, Multiarm
study: in this analysis, we compared CBT with usual care; b, multiarm study: in this analysis, we compared FI + THC with
attention control. df, degrees of freedom; IV, inverse variance.
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Total (95% CI)

Heterogeneity: τ2 = 80.49; χ2 = 4.10, df = 1 (p = 0.04); I2 = 76% 
Test for overall effect: Z = 0.22 (p = 0.83)

Study or subgroup
Intervention

Mean SD Total TotalSDMean
Weight

(%)
Usual care MD

IV, random, 95% CI
MD

IV, random, 95% CI

14.72
2.5 18.0352

32.22

105

59
46 24.61

–2.2
30.43

17.6515
50
59

109

Carnero et al.60 2017
Lotzke et al.97 2019

100.0

57.1
42.9

–1.56 (–15.71 to 12.60)

–9.89 (–22.45 to 2.67)
4.70 (–1.74 to 11.14)

Favours usual care Favours intervention
0 5–5–10 10

FIGURE 20 Amount of PA at the end of follow-up measured as minutes per day or week: change from baseline.
df, degrees of freedom; IV, inverse variance.
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FIGURE 21 Amount of PA at the end of follow-up measured as steps per day. a, Multiarm study: in this analysis,
we compared FI+ THC with attention control. df, degrees of freedom; IV, inverse variance.
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FIGURE 22 Amount of PA at the end of follow-up measured as steps per day: change from baseline. df, degrees of
freedom; IV, inverse variance.
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FIGURE 23 Amount of PA at the end of follow-up measured as energy expenditure values. a, Multiarm study: in this
analysis, we compared a clinic-based group with usual care. df, degrees of freedom; IV, inverse variance.
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FIGURE 24 Amount of PA at the end of follow-up measured as energy expenditure values: change from baseline.
IV, inverse variance.
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FIGURE 25 Amount of PA at the end of follow-up measured using a range of questionnaires. a, Multiarm study: in this
analysis, we compared CBT with usual care. df, degrees of freedom; IV, inverse variance.
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FIGURE 26 Amount of PA at the end of follow-up using the IPAQ-SF (METs/minute/week). df, degrees of freedom;
IV, inverse variance.
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FIGURE 27 Amount of PA at the end of follow-up measured using a daily activity score. a, Multiarm study: in this
analysis, we compared CBT with usual care. IV, inverse variance.
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FIGURE 28 Physical fitness at the end of follow-up measured using walking tests (m). IV, inverse variance.
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FIGURE 29 Physical fitness at the end of follow-up measured using the 6MWT, based on change from baseline.
IV, inverse variance.

APPENDIX 2

NIHR Journals Library www.journalslibrary.nihr.ac.uk

120



MD
IV, f ixed, 95% CI

MD
IV, f ixed, 95% CITotalTotal

Usual care
MeanMean SDSD

Intervention
Study or subgroup

58.8 184.5731 59 58.3 59181.887Lotzke et al.97 2019 0.50 (–65.62 to 66.62)

–50 –25 0 25 50
Favours usual care Favours intervention

FIGURE 30 Physical fitness at the end of follow-up measured using the 5-minute walk test, based on change from
baseline. IV, inverse variance.
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FIGURE 31 Physical fitness at the end of follow-up measured using the TUG test. df, degrees of freedom; IV, inverse
variance.
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FIGURE 32 Physical fitness at the end of follow-up measured using handgrip strength. IV, inverse variance.
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FIGURE 33 Physical fitness at the end of follow-up measured using an exercise tolerance test. df, degrees of freedom;
IV, inverse variance.
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FIGURE 34 Physical fitness at the end of follow-up measured using performance-based tests. a, Multiarm study: in this
analysis, we compared clinic-based group with usual care. df, degrees of freedom; IV, inverse variance.
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FIGURE 35 Physical fitness at the end of follow-up measured using the sit-to-stand test. IV, inverse variance.
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FIGURE 36 Physical fitness at the end of follow-up measured using the arm-curl test. IV, inverse variance.
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FIGURE 37 Physical fitness at the end of follow-up measured using leg press, both legs, one repetition maximum (kg).
IV, inverse variance.
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FIGURE 38 Physical fitness at the end of follow-up measured using VO2 peak. IV, inverse variance.
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FIGURE 39 Physical fitness at the end of follow-up measured using VO2 peak: change from baseline. IV, inverse variance.
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FIGURE 40 Health-related quality of life using various components, subgrouped by duration of intervention. a, Multiarm
study: in this analysis, we compared aerobic exercise training with usual care; b, multiarm study: in this analysis, we compared
the clinic-based group with the usual care group. df, degrees of freedom; IV, inverse variance.
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FIGURE 41 Health-related quality of life using various components, subgrouped by time of intervention commencement.
a, Multiarm study: in this analysis, we compared aerobic exercise training with usual care; b, multiarm study: in this
analysis, we compared the clinic-based group with the usual care group. df, degrees of freedom; IV, inverse variance.

DOI: 10.3310/NZPN0787 Health and Social Care Delivery Research 2022 Vol. 10 No. 21

Copyright © 2022 Pritchard et al. This work was produced by Pritchard et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

123



Total (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Heterogeneity: τ2 = 0.05; χ2 = 40.14, df = 16 (p = 0.0007); I2 = 60% 

Heterogeneity: τ2 = 0.01; χ2 = 11.14, df = 9 (p = 0.27); I2 = 19% 

Heterogeneity: τ2 = 0.08; χ2 = 28.60, df = 6 (p < 0.001); I2 = 79% 

Test for overall effect: Z = 1.61 (p = 0.11)

Test for overall effect: Z = 1.51 (p = 0.13)

Test for overall effect: Z = 0.86 (p = 0.39)

Test for subgroup differences: χ2 = 0.00, df = 1 (p = 0.97); I2 = 0% Favours usual care Favours intervention

Study or subgroup

1277 1178 100.0 0.12 (–0.03 to 0.26)

0.12 (–0.04 to 0.27)

0.51 (–0.17 to 1.20)

0.11 (–0.14 to 0.37)

0.25 (–0.54 to 1.04)
0.18 (–0.04 to 0.40)
0.01 (–0.18 to 0.19)

1.34 (0.73 to 1.96)
0.15 (–0.19 to 0.50)

–0.04 (–0.21 to 0.13)

–0.73 (–1.25 to –0.21)

0.45 (–0.35 to 1.24)
0.40 (0.04 to 0.75)

0.33 (–0.37 to 1.03)
0.07 (–0.44 to 0.57)

0.18 (–0.22 to 0.58)
0.21 (–0.15 to 0.57)
0.01 (–0.27 to 0.29)

–0.23 (–0.54 to 0.08)

–0.17 (–0.81 to 0.47)

407

Intervention Usual care
MeanTotal TotalSD SDMean

Weight
(%)

SMD
IV, random, 95% CI

SMD
IV, random, 95% CI

40
152.4

93.5
83.7

3.2
0.799
92.81

773

25
68

253
223
159

12
33

8.5
24

12.4
15.6

8.8267
0.161

2.05

1.30.1 For various types of cancer

1.30.2 For other conditions
61.5
87.3

47
72.1

85
66.78

47
46

79.2
7.8

51.4
156.3

93
83.8

4.8
0.84

91.28

8.2
26.4
11.9
13.7

8.937
0.155

2.1
771

28

32.3
10.4

7
15.2829

9
11.3
3.55

13.3902

20.3
1.9

504
80 8.2 1.6

120 79
44

44.8
65.55

84
74.7

44
80.6
45.1 29.221

13
62
18
30
17
54
89

20
10

12.9
3.79

16.0683

8
18

15.1705

14
12
63
20
30
15
43
45
83
82

25
60

266
216
163

13

3.7

10.1
7.0

9.8
9.3
2.6
4.6

3.2
2.6
6.9
3.6
4.8
3.1
6.2
6.8
8.2
7.6

52.9

47.1

–1.0 –0.5 0.0 0.5 1.0

Cadmus et al.59 2009

Hawkes et al.78 2013
Golsteijn et al.75 2018
Demark-Wahnefried et al.66 2007

Hubbard et al.82 2016
Santa Mina et al.103 2018

Artz et al.52 2017
Baillot et al.53 2018

Brandes et al.58 2018
Heiberg et al.792016

Painter et al.101 2002

Sellberg et al.104 2019
Van der Walt et al.110 2018

Piva et al.102 2015b

Jiménez-Loaisa et al.85 2020

Barberan-Garcia et al.54 2019

Courneya et al.63 2007a

FIGURE 42 Health-related quality of life using various components, subgrouped by type of surgery. a, Multiarm study:
in this analysis, we compared aerobic exercise training with usual care; b, multiarm study: in this analysis, we compared
the clinic-based group with the usual care group. df, degrees of freedom; IV, inverse variance.
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FIGURE 43 Health-related quality of life using various components, subgrouped by BMI. a, Multiarm study: in this
analysis, we compared aerobic exercise training with usual care; b, multiarm study: in this analysis, we compared the
clinic-based group with the usual care group. df, degrees of freedom; IV, inverse variance.
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Total (95% CI)
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Subtotal (95% CI)
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Test for subgroup differences: χ2 = 1.53, df = 1 (p = 0.22); I2 = 34.4% 
Test for overall effect: Z = 1.61 (p = 0.11)

Test for overall effect: Z = 0.52 (p = 0.60)

Test for overall effect: Z = 1.84 (p = 0.07)
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FIGURE 44 Health-related quality of life using various components, subgrouped by age. a, Multiarm study: in this
analysis, we compared aerobic exercise training with usual care; b, multiarm study: in this analysis, we compared the
clinic-based group with the usual care group. df, degrees of freedom; IV, inverse variance.

0.000–0.005–0.010 0.005 0.010
Favours usual care Favours intervention

100.0

54.7
45.3

157

98
59

SDSD MeanMean
Usual care

Total Total
Intervention Weight

(%)
MD

IV, random, 95% CI
MD

IV, random, 95% CI

158

0.28 0.4011 99 0.329
59 0.260.21 0.2302

Study or subgroup

Total (95% CI)

Lindbäck et al.95 2018
Lotzke et al.97 2019

0.1446
0.1919

–0.05 (–0.11 to 0.01)

–0.05 (–0.13 to 0.03)
–0.05 (–0.13 to 0.04)

Heterogeneity: τ2 = 0.00; χ2 = 0.00, df = 1 (p = 0.99); I2 = 0% 
Test for overall effect: Z = 1.72 (p = 0.09)

FIGURE 45 Health-related quality of life at the end of follow-up measured using the EQ-5D: change from baseline
scores. df, degrees of freedom; IV, inverse variance.
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60766 15.0599 3.70 (–1.48 to 8.88)10.7 14.5248Eakin et al.69 2012

FIGURE 46 Health-related quality of life at the end of follow-up measured using the FACT-B+4: change from baseline
scores. FACT-B+4, Functional Assessment of Cancer Therapy – Breast cancer plus arm subscale; IV, inverse variance.
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Intervention versus intervention

Subtotal (95% CI)

Subtotal (95% CI)

Heterogeneity: τ2 = 0.00; χ2 = 0.06, df = 1 (p = 0.81); I2 = 0% 

Heterogeneity: τ2 = 0.00; χ2 = 0.48, df = 1 (p = 0.49); I2 = 0% 

Test for overall effect: Z = 0.48 (p = 0.63)

Test for overall effect: Z = 1.65 (p = 0.10)
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FIGURE 47 Region-specific pain measured at the end of follow-up: change from baseline. df, degrees of freedom;
IV, inverse variance.

Boesch et al.56 2005a
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Self-regulation
Total TotalSDSDMean MeanStudy or subgroup
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2857 2388 2134 155925 23 723.00 (–409.33 to 1855.33)

FIGURE 48 Physical activity at the end of follow-up using the Harvard Alumni Study questionnaire (kcal/week).
a, Multiarm study: in this analysis, we compared self-regulation + heart rate reserve method used during exercise
training with self-regulation alone. HR, heart rate; IV, inverse variance; self-reg, self-regulation.
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FIGURE 49 Amount of PA at the end of follow-up measured as activity counts per minute. IV, inverse variance.
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FIGURE 50 Amount of PA at the end of follow-up using the GSLTPAQ. A higher score indicates more PA. IV, inverse
variance.

MD
IV, f ixed, 95% CIIV, f ixed, 95% CI

–0.50 –0.25 0.25 0.500.00
Favours centre based Favours home based

Mean MeanSD SD Total
Home based

Total
Centre based MD

Study or subgroup

Kraal et al.90 2013 2.14 1.06 37 2.13 1 41 0.01 (–0.45 to 0.47)

FIGURE 51 Amount of PA at the end of follow-up using PAL score. IV, inverse variance.
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RR
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FIGURE 52 Engagement in PA at the end of follow-up: centre based vs. home based. M–H, Mantel–Haenszel.

Favours centre based Favours home based

Smith et al.105 2004 28 48 27 60 1.30 (0.90 to 1.87)

0.1 0.2 0.5 1.0 2.0 5.0 10.0

RRRR
M–H, f ixed, 95% CIM–H, f ixed, 95% CIStudy or subgroup

Home based
Events Events

Centre based
Total Total

FIGURE 53 Engagement in PA at the end of follow-up: home based vs. centre based. M–H, Mantel–Haenszel.
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Heterogeneity: τ2 = 0.00; χ2 = 1.12, df = 1 (p = 0.29); I2 = 11% 
Test for overall effect: Z = 1.49 (p = 0.14)

FIGURE 54 Physical fitness at the end of follow-up measured as VO2 peak. df, degrees of freedom; IV, inverse variance.
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FIGURE 55 Physical fitness at the end of follow-up measured using walking tests (m). IV, inverse variance.
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FIGURE 56 Physical fitness at the end of follow-up measured using exercise tolerance tests (METs maximum). IV, inverse
variance.
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FIGURE 57 Health-related quality of life at the end of follow-up using the PCS of the SF-36. IV, inverse variance.
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Jolly et al.87 2007
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FIGURE 58 Health-related quality of life at the end of follow-up using the EQ-5D. IV, inverse variance.
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FIGURE 59 Health-related quality of life at the end of follow-up using the MacNew Heart Disease Health-Related
Quality Of Life Questionnaire (scale 1–7). IV, inverse variance.
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FIGURE 60 Health-related quality of life at the end of follow-up using the PCS of the Short Form questionnaire-12
items. IV, inverse variance.
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FIGURE 61 Pain measured at the end of follow-up using the Brief Pain Inventory. IV, inverse variance.
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FIGURE 62 Pain measured at the end of follow-up using self-reported chest pain on movement. IV, inverse variance.
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Appendix 3 Data not included in analysis

Intervention versus usual care

TABLE 10 Amount of PA at the end of follow-up measured as minutes per day or per week

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Bond et al.57 Pre surgery; a combination
of education and advice, and
behavioural mechanisms; frequent
walking; to participant’s capacity;
clinical with home-based component;
with psychiatrist; low contact for
< 6 months; measured 6 months
post surgery; using a SenseWear®

Armband monitor (BodyMedia,
Pittsburgh, PA, USA)

Mean 28.7 bout-related
MVPA minutes/day;
number of available
participants not clearly
reported

Mean 18.5 bout-
related MVPA
minutes/day;
number of available
participants not
clearly reported

p = 0.15

Christiansen
et al.62

Postoperatively; a combination
of education and advice, and
behavioural mechanisms; low-
frequency walking; to participant’s
capacity; clinical with home-based
component; with physical therapist
with intermediate contact; measured
6 months post intervention; using an
accelerometer

Median 15.9 (IQR 2.9–
30.4) MVPA minutes/
day; 11

Median 3.4 (IQR
2.5–30.0) MVPA
minutes/day; 11

p = 0.55

Creel et al.64 Multiarm: counselling group vs.
usual care group; perioperative;
a combination of education and
advice, and behavioural mechanisms;
walking to participant’s capacity and
preferences; clinical setting and low
level of contact with MDT; measured
6.5 months post surgery (immediate);
bout-related MVPA using an
accelerometer

Mean 90 minutes/week
(no SD given); 25

Mean 40 minutes/
week (no SD given);
33

p < 0.05

Hoorntje et al.81 Postoperative, behavioural
mechanisms only, running and
cycling to participant’s capacity
and preferences, clinical with
home-based component, low level
of contact MDT, based on changes in
percentage of time spent active from
baseline at 6 months post surgery,
using an accelerometer

Mean 1.4%
(SE ± 0.6%); 46

Mean 0.6%
(SE ± 0.6%); 51

p = 0.59

Stolberg et al.106 Postoperative, direct physical
instruction, generic resistance,
community-based with
physiotherapist, high level of
contact for 6 months, difference
between groups 24 months post
surgery (delayed), MVPA using an
accelerometer

Mean 2.4 (SEM ± 5.2) minutes/day;
intervention: 22, control: 20

Not significant
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TABLE 10 Amount of PA at the end of follow-up measured as minutes per day or per week (continued )

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Taraldsen
et al.107

Postoperative; a combination of
education and advice, and direct
physical instruction; low-frequency
walking and generic resistance to
participant’s capacity; home-based
with physiotherapist; intermediate
contact for < 6 months; based
on between-group differences
from baseline to 6 months post
intervention; upright time using
an accelerometer

Mean 12.07 (95% CI –12.67 to 37.54)
minutes/day; intervention: 56, control: 57

p = 0.346

Yates et al.111 Postoperative; a combination
of behavioural mechanisms
and direct physical instruction;
walking, swimming, dancing and
other activities; frequent with
measured intensity; to participant’s
capacity and preferences; clinical
with home-based component,
with MDT; high level of contact
for < 6 months; based on changes
from 3 months to 6 months post
surgery; total PA > 3 METs using an
Actiheart monitor (CamNtech Ltd,
Fenstanton, UK)

Median–24.5 (range
–218.8 to 855.8)
minutes/week; 17

Median –11.4
(range –770.0 to
504.0) minutes/
week; 17

p = 0.79

SE, standard error; SEM, standard error of the mean.

TABLE 11 Amount of PA at the end of follow-up measured as steps per day or per minute

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Bond et al.57 Pre surgery; a combination
of education and advice, and
behavioural mechanisms; frequent
walking; to participant’s capacity;
clinical with home-based component;
with psychiatrist; low contact for
< 6 months; measured 6 months
post surgery; using a SenseWear
Armband monitor

Mean 7870 steps/day;
number of available
participants not clearly
reported

Mean 5087 steps/
day; number
of available
participants not
clearly reported

p = 0.024

Christiansen
et al.62

Postoperatively; a combination
of education and advice, and
behavioural mechanisms; low-
frequency walking; to participant’s
capacity; clinical with home-based
component; with physical therapist
with intermediate contact; 6 months
post intervention (delayed); using an
accelerometer

Median 5922
(IQR 3264–7415)
steps/day; 11

Median 3647
(IQR 2926–5419)
steps/day; 11

p = 0.11
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TABLE 11 Amount of PA at the end of follow-up measured as steps per day or per minute (continued )

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Creel et al.64 Multiarm; counselling group vs. usual
care; perioperative; a combination of
education and advice, and behavioural
mechanisms; walking to participant’s
capacity and preferences; clinical
setting and low level of contact with
MDT; measured 6.5 months post
surgery (immediate); using an
accelerometer

Mean 6787 steps/day
(no SD given); 25

Mean 5253 steps/
day (no SD given);
33

p < 0.05

Stolberg et al.106 Postoperative, direct physical
instruction, generic resistance,
community based with
physiotherapist, high level
of contact for 6 months,
difference between groups
24 months post surgery (delayed),
using an accelerometer

Mean 291 (SEM ± 763) steps/day;
intervention: 22, control: 20

Not significant

Van der Walt
et al.110

Perioperative, education and advice,
frequent walking, home based with
remote delivery from study staff,
no support for < 6 months, mean
daily step count expressed as
percentage of preoperative step
count at 6 months post surgery
(delayed), using an accelerometer

137% (amounts to
9526 steps/day); 81

117% (amounts to
8956 steps/day); 82

p = 0.030

SEM, standard error of the mean.

TABLE 12 Amount of PA at the end of follow-up using energy expenditure measures

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Duculan et al.68 Postoperative; a combination of
education and advice, and behavioural
mechanisms; walking to participant’s
capacity; clinical with home-based
component; low level of contact
for up to 2 years; based on change
from baseline to 12 months post
intervention (delayed); using overall
total kcal/week on the Paffenbarger
Physical Activity and Exercise Index

Mean 642 (95% CI
75 to 1209) kcal/week;
110

Data not reported
for control group;
120

p = 0.03
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TABLE 13 Amount of PA at the end of follow-up using the IPAQ-SF (METs/minute/week)

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Ilves et al.84 Postoperative; a combination of
education and advice, behavioural
mechanisms and direct physical
instruction; regular walking and generic
resistance; to participant’s capacity and
preferences; clinical with home-based
component; low level of contact with
physiotherapist for up to 2 years;
measured 12 months post intervention
(immediate); using the IPAQ-SF

Median 3190 (IQR
1150–6384) METs/
minute/week; 48

Median 3590 (IQR
1634–6485) METs/
minute/week; 50

p = 0.92

TABLE 14 Engagement in PA at the end of follow-up

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Lindbäck
et al.95

Preoperative; a combination of
behavioural mechanisms and direct
physical instruction; to participant’s
capacity and preferences; clinical
with physiotherapist; intermediate
contact for < 6 months; 12 months
post surgery (delayed)

N/A; 99 N/A; 98 p = 0.020

N/A, not applicable.

TABLE 15 Physical fitness at the end of follow-up using an exercise tolerance test (METs maximum)

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Yates et al.111 Postoperative; a combination of
behavioural mechanisms and direct
physical instruction; walking, swimming,
dancing, and other activities; frequent
with measured intensity; to participant’s
capacity and preferences; clinical with
home-based component, with MDT; high
level of contact for < 6 months; based
on changes from 3 months to 6 months
post surgery (delayed)

Median 0.45 (range
–1.4 to 0.9) METs
maximum; 17

Median 0.5 (range
–0.8 to 2.3) METs
maximum; 17

p = 0.10
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TABLE 16 Physical fitness at the end of follow-up using performance-based tests (higher scores indicate greater fitness)

Study Intervention details Data; no. of participants

Effect estimate
as reported by
study authors

Taraldsen et al.107 Postoperative; a combination of education and
advice and direct physical instruction; low-frequency
walking and generic resistance to participant’s
capacity; home-based with physiotherapist;
intermediate contact for < 6 months; using SPPB
(0–12); based on between-group differences from
baseline to 6 months post intervention (delayed)

Mean 1.0 (95% CI 0.2 to 1.8);
intervention: 56, control: 57

p = 0.017

SPPB, Short Physical Performance Battery.

TABLE 17 Health-related quality of life at the end of follow-up using various components

Study Intervention details Data; no. of participants

Effect estimate
as reported by
study authors

Stolberg et al.106 Postoperative; direct physical instruction; generic
resistance; community based with physiotherapist;
high level of contact for 6 months; SF-36 (PCS);
difference between groups 24 months post surgery
(delayed)

Mean 1.8 (SEM ± 1.5);
intervention: 22, control: 20

Not significant

Taraldsen et al.107 Postoperative; direct physical instruction; generic
resistance; community based with physiotherapist;
high level of contact for 6 months; EQ-5D-3L; based
on between-group differences at 6 months post
intervention (delayed)

Mean 0.0 (95% CI –0.1 to
0.11); intervention: 56,
control: 57

p = 0.965

EQ-5D-3L, EuroQol-5 Dimensions, three-level version; SEM, standard error of the mean.

TABLE 18 Pain at the end of follow-up measured using various components

Study Intervention details
PA intervention: data;
no. of participants

Usual care: data;
no. of participants

Effect estimate
as reported by
study authors

Ilves et al.84 Postoperative; a combination of
education and advice, behavioural
mechanisms and direct physical
instruction; regular walking and
generic resistance; to participant’s
capacity and preferences; clinical
with home-based component; low
level of contact with physiotherapist
for up to 2 years; using VAS back
pain and VAS leg pain; based on
change from baseline to 12 months
post intervention (immediate)

l Back pain, median –1
(IQR –14 to 7)

l Leg pain, median 0
(IQR –9 to 23); 48

l Back pain, median –2
(IQR –11 to 12)

l Leg pain, median –1
(IQR –18 to 6); 50

l Back pain:
p = 0.76

l Leg pain:
p = 0.40

Stolberg
et al.106

Postoperative; direct physical
instruction; generic resistance;
community based with
physiotherapist; high level of
contact for 6 months; using the
SF-36 (bodily pain); difference
between groups 24 months
post surgery (delayed)

Mean 2.8 (SEM ± 2.7);
intervention: 22, control: 20

Not significant
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Intervention versus intervention

TABLE 19 Engagement in PA at the end of follow-up

Study Intervention details

Clinic-based
intervention: data;
no. of participants

Home-based
intervention: data;
no. of participants

Effect estimate
as reported by
study authors

Kinsey
et al.88

Walking programme (postoperatively; a
combination of education and advice, and
behavioural mechanisms; walking; frequent,
with measured intensity; to participant’s
capacity and preferences; both clinic- and
home-based components; for < 6 months)
vs. cycling programme (postoperatively;
a combination of education and advice,
and behavioural mechanisms; walking and
cycling; frequent; to participant’s capacity
and preferences; both clinic- and home-
based components; for < 6 months);
measured 4 years post surgery (delayed)

Data given as overall number rather than
by group; 16/39 participants regularly
engaged in PA at the 4-year follow-up

Not reported

TABLE 20 Health-related quality of life at the end of follow-up using the EQ-5D (higher score indicates a better outcome)

Study Intervention details

Clinic-based
intervention: data;
no. of participants

Home-based
intervention: data;
no. of participants

Effect estimate
as reported by
study authors

Johansson
et al.86

Clinic based (postoperative; a combination
of education and advice, and direct physical
instruction; walking, generic resistance,
stretch, flex and balance; frequent; clinic-
based; with physiotherapist; low level of
contact; for < 6 months) vs. home based
(postoperative; education and advice;
walking, generic resistance, stretch, flex
and balance; frequent; home based; with
physiotherapist; low level of contact; for
< 6 months); 12 months post surgery
(delayed)

l Median: 0.70
l Median difference

0.36 (IQR 0.04–
0.63); 28

l Median: 0.80
l Median difference

0.48 (IQR 0.11–
0.74); 29

p = 0.35

TABLE 21 Pain at the end of follow-up measured using the VAS for back pain and leg pain (scale 0–100; a higher score
indicates a worse outcome)

Study Intervention details

Clinic-based
intervention: data;
no. of participants

Home-based
intervention: data;
no. of participants

Effect estimate
as reported by
study authors

Johansson
et al.86

Clinic based (postoperative; a combination
of education and advice, and direct physical
instruction; walking, generic resistance,
stretch, flex and balance; frequent; clinic
based; with physiotherapist; low level of
contact; for < 6 months) vs. home based
(postoperative; education and advice;
walking, generic resistance, stretch,
flex and balance; frequent; home based;
with physiotherapist; low contact; for
< 6 months); 12 months post surgery
(delayed)

Back pain

l Median: 34
l Median difference

–19 (IQR –10 to
–43)

Back pain

l Median: 9
l Median difference

–45 (IQR –13 to
–73)

Back pain:
p = 0.04

Leg pain

l Median: 23
l Median difference

–23 (IQR –11 to
–67); 28

Leg pain

l Median: 5
l Median difference

–58 (IQR –32 to
–80); 29

Leg pain:
p = 0.06
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Appendix 4 Sensitivity analysis

Intervention versus usual care

TABLE 22 Amount of PA at the end of follow-up measured as minutes per day or per week

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Cadmus et al.,59

Goedendorp et al.,74

Lier et al.,94 Losina
et al.96 and Turunen
et al.109

Studies excluded for measuring
the outcome immediately after
the end of the intervention

SMD 0.11, 95% CI –0.03 to
0.26; participants, n = 1517;
studies, n = 7; I2 = 35%

Using these data, we
found a change in the
interpretation of the effect,
finding no difference
between groups according
to whether the intervention
or usual care was provided

Creel et al.64 This was a multiarm study. We
prioritised the data from the
group receiving a counselling
intervention, compared with
data from the group receiving
usual care, as we judged the
counselling intervention to
be a more enhanced form
of intervention. The other
group received a pedometer
intervention. The 6-month total
for this group was 44 bout-
related minutes per week; a SD
for these data was not reported

p < 0.05; participants, n = 55 No change in the
interpretation of the effect,
which maintained that
people participated in
more PA when they had
received the intervention

Goedendorp et al.74 This was a multiarm study. We
used the data from the CBT
intervention, rather than the
brief nurse intervention, to
avoid a unit-of-analysis error.
To explore this decision, we
replaced the data from the CBT
intervention with those from
the brief nurse intervention

SMD 0.15, 95% CI 0.05 to
0.24; participants, n = 1943;
studies, n = 12; I2 = 6%

No change in the
interpretation of the effect,
which maintained that
people participated in
more PA when they had
received the intervention

Goedendorp et al.,74

Golsteijn et al.,75

Hawkes et al.,78

Hubbard et al.,82

Jiménez-Loaisa
et al.,85 Lier et al.,94

Losina et al.,96

Sellberg et al.104 and
Turunen et al.109

Studies excluded for high risk
of attrition bias

SMD 0.24, 95% CI 0.08 to
0.40; participants, n = 619;
studies, n = 3; I2 = 0%

No change in the
interpretation of the effect,
which maintained that
people participated in
more PA when they had
received the intervention

Jiménez-Loaisa
et al.85 and Mundle
et al.100

Studies excluded for high and
unclear risk of selection bias
(random sequence generation)

SMD 0.16, 95% CI 0.03 to
0.28; participants, n = 1865;
studies, n = 10; I2 = 36%

No change in the
interpretation of the effect,
which maintained that
people participated in
more PA when they had
received the intervention
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TABLE 22 Amount of PA at the end of follow-up measured as minutes per day or per week (continued )

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Losina et al.96 This was a multiarm study.
We used the data from the
FI+ THC intervention, rather
than the FI-only intervention or
the THC-only intervention, to
avoid a unit-of-analysis error.
To explore this decision, we
replaced the data from the
FI+ THC intervention with
those from the FI-only group.
We also replaced the data from
the FI+ THC intervention with
those from the THC-only group

Using data from the FI-only
group: SMD 0.14, 95% CI
0.02 to 0.25; participants,
n = 1953; studies, n= 12;
I2 = 29%

No change for either
analysis in the interpretation
of the effect, which
maintained that people
participated in more PA
when they had received the
interventionUsing data from the THC-

only group: SMD 0.13,
95% CI 0.00 to 0.25;
participants, n= 1952;
studies, n = 12; I2 = 33%

Based on change from baseline

Carnero et al.60 This study measured the
outcome in more than one way.
We used the data for the
MVPA measurement as this is
the more commonly reported
measurement for this outcome.
However, this study also
reported data for total daily PA.
To explore this decision, we
replaced the MVPA data with
the total daily PA data for both
the intervention group and the
usual care group

SMD 0.05, 95% CI –0.38 to
0.48; participants, n = 214;
studies, n = 2; I2 = 61%

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

Carnero et al.60 Study excluded for high risk of
attrition bias

MD 4.70, 95% CI –1.74 to
11.14; participants, n = 118;
studies, n = 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

Carnero et al.60 Study excluded for measuring
the outcome immediately after
the end of the intervention

MD 4.70, 95% CI –1.74 to
11.14; participants, n = 118;
studies, n = 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

TABLE 23 Amount of PA at the end of follow-up measured as steps per day

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Baillot et al.,53

Li et al.93 and
Losina et al.96

Studies excluded for measuring
the outcome immediately after
the end of the intervention

MD 351.24, 95% CI –287.96
to 990.44; participants,
n = 232; studies, n = 3;
I2 = 15%

Using these data, we
found a change in the
interpretation of the effect,
finding no difference
between groups according
to whether the intervention
or usual care was provided
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TABLE 23 Amount of PA at the end of follow-up measured as steps per day (continued )

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Brandes et al.58 and
Li et al.93

Studies excluded for high and
unclear risks of selection bias
(random sequence generation)

MD 642.76, 95% CI –293.59
to 1579.12; participants,
n = 290; studies, n= 4;
I2 = 58%

Using these data, we
found a change in the
interpretation of the effect,
finding no evidence of a
difference in the amount of
PA according to whether an
intervention or usual care
was provided

Brandes et al.,58

Losina et al.96 and
Sellberg et al.104

Studies excluded for high risk
of attrition bias

MD 1369.36, 95% CI 502.95
to 2235.77; participants,
n = 108; studies, n= 3;
I2 = 51%

No change in the
interpretation of the effect,
which maintained that
people participated in
more PA when they had
received the intervention

Creel et al.64 This was a multiarm study. We
prioritised the data from the
group receiving a counselling
intervention, compared with
data from the group receiving
usual care, as we judged the
counselling intervention to
be a more enhanced form
of intervention. The other
group received a pedometer
intervention. The 6-month total
for this group was 5325 steps
per day; a SD for these data
was not reported

p < 0.05 No change in the
interpretation of the effect,
which maintained that
people participated in
more PA when they had
received the intervention

Losina et al.96 This was a multiarm study.
We used the data from the
FI+ THC intervention, rather
than the FI-only intervention or
the THC-only intervention, to
avoid a unit-of-analysis error.
To explore this decision, we
replaced the data from the
FI+ THC intervention with
those from the FI-only group.
We also replaced the data from
the FI+ THC intervention with
those from the THC-only group

Using data from the FI-only
group: MD 658.57, 95% CI
–195.43 to 1512.56;
participants, n= 384; studies,
n = 6; I2 = 70%

Using these data, we
found a change in the
interpretation of the effect,
finding no evidence of a
difference in the amount of
PA according to whether an
intervention or usual care
was provided

Using data from the THC-
only group: MD 572.99,
95% CI –382.20 to 1528.17;
participants, n= 383; studies,
n = 6; I2 = 76%

Based on change from baseline

Carnero et al.60 Study excluded for high risk of
attrition bias

MD 364.30, 95% CI –465.50
to 1194.10; participants,
n = 118; studies, n= 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

Carnero et al.60 Study excluded for measuring
the outcome immediately after
the end of the intervention

MD 364.30, 95% CI –465.50
to 1194.10; participants,
n = 118; studies, n= 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided
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TABLE 24 Amount of PA at the end of follow-up using energy expenditure measures

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Barnason et al.55

and Santa Mina
et al.103

Studies excluded for unclear
risk of selection bias (random
sequence generation)

SMD 0.06, 95% CI –0.12
to 0.25; participants,
n= 478; studies, n= 3;
I2 = 0%

No change in the interpretation
of the effect, which showed
little or no difference between
groups according to whether
the intervention or usual care
was provided

Barnason et al.55

and Santa Mina
et al.103

Studies excluded for high risk
of attrition bias

SMD 0.06, 95% CI –0.12
to 0.25; participants,
n= 478; studies, n= 3;
I2 = 0%

No change in the interpretation
of the effect, which showed
little or no difference between
groups according to whether
the intervention or usual care
was provided

Hackshaw-
McGeagh et al.76

and Lear et al.92

Studies excluded for measuring
the outcome immediately after
the end of the intervention

SMD 0.30, 95% CI –0.36
to 0.96; participants,
n= 342; studies, n= 3;
I2 = 88%

No change in the interpretation
of the effect, which showed
little or no difference between
groups according to whether
the intervention or usual care
was provided

Piva et al.102 This was a multiarm study.
We used the data from the
clinic-based intervention, rather
than the community-based
intervention, to avoid a unit-of-
analysis error. To explore this
decision, we replaced the
data from the clinic-based
group with those from the
community-based group

SMD 0.07, 95% CI –0.08
to 0.22; participants,
n= 690; studies, n= 4;
I2 = 77%

No change in the interpretation
of the effect, which showed
little or no difference between
groups according to whether
the intervention or usual care
was provided

TABLE 25 Amount of PA at the end of follow-up using various questionnaires

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Goedendorp et al.74 This was a multiarm study.
We used the data from the
CBT intervention, rather than
the brief nurse intervention, to
avoid a unit-of-analysis error.
To explore this decision, we
replaced the data from the CBT
intervention with those from
the brief nurse intervention

SMD 0.45, 95% CI 0.22 to
0.67; participants, n= 309;
studies, n= 5; I2 = 0%

No change in the interpretation
of the effect, which maintained
that people participated in more
PA when they had received the
intervention

Goedendorp et al.74 Study excluded for measuring
the outcome immediately after
the end of the intervention

SMD 0.54, 95% CI 0.29 to
0.80; participants, n= 244;
studies, n= 4; I2 = 0%

No change in the interpretation
of the effect, which maintained
that people participated in
more PA when they had
received the intervention

Hauer et al.77 and
Heiberg et al.79

Studies excluded for unclear
risk of selection bias (random
sequence generation)

SMD 0.39, 95% CI 0.12 to
0.66; participants, n= 220;
studies, n= 3; I2 = 0%

No change in the interpretation
of the effect, which maintained
that people participated in
more PA when they had
received the intervention

Artz et al.52 and
Goedendorp et al.74

Studies excluded for high risk
of attrition bias

SMD 0.57, 95% CI 0.29 to
0.84; participants, n= 209;
studies, n= 3; I2 = 0%

No change in the interpretation
of the effect, which maintained
that people participated in
more PA when they had
received the intervention
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TABLE 26 Amount of PA at the end of follow-up using the IPAQ-SF (METs/minute/week)

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Baillot et al.53 Study excluded for measuring
the outcome immediately after
the end of the intervention

MD 260.69, 95% CI –745.59
to 1266.97; participants,
n = 53; studies, n = 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

Husebø et al.83 Study excluded for unclear risk
of selection bias (random
sequence generation)

MD 138.00, 95% CI
–2714.06 to 2990.06;
participants, n= 25;
studies, n = 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

Husebø et al.83 Study excluded for high risk of
attrition bias

MD 138.00, 95% CI
–2714.06 to 2990.06;
participants, n= 25;
studies, n = 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

TABLE 27 Amount of PA at the end of follow-up measured using a daily activity score (higher score indicates more PA)

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Goedendorp et al.74 This was a multiarm study. We
used the data from the CBT
intervention, rather than the
brief nurse intervention, to
avoid a unit-of-analysis error.
To explore this decision, we
replaced the data from the CBT
intervention with those from
the brief nurse intervention

MD –3.20, 95% CI –14.62 to
8.22; participants, n = 60;
studies, n = 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
according to whether the
intervention or usual care
was provided

TABLE 28 Engagement in PA at the end of follow-up

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Courneya et al.63 l This was a multiarm study.
We used the data from the
aerobic exercise training
intervention, rather than the
resistance exercise training
intervention, to avoid a unit-
of-analysis error. To explore
this decision, we replaced
the data from the aerobic
exercise training
intervention with those from
the resistance exercise
training intervention

l Using the data from the
resistance exercise
training intervention: RR
1.23, 95% CI 0.98 to 1.54;
participants, n = 887;
studies, n = 9; I2 = 35%

l Using the ‘aerobic only’
data: RR 1.15, 95% CI
0.93 to 1.43; participants,
n = 882; studies,
n = 9; I2 = 31%

No change in the
interpretation of either
effect, which showed little
or no difference in the
number of people engaged
in PA according to whether
an intervention or usual
care was provided
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TABLE 28 Engagement in PA at the end of follow-up (continued )

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

l This study reported data
for engagement in PA
according to whether or not
participants met different
guidelines. These guidelines
were based on different
types of PA and were
categorised as ‘resistance
only’, ‘aerobic only’ and ‘both
guidelines’. We used the
data from ‘both guidelines’
to avoid a unit-of-analysis
error. To explore this
decision, we replaced the
‘both guidelines’ data with
the ‘aerobic only’ data for
both the aerobic exercise
training intervention group
and the usual care group

Foster et al.,72

Engblom et al.,70

Kummel et al.,91

Painter et al.101 and
Turunen et al.108

Studies excluded for unclear
risk of selection bias (random
sequence generation)

RR 1.16, 95% CI 0.89 to
1.50; participants, n= 423;
studies, n= 4; I2 = 0%

No change in the
interpretation of the effect,
which showed little or no
difference in the number
of people engaged in PA
according to whether an
intervention or usual care
was provided

Courneya et al.,63

Foster et al.,72

Kummel et al.,91

Lier et al.,94 Painter
et al.101 and
Turunen et al.108,109

Studies excluded for high risk
of attrition bias

RR 1.19, 95% CI 0.91 to
1.54; participants, n= 305;
studies, n= 2; I2 = 0%

No change in the
interpretation of the effect,
which showed little or no
difference in the number
of people engaged in PA
according to whether an
intervention or usual care
was provided

Kummel et al.,91

Lier et al.94 and
Painter et al.101

Studies excluded for measuring
the outcome immediately after
the end of the intervention

RR 1.18, 95% CI 0.96 to
1.46; participants, n= 604;
studies, n= 6; I2 = 0%

No change in the
interpretation of the effect,
which showed little or no
difference in the number
of people engaged in PA
according to whether an
intervention or usual care
was provided
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TABLE 29 Physical fitness at the end of follow-up using walking tests

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Heiberg et al.79 This study measured the
outcome at different time
points. We used the data they
measured at 5 years as this was
the final time point at which
they collected the data for
this outcome. To explore this
decision, we replaced the data
measured at 5 years with the
data measured at 12 months,
as this was a time point more
consistent with the other
studies included in the analysis
for this outcome

SMD 0.99, 95% CI 0.47 to
1.51; participants, n= 215;
studies, n = 4; I2 = 69%

Using these data, we
found a change in the
interpretation of the effect,
finding that people scored
higher in this outcome at
the end of follow-up when
they had received the
intervention

Heiberg et al.,79

Husebø et al.83 and
Santa Mina et al.103

Studies excluded for unclear
risk of selection bias (random
sequence generation)

SMD 0.73, 95% CI 0.02 to
1.44; participants, n= 33;
studies, n = 1

Using these data, we
found a change in the
interpretation of the effect,
finding that people scored
higher in this outcome at
the end of follow-up when
they had received the
intervention

Husebø et al.83 and
Santa Mina et al.103

Studies excluded for high risk
of attrition bias

SMD 0.30, 95% CI –0.46 to
1.06; participants, n= 93;
studies, n = 2; I2 = 68%

No change in the
interpretation of the effect,
which showed little or no
difference between groups
in this outcome according
to whether an intervention
or usual care was provided

TABLE 30 Physical fitness at the end of follow-up using the TUG test (seconds)

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Hauer et al.77 Study excluded for unclear risk
of selection bias (random
sequence generation)

MD –0.09, 95% CI –0.98 to
0.81; participants, n= 151;
studies, n = 2; I2 = 48%

No change in the
interpretation of the effect,
which showed little or no
difference between groups
in this outcome according
to whether an intervention
or usual care was provided

TABLE 31 Physical fitness at the end of follow-up using handgrip strength

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Santa Mina et al.103 Study excluded for high risk of
attrition bias

SMD 0.44, 95% CI –0.37 to
1.25; participants, n= 24;
studies, n = 1

No change in the
interpretation of the effect,
which showed little or no
difference between groups
in this outcome according
to whether an intervention
or usual care was provided
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TABLE 32 Physical fitness at the end of follow-up using an exercise tolerance test (METs; higher score indicates
greater fitness)

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in interpretation
of effect

Baillot et al.53 Study excluded for measuring
the outcome immediately after
the end of the intervention

SMD 1.07, 95% CI 0.22 to
1.91; participants, n= 28;
studies, n= 1

No change in the interpretation of
the effect, which showed little or no
difference between groups in this
outcome according to whether an
intervention or usual care was provided

Foster et al.72 Study excluded for unclear risk
of selection bias (random
sequence generation)

SMD 0.60, 95% CI –0.21
to 1.40; participants,
n = 25; studies, n = 1

Using these data, we found a change in
the interpretation of the effect, finding
little or no difference between groups
in this outcome according to whether
an intervention or usual care was
provided

Foster et al.72 Study excluded for high risk of
attrition bias

SMD 0.60, 95% CI –0.21
to 1.40; participants,
n = 25; studies, n = 1

Using these data, we found a change in
the interpretation of the effect, finding
little or no difference between groups
in this outcome according to whether
an intervention or usual care was
provided

TABLE 33 Physical fitness at the end of follow-up using performance-based tests (higher scores indicate greater fitness)

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in interpretation
of effect

Piva et al.102 This was a multiarm study.
We used the data from the
clinic-based intervention, rather
than the community-based
intervention, to avoid a unit-of-
analysis error. To explore this
decision, we replaced the data
from the clinic-based group
with those from the
community-based group

SMD 0.12, 95% CI –0.14
to 0.38; participants,
n = 233; studies, n = 2;
I2 = 0%

No change in the interpretation of
the effect, which showed little or no
difference between groups in this
outcome according to whether an
intervention or usual care was provided

Turunen et al.109 Study excluded for high risk of
attrition bias

SMD 0.26, 95% CI –0.12
to 0.64; participants,
n = 123; studies, n = 1

No change in the interpretation of
the effect, which showed little or no
difference between groups in this
outcome according to whether an
intervention or usual care was provided

Turunen et al.109 Study excluded for measuring
the outcome immediately after
the end of the intervention

SMD 0.26, 95% CI –0.12
to 0.64; participants,
n = 123; studies, n = 1

No change in the interpretation of
the effect, which showed little or no
difference between groups in this
outcome according to whether an
intervention or usual care was provided

TABLE 34 Health-related quality of life at the end of follow-up using various components

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Baillot et al.,53

Cadmus et al.59 and
Painter et al.101

Studies excluded for measuring
the outcome immediately after
the end of the intervention

SMD 0.05, 95% CI –0.07
to 0.17; participants,
n= 2283; studies, n= 14;
I2 = 41%

No change in the interpretation
of the effect, which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided
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TABLE 34 Health-related quality of life at the end of follow-up using various components (continued )

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Courneya et al.63 This was a multiarm study.
We used the data from the
aerobic exercise training
intervention, rather than the
resistance exercise training
intervention, to avoid a unit-of-
analysis error. To explore this
decision, we replaced the data
from the aerobic exercise
training intervention with those
from the resistance exercise
training intervention

SMD 0.11, 95% CI –0.03
to 0.25; participants,
n= 2460; studies, n = 17;
I2 = 60%

No change in the interpretation
of the effect, which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

Heiberg et al.79 This study measured the
outcome at different time
points. We used the data they
measured at 5 years as this
was the final time point at
which they collected the data
for this outcome. To explore
this decision, we replaced the
data measured at 5 years with
the data measured at 12
months, as this was a time
point more consistent with the
other studies included in the
analysis for this outcome

SMD 0.11, 95% CI –0.04
to 0.25; participants,
n= 2463; studies, n = 17;
I2 = 61%

No change in the interpretation
of the effect, which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

Piva et al.102 This was a multiarm study.
We used the data from the
clinic-based intervention, rather
than the community-based
intervention, to avoid a unit-of-
analysis error. To explore this
decision, we replaced the
data from the clinic-based
group with those from the
community-based group

SMD 0.11, 95% CI –0.03
to 0.25; participants,
n= 2454; studies, n = 17;
I2 = 60%

No change in the interpretation
of the effect, which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

Brandes et al.,58

Heiberg et al.,79

Jiménez-Loaisa
et al.,85 Painter
et al.101 and Santa
Mina et al.103

Studies excluded for unclear
and high risks of selection bias
(random sequence generation)

SMD 0.17, 95% CI 0.01
to 0.33; participants,
n= 2167; studies, n = 12;
I2 = 63%

Using these data, we found a
change in the interpretation of
the effect, finding that people
reported a greater quality of
life when they had received
the intervention

Artz et al.,52

Brandes et al.,58

Courneya et al.,63

Golsteijn et al.,75

Hawkes et al.,78

Hubbard et al.,82

Jiménez-Loaisa
et al.,85 Painter
et al.,101 Santa
Mina et al.103

Sellberg et al.104

and Van der Walt
et al.110

Studies excluded for high risk
of attrition bias

SMD 0.34, 95% CI 0.00 to
0.68; participants, n= 913;
studies, n= 6; I2 = 77%

Using these data, we found a
change in the interpretation of
the effect, finding the people
reported a greater quality of
life when they had received
the intervention
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TABLE 34 Health-related quality of life at the end of follow-up using various components (continued )

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Based on change from baseline

Lindbäck et al.95 Study excluded for high risk of
attrition bias

MD –0.05, 95% CI –0.13
to 0.03; participants,
n= 118; studies, n= 1

No change in the interpretation
of the effect, which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

TABLE 35 Pain at the end of follow-up measured using various components

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Artz et al.,52

Brandes et al.,58

Santa Mina
et al.,103 Sellberg
et al.104 and Van
der Walt et al.110

Studies excluded for high risk
of attrition bias

SMD –0.00, 95% CI –0.50
to 0.50; participants,
n= 110; studies, n= 2;
I2 = 44%

No change in the interpretation
of the effect which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

Brandes et al.,58

Heiberg et al.79 and
Santa Mina et al.103

Studies excluded for unclear
and high risks of selection bias
(random sequence generation)

SMD 0.07, 95% CI –0.12
to 0.26; participants,
n= 443; studies, n= 4;
I2 = 0%

No change in the interpretation
of the effect which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

Cadmus et al.59 Study excluded for measuring
the outcome immediately after
the end of the intervention

SMD 0.19, 95% CI –0.19
to 0.57; participants,
n= 552; studies, n= 6;
I2 = 76%

No change in the interpretation
of the effect which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

Heiberg et al.79 This study measured the
outcome at different time
points. We used the data they
reported at 5 years as this was
the final time point at which
they collected the data for
this outcome. To explore this
decision, we replaced the data
measured at 5 years with the
data measured at 12 months,
as this was a time point more
consistent with the other
studies included in the analysis
for this outcome

SMD 0.23, 95% CI –0.09
to 0.54; participants,
n= 610; studies, n= 7;
I2 = 68%

No change in the interpretation
of the effect which showed little
or no difference between groups
in this outcome according to
whether an intervention or
usual care was provided

Pain (region specific) using VAS (based on change from baseline)

Lindbäck et al.95 Study excluded from
both back pain and leg
pain measurements for
high risk of attrition bias

Back pain: MD 2.60,
95% CI –7.72 to 12.92;
participants, n= 118;
studies, n= 1; I2 = 0%

No change in the interpretation
of either effect, which showed
little or no difference between
groups in these outcomes
according to whether an
intervention or usual care
was provided

Leg pain: MD 4.00,
95% CI –14.35 to 22.35;
participants, n= 118;
studies, n= 1; I2 = 0%
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Intervention versus intervention

TABLE 36 Amount of PA at the end of follow-up using energy expenditure measures

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Boesch et al.56 This was a multiarm study.
We compared the group
receiving the combined
intervention with the group
receiving the self-regulation
intervention, to avoid a unit-of-
analysis error. To explore this
decision, we replaced the data
from the objective/subjective
group with those of the
heart-rate reserve group

MD 103.00, 95% CI
–747.98 to 953.98;
participants, n = 45;
studies, n= 1

No change in the interpretation
of the effect, which showed
little or no difference between
groups in this outcome
according to which type of
intervention was provided

TABLE 37 Physical fitness at the end of follow-up using VO2 peak

Study
Reason for exchange or
exclusion New effect estimate

Change or no change in
interpretation of effect

Smith et al.105 This study measured the
outcome at different time
points. We used the data they
measured at 6 years as this was
the final time point at which
they collected the data for
this outcome. To explore this
decision, we replaced the data
measured at 6 years with the
data measured at 12 months,
as this was a time point more
consistent with the other
studies included in the analysis
for this outcome

SMD 0.06, 95% CI –0.18
to 0.29; participants,
n= 276; studies, n= 2;
I2 = 0%

No change in the interpretation
of the effect, which showed
little or no difference between
groups in this outcome
according to which type of
intervention was provided
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Appendix 5 Non-randomised study outcomes

TABLE 38 Non-randomised study outcomes, part 1

Study Intervention details
PA intervention:
data; n participants

Standard care: data;
n participants

Effect estimate
as reported by
study authors

Amount of PA at the end of follow-up using the IPAQ-SF

Frawley et al.73 Therapeutic/counselling,
advice/self-directed, in-person
PA instruction, group-delivered,
multicomponent, technology-
assisted, remote capacity, post
surgery; measured 6 months
post intervention (delayed);
total activity

Mean 3573.8
(SD ± 3145.5) MET-
minutes/week; 73

Mean 2887.2
(SD ± 3009.0)
minutes/week; 92

Between-group MD
[rehabilitation minus
comparator; T3
(6-month follow-up)
minus T1 (baseline)].
Mean 1222.2 (95% CI
260.7 to 2183.6)
minutes/week;
p < 0.05

Heitkamp et al.80 In-person PA instruction, post
surgery; measured 12 months
post surgery (immediate)

Mean 36 (SD ± 31)
METs/hour/week; 50

N/A p = 0.003

Komatsu et al.89 Therapeutic/counselling, advice/
self-directed, advised only,
multicomponent, pre and post
surgery; measured 6 months
post surgery (delayed); used
the Japanese version of the
International Physical Activity
Questionnaire (IPAQ-SV)

Mean 1386.0 (95% CI
0 to 31,038); 22

N/A Not reported

Macleod et al.99 Therapeutic/counselling,
advice/self-directed, advised
only, multicomponent,
technology assisted, pre and
post surgery; measured 31
weeks post surgery (immediate)

Median 840
(IQR 330–1260)
minutes/week; 15

N/A Not reported

Amount of PA at the end of follow-up using the GSLTPAQ

Doganay et al.67 Advice/self-directed, advised
only, delivered one to one, pre
and post surgery; measured
13 months post surgery (delayed)

Median 15
(IQR 0–35); 39

N/A Significant change
from baseline;
p = 0.048

Amount of PA at the end of follow-up using the Freiburger Questionnaire of Physical Activity (METs/hour/week)

Zopf et al.112 Advice/self-directed, in-person
PA instruction, group-delivered,
multicomponent, post surgery;
15 months post intervention
(immediate)

Mean 55.86
(SD ± 47.44) MET-
hours/week; 50

Mean 63.69
(SD ± 47.90) MET-
hours/week; 20

Group difference in
mean change from
baseline to post test.
Mean –0.93 (95% CI
–43.58 to 41.72);
p = 0.966

Amount of PA at the end of follow-up measured as steps/day

Frawley et al.73 Therapeutic/counselling,
advice/self-directed, in-person
PA instruction, group-delivered,
multicomponent, technology
assisted, remote capacity, post
surgery; measured 6 months
post intervention (delayed);
using a pedometer

Median 10,689.0
(IQR 8822.0–
12,565.0); 31

N/A N/A
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TABLE 38 Non-randomised study outcomes, part 1 (continued )

Study Intervention details
PA intervention:
data; n participants

Standard care: data;
n participants

Effect estimate
as reported by
study authors

Engagement in PA at the end of follow-up

Dantas et al.65 Therapeutic/counselling,
advice/self-directed,
multicomponent, post surgery;
measured 6 months post
surgery (immediate)

Adherence to
walking programme,
n: 13; 15a

N/A p = 0.031

Doganay et al.67 Advice/self-directed, advised
only, delivered one to one,
pre and post surgery; measured
13 months post surgery
(delayed)

Classified as active
or moderately active,
n: 22; 39a

N/A Not reported

Fontana et al.71 In-person PA instruction,
delivered one to one, post
surgery; measured 9 months
post intervention (delayed)

Undertaking regular
exercise, n: 14; 38a

N/A Not reported

Komatsu et al.89 Therapeutic/counselling,
advice/self-directed, advised
only, multicomponent, pre
and post surgery; measured
6 months post surgery
(delayed)

Health-enhancing
physically active,
n: 4; 22a

N/A Not reported

Macchi et al.98 In-person PA instruction,
delivered one to one,
multicomponent, post surgery;
1 year post intervention
(delayed)

Recreational PA,
corresponding to
at least 1 hour/day
on 5 days, or
40–45 minutes/day
on 7 days, each
week, n: 85; 131a

N/A Not reported

Physical fitness at the end of follow-up using walking tests (m)

Frawley et al.73 Therapeutic/counselling,
advice/self-directed, in-person
PA instruction, group delivered,
multicomponent, technology
assisted, remote capacity, post
surgery; measured 6 months
post intervention (delayed);
using 6MWT

Mean 606.4 m
(SD ± 87.4 m); 66

N/A MD within
rehabilitation group
[rehabilitation minus
comparator; T3
(6-month follow-up)
minus T1 (baseline)].
Mean 45.0 m (95% CI
31.0 m to 59.0 m);
p < 0.05

Macchi et al.98 In-person PA instruction,
delivered one-to-one,
multicomponent, post surgery;
1 year post intervention
(delayed); using 6MWT

Mean 473m
(SD ± 106m); 131

N/A p < 0.001

Physical fitness at the end of follow-up using work capacity (METs)

Fontana et al.71 In-person PA instruction,
delivered one to one, post
surgery; measured 9 months
post intervention (delayed)

Mean 9.1 (SD 1.8)
METs; number
of participants
unknown

N/A Difference between
baseline and 9 months;
p< 0.0001

Physical fitness at the end of follow-up using handgrip strength (kg)

Doganay et al.67 Advice/self-directed, advised
only, delivered one to one,
pre and post surgery; using a
dynamometer; measured 13
months post surgery (delayed)

Median 31.3 kg
(IQR 27–36.6 kg); 39

N/A Significant change
from baseline to
follow-up; p = 0.004
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TABLE 38 Non-randomised study outcomes, part 1 (continued )

Study Intervention details
PA intervention:
data; n participants

Standard care: data;
n participants

Effect estimate
as reported by
study authors

Frawley et al.73 Therapeutic/counselling,
advice/self-directed, in-person
PA instruction, group delivered,
multicomponent, technology-
assisted, remote capacity, post
surgery; measured 6 months
post intervention (delayed);
dominant hand

Mean 38.4 kg
(SD ± 10.9 kg); 70

N/A MD within
rehabilitation group
[rehabilitation minus
comparator; T3
(6-month follow-up)
minus T1 (baseline)].
Mean 2.1 (95% CI 0.2
to 3.9); p < 0.05

Physical fitness at the end of follow-up using VO2 peak

Doganay et al.67 Advice/self-directed, advised only,
delivered one to one, pre and
post surgery; using the Chester
Step Test; measured 13 months
post surgery (delayed)

Median 21
(IQR 18.9–25.2)
VO2 maximum,
ml/kg/minute; 34

N/A Significant change
from P4 to follow-up;
p = 0.000

Heitkamp et al.80 In-person PA instruction, post
surgery; measured 12 months
post surgery (immediate)

Mean 24.5
(SD ± 6.7)
ml/kg/minute; 50

N/A p = 0.002

Zopf et al.112 Advice/self-directed, in-person
PA instruction, group delivered,
multicomponent, post surgery;
15 months post intervention
(immediate)

Mean 26.14
(SD ± 5.20)
ml/kg/minute; 48

Mean 24.91
(SD ± 6.47) ml/kg/
minute; 16

Group difference in
mean change from
baseline to post test.
Mean 2.33 (95% CI
–0.94 to 5.60);
p = 0.160

HRQoL at the end of follow-up using the EORTC QLQ-C30 Global (0–100)

Frawley et al.73 Therapeutic/counselling,
advice/self-directed, in-person
PA instruction, group delivered,
multicomponent, technology
assisted, remote capacity, post
surgery; measured 6 months
post intervention (delayed)

Mean 82.3
(SD ± 15.0); 73

Mean 81.2
(SD ± 16.6); 93

Between-group MD
[rehabilitation minus
comparator; T3
(6-month follow-up)
minus T1 (baseline)].
Mean 6.1 (95% CI
1.2 to 11.1); p=< 0.05

Komatsu et al.89 Therapeutic/counselling, advice/
self-directed, advised only,
multicomponent, pre and post
surgery; measured 6 months
post surgery (delayed)

Mean 64.3 (95% CI
54.0 to 74.5); 22

N/A Not reported

Zopf et al.112 Advice/self-directed, in-person
PA instruction, group delivered,
multicomponent, post surgery;
15 months post intervention
(immediate)

Mean 74.83
(SD ± 16.37); 50

Mean 67.92
(SD ± 25.26); 20

Group difference in
mean change from
baseline to post test.
Mean 5.08 (95% CI
–5.25 to 15.41);
p = 0.335

Pain at the end of follow-up measured using various components

Frawley et al.73 Therapeutic/counselling,
advice/self-directed, in-person
PA instruction, group delivered,
multicomponent, technology
assisted, remote capacity, post
surgery; using the EORTC
QLQ-C30 pain (0–100; with
higher scores indicating worse
outcome); measured 6 months
post intervention (delayed)

Mean 8.7
(SD ± 15.5); 73

Mean 7.7
(SD ± 16.2); 93

Between-group MD
[rehabilitation minus
comparator; T3
(6-month follow-up)
minus T1 (baseline)].
Mean 3.9 (95% CI
–3.0 to 10.8); p≥ 0.05
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TABLE 38 Non-randomised study outcomes, part 1 (continued )

Study Intervention details
PA intervention:
data; n participants

Standard care: data;
n participants

Effect estimate
as reported by
study authors

Komatsu et al.89 Therapeutic/counselling,
advice/self-directed, advised
only, multicomponent, pre and
post surgery; using the EORTC
QLQ-OES18 (oesophageal
pain); measured 6 months post
surgery (delayed)

Mean 3.0 (95% CI
0.3 to 5.7); 22

N/A Not reported

Zopf et al.112 Advice/self-directed, in-person
PA instruction, group delivered,
multicomponent, post surgery;
using the EORTC QLQ-C30
pain (0–100; with higher scores
indicating worse outcome);
15 months post intervention
(immediate)

Mean 16.33
(SD ± 24.63); 50

Mean 19.17
(SD ± 28.75); 20

Group difference in
mean change from
baseline to post test.
Mean –5.70 (95% CI
–23.01 to 11.61);
p = 0.515

EORTC QLQ-OES18, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-
Oesophageal module 18; N/A, not applicable; T, time point.
a The two n values refer to the number of participants in each intervention group in the study.

TABLE 39 Non-randomised study outcomes, part 2

Study Data Related or unrelated to study

Adverse events

Frawley et al.73 Seven serious adverse events occurred These were considered by the local Human
Research Ethics Committee not to be
attributable to participation in the study

Macchi et al.98 No clinically relevant adverse event occurred N/A

Zopf et al.112 No adverse events reported Dropouts described as not being due to
adverse effects of the training intervention

Adherence

Fontana et al.71 Twenty-six (52%) of the 50 patients who lived
within 40 miles of the medical centre and had
qualified for the study attempted exercise training.
Of these 26, 10 (39%) attended all 12 weeks and
at least 75% of the sessions

–

Frawley et al.73 81% (n = 68/84) of the participants in the
rehabilitation group attended 85 to 100% of
16 scheduled sessions. 56% (47/84) of the
participants received telephone motivational
coaching sessions between T2 and T3 and the
mean number of phone calls received was 1.8. An
average of 30% of the participants self-reported
that they met the recommended PA guidelines
of 150 min moderate-intensity PA plus two
strengthening sessions per week at T2 and T3

–

Participant experience

Study Description of intervention; n Experience data

Frawley et al.73 Therapeutic/counselling, advice/self-directed,
in-person PA instruction, group delivered,
multicomponent, technology assisted,
remote capacity, post surgery; 84

Overall satisfaction with the program
was 96%

N/A, not applicable.
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Appendix 6 Coding framework for the
thematic analysis

1. Evolution/story of services (journey).

1.1. Patient participation.

1.2. Initial agenda including ‘buy–in’.

1.3. Funding.

1.4. Personal relationship.

1.5. Momentum/recognition/‘branding’/‘marketing’.

2. Key components of service.

2.1. Approach focus:

2.1.1. well-being/holistic/lifestyle approach

2.1.2. personalised care

2.1.3. outcome and/or commissioner driven

2.1.4. motivating/inspiring/supporting/change

2.1.5. other.

2.2. Staff: who is important (roles).

2.3. Staff: who is important (skills and attributes).

2.4. Family.

2.5. Resources (including funding and ‘luck’).

2.6. Systems: technology/communication (inter- and intraprofessional).

2.7. Organisational behaviours (reflective/supporting staff/interviewee’s manner).

2.8. Data and patient outcomes.

3. Framing and perceptions of service.

3.1. To patients/public.

3.2. To colleagues.

3.3. To broader organisation/funders.
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4. Relationships (including challenges).

4.1. With patients.

4.2. Within service/broader organisation.

4.3. Outside service.

4.4. With commissioners.

5. The patient.

5.1. Voice, patient engagement, co-production (also check 2.1.2 and 2.1.4).

5.2. Meeting patients (between service/‘professionals’ and patient).

5.3. Relationships with each other (peer support, etc.).

5.4. Perceptions and observations of patient.

5.5. Perceived experiences.

5.6. Perceived benefits/language of impact/anecdotal.

5.7. Levels of physical activity.

6. Technology.

6.1. Technology use.

6.2. Remote delivery (general).

7. Context.

7.1. Type or surgery or condition.

7.2. Broader: local/culture/community (e.g. small or large)/deprivation/setting.

7.3. COVID-19.

8. Services (further details for summary).

8.1. Prehab4Cancer.

8.2. PARiS.

8.3. Active Beyond Cancer.

8.4. Moving Medicine.

8.5. Active Against Cancer.

8.6. The Family Practice.

8.7. ERAS+.

8.8. Prepwell.
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Appendix 7 Expanded thematic analysis
of qualitative contextual data from focus
groups and interviews

Narratives of physical activity promotion

Attitudes of care

I think health care is much more about health care than it was 5 years ago, much more.

Although physiological status was often a primary focus, particularly during the prehabilitation phase of
patients’ treatment, there were several narratives that seemed to be the impetus to how services and
staff approached their work with patients. These largely centred around the idea that the patient was
central, their needs were individual, and a broad wrap-around approach was necessary to both engage
and support patients to make long-term changes to their health. These narratives were conveyed in
relation to the general approach that services were taking, but were also talked about in the way they
described the messaging to, and their interactions with, patients. This seemed to centre around four key
considerations: supporting a holistic, well-being approach; the individual; motivating and inspiring; and
compassionate care.

Supporting a holistic, well-being approach
Participants frequently referred to patients’ well-being, lifestyle medicine and holistic approaches,
thinking about patients’ psychological profile and ‘how they feel about themselves’, often commenting too
on the link between each of these and PA. Several participants indicated that they frame the impact of
their programmes to patients around patients’ well-being, stress management and anxiety management,
as well as how activity might support them through their treatment. This appeared to be seen as central
to the efficacy of their approaches and an acceptable narrative with which patients could connect.

A ‘well-being focus to physical activity’ was often talked about as including broader lifestyle aspects,
creating opportunities ‘for conversations around, smoking, [and] alcohol reduction’; efforts to keep
patients nutritionally ‘stable’ or ‘sound’ or working closely with dietitians, or with nurses around pain
management; and any ‘other elements of supporting patients’ that might become apparent. Several
talked about support with ‘coping strategy stuff’ and there were clearly efforts in several services
to forge greater links with psychology services and to build on colleagues’ existing ‘listening skills’,
with some providing counselling and psychological skills training to staff. In one discussion, a
participant described a shared city-centre space with local public health teams, ‘a one-stop shop’
enabling the joining up of well-being support alongside their own, such as counselling. Another
participant described feeling ‘a little bit envious’ of this arrangement, recognising that their programme
could better co-ordinate and utilise more local health and well-being provision. The same participant
emphasised, however, the ‘luxurious position’ that they as a service were in, having the ‘opportunity
to help people, two or three times a week’. They talked about it being highly unusual that a patient
will, for example, ‘present with just cancer . . .. There are often a whole host of other things going on’,
seeing their frequent contact with patients as an opportunity to think much more broadly about
patients’ health and well-being, and to utilise their colleagues or wider networks to access additional
support or referrals, depending on their needs. In a separate discussion, another participant said
something similar, highlighting the ‘different aspects of [patients’] physical, psychological and nutritional
needs’ that they consider when they first meet a person, and they talked about efforts they were
taking to find a way to more systematically stratify their approach, perhaps using technology,
to ensure that every patient gets the right amount of support for each of their varying needs.
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Well-being was often aligned with thinking about helping patients to feel supported, and this was often
talked about in terms of making sure people ‘feel like they’re in a safe space’; one participant described
feedback from patients that they had had ‘enough clinical appointments and don’t want this to be seen
as clinical as well . . . so every effort is taken to create a more informal and relaxed service’. This was
described as helping patients open up to their colleagues much more than they might do with their
clinical team. Similarly, other participants talked about delivery spaces and methods constructed ‘to
support people’s well-being’ (e.g. sessions in local community gyms or in groups); although the exercise
and activity might not be familiar, ‘they feel safe and secure because they’re in their surroundings’.
One participant pointed out that ‘some people . . . have never done physical activity or structured
exercise since school really and they just don’t know how to . . . they’re up for it . . . they just need
us to support them’, and another commented that a supportive coaching approach ‘made sense . . .
it actually works better rather than telling somebody to do something, doing it with them’.

In the same vein, the inclusion of family members and a consideration of the value of patients’ peers
in supporting patients’ experiences and engagement was discussed by several participants. Family,
particularly, was seen as a ‘strong influencing factor’ that was ‘overwhelmingly positive’. As well as
being a practical help in getting to and from sessions, one participant explained that it was ‘important
to entice them in:

. . . patients have got all this stuff going on in their head, actually, if they bring husband, wife or whoever
in with them, it’s another person to take information in, or ask a question that they’ve forgotten. I think
for some people they just want to get on and do it on their own and that’s fine, that’s their choice,
but I think for a lot of people involving family in that activity is important.

Several participants talked about inviting family members not just to appointments but also to activity
or education sessions; one described ‘the big thing’ for them as ‘the opportunity to meet patients and
the families, we always invite the family member’. Others talked about inviting family members into
an exercise class: ‘They can actually learn the exercises and then they can actually do the exercises
together at home. And that’s quite powerful’. Group walk-and-talk sessions with families and friends
were also described by one service as ‘really popular’. Another participant said that there were often
some great stories of families coaching patients, ‘you know, within an inch of their life basically, but it
was very good for the family as well, because the family . . . it was often children coaching their
relatives and they felt that they were really, really trying to give their relative the best chance.’

The significance of patients’ peers was commented on in a number of interviews, with participants
often framing group sessions as opportunities to ‘support people’s well-being’, for peer support and for
providing time for patients to talk to other patients. One participant, referring to a focus group they
had conducted with patients, explained that it is ‘the social side of things [that] they want’, and another
that it is the ‘social aspect . . . for patients, which I think they get a lot from’. One participant explained
that the familiar environment of a city rugby stadium (where patients may have been going to matches
for years) helped create, for some of their men’s-based programmes, ‘that kind of lad-like feeling, that
they find they can be a team together . . . they can almost say they’re going to train with the Rhinos . . .’.

Another participant described showing patients around the hospital high-dependency unit ‘so they
would know where they would wake up . . . get looked after, after major surgery’. They explained that
this also created an opportunity for patients to ‘see people that were like [them], who had cancer
or were having major surgery’. They felt that ‘just seeing these people and they’re like, “I’m OK”,
“they’re all right” ’, was an opportunity to have a conversation and relieve some anxieties. Similarly,
other participants talked about that ‘patient-to-patient’ benefit: ‘You know me and my team are not
the best people to necessarily encourage people to be more active . . . it is that peer-to-peer support
that’s super important’. Group contexts were also talked about as lending themselves to ‘educational
sessions’, and to a greater opportunity for conversations around broader lifestyle interventions, such
as smoking, alcohol reduction and nutrition.
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One participant explained that their service had attempted to trial video group clinics, but found that
there was not much interest from patients, reflecting, ‘in a small place, people didn’t want to engage a
lot because they didn’t want their next-door neighbour or family to know what’s going on with them’.

Despite this well-being narrative and language of support, one participant in particular made it clear
that it is important that PA, including any broader approach that services were taking, be clearly seen
as a ‘clinical intervention rather than something that’s a kind of a well-being add-on to treatment’ or
‘a nicety or a lifestyle thing’.

The individual

It’s that, kind of individual treatment of patients, isn’t it? Yes, they’re all there for a common reason,
with us they’re all having surgery, so that’s the common factor, but other than that, they’re all individuals,
so it’s kind of giving them what they need at whatever point in time.

A further frequent reference was the idea that to make this work – to get people moving – staff
needed to be able to ‘understand’ the needs of the individual and pick up on what works for each
person. They needed to ‘listen’: some people might be ‘absolutely I’ve kind of hit rock bottom so to
speak and I know that I need to go up’; others might be ‘quite happy where they are’. One participant
described this as ‘sometimes quite tough, tough to overcome’. A repeated idea was that staff needed
to be ‘aware if someone’s struggling with something . . . offer them a different option’, recognise
that individuals have their own way of looking at things and their own ‘individual motivations’.
One participant explained that it was also important to encourage patients, ‘to listen to themselves . . .
if their body’s saying no, then, then no, we don’t have to do it, sort of thing’.

Participants talked about finding the thing that people enjoyed, ‘what have they done before that
I could possibly try and get them back into’, ‘Get[ting] somebody doing something that they love’ and
then working on increasing that activity. ‘It’s finding what they want to do and what they enjoy in
order to adopt a long and healthy lifestyle.’ Making the connection ‘between exercise and real life’,
‘making it a habit I suppose and making it something that you enjoy going to do’. There was some
indication that, as a sector, PA specialists had moved away from narratives that ‘you have to do
30 minutes in one go of physical activity . . . you have to do it five times a week’ and that that this
was viewed as really positive; 2 minutes for one person ‘might be absolutely enough and all you have
to do. So, it’s about, I suppose, helping them pace their, their exercise. And just working with them to
help them understand that . . .’. One participant explained that this might be slow, ‘kind of step-by-step’,
‘they might try something and not like it’ but that that is fine because there’s always something else
that they can try.

Several participants talked about exploring what people might have done before: ‘and there’s always
something like that to build on . . . and then we talk about adding structure into that activity that they
do and things that are going to be beneficial for their type of surgery’. One participant talked about
focusing on building ‘a bit of confidence [in patients] to just try different things’:

Some people haven’t even been physical[ly] active before they’ve come to us, so that’s kind of what
matters to us is that people can just give stuff a go without feeling like they’re embarrassed or
uncomfortable that they’re trying to do something that they don’t want to do.

The same service described different tasters of PA that are offered to individuals, each with a direct
signposting route beyond into the local leisure centre, community provision or programmes within
their service. This was seen as ‘really giv[ing] them a chance to find that thing that they enjoy’ and
even when they do not find it during their time with the service, the participant felt that this gave
people the confidence to go on to try something else by themselves.
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Others talked about goal-setting (‘What matters to you [the patient]?’). ‘So rather than just being,
“wouldn’t it be great if you got home on day 3?”, it’s more about “well, wouldn’t it be great if . . .?” ’, or
as another participant put it, ‘what’s important for us, is trying to find what’s important for that person.
You know . . . what is that, what is that thing that’s gonna help them, you know, carry on in the long
term’. Participants relayed various examples that patients might describe, from ‘getting back to kicking
ball in the park with the grandkids, brilliant’, ‘seeing their blood pressure decrease’, getting ready for
their daughter’s wedding, ‘getting back to work’ or ‘back to 5k runs at Park Runs’. According to one
participant, given that the patient has just been through a major trauma, ‘whatever is important to
them is how we frame how the activity, nutrition and well-being will support them to achieve that
and that’s what we do. We turn it to them and then we frame it to what their goals are.’

Motivating and inspiring

We can’t do that long term so educating them to do it themselves is a real light-bulb moment as well.

Another common narrative participants spoke about was driving ‘self-empowerment’ and motivating
or inspiring people to make permanent changes, with one participant explaining that they focus on
‘self-efficacy for exercise because we know somebody with a higher self-efficacy for exercise are
more likely to be independent once they’re discharged from our service’.

One participant felt that ‘somebody’s got to have something somewhere where they want to change’
but that all it needs is ‘a little glimmer [and] you can try and work with that and build on that’. They
went on to explain that, for them, being able to ‘just give people the hope that things can improve,
things can get better, their health can improve, their life doesn’t have to stay like it is at the moment
if they don’t want it to be’ was really important. Several participants talked about their programmes as
being ‘one area that [patients] do actually have control over. So they can control what they come to
and what they don’t come to. And none of the cancer treatment is compulsory; it’s a choice at the end
of the day. They get presented with the best possibilities for them and ours is a nice aspect of that
treatment’. Others echoed this perception that their provision allowed for that ‘little bit of control . . ..
You know, once you get into a hospital system, you don’t get a lot of control over many things . . .
you know, they can actively participate in something, and choose to, or choose not to. Being in
control of their destiny almost, so I think that’s quite a kind of powerful thing for patients’. Another
participant added that it might be ‘fairly shortly after they’ve got some horrible news that they’ve got
cancer and it does just tend to feel like life is falling apart . . . they’re just kind of lost, and bouncing
around various different appointments’.

In several services, attempts to motivate change included an element of education; group sessions,
for example, focused around ‘physical activity and why it’s important and the kind of benefits of it’
or conversations with, for example, a patient’s anaesthetist who might be talking to a patient about
how their aerobic fitness is going to affect their care. One participant talked about placing ‘a real high
value on educating the patient about exercise and why we’re asking them to do it’, as well as ‘how to
monitor their own body, [and] how to put together their own gym programme’. Several talked about
providing information or guidance on how to find support and ‘the right exercise classes or activities’
available in patients’ local areas. This was described as ‘key for the long term’ and ‘massively important’
to support patients to get to a point where, when they leave a service, they have ‘long-term strategies’
in place ‘to make sure that they continue to stay active, keep exercising and stay healthy’, and ‘that
they are able to motivate themselves, have the know-how and the confidence to keep active and
address their activity needs’.

A participant from one service in the early stages of developing provision described some concern
from colleagues in framing too much around education, ‘concerned some patients wouldn’t respond to
that and it should be more [about] inspiration’, recognising the challenges in getting the balance right.
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For another service, an hour’s session, known as ‘Surgery School’, preparing patients for major surgery
(including the benefits of physical training, what they might expect and optimising medication) was
also an opportunity for patients to meet members of their clinical team, including their anaesthetist;
it provided, they said, ‘lots of opportunity for questions and answers.’ Another participant saw one of
the issues being that ‘health-care professionals don’t even know the physical activity guidelines’, or
that what they do know is out of date. A solution for this, they thought, was ‘some education . . .
but I then don’t think we’re the right people to educate them. I think it has to be a role model within
their setting that educates . . . so it’s a bit complicated really’.

Several participants commented on leading by example. One service ‘trying to become an active
practice’, ‘so the idea was that we start with the staff and GP colleagues and everyone within the
practice and then . . . if we’re all feeling it, we can then project that onto our patients’. There was a
realisation that ‘none of us really move’ and they were ‘all sitting in front of the computer’, which
led to practice walking challenges, ‘we all tried to walk as far as [we] could within a month . . . now
currently we’re walking from Kilmarnock to Australia’. This also included signing up to be a Park Run
Practice, by advertising local runs and a couple of staff going along. The participant felt that, on the
whole, everyone now ‘feels more active’, more ‘willing’ and better placed to discuss PA more with
their patients. Another GP talked about role-modelling being a promising way to frame the benefits
of changing behaviours to their patients. Others also suggested that it might matter, or at least be
extremely helpful, if activity was ‘something that is habitual to them’, the practitioner, if the ‘health-
care professional themselves is physically active’. So as one participant explained, rather than it be a
‘secondary thought that they might see on a form and think, “Oh yeah like we can actually refer you
to this physical activity programme” ’, they are personally invested in the idea that PA can provide
all sorts of benefits, ‘they can answer questions’:

So I think almost a starting point would actually be offering a physical activity programme to the
health-care professionals to then encourage them to realise that it’s a good thing, so then, for them
to motivate their patients to get involved in it. ’Cause I definitely think those are more physically active
I get referrals from. And I know that they do like the Park Runs and stuff like that so I think, that’s
what we tend to see. I think if it’s something that you do, it’s something you more naturally talk about.

Another participant talked about their service’s walk-and-talk sessions; these were volunteer-led,
with friends, family and dogs all invited, and were seen as:

[A] great session to get those people who were a little bit on the fence . . .. If we could persuade them to
come to a walk and talk, and meet some of the staff, maybe have a look around the studio room that we
use to deliver the exercise. It’s kind of like that first day of nursery school where you kind of go for a little
bit of a visit first, get a little familiar with surroundings and generally those people who did come to a
walk-and-talk session, we could then persuade them to come to one of the exercise classes as well.

Compassionate care

I think culturally. . . I think people that work in leisure facilities, I think, on the whole, they’re there
because they want to help people and so I think there is a natural tendency that they are quite kind
people, and people-orientated members of the organisations.

A fourth narrative clear from discussions was of staff who are compassionate and prepared to do
whatever it takes and participants’ high opinion of their colleagues. Colleagues were frequently praised,
with one describing their lead exercise trainer as ‘brilliant’, another attributed the perceived success of
their programme to ‘having a good team to work with’ and a third talked about ‘a fantastic set of people,
with a huge skill set’. They were empathetic to the responsibilities and challenges faced by staff, were
respectful of the skills they had within their teams and portrayed a strong collegial environment.
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Several participants expressed that it was not so much the profession or experience that staff might
have, but the personal qualities that they bring, ‘It’s kind of the keen individuals . . . that have got the
right skill set . . . it’s a range of skills as well, that complement’. One participant suggested that, ‘as long
as you’ve got frontline staff that are fantastic communicators, and can pick up on what works for that
individual, then it seems to work well’. Another participant said that, ‘For me, the personal qualities of
the person is much, much more important than, kind of, the background necessarily, where that person
came from . . . it’s more, “are they good listeners? Can they communicate well?” ’. Several talked about
staff ‘noticing’ and ‘understanding’ the needs of individuals, ‘are they aware if someone’s struggling
with something they can offer them a different option . . . for me that’s much more important’. One
participant described ‘learn[ing] very quickly who are the right people, and weren’t the right people,
to deliver the exercise’. They described feeling they had ‘done a good job of that’ and that they feel
they have ‘a really, really good team . . . they’re very caring people and that’s a real, a must, it’s an
essential part of their qualities . . . and their knowledge is respected by their patients, and their
colleagues’. One participant pointed out that ‘sometimes, it’s just that [patients] don’t want to change
now’ that that ‘doesn’t necessarily always mean that they’re not going to want to change in the future
. . . so I think we’re always keen as a service to make sure that we’re doing all that we can, even if
they’re not going to be successful . . . in 2 years’ time they might’ so it was important, they felt, that
staff ‘have that legacy with people’.

Participants clearly had empathy for patients’ lived experiences, noticing the particular difficulties
they faced. They often talked about pain, with one participant suggesting that it is ‘probably one
of the hardest things . . . for people to manage . . . people living with pain, every single day, you know,
that’s just, you know, the impact that has on mental health, as well as anxiety, depression, I’m not
surprised people are not particularly too enthusiastic about doing physical activity’. They described
this as something they are still learning about, that they try to focus people on thinking about the
after-effect of activity on their pain experience, and on ‘good pain and bad pain’. Another talked
about pain as ‘one of the things that really, really can upset somebody’s adoption of physical activity,
it’s a very subjective thing’. This tended to bring the discussion back to the importance of listening to
somebody and of getting patients ‘to understand that it’s important to listen to themselves as well . . .
like if their body’s saying no, then, then no, we don’t have to do it, sort of thing’.

Participants often acknowledged the ‘human’ aspects that their patients were likely to be experiencing,
‘the worry, the concerns, the anxieties related with the referral and “what’s my prognosis? Have
I got weeks? Have I got months? Have I got years?”. . .’. There was also recognition of the impact
on staff of working with people in these contexts; one participant gave the example of colleagues
working with newly diagnosed cancer patients, describing staff as, ‘an outlet for a lot of stuff and,
you know the guys have really, really deep conversations’. They talked about the importance of
‘looking after the staff in these services, and making sure that they are cared for’. They talked about
the ‘stonking phone calls’ and even the ‘brilliant phone calls [being] just as emotionally draining’ and
making sure there is a system in place for staff to talk to someone, ‘so yes, it’s looking after the staff’.
Several services talked about psychology provision provided to staff, one talking about a ‘a monthly
debrief with all the gym people because . . . they’re dealing with cancer all the time, people die and
everything else like that’. They also talked about an effort more generally across their trust to support
all health-care workers working with cancer patients, ‘to have better psychological skills’ through
formal training.

One participant explained that it is not just the attributes of staff directly delivering the programme,
but everyone a patient may come into contact with. A point echoed across other discussions was that
you need ‘buy-in from your own organisation to sort of help . . . you can’t do it on your own’; ‘you need
the receptionist at the facility to be kind to the person . . . see that they might be struggling a little bit
and help them out’.
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The patient

Patient involvement and the patient experience
A distinct learning culture, primarily in the context of seeking out, and acting on, patients’ views,
was portrayed by a majority of participants. Often this was presented as explicit ‘exercises’ in which
services sought the input of patients, described by one participant as ‘so important’ to be clear what
patients want, and described by others as ‘a lot of co-designing’, and acting on patient feedback, with
one participant suggesting that this meant that patients do ‘generally feel that it’s about them’.

One participant talked about several iterations in the early months of their programme, taking
opportunities to meet patients and their families, ‘constantly asking patients, “What worked? What
didn’t work? Was it too long? Was it too short? What do you want to hear about?” ’. Another participant
admitted, ‘We thought we knew the answers . . . We thought that men would like to train with men and
women would like to train with women. We were absolutely wrong about that. We were told absolutely
not’. Others talked about patients being ‘key’ to the development of their services or discrete pieces
of funding to work with different patient groups to explore, ‘what was important to them’, what their
triggers were for accessing and prioritising a programme of support, the sorts of lifestyle intervention in
which they would be prepared to engage. One participant talked about patient representatives on their
programme board and steering group, explaining that patients help us shape our service to, to what they
want. They signed off on everything we did to set up and they still sign off on everything that I change.
I literally just presented to them this morning about a new bowel cancer pathway . . .’.

This influence from patients on how programmes evolve, from start-up and pilots to ongoing
improvements, seemed to be rooted in ‘listening to them and, kind of, their concerns’, and as one
participant maintained, ‘feedback makes anything possible and makes you kind of improve as you go
along’. One participant commented on their service, moving activity sessions from a gym environment
to a church hall, responding to feedback from patients who ‘felt quite uncomfortable being in a gym
environment . . . people staring at them and maybe not knowing why they were coughing so much’.
Another explained how their service had changed over the years, ‘I think the education sessions,
they’ve changed massively based off patient feedback and what they found to be beneficial and
what they’d rather not, kind of, discuss . . .’, and another talked about patients, ‘always at the table . . .
we’re very lucky . . . we have a very active patient user involvement group . . . at the end of the day
they’re the ones we want to do it and we have to listen’. Some participants talked about patient
involvement in the recruitment of staff, ‘it is brilliant to actually go to the patient representative and
just say, “How would you feel if this person was coaching you physical activity . . .” ’, adding that they
felt that patients had added ‘massive value’ to the recruitment process.

One participant suggested that acting on patient engagement was not always straightforward,
describing it often as ‘so personal’ and everyone having ‘extremely different’ opinions.

Perceived experiences: setting, accessibility and locale
There was a strong indication that the acceptability of the setting and space in which the services
delivered sessions with patients was influenced both by the local context and by the patient group;
ultimately, it was important that the space was easily accessible and that it was not clinical (people
‘did not want to revisit the building where they were diagnosed with cancer, repeatedly, for exercise’),
and, in some cases, that the people involved were familiar and part of their community. Although there
was consensus that good-quality facilities supported the success of programmes, the acceptability
of a space was clearly subjective and something to be considered by staff in relation to the patient
group and the community in which their services were working. One participant described a particular
leisure centre as ‘a much more appropriate venue’ partly because of the available equipment, but also
because it is ‘much cleaner, and nicer, and warmer’ and that was ‘massively important’. In contrast,
other settings they said, could be problematic, because, in trying to be accessible and use spaces that
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are positioned across the city, in different communities, they had to rely on venues that were ‘colder’:
‘they don’t have heating that works as well’ and you ‘can’t use the nicer rooms because they’re up the
stairs but there’s no lift’. These venues tended to be located in the more deprived areas, but people
in those deprived areas were much less likely, one participant explained, to travel, than those in other
areas, so ‘We need to be within those areas’ but ‘those kind of like [are] the things that do then impact
how patients have experienced our programme . . . it would be nice if they got a refurb[ishment] it
would do us a favour’. For another service this had been a similar stumbling block, overcome only
recently because of local investment:

[T]he most deprived areas . . . had probably the worst facility. And then we wonder why people don’t
access it; we wonder why the more deprived communities are the least active . . . there’s obviously loads
of other things but you know, you can’t just, it’s not really fair that, is it. So we’re quite lucky that, that
definitely helped in terms of engaging those, from those communities, into some of the programmes and
physical activity in general.

One participant from another service, described their space (within a private sports and fitness centre,
well equipped, with social spaces, cafes and welcoming to families) as a ‘big draw’ in encouraging people
to come and in helping people to socialise and to relax: ‘You have to go in there with a flower in your
hair because it’s so nice’. Others, however, talked about private gyms being rejected by patients, with
local leisure centres, church halls or community hubs being preferred spaces.

Accessibility was a consideration acknowledged by the majority of participants. Venues were talked
about as being ‘easy and local’ and accessible to patients, particularly by public transport, ‘if they’re
on a bus then the bus needs to stop near the leisure centre . . . [not] down country lanes and stuff’, or
by walking. One participant talked about the availability of parking: ‘if they can’t park their car there,
they’re not going to stop. They have enough trouble trying to park the car at hospital car parks and we
don’t need to compound that’. Another participant explained that their service was looking at outreach
provision to overcome some of the challenges they recognised in reaching people across a wide
geographical area.

Beyond the physical accessibility, the idea that ‘people like to go to their local centre’ seemed to also
include an element of community affiliation, membership of a language, colloquial and centred around
a narrative and life lived in a shared place and space:

People . . . like the fact that the receptionist has the same accent and uses the same terminology and
the same dialect. They like the fact that my team are all from Greater Manchester and live in Greater
Manchester and so we all have the lovely Greater Manchester twang to our accent as well . . . they like
that sort of familiarity.

Another participant explained that a lot of the conversations patients and staff might have ‘aren’t
necessarily about health and not about medical conditions [but] just about life’ and that ‘being able to
talk about your local monuments . . . the local pub . . . or the local restaurant might seem quite small,
but actually help, help a lot in terms of engaging people and keeping them wanting to stay within
programmes or services’.

Several participants did also accept that, for some patients, familiarity was not always helpful; in one
service (in a small isolated town), they found, in trying to develop group lifestyle clinics, that there was
not ‘much interest from patients in our area unfortunately’, ‘with being in a small place, people didn’t
want to engage a lot because they didn’t want their next-door neighbour or family to know what’s
going on with them . . .’. Another described a small number of patients on their cancer programme
‘who don’t want to go to their local [sessions] because they don’t want to be seen as having cancer
in their community. So they prefer sometimes to travel’.
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The activity: relationships – a good interaction

Physical activity: you’re not gonna do it, if you’re not gonna like it.

The approach to getting people moving differed between services, but the finer detail of the PA
narrative, the need to be acutely in tune with patients’ individual contexts and needs, was a recurrent
message: ‘every patient is different, so it’s quite difficult to generalise . . . it’s trying to find, for each
individual patient, what their priorities are and how we can use that as a persuasion, to persuade them
to take up the offer of prehabilitation’.

You gonna what? You’re giving me exercise classes?

The majority of participants emphasised an approach, or moving towards an approach, that rooted
their provision within patients’ treatment plans. What they wanted, and some had, was to not just be
‘encouraging the patient to engage in [PA], when they’re with you’, but for PA to be seen as usual care:
‘It’s about engaging those wider staff, so that they’re already having those conversations and what
you’re telling them isn’t different or isn’t that disparate from what everyone else is telling them’.
This was seen as crucial, that whole clinical teams ‘bought’ into the idea and therefore presented a
unified message to patients who ‘see exercise as part of treatment just like anything else’, rather than
‘something you can go and do if you would like to, and if you kind of fancy it, it’s like no, this is part of
your treatment and I think that’s where framing can be really important; ideally, we would have that
from all health professionals’.

One participant explained that this might be an anaesthetist:

They’re already there talking to the patient about how their aerobic fitness is going to affect their care
directly. So like, they’ve already, some of them, had that conversation before they come to us, so then
we’re encouraging them to improve their physical activity, and improve their aerobic fitness, so it leads
on really well from conversations they’ve already [had].

Another described clinical teams at MDT appointments presenting a treatment plan, and ‘this plan
includes . . . “we’re going to send you to the exercise team” . . . it’s part of patients’ prescription . . . it’s just
like them going to see the radiotherapist, they come and see us’. One participant talked about the surgeon
‘that’s going to save [a person’s] life’ having more of an influence than ‘some random physio[therapist]
that’s ringing them up’, and another mentioned a particular surgeon who would often talk to patients
about buying a bicycle . . . ‘he didn’t quite say . . . “I’m not going to operate [on] you” but he’s basically
saying to them “this is so important for me, that you’re going to go and get a bicycle” ’. They described,
anecdotally, that people would leave the clinic, they’d get a bicycle, and you’d see people coming back,
‘and their families had coached them, you know, within an inch of their life basically’. Even, it seemed, if
consultants/surgeons did not have a huge amount of time to explain to patients what prehabilitation was
all about, if they ‘endorse the programme’, this makes a significant difference, patients will have ‘almost
bought into the idea’ and services can begin to build on the benefits from there.

In a service in which PA was being increasingly embedded in cancer treatment pathways, one participant
talked about patients being presented with the best possibilities for them ‘and ours is a nice aspect of
that treatment . . . we’re quite matter of fact about the fact that it is part of their treatment . . . it is good
for them . . . [it] will help their recovery . . . and help to combat the effects of treatment’. Similarly, for
the prehabilitation phase of another service, PA was described as being ‘very much framed around the
physiological status of the patient . . . what the benefits of the programme would mean for them, in the
immediacy . . . when they’re looking at the treatment and their initial recovery from surgery’.

On the whole, the indication from participants was that the messages around the value of PA are
slowly getting through, both to patients and to clinical colleagues, ‘So we’re all kind of singing from the
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same hymn sheet now . . . and when you get that message, from lots of different places, people actually
start to believe us’, ‘in their mindset it’s their treatment to come to us and that’s why I think we have
such a high engagement rate’. There were clearly influences that supported that shift. A participant
from one service emphasised the different experience for the patient and for their team when patients
are referred from particular practitioners; they described the ‘valuable resource’ of a cancer care
co-ordinator, who, in the early stages of a cancer referral, has an ‘opportunity to really sell [the]
service, and sell the benefits’ so that when patients reach the service, they are ‘already primed, and
it makes our job far easier to get them in and then to engage them. That initial small message really
builds momentum . . . We know they’re going to engage, we know they’re going to come to classes’.
Others talked about oncologists or surgeons ‘carry[ing] so much clout . . . You know they’re doing it;
you know they’re bought in. You know they trust them and that’s really important’. For patients
referred via other routes, participants gave examples of people arriving in front of them who might
say, ‘Well I’ve no idea why I’m here’; in those contexts, in a finite time, it was much more difficult to
engage patients in their programmes.

In other spaces, for example in a community-led service for which the participant described no ‘proper
system that flows from, like, prehab[ilitation] to rehab[ilitation]’ and where their service is ‘not seen as
part of treatment in the same way as it probably is [elsewhere]’, they see some people ‘a bit reluctant
. . . kinda resistant to joining’ the programme. They acknowledged frustrations that cancer patients
were not being directed to their service by clinical teams or ‘presented exercise as some sort of
prescription’, and that, instead, it was then often about ‘timing’ and ‘quite personal’ to the patient
whether or not they managed to engage individuals at all. One avenue to reach patients, they
explained, was through a hospital Macmillan Centre, where they might ‘find a lot of people are
just not ready for it . . . like at that moment in time . . . they’re just not ready because they might not
have even told their own family, kind of, what they’re going through’. They described the need to get
patients to the stage that they feel comfortable to then be able to join sessions, ‘and for some people,
joining our sessions is getting them to the point where they feel comfortable to tell their family or
something like that’. They talked about the capacity to reach patients being sometimes about ‘trust’;
here it was less about placing trust in clinical leads endorsing PA, and more about practitioners in a
service (the participant and their colleagues) being prepared and able to build trust with the patient
over a period of time. They acknowledge too that their ‘brand’, associated with a professional rugby
league club, probably also ‘helped engage people that wouldn’t normally access a service [such as this]’,
particularly men, ‘because of the brand . . . because people see it and know it and trust it’.

One participant, a GP, voiced issues they’d experienced with patients’ perceptions, whereby they
sometimes assumed ‘that we are asking them to do this to save money’, or even believed that a GP
might ‘earn from it somehow’. Others mentioned concerns, particularly from the non-cancer patients,
that their surgery was being put off, ‘your waiting lists are so long, are you just putting off my surgery’
and from orthopaedic patients, ‘worried, if they get too fit, if they’re able to walk further’ they would
no longer be eligible for surgery. There was acknowledgement that services needed to balance these
concerns, address the narrative ‘what is in it for me?’ and ensure that the framing from clinicians was
clear that ‘nothing’s been put off’ and ‘this is going to actually help their treatment’.

Physical activity
As well as the generalised attitudes services appeared to take in their programmes (well-being,
personalised, motivating and inspiring, and compassionate care), and although the sorts of activities
differed slightly between some of the services, there was a common narrative that just ‘giving stuff a
go’, finding something that people enjoy and working on increasing the amount of PA people were
doing, rather than driving particular activity guidelines, was essential.

One participant described ‘intuitive exercise’ or ‘intuitive activity’, ‘it’s about . . . we listen to them, and
their body and how their body responds . . . we learn how far we can push their exercise prescription
before it starts to have a negative impact’, which might, they added, come afterwards rather than at
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the time of the activity. They described the need for collaboration between the exercise instructor and
the patient, ‘listening to [the patient] and being flexible’.

There seemed to be a move away from generalised PA recommendations:

There are guidelines and guidelines don’t fit everybody. If we took everybody’s shoe size in this room
and just gave you the average shoe size and said “there you go, there’s your shoes for the next year”,
none of us would probably fit them.

One participant explained that they often say to patients, ‘You know if you do 2 minutes, that’s fine.
’Cause actually 2 minutes for you, might be absolutely enough’. Similarly, another participant explained
that they had ‘[g]one very much with every minute counts. So you say to people, “It doesn’t have to be
half an hour, it can be 5 minutes [at a time], as long as it adds up to 30 minutes”, encouraging patients
to think about heart rate and not on running a 10k, half a marathon, that sort of malarkey’. Another
participant described a focus on helping patients ‘pace’ their exercise, again to move away from any
aim for a particular amount of MVPA per week and talk instead ‘about how, the actual movement,
while there may be some pain, it’s the after-effect, do you feel better afterwards?’

One participant explained that, for some of their more reluctant patients, a meet-up known as a
‘walk and talk’, volunteer-led and less labour intensive from a staffing perspective, was a great
introduction to movement and the service. Friends, family, dogs, anyone, are invited:

They were a great session to get those people who were a little bit on the fence. If we could persuade
them to come to a walk and talk, and meet some of the staff, maybe have a look around the studio room
that we use to deliver the exercise. It’s kind of like that first day of nursery school where you kind of
go for a little bit of a visit first, get a little familiar with surroundings . . . generally those people . . .
we could then persuade them to come to one of the exercise classes as well.

One participant noted that it was helpful to support patients to see the functional benefits of
their programme or why ‘you’re telling them to do something in a certain way’, particularly when
patients were experiencing pain. They used the example of a bicep curl, working on wrist positioning,
getting it to that ‘perfect kind of point meant that that bicep curl was nowhere near as painful as
it was previously’. They would relate this to everyday tasks, ‘when you’re lifting the kettle that’s
exactly the same action as what we’ve just been doing . . . starting to just make that relation between
exercise and real life and then listening to them and kind of their concerns, I’d say, is how I’ve kind
of managed it’.

Several participants commented on working with individuals who had never been physically active
before, with one participant explaining that they might ‘just need a bit of confidence to just try
different things’ and another, that ‘they just need us to support them’. There was general agreement,
however, that, although people might claim they do ‘absolutely nothing’, when services delve a little bit
deeper, ‘people do actually more than what they think they do. And so that always gives us, there’s
always something to build on. They always say, “Oh well I don’t do anything. Oh but I walk the dog
three times a day”.

Although participants sometimes remarked on patients’ feelings of embarrassment or of being
uncomfortable, or avoiding putting people in a position ‘to do something that they don’t want to
do’, one participant acknowledged that ‘most health-care workers don’t know how to talk about
exercise’ and described using Moving Medicine resources35 and consultancy to support education
and training events and discussions with MDTs. The same resources were beginning to be adopted
by a general practice, with staff being encouraged to look at and use the online resources geared
at aiding the integration of conversations around PA into the routine clinical care provided by
health-care professionals.
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Language was something that came up during several discussions; although ‘exercise’ was a word
readily used by participants when describing provision, there was some agreement that ‘activity’ was a
better terminology to use with patients:

I think we’ve been doing it long enough to not go in, or not judge people and say, right, ‘How much exercise
do you do?’ We talk about physical activity levels as part of the assessment and we say, I will say, ‘so what
do you do to keep active now?’, ‘what things do you do?’ And the answer is sometimes, ‘absolutely nothing’,
and then when we delve a little bit deeper, people do actually more than what they think they do. And so
that always gives us, there’s always something to build on . . . and then we talk about adding structure into
that activity that they do and things that are going to be beneficial for their type of surgery.

Activities included classes, taster sessions for various activities; strengthening and cardiovascular work;
high- and low-intensity exercise classes; walking groups; in-person, one-to-one, group and online resources;
and signposting to the local leisure centre, community provision or programmes within their service.

Perceived benefits
Participants frequently commented on what they believed mattered to patients, providing anecdotes
of their interactions with patients or relating to patients’ experiences; they clearly enjoyed hearing
these personal stories that patients provided, frequently referencing what they felt their services
meant for people and indications of positive impact. One participant talked about the beneficial effect
they felt that some patients experienced ‘just finally realising that they’ve done something positive
for themselves even by coming for the first time’, and this was seen to motivate people to go on to
try to make changes. Another talked about people who had come to their service who had been,
‘well, just completely destroyed individuals, to happy confident people who potentially have never
exercised before, who are in their, let’s say latter years, and it’s completely transformed their lives’.

One participant felt that, as a service, they had been able to create ‘a safe space’, one in which people
felt able to share things that they might not have shared with people outside of that environment
before . . .. They speak to me about things that they might have never told anybody else . . .. That’s kind
of what matters to us is that people can just give stuff a go without feeling like they’re embarrassed
or uncomfortable that they’re trying to do something that they don’t want to do’. They went on to
explain that sometimes, there’s a ‘kind of moment’ when people might realise that their lifestyle ‘isn’t
something that’s good for me’ putting the shift down to people doing an activity that they realise ‘is
actually something that I liked doing . . . it’s not because someone’s told me that I need to go for run, or
a walk or whatever, it’s actually I want to do this because I like it, and it makes me feel good.’ Similarly,
another participant described patients as very ‘accepting to other things that can help them’ once they
are increasing their activity through their programme, ‘they often come to us and ask’ about other
things, describing themselves as in a ‘great position’ to then refer or signpost to other support.

Several participants talked about the impression that their programme was able to bring patients an
‘element of control’ to what is otherwise a difficult time, and that ‘the time to talk to the other patients
that are there . . . the time to talk to the trainer, it kind of, it grounds them a little bit . . . so that’s definitely
a big positive that we’ve seen’. There was also an impression that, particularly for cancer patients, in
prehabilitation programmes you might see them ‘responding really well . . . because they’re already in that
fight or flight response and that’s what they want to do . . . they want to do it because they know that they
want to improve their surgical outcomes so they’re very focused on doing the exercise for that gain’.

Several participants talked about clinical teams recognising the benefits in patients, including citing
patients going back to clinicians telling them how a programme had made them feel, ‘how much
they’ve enjoyed it’ and ‘how successful they’ve been’, and ‘what it had done for them both physically
and psychologically’. This sort of feedback was seen as ‘massively important’, with one participant
attributing it to a shift in how their service was perceived more broadly in their trust, from colleagues
beginning to ‘see the actual value in physical exercise in terms of a treatment pathway’.
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One participant talked about the importance of patients’ clinical teams noticing and taking an interest in
how patients were getting on; it was ‘really important’ they said when, for example, GPs endorsed their
programme, but what was ‘even more important, was that when patients went back to [the] GP for
subsequent appointments, that the GP actually asked them how they were getting on’. They explained
that often GPs did not do this; as a patient, they felt that staff might not follow-up on their progress and
that was something that they felt that patients felt quite strongly, giving the example of a patient ‘dying
to tell the GP that they’d lost weight and they’d done really well’ but never being asked or given the
opportunity to tell.

There was an indication that, despite some people being reluctant or almost outraged when the
programme was originally presented to them (‘You gonna what? You’re giving me exercise classes?’),
one participant talked about some of those people still exercising with the programme 2 years on,
‘and they absolutely love it, and don’t ever try take it away from them’. Another mentioned patients,
a number of years post surgery, continuing to use incentive barometers saying, ‘It’s helped me so much
this thing’, suggesting that the spirometers had ‘become a little crutch for them, you know, and you
think, that’s not harmful is it for them to do breathing exercises because that meant that they could
do other exercise . . . it’s amazing stuff’. One service mentioned that people would often leave sessions
‘throwing tenners at us on the way out as if to say, why have I not paid for my appointment. They think
it’s like private, which is brilliant, and it shouldn’t be private it should be NHS but I think it is a big
draw for them to come there and it helps them socialise and relax when there’.

Evolving services
All participants talked about their provision as an evolutionary process, frequently portraying
themselves as reflective organisations. They had largely begun small, ‘from a good idea’, focusing
usually on one clinical group (typically cancer ‘because that was what everyone was doing’ or where
the funding was), usually as a perioperative approach from the beginning, but moving through various
iterations, learning from patients, learning from their own and colleagues’ practice and being prepared
to learn more.

Individual characters seemed to have been the primary drivers, often then with the coming together
of a small number of like-minded individuals. Often, but not exclusively, this would include someone
with an academic background or interest in the sciences, often in sports medicine or something similar,
and/or strong experience in specialist PA training, cardiac rehabilitation or physiology, sometimes new
to the NHS and not always people with clinical experience.

Evolving
Bringing colleagues and other collaborators on board was seen as essential, ‘it can’t just be me just
because I want to push something, you need other people’. This was always described as taking place
over a period of time, sometimes 1 or 2 years, or more. One participant described almost a chance
discussion, ‘and then you found that there were other people in the area starting to say the same
things . . . And suddenly you’re kind of connected up with people . . . and that’s where it started’.
There was frequent reference to patient involvement, with participants describing explicit efforts
to hear from patients and a strong commitment to that feedback enabling continual improvement.
One participant, claiming that they did not think they ‘were very good at it at the start’ but realising as
their programmes evolved ‘the importance’ of continual engagement with patients as they went along,
describing it as ‘really valuable’ and something that is now ‘there right from the get-go’ and ‘a voice in
how the actual programme looks’ when they develop new provision.

In one service, the initial focus had been respiratory complications in surgery patients; they began to
use incentive spirometers; provide patient education; and, over a period of several years, expand over
several hospitals, initially under a quality improvement framework. Picking up small bits of funding
along the way, some specifically related to collecting data, this enabled the service to evidence a
reduction in length of stay for respiratory complications, giving them ‘a platform’ on which to then
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begin to build a broader focus on enhanced recovery, and then prehabilitation, exercise and nutrition,
and now a comprehensive package with an interplay of specialists. The participant admitted that it
probably helped that they had been in an increasingly managerially responsible role (now the clinical
director for the intensive care unit and anaesthetics), that they already had personal relationships with
hospitals across their trust, ‘through colleagues, and friends’, as well as a certain amount of ‘authority
to say, well, we’re going to go in that direction . . . we can get things done’. There had also been an
element of seeing a citywide, multihospital context as an opportunity, one that required acceptance
that ‘they were all doing something slightly different’ but that working together, and trying to do
things more collectively, was a great opportunity to improve on fairly poor health outcomes in the
area. They talked about a bit of resistance to some of their ideas working, ‘surgeons and everybody
else at the time poo-pooed it a little bit and said, “why would you do that?” We say, “well, why
wouldn’t you?” ’.

Broader buy-in

I think it’s certainly, I’ve seen in 18 months in the trust there’s been a real shift in kind of ‘who are you,
and what do you do?’ to seeing the actual value in physical exercise in terms of a treatment pathway.
And I think that’s partly because of what we’ve done as physical trainers, with the patients but mainly
because of what the patients are then going back to the clinicians and telling them.

Participants consistently presented a coherent message that activity as treatment is both a powerful
message to patients and a necessary approach to engendering broader support from colleagues or
organisations. The latter process, particularly, was clearly not straightforward and was highly nuanced; it
was a gradual process, reliant on individuals, perseverance, good relationships, education and evidence.

One interviewee described feeling ‘very lucky’ that their trust had a ‘real proactive clinical lead’,
something echoed by other participants, who described clinical leads ‘who were very supportive . . .
who could get their colleagues on board’, or could make the transition sometimes ‘a little bit easier’
because often colleagues would ‘follow suit’.

In one trust, the example was given of a clinical lead who had ‘really promoted, and really pushed, the
message . . . said “we’re great, we’re making a real difference, come and have look” ’. They talked about
all sorts of ‘strange people doing classes’ turning ‘up in a suit when they should have turned up in
trainers’, but that this was an excellent way to help commissioners and others nationally, to take an
interest and come and see what they were doing. They also talked about ‘strong buy-in from senior
management’, including their chief executive, ‘who values it, and that’s a really positive thing, that’s one
of those, it’s a massive tick in the box because he likes what we do’.

One participant explained how, in their service, they had ‘hand-selected people’ who they knew
‘already bought into the idea [of PA]’ and that by focusing on only a small number of clinical pathways
they hoped that ‘keen, engaged surgeons’ would help ‘spread the word’ and make the roll-out to usual
care ‘a whole lot easier’. These people became known as ‘clinical champions’ and the participant
recounted higher referral rates, and higher uptake, by trying ‘to create a little bit of competition’
between the clinicians: ‘My patients are getting this, why don’t you get your patients . . .’.

Commonly discussed were the roles patients played in terms of engaging health-care professionals in the
value of PA provision: ‘I actually think patients, going back to their health-care professional, telling them
how much they’ve enjoyed it and how successful they’ve been, is massively important’. One participant
talked about this as having an almost cyclical effect whereby the messaging to staff (of the treatment
benefits of PA) would be reinforced by patients ‘going back to the clinicians and saying “this is the effect
I’m seeing”, and the clinicians are reinforcing what they’re saying to them, and not dismissing it out of
hand. So that’s really positive’. Some participants suggested that they could capitalise on this more:
‘we very much learnt the importance of, like, patient feedback, and having those case studies and the

APPENDIX 7

NIHR Journals Library www.journalslibrary.nihr.ac.uk

166



quotes and things as we went along’. Similarly, another participant talked about ‘a big campaign around
video testimonials, you know, the best people to talk about our service isn’t someone like me, it’s actually
people that have been through it’. They had the support of a Public Health England PA champion, a nurse
and a GP who had picked up the testimonials, using them when engaging clinical colleagues about PA;
they described it also being used with patients, ‘You know me and my team are not the best people to
necessarily encourage people to be more active, it is that peer-to-peer support that’s super important’.
Another participant talked about interest from funders in service outcomes: ‘actually when you speak
to them they want to know the patient impact . . . and the patients say that themselves . . . they’re the
best at saying that’. They talked about presenting a recent commissioner report, and how ‘every single
commissioner . . . they’ve ignored the first five pages, they’ve literally just gone straight to the back page
because they know that’s where the patient quote or the patient case study [is]’.

More generally, gaining clinical buy-in appeared to be a slow and ongoing process that took tenacity
and perseverance, and broader support from clinicians was, critically, not always a given: ‘knock[ing] on
the hospital doors a hell of a lot’ trying to ‘speak to a lot of nurses who were not too keen on sending
their patients to anybody but a nurse’, and who ‘did not see the value in physical activity’. There was a
clear message:

you’ve got to do the legwork . . . you’ve got to really promote . . . you’ve got to get out there, and print the
leaflets, and go and shout about it in different departments. And I guess it’s like anything. It’s like any sort
of marketing; you get out what you put in . . .. It’s really tough and especially when you’ve got something
that’s quite, well . . . that’s really groundbreaking and maybe a little bit witchcraft, like exercise.

For one service that had little direct connection with clinical teams, building trust with clinical
colleagues and with patients appeared to be a continual process. Reputation (they described having
‘worked so hard to build ourselves a reputation of delivering health-care programmes’) seemed to help,
and branding (their association with a rugby league club, the brand and the players as ambassadors for
the programmes were seen as attracting some people), they felt, certainly made ‘it easier’:

to get in the door somewhere . . . somebody recognises the brand, so they’ll be more open to a conversation
with you . . . I do find that just because I wear the kit and I’m around the hospital people actually approach
me and speak to me just about rugby . . . so that’s quite nice in that sense, ’cause I think people almost see
you as approachable just because you are wearing that brand and so that’s kind of definitely helped I think.

Resistance was often put down to a ‘lack of understanding’ of what services provide and practitioners
are ‘qualified to do’, with broad acknowledgement that there is ‘a massive amount of work’ still to be
done, as well as ‘a lot for primary and secondary care to learn about activity’.

A manager of one service described as high on their agenda the need to ‘generate evidence or
generate momentum that encouraging patients to be physically active should be viewed as a
clinical intervention rather than something that’s kind of a well-being add-on to treatment’. Another
recounted how they were able to gradually move from a quality improvement project that began
with post-surgery data and the use of incentive spirometers to introducing other elements, such as
exercise and nutritional support. For them, the ‘big thing’ that had enabled this to gain momentum
was showing an initial ‘length-of-stay reduction, a reduction in respiratory complications’.

One participant described, in working to engage GPs and practitioners more broadly, talking very little
about the benefits of PA and instead ‘about reducing their patient visits, QOF [Quality and Outcomes
Framework], things like that, that actually are not about the nuts and bolts of how physical activity
actually benefits people but how it impacts their day-to-day life as a GP’. They acknowledged that it
is worth thinking about framing PA to the particular perspective of different health professionals,
because this will vary, giving a further example of physiotherapists who might use exercise referral
programmes as an exit route from their own rehabilitation programmes.
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Several participants spoke about having to ‘prove quite a lot’ to gain the trust and support of other
clinical staff, with one explaining that, to get nurses to trust their message, ‘we had to prove that we
were qualified to a certain level’. This seemed to be satisfied in part by qualifications, which included
British Association for Cardiovascular Prevention and Rehabilitation qualifications; cancer and cancer
rehabilitation qualifications; at least level 2 training for gym instructors, but usually level 3 or 4 training,
which sometimes seemed to relate to whether they worked with less complex or more complex
patients; and nutritional training that accounts for patients receiving chemotherapy.

A participant from one general practice talked about ‘teaching the local GP trainees about exercise
prescription and physical activity in different conditions’ and this was seen as one way to begin those
broader conversations, and engender them early on in clinical careers. Although still in its early days,
this had moved on to talking more broadly with colleagues around becoming an ‘active practice’;
with two existing colleagues ‘really interested in well-being and physical activity’; they had been able
to push the movement agenda, engaging staff in ‘education’, ‘do we actually know how much physical
activity we should be doing?’ ‘How we incorporate that into our practice when we’re talking to patients
everyday?’. Realising that they themselves did not ‘really move’, they talked about needing to come up
with ‘some inventive ideas’ to move more themselves. The thinking was that ‘the more we talk about it,
the more it’s just second nature to us . . . And I think it does need a buy-in from everyone’. They felt
that they had ‘done really well with all the staff’ and although there was a ‘wee cohort . . . “Oh, I’m not
doing that” ’ there had been ‘a lot of engagement, and lots of support, and everyone feels more active
. . . or most . . . people that have, like, joined in . . . and I think definitely would be willing now to discuss
more with their patients’.

Participants frequently made reference to the language of activity being incorporated into routine
clinical interactions, from the general practice to specialist care, ‘ “Do you smoke? How much alcohol do
you drink?” I mean it should be, “how much do you move? Or how much physical activity do you do?” ’.
There was also an impression that it might matter, or at least be extremely helpful, if activity was
‘something that is habitual to them’, the practitioner. So as one participant explained, rather than it be
a ‘secondary thought that they might see on a form and think, “Oh yeah like we can actually refer you
to this physical activity programme” ’, practitioners are personally invested in the idea that PA can
provide all sorts of benefits, ‘they can answer questions’:

So I think that’s where the issue is . . . I’ve been in a lot of rooms where the health-care professionals don’t
even know the physical activity guidelines. They know the old guidelines but they don’t know the new
ones so it’s some education in that sense is probably needed. But I then don’t think we’re the right people
to educate them. I think it has to be a role model within their setting that educates them so they can buy
in to our programmes.

Relationships

They know our first names, we know their names so when the patient comes to see us the patients feels
really safe; that we are part of their team . . . and I think that’s really important specially in that very
scary moment before their treatment starts . . . they need to feel that everybody’s working together.
They don’t need to be walking into an appointment with somebody who might not know who their
clinical team is, or might not understand that they’ve been referred onto surgery. They don’t need that
question. As soon as they have to explain it to that person, they’re going to lose confidence with that
person, so I think collaboration in the whole system is needed.

The relationships between colleagues within programmes, but also, critically, outside programmes
and/or organisations, were frequently presented as important or as making things possible. Services
needed ‘other people’ to make their programmes a success, not just to engage patients, but also to
ensure that their care was well supported by people working together.
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One participant talked about their programme being ‘very much in collaboration with clinical teams’,
suggesting that the key was that everyone involved saw patients’ interactions with the PA service
as part of the ‘one team’ providing treatment and care. Good relationships, collaboration and trust
enabled the PA to be rooted in that broader treatment; a patient’s clinical team knows the PA team
and, importantly, the patient knows that they ‘communicate a lot’.

‘Obviously’ they explained, clinical teams are ‘really invested’ in ‘preparing the patients before surgery . . .
really invested in what that patient is doing in their outcomes with us’. They described open communication,
backward and forward, when any concerns or changes arise, and saw their responsibility to feed back to
clinical teams as just as important as for clinical teams to ask how patients were getting on. This was seen
to be enabled by open lines of communication; they talked about being ‘extremely lucky that we can just
send an e-mail to a patient’s surgeon, and say “this patient turned up today and their heart rate didn’t
respond as it was, we think that you should get them back in” ’. They talked about ‘surgeons really, really
liking that . . . they know that in that 3 weeks leading up to surgery, we’re probably seeing their patients a
couple times a week and they’re not . . . we are monitoring them very closely . . . they rely on us a lot.’

A participant from another prehabilitation service explained that, when they were setting up their
provision, ‘we knew we wanted it to be kind of cross-sector’, they described already working ‘really
closely alongside the public health team . . . so I kind of knew who they were, knew how they worked,
so we’ve got that working relationship’. This, for them, had led to co-delivery of activity sessions as well
as joined-up access to wider public health services. They also talked about working closely with the
hospital dietitian and current efforts to work more closely with psychology services.

In the rehabilitation phase of one service, although they described much less contact with clinical
teams than in prehabilitation (unless there were particular concerns with a particular patient), there
was, nevertheless, an ongoing shared interest in how patients were getting on, with monthly meetings
between the rehabilitation and the clinical teams to discuss patient outcomes as a cohort. At this stage
they also had strong links with activity services in the community where they would typically discharge
patients for ongoing support across each of their localities, ‘so we’re lucky enough to have that as
well, as an exit strategy’. The surgery school described by another participant was presented as also
fostering those relationships between colleagues; it was designed as an enhanced MDT preoperative
event, ‘it does give you a chance to bring people together, so I think that’s important’, and it also
provides an opportunity to meet patients, as some clinicians might not typically meet a patient until
the morning of their surgery.

Some participants described more limited contact between their services and clinical teams. This was
partly related to high numbers of self-referrals, but even for those referred by a clinician, unless a
clinical need became apparent, or ‘something arises as part of their duty of care’, they described no
natural lines of communication with clinical practitioners. One participant talked about this as an area
in which they had ‘struggled’ and in which they ‘would like to see improved relationships . . . I suppose
it works both ways . . . should health-care professionals be more interested in patient outcomes . . .’.
Another described their relationship with clinical settings, as ‘quite poor’. They gave an example of
the mixed messages they felt could result from this lack of collaboration, describing people who were
receiving chemotherapy being encouraged to consider completely different diets depending on which
service they were talking to.

On the occasion that a collaborative relationship had been there (usually when personal contacts
were involved) ‘that feedback, backwards and forwards, it probably has led to some really good things
happening’. The participant gave the example of someone really resistant to joining:

he had a slight little bit of interest in our programme, but still didn’t want to join, and it wasn’t until a
year down the line, and it was only because of the backwards and forwards between myself and his
nurse, that we managed to encourage him to come along. And then he came and he did the whole
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12 weeks and he absolutely loved it and just carried on ever since, like joining in with things. So that,
it clearly worked and it was because of the relationship that we had, but we don’t have enough of
those relationships to mean that that unfortunately happens across the board.

They did, however, talk about beneficial relationships with ‘trusted partners’ across the city, including
PA providers and local authority leisure centres, describing ‘better outcomes’ in the places where those
relationships were good.

More broadly in conversations, there was a general recognition of the difficulties in linking general
practice and primary and secondary care, of systems that ‘don’t talk to each other’, and being all ‘quite
disjointed on the shop floor’. One service had been working with their local IT team to address some
of the difficulties with traditional software in terms of monitoring patients and linking attendance
at classes with their wider treatment record and primary care record. This was described as being
‘developed all the time’, ‘we’re still kind of in the process of figuring out the best way to do that’.
In another service, software had managed to tie patients into their programme as part of a referral to
MDT appointments. There was some suggestion that this was partly because the first step into the
service was through surgery school, which had been framed to the trust as part of that MDT process.
It was not clear if treatment and outcomes were also tied into this system (although a structured
system of meetings seemed to be in place to also do this).

Referrals generally were talked about as coming from physiotherapists; consultants; cancer nurse
specialists; GPs; and, for some programmes, from patients themselves. One participant talked about a
steady increase in referrals from cancer nurse specialists, and felt that this demonstrated their success
at ‘trying to embed the exercise part of their treatment into the cancer pathway’. There was some
discussion among services as to the benefits of starting the discussion about raising activity levels in
general practice. That time between a patient first presenting at a GP’s surgery and being referred
to specialist care was seen as ‘quite a gap’, ultimately leaving sometimes only a short period of time
to work with a patient prior to their surgery or beginning of treatment. One participant suggested
that it ‘would be really, really positive’ if a ‘real point and effort is made to start to sow that seed’
with the GP. They saw this as an opportunity for people to begin to increase their PA levels, allowing
for patients to make more headway before their surgery. Another participant talked about trying ‘all
sorts of different ways when you go a bit earlier, to try and get some more time’, but explained that
sometimes you would then have ‘people coming into the gyms who didn’t have a diagnosis. And they’re
like, ”well why am I here’ sort of thing” ’; this seemed to be seen as a disruption to other patients. They
also talked about spending quite a lot of time early in their programme’s development ‘talking about
how we could communicate with GPs, getting them starting to manage things’; they explained that it
was an area they planned to revisit and they maintained a GP as part of their broader team. There
was some hesitation more generally from participants that, for cancer patients particularly, a referral
direct from the GP would be more complicated: one participant described being ‘a bit worried’ that
direct referrals at the point of a cancer query would be a significant workload for GPs, and another
commented that ‘there are so few actual diagnoses of cancer in comparison to the amount of people
presenting at a GP referral . . . from our service point of view, we would be absolutely over-run.’

However, there was agreement that, for all patients in surgery or potential cancer pathways, the period
when ‘they are just waiting, they are just waiting for something to happen’ could be capitalised on and
‘certainly the message could definitely be sold by GPs then’.

Funding
Services generally began with some form of charitable or grant funding, including from cancer research
charities, The Health Foundation, the Wellcome Trust and Sport England. Most services remained on
short-term funding grants or contracts, with some describing the frustrations of funding that was often
‘piecemeal’ or ‘pots of money’ that would go ‘nowhere near actually delivering a service’. However,
one service had been regularly funded for almost two decades. Participants acknowledged how ‘lucky’
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they were, seeing this security as able to support longer-term planning, as well as being ‘massively
important’ for the development of, and investment in, their staff, ‘so that you can lift them up, in terms
of qualifications and experience’.

Despite frustrations, smaller pots of money were often seen as ‘a platform’, enabling services to get
‘off the ground’. One participant talked about ‘the reality’ that NHS trusts do not have money or the
resource ‘to throw at things like this’, even if it is ‘the right thing to do for patients’. They described as
‘incredibly helpful’ an initial 2-year period of charitable funding that gave their service an opportunity
to demonstrate what they could do, explaining that ‘it’s very hard to convince people in power, or
people with the resource, that you can do this, and that it works’.

Although participants from one service, which was collaboratively funded with a local public health
team, talked about flexibility in how its funding was spent, funding tended also, at least initially, to be
fairly prescribed by funders: ‘money for data collectors’; or attached to objectives, such as ‘improving
fatigue levels’; or service evaluation looking at specific patient outcomes (including physical and
psychological markers); or the impact of the service across a trust. Some also talked about funding for
a website, branding or pieces of public engagement work. Only one service described being explicitly
funded to increase PA.

Services often talked about commissioners as ‘trusted partners’ or as ‘absolutely essential’. However,
these relationships, or their ‘buy-in’ or interest had often taken considerable efforts to develop,
requiring ‘a huge amount of work’ and a lot of perseverance, as well as a focus on trying to ‘prove’
what services were doing and find different ways to engage commissioners (as well as senior
management) in their programmes.

Key staffing roles

Core team

l Physical trainers (employed within and outside services).
l Physiotherapists.
l Oncology specialist physiotherapist (making assessments and supporting exercise).
l Exercise scientists.
l Nurses.
l Allied health professionals.
l Administrative staff/receptionists.

Clinical champions

l Cancer nurse specialists.
l Care co-ordinators.
l Anaesthetists.
l Surgeons.
l Oncologists.

Broader collaborators

l Pharmacists.
l Dietitians.
l Clinical psychologists.
l Data teams.
l Local gyms.
l General practitioners (including trainees).
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Data and outcomes
Some services started out as quality improvement projects, with data collection and monitoring an
integral part of their work from the beginning. Others had the need to gather data to evaluate their
processes and outcomes, partly to help convince clinical and managerial colleagues of the utility of
the service, but also to help secure further funding.

One service was described as being ‘heavily monitored’ on its recruitment of patients and clinical
outcomes prior to surgery. More generally, data that appeared to be seen as important included
objective physiological measures, such as the 6MWT, the sit-to-stand test, the grip strength test;
more global measures of disability (such as the WHO Disability Assessment Schedule); and measures
related to efficiency of care; and length of postoperative hospital stay was a primary outcome for
one service, whereas, for another, it was fatigue. Some services talked about well-being scales, such
as the Warwick–Edinburgh Mental Wellbeing Scale, or other questionnaires that included dimensions
of health, such as anxiety and depression (EQ-5D-5L and Hospital Anxiety and Depression Scale).
Service-based measures including recruitment and attendance at sessions were also collected and
some services talked about attempts or hopes to link this to patient records, although software
challenges or systems not set up to recognise their service or its objectives or outcomes appeared
to present barriers to this. Participants from several services talked about the difficulties for data
systems to interact between primary and secondary care, with repeated comments around the benefits
of being able to easily share patient engagement and improvements, as well as ‘monitoring patients’
conditioning’, with clinicians across clinical services. Participants acknowledged an increasing interest in
measuring long-term benefits to patients, for example 2-year outcomes for cancer patients, as well as
collecting quality-adjusted life-years (data that combine patient quality of life with health economics).

Although one participant talked about using the IPAQ self-reported PA measure, most services did
not collect formal data on patients’ level of PA; however, participants from one service talked about
self-efficacy for exercise as an important measure, explaining that ‘somebody with a higher self-efficacy
for exercise’ tends to be more likely to continue exercising independently. Overall, data were usually
collected at initial assessment and again when leaving provision; some were monitored throughout.

Participants frequently mentioned the importance of patient feedback, with one commenting that
it was these ‘real-life stories that bring the data to life’. Often it was talked about as something
commissioners were particularly interested in seeing: ‘they want to know the patient impact, and
the patients say that themselves, and they’re the best at saying that’.

Video testimonials were described as being useful for engaging both other patients and health
professionals: ‘you know, the best people to talk about our service isn’t someone like me, it’s
actually people that have been through it’. Measurement of patient experience included small patient
engagement projects, localised surveys (including a focus on venues and resources) and standardised
patient-reported outcome data using questionnaires such as the Patient-Reported Outcome Measures.

Several services were involved in formal service evaluations of their provision, including some degree
of health economic evaluation, with some services expecting these to include comparative elements
reflecting the in-person versus remote adaption models.

Agendas
Several participants commented on local or regional initiatives that made possible, or enhanced, their
approach. One participant talked about a regional agenda to ‘bring movement into people’s lives’, a
collegiate partnership across Greater Manchester (GM Moving), with initiatives including active travel.
They described this ‘whole-system thinking’ as helping to focus people’s mind on moving more, and how
they felt that this helps; in the context of their service, patients’ could see more broadly that activity was
being normalised and ‘reimagined’. ‘So then when you suggest more physical activity or exercise to them,
“oh yeah I know that, I’ve got one of them live by walks near my house”. And so that’s helping and driving
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a lot in Greater Manchester’. The same regional approach was talked about as supporting the leisure
industry to get more people having, and being ‘confident’ to have, conversations with people about their
health diagnosis, to notice if ‘somebody’s struggling’, to signpost them to appropriate support. One
participant framed this as ‘upskill[ing] the receptionist, the lifeguard, the level 2 gym instructor, the duty
manager’ and talked about currently working with training organisations to deliver continuing professional
development courses: ‘one is on cancer, one will be about musculoskeletal conditions so that focus, for
example, of getting Stockport more active, more healthy, doesn’t just sit on a team of eight people’.

There was also a suggestion that broader agendas or collaboration can make more ambitious
projects more feasible. One participant described as ‘fortunate’ that, at the same time as they
were developing their provision, the local public health team was prioritising a wellness approach,
setting up a city-centre space, which they described as ‘a beautiful facility’ with good gym facilities;
an exercise studio; and access to smoking cessation teams, drug and alcohol teams and counselling
services. This supported an approach that rooted PA within both a broader perspective on individuals’
health and a local priority; the challenge, they said, was replicating this in other areas.

Another participant talked about taking any opportunities they can to get involved in broader
campaigns, research and just talking to people about their work. Several talked about ‘tying in’ with
Public Health England initiatives, such as PA champions, with one describing a YouTube campaign,
but there was also a view that services were ‘further ahead than what is being pushed by the national
agenda’. Although participants acknowledged that people are now starting to see the value in their
programmes, one participant described this as ‘a little bit frustrating’, particularly when it came to
funding: pots of money to bid for that would go nowhere near actually delivering a service:

it might, you know, go somewhere to creating some leaflets to give out, it might go to, you know, an
hour’s worth of staff training across the trust, but it feels like that’s a bit small-fry to actually putting
something in place to treat patients in this way.

One participant talked about cultural aspects to exercise and PA, and health perceptions that can be
completely at odds with the approach they are taking. They suggested having cultural champions as a
way of bridging that gap:

there are areas where we might need that, I think that would be something to think about as well . . .
There will be some people who would want to take up that kind of role . . . where they have like
community centres and things if we have to make it popular, like X was saying. Just gently sow the
seeds and I think those could be places we could start.

COVID-19

COVID-19 disrupted services across the board, including service evaluations, with services seeing
staff directed elsewhere and participants seeing many of their colleagues furloughed, meaning that
vital administrative resources were no longer ‘to hand’. However, often referenced was the learning
that had resulted from the experience of adapting and providing care during this period: ‘we’ve done
and learnt from it’, ‘it’s allowed us to take a step back from, look at our delivery models, and actually
change them for the better’. It seemed to have presented an opportunity for services to consider
and explore new ways of working with patients.

All services, to varying degrees, continued contact with patients during the period. Participants
described a ‘great deal of consideration’ and ‘planning in adapting’ to the pandemic environment
and ever-evolving provision to keep referrals open, keep supporting patients and transform provision
to a remote delivery model. Several commented that, in shifting delivery, their focus remained on
ensuring that they could produce a new model that was ‘acceptable’ to patients.
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A participant from one service explained that it had quickly moved to an online timetable, but talked
about focusing sessions primarily on those they felt were most negatively affected by the pandemic,
in terms of risk and isolation, giving the example of ‘people that might be more afraid to go out
because of their medical condition’. When lockdown restrictions had allowed, they provided one-to-one
walk-and-talk sessions, using local green spaces, parks and outdoor park gym equipment; this was a
new approach that they hoped would continue, although probably as group sessions, moving forward.

In one general practice, trainees had compiled a list of online and community-based activity resources,
as well as books, for those with no access to the internet. They also described that, because of the
way appointments were being managed, many of them virtually, via e-mail or on the telephone, it was
actually easier to bring in discussion of PA: ‘it’s a bit more fluid in terms of time, so actually, I think
if we could get organised, and remind people, then there’s no reason . . . Because before we were so
quick, you just really didn’t have time’.

Another participant talked about initially focusing on WHO guidelines, ‘that every minute of exercise
and activity counts, trying to give them small, fun things for them to do’. They talked about the ‘ad break’
and the ‘kettle boil’ challenges, breaking down full exercise sessions into smaller parts and posting
activities on social media and on their website and YouTube channel, providing people access to an
online exercise diary and some virtual group interaction. They described this as ‘somewhat a success . . .
patients accepted that that’s what needed to happen’ and although it was not ‘something for everybody,
I think a lot of people are accepting that, right now, it’s better than nothing’.

Despite maintaining this contact, the same participant talked about seeing a sharp deterioration in
fitness after the first lockdown: ‘the regression of the patient’s fitness was astonishing’. They described,
when starting to deliver classes again, having to ‘completely redo the timetable . . . and go right back to
the beginning. Although they’d adhered to what we were asking them to do, it just wasn’t as good;
it just wasn’t as effective.

During the second national lockdown, they described being ‘incredibly fortunate’ that, with the exception
of those who were clinically extremely vulnerable, they had been able to keep their in-person classes
running, and also deliver the majority of one-to-one assessments face to face, with a small number on
the telephone, and have a full timetable of 26 sessions a week at > 70% capacity:

That’s because we’ve been quite successful in convincing our trust that this is part of normal cancer care
and its treatment, not an add-on. So, kind of, with the national drive that all medical services should
continue, we’ve been able to continue, which has been a huge, huge relief to lots of the patients who
were using the service.

In another service, although having subsequently developed a virtual offer (beginning after the
study period), they expressed disappointment that they had not been able to maintain full delivery
of their service for their existing cohort (this under the direction of their commissioner and clinical
colleagues): ‘It’s a shame because we’ve managed to do virtual sessions for other programmes that we
offer’. For those already enrolled on their programme, they were able to continue to offer support
through telephone conversations, e-mails and some virtual resources to support people to remain
physically active, as well as a link to the broader provision, such as a citywide walking challenge,
of the organisation.

Although several services talked about efforts to ensure that there was an offer for everyone,
regardless of the sorts of devices or internet access people might have, there was generally a heavy
reliance on technology, mobile telephones, computers, devices for video contact and the internet,
with services using Microsoft Teams, Zoom and Attend Anywhere (Attend Anywhere, Melbourne, VIC,
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Australia) as the main platforms for video sessions. Some participants particularly emphasised how
not having access to the technology ‘definitely hindered some people’; there were repeated discussions
around the influence of deprivation and of technology literacy, with one participant describing their
team as becoming ‘part-time IT consultants’. Several people commented, however, that many of the
technical barriers had reduced as time had gone on, with one feeling that ‘older people [were] getting
more and more used to using Teams, talking to their relatives and stuff’, and another that ‘older people
and relatives have joined up and learnt technology’ in a way that, prior to COVID-19, ‘we could not
have imagined’.

One service, talking about how they had tried to work around these barriers by providing ‘the full
spectrum . . . zero technical ability . . . all the way up to using Microsoft Teams for online class.’ For
those that had been deemed ‘technically deprived’ (a high proportion of their patients), people would
receive home exercise packs, diagrams and descriptions, and resistance bands in the post, and then
coaching sessions on a telephone. These were described as ‘a bit weird to get used to’ and ‘massively
labour intensive’, but something they now ‘quite enjoy . . . it’s good fun, we’re enjoying it’. For others,
they had a timetable of 15 online group classes each week, and, for some, they used Myzone chest
belts (digital heart rate monitors), whereby trainers were able to live-track a patient’s heart rate during
sessions. This enabled exercise trainers to visualise up to 10 people at one time doing an activity
session, to see people ‘being active and how much’ and to say, ‘ “you can go a bit harder there”, “do a
bit more”, that sort of thing’. This was described as a ‘really good’ approach for those people who
‘really like the digital home-based approach much more than the face to face’. It did rely on patients
having a smartphone or computer. They also talked about a YouTube channel with follow-along
exercise videos. The participant also described still being able to carry out much of their data
collection, including sit-to-stand tests, remotely, ‘and it is showing that the improvements are still
being made, the sit to stands are still being increased’.

Services generally felt that their adaptions had been ‘successful’, ‘the virtual challenges that we’ve done
to engage people have been positive’, ‘we’ve helped mitigate their health . . . sort of well-being and
their health actually deteriorating as much’; one participant suggested that this showed that ‘remote
rehab[ilitation] can be done’. Several participants suggested that virtual delivery had worked better for
people who were already on a programme or known to the service, with one participant describing
referrals dropping ‘substantially’ and those that they did get, ‘people tended to want to wait until
facilities had reopened’. In another service, a participant felt that:

from talking to people and patients . . . [that patients] were able to engage [with their service] better
because they knew us and they had been there physically in person, first . . . I think had we just been
delivering remote programmes from the off, it would have been very, very difficult to get the same level of
engagement that we had with patients that we knew and we had regular contact with.

A drop-in attendance was also attributed to working with people in areas of high deprivation where
people were marginalised with regard to access to the technology and/or the internet. One participant,
however, described engagement as ‘really good’ from new and existing patients, the conjecture being
that patients had responded well to the varying degrees of technicality/use of technology that they
offered: ‘nobody is excluded and I think that’s why the engagement rate is so high’. Another participant
talked also about remote sessions as being:

really useful for people that maybe had caring responsibilities, where in the past they would feel guilty
about, or not able to leave someone to go and be active, they could actually do it, because they were
at home, or the person they were caring for was able to, in some way, to join in. So it’s definitely been,
definitely found . . . it’s been useful in some way to engage those that maybe previously would struggle
to engage.
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Despite mixed experiences in continuing provision, there was mutual agreement across discussions that
services had been ‘almost a lifeline’ for people throughout the pandemic:

What it’s meant to people, particularly during COVID, that’s been massive, you know not having anybody,
and in the gym people have filled this gap; their virtual system. They’ve had more than 600 people on
their books during COVID just virtually looking after them, with weekly telephone calls and all that sort
of stuff’.

Another participant talked about their provision as ‘positive’ because it is some of the only contact
that ‘[people are] actually having with anybody throughout the week’. Another spoke of ‘the amount of
testimonials’ they had received, from ‘people saying how much it was a lifeline for them, just to have
that social interaction with people, never mind the exercise, over that COVID period, it was really,
really beneficial’. In another service they talked about ‘one of the big things’ that they had found was
‘that we’re part-time exercise specialists, part-time IT consultant and part-time counsellors because
there’s a lot of well-being that is needed at the moment’. They felt that this had been ‘compounded by
the fact a lot of well-being services shut down . . . because they couldn’t offer face to face, and they
were slow on the digital take-up, and the telephone take-up, and a lot of their staff was furloughed’.
This was backed up by another participant, who talked about patients’ WHO Disability Assessment
Schedule well-being scores being at ‘a lot higher baseline than they were before COVID . . . we’re still
making the improvement, but what is very concerning is our baseline is so much worse than it was, pre
COVID’. They attributed this to ‘peoples’ anxieties’ being ‘a lot higher . . . and people are deconditioning
because they’re not just doing their daily active stuff. So when they’re asked if they are finding things
difficult, they are’.

All participants acknowledged the opportunity the pandemic context had provided in allowing them to
explore new ways of doing things. Although one participant said, ‘ideally, I think we are going to come
out of this, we are going to get back to some sort of normality’, most participants indicated a hope to
move forward with some form of a ‘hybrid model’. One participant talked about their virtual offer
being ‘something we were wanting to try and do anyway, but with the businesses and everything
else that was going on we never really got round to kind of offering it’. Another participant explained
that they will ‘quite strongly argue that we will be a blended team, that we will do face to face and
technology as well’, highlighting how a virtual offer would work particularly well for people who are
on chemotherapy and radiotherapy, who ‘find it very hard to travel out into the day’ and would ‘really
benefit’ from being able to log on at home. Another was interested to see how things would evolve,
‘whether the online stuff will stay as popular as it is, or whether people will just crave that social
interaction and that face-to-face stuff . . . the remote aspect might not be . . . as big as it is now’.

In another service, they felt that they might continue a virtual offer, but only in certain areas:

with some services, we’ve basically people begging us for turning things back to normal and back to face
to face. They just cannot stand the virtual stuff. But I think in other areas it’s made us take a step back
from, looking at our delivery models, and actually change them for the better and add in that, we can do
a consultation, and we don’t need to do it face to face with somebody, we can actually do it virtually if,
if them accessing that consultation initially is the barrier to them then coming along to a programme,
like. We can still do that using a virtual method. So I think there’s elements of it that we will definitely
keep. I can’t say that [we] will probably keep a huge amount of it in terms of actual delivery because
I just think for the people we work with, I don’t think it is the optimal method to, to get the best
outcomes from them.

One participant suggested that initial telephone contact ‘might actually engage somebody as a first
step where before they wouldn’t have engaged at all. Because the thought of coming to a facility,
to do their initial consultation, might, might have actually been a barrier’, adding they ‘definitely hope
to offer that’.

APPENDIX 7

NIHR Journals Library www.journalslibrary.nihr.ac.uk

176



Several participants commented on how they felt that COVID had ‘reinforced the importance of exercise’,
‘ ’cause we’ve been allowed out for an hour every day for 6 months, haven’t we, to exercise’ and that, now
more than ever, it was such an ‘important time now, you know, to really push this forward’.

Surgery

Participants suggested that patients’ priorities or motivations might vary, and, depending on their
condition, they ‘might be slightly at odds with a clinical priority focused on physical activity’, as one
participant explained, ‘it’s where that person is in terms of their mindset at that point in time’. That
seemed to be particularly the case for cancer patients, and there was general concurrence across the
discussions that there was perhaps a unique moment when patients might be in the early days of a
diagnosis, facing particular challenges and perhaps holding particular motivations.

There was also awareness that, for cancer patients, at the point of diagnosis, it can be ‘information
overload’, with patients overwhelmed by ‘stuff to read’; one participant described patients sat in front
of them, sometimes not sure, or not sure in that moment, why they are there, and explained that they
‘try to be quite matter of fact . . . it is good for them . . . will help their recovery, it will help to combat
the effects of treatment’.

Cancer patients often came with the recognised benefit of a care co-ordinator, highlighted by one
service as a ‘highly valued’ bridge between patients, clinical teams and their programme. Although
much of their role might be administrative, the care co-ordinator’s knowledge of a patient’s treatment
plan, and their contact with the patient, was seen as a unique position from which they could begin to
prepare patients for, and sometimes ‘sell the benefits’ of, the programme. The care co-ordinator’s wider
contact with a patient’s cancer nurse specialist and clinical team helped hold together a perception
of provision as one comprehensive pathway. In one discussion, participants suggested that the same
relationship could be encouraged for other surgery pathways, by either utilising pre assessment or
considering medical secretaries or staff in bookings or administrative team who could be trained to
introduce ‘those ideas’.
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Appendix 8 Summary of risk of bias
assessments
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TABLE 40 Summary of risk-of-bias assessments
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TABLE 40 Summary of risk-of-bias assessments (continued )
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a To include HRQoL, pain and patient experience.

Notes
Red indicates a high risk of bias, green indicates a low risk of bias and yellow indicates an unclear risk of bias.
Blank spaces indicate that these outcomes were not measured; we completed a risk-of-bias assessment for measured outcomes only.
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