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Abstract Pulmonary rehabilitation (PR) may not suit all individuals with COPD and may not result in increased levels of physical activity. Higher levels of physical activity are associated with reduced mortality and morbidity in this population. The aim of this study was to assess the feasibility of conducting a trial to investigate the effectiveness of a clinician facilitated physical activity intervention (PAI) versus PR in improving physical activity in COPD patients referred to PR. In this randomised controlled mixed methods feasibility study all patients referred to PR who were eligible and willing to take part were assessed at baseline and then randomised to either the PAI or to PR. Assessments were repeated post intervention and at 3 month follow up. The main outcome was step count measured by the Actigraph. Semi structured interviews were conducted post intervention. N=50 patients; mean (SD) age 64.1(8.6)years, 24M were recruited and randomised; N=23 (PAI) and n=26 (PR); one patient was excluded from the analysis as they did not meet the GOLD diagnostic criteria for COPD. Key feasibility criteria were met; recruitment was 11%, dropouts in PAI were 26% (n=6) and 50% (n=13/26) in PR.  Participants in both groups experienced a range of health benefits from their respective programmes. The PAI appears to be effective in increasing step counts in people with COPD: mean change (standard deviation) [confidence interval] for the PAI group was 972.0(3230.3)[-1080.3 to 3024.4], n=12 and 4.3(662.7)[-440.9 to 449.5], n=11 for the PR group. The PAI met all domains of fidelity. This study provides key information to inform a future randomised controlled trial in physical activity. 







Introduction
Globally, pulmonary rehabilitation (PR) is established as a core component in the management of COPD and has been shown to enhance health quality of life, reduce dyspnoea and improve exercise capacity [1]. There is limited evidence to indicate whether the improved exercise capacity following PR translates into improved daily physical activity levels in COPD [2, 3]. The majority of PR programmes are supervised outpatient-based, and delivered in a group format [4]. Not all patients referred to PR attend for assessment or enroll in the programme after assessment [5], dropouts from and non-adherence rates with PR are high, emphasising that PR may not suit all patients with COPD [5, 6]. Current capacity is unable reach all those with COPD who would potentially benefit from PR [5, 7] and so there is a need to explore alternative platforms for delivering exercise/physical activity interventions traditionally delivered in context of PR . 

Physical activity is fundamental for the prevention of chronic disease and premature mortality [8]. Walking represents a form of physical activity that has been shown to be effective in increasing physical activity in clinical populations and is necessary for activities of daily living [9]. Although studies in COPD have demonstrated the effectiveness of physical activity interventions [10] particularly individualised walking programmes [11, 12], these alternative programmes do not seem to be offered within current models of healthcare provision for COPD.  Interventions have also included different components, for example, use of the internet to record and facilitate the intervention [13], the use of pedometers [14, 15], and various behavior change strategies [16, 17]. However to date a home-based pedometer driven walking intervention in comparison to PR has not yet been explored. A home-based pedometer-driven walking intervention may offer an innovative and alternative method of delivering physical activity training that could be provided to large numbers of patients with COPD on an individual basis. Walking could provide for flexibility around life commitments and promote a change in activity levels. 

The importance of conducting a feasibility study prior to a full randomised controlled trial (RCT) has been emphasised by key funders such as the Medical Research Council and the National Institute for Health Research (NIHR), as well as recent publications [18-21]. Mixed methods designs can be used in feasibility studies to allow for a greater understanding of patients’ perceptions of feasibility, for example barriers to participation [22]. Therefore the aim of this study is to assess the feasibility of conducting a trial to investigate the effectiveness of a clinician facilitated physical activity intervention (PAI) (physical activity consultation and a pedometer-based walking programme) versus PR in improving physical activity in COPD patients referred to PR.
Objectives 
I. To use the NIHR criteria (Table 1) to assess the feasibility of conducting a trial to compare the effectiveness of PAI versus PR in patients with COPD referred to PR (LIVELY COPD project).
II. To explore the views and experience of participants relating to their satisfaction and perceived benefits of a PAI and of PR.
III. To assess the feasibility and fidelity of delivering a PAI intervention to patients with COPD 

Methods
The reporting of this trial adheres to the Template for Intervention Description and Replication (TIDieR) and the Consolidated Standards of Reporting Trials (CONSORT) statement  2010 [23, 24], online supplement eTable 1. 
Design
The study design was a multicenter mixed methods randomised, parallel-group, feasibility study. The study was registered at https://clinicaltrials.gov/. Ethical approval was obtained from the Northern Ireland Research Ethics Committee 13/NI/0014.

Population 
Patients with COPD (n=50) referred for PR to any of the eight sites that provide PR within two Health and Social Care (HSC) Trusts in Northern Ireland were included. All PR sites reported that they were adhering to the BTS guidelines for Pulmonary Rehabilitation prior to the commencement of and midway through the study [4]. Patients with a primary diagnosis of COPD, a good understanding of written English (as reported by the individual patient) and in a stable phase (no change in symptoms or medication in previous 4 weeks) at the time of assessment were included. Spirometry was provided by the PR team and when necessary COPD diagnosis was confirmed with the site PI. Exclusion criteria were inability to safely take part in a walking programme or PR (e.g. unstable angina, neurological, spinal or skeletal dysfunction affecting ability to exercise) as decided by the PR team or inability to comprehend or follow instructions (e.g. dementia). 

Recruitment and randomisation
Participants were randomly assigned to two groups using computer-generated block random numbers by a member of team not involved in any other aspect of the study in order to ensure allocation concealment: Group 1-PAI or Group 2- PR. The allocation was retained in sealed envelopes which were opened to reveal group allocation only after consent and after completion of baseline assessment. Patients were stratified according to HSC Trust to help ensure that equal numbers of patients within each Trust were randomised to each group. 

As this was a feasibility study, no formal sample size calculation was used. Based on previous publications a sample size of 50 was deemed appropriate to achieve the aims/objectives of this study [25]. This sample size also reflected a realistic target for the intervention period and one which was anticipated would provide sufficient information on the feasibility to inform future studies. 

Interventions: 
Participants were randomised to either the PAI or PR. 
Physical Acitivity Intervention 
The PAI intervention was a 12 week clinician facilitated pedometer driven walking programme. All participants were provided with an unsealed Yamax Digiwalker CW700 so they could record and see their daily step count during the PAI, and as a manual with weekly step diary and action and coping plans.  Per protocol participants had weekly contact with the interventionist (specifically trained physiotherapist or nurse (details on the training are available in 2)); weeks 1 to 6 were face to face, weeks 7-11 were conducted by telephone. Week 12, the final consultation was delivered face to face as planned. Individual face to face consultations were expected to last up to one hour and were conducted in an outpatient hospital department and telephone consultations were expected to last about 15-20 minutes and were iniated by the clinician at an agreed time. Consultations were expected to transition from face to face towards telephone based consultations by about week 6 anticipating that participants would become more familiar and more confident with the intervention, and also to offer flexibility. Regardless, all components of the consultatiions were expected to be delivered. The PAI considered the, 'capability', 'opportunity', 'motivation' and 'behaviour,' (COM-B) model of behaviour change [26] and included 20 behaviour change strategies [27]. Each week participants set a step goal based on their previous weeks step count, as well as the results of a self-efficacy walk (how many steps the participant walked in ten minutes) [9]. This step goal was individual to the patient. An example of how the weekly step goal was set is available in the eTable 3.  Participants wore pedometers each day during the intervention period for motivation and feedback, and also kept a written step diary which was contained with the intervention manual supplied to them.  At each subsequent consultation the clinicians and participants revisited the daily steps of the previous week and reviewed the step goal to assess if it was met/not met or partially met; barriers to physical activity were identified and strategies developed to overcome these; and specific strategies to increase walking were identified. Action and coping plans were made each week led by the participants, and during these consultations clinicians focused on helping participants to build self-efficacy, encouraging social support, providing disease specific education; participants were given the Living Well With COPD for PR booklet [28].  An outcome goal relating to an activity or function was also set at baseline, for example “To be able to walk to the centre of town on my own without fear.”  This was reviewed during the intervention; at consultation 6 and, if it was already met or participants felt it was too difficult  it was revised or amended. The outcome goal was then reviewed at the end to determine whether it was achieved.
Pulmonary Rehabilitation 
PR was delivered by clinicians’ as per usual clinical practice. These programmes were delivered in either hospital or health centre outpatient departments. Participants attended a supervised exercise class twice a week for 6 weeks and were also given a booklet with exercises and encouraged to perform these independently on a third occasion. PR also consisted of centre based disease specific education, at which time participants could engage in discussion and ask questions.  Participants were also given the Living Well With COPD for PR booklet [28]. The exercise component usually lasted for one hour and PR sites reported that it generally consisted of cardiovascular exercises and lower and upper body strengthening exercises. A diary was used to record the exercises undertaken and the level of breathlessness measured with on Borg scale. Education sessions (30-60 minutes) were delivered at least once weekly. 
Data collection 
All screening, recruitment, adherence (number of sessions attended) and drop outs as well as the occurrence of adverse events were recorded, intervention adherence was set at 75% [29]. Demographics (gender, age, height, weight), medical and social details (living arrangements and employment status) and spirometry results were gathered  at the baseline assessment. Patients attended four study visits for outcome assessment: baseline assessment was conducted over two appointments 7 days apart (Visit 1 and 2). Participants were assessed again post-intervention (Visit 3) and at 3 months following the end of the intervention (Visit 4). All data was collected by a trained independent assessor not involved in the delivery of intervention; a physiotherapist and/or a research assistant.  

The following outcome measures were collected from all participants: physical activity with the Actigraph® GT3X+ accelerometer [30] and a sealed Yamax Digiwalker CW700 [31] pedometer which were worn around the waist for seven days during all waking hours, as well as the long form of the International Physical Activity Questionnaire (IPAQ) [32]; exercise capacity with the Incremental Shuttle Walk Test (ISWT) [33]; health status with the COPD Assessment Test (CAT) [34] and EQ5D5L [35]; and a modified Global Rating of Change (GROC) Scale [36].  Participant stage of change [37] was assessed at baseline (Visit 1 and 2).
Patient views 
Semi structured interviews were conducted post intervention (visit 3) with all available participants. The semi structured interview script is available in the e-supplement (eTable 4). 
Feasibility and fidelity of the PAI 
Participants in the PAI group set a weekly step goal. The step goal and the actual step count achieved by the participant were recorded and analysed to assess whether participants achieved their goal each week, and the degree of change. Additionally, an outcome goal was set at baseline, and at the post intervention assessment (visit 3) participants were asked to report the extent to which they met this goal on a visual analogue scale (0-10) with ten being “fully met”. The PAI was considered to be feasible based on whether participants could achieve their weekly step goal, achieve their overall outcome goal, and increase their step count across the intervention.

Fidelity of the PAI was assessed using the checklist published by Borrelli (2011) [38]. This checklist was developed using the treatment fidelity framework provided by the National Institute of Health (NIH) Behavioral Change Consortium (BCC) [39] which includes five domains of treatment fidelity (Study Design, Training of providers, Delivery of treatment, Receipt of treatment, and Enactment of treatment skills). Under each of these domains, there are a number of items with which fidelity is assessed. Further details on the assessment of fidelity are available in the online supplement, eTable 2.
Data analysis 
All participant screening and outcome measure data was entered into Statistical Package for Social Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL). Data entry was independently assessed for accuracy and analysed per protocol. All continuous variables were checked for normal distribution using the Shapiro-Wilk Test, which confirmed that most of the data were normally distributed; BMI, FEV1% and FVC were not normally distributed. Descriptive statistics were used to summarise the screening, recruitment, adherence and population demographics. Only Actigraph data that contained a minimum of five days of ten hours wear time were used for analysis; and only sealed pedometer data that had a minimum of five days of 100-50,000 steps were used for analysis [40, 4]. As this was a feasibility study, we were not focused on statistical significance and therefore mean (standard deviation) (SD) difference, with 95% confidence interval (CI) was estimated at each follow-up time point for all outcome measures using paired t tests. Data is presented mean ([95% CI] or (SD)), and nominal data is presented as percentages. 

Qualitative data was analysed using Kings Template analysis [42]. A template of predefined themes was created using the semi structured interview schedule as guidance. The transcripts were analysed with the predefined themes, and subthemes were added to ensure all relevant text was being captured and coded. All transcripts were checked to ensure all relevant text had been coded according to the final template, and two researchers outside the team reviewed three transcripts each.

All unsealed pedometer data relating to weekly step goals and steps achieved were recorded in Microsoft Excel 2010. Mean weekly step goals and mean weekly steps achieved were calculated and plotted graphically so as to demonstrate how these numbers tracked each other over time during the PAI. The mean difference between participants’ first and last recorded mean daily unsealed pedometer step count was also calculated.  Finally participants VAS scores for whether they felt they had achieved their outcome goal were also recorded and a mean score calculated. 
Results
Participants 
Participant flow through the study is summarised in Figure 1. Six hundred and fifty one patients were screened between 4th April 2014 and 27th July 2015. Of those eligible 11% (n=50/453) were recruited over a 16 month period (see eTable 5 in the online supplement for full screening data).  N=50 participants with a mean (SD) age of 64.1(8.6), 24M and FEV1 1.4 (0.6) L/min were recruited .   Patients were assessed and randomised to the PAI (n=24) or PR (n=26). One participant who was randomised to the PAI made a mistake and attended PR. Therefore n=27 attended PR and n=23 attended the PAI. A further n=1 participant  randomised to PR was exlcuded from the analysis as subsequent information about their diagnosis revealed they did not meet the GOLD criteria for COPD [43]; therfore n=49 have been included in the analysis: n=23 PAI; n=26 PR.

Patient characteristics are shown in Table 2. This group had complex needs; n=29 had more than two self-reported comorbidities and were prescribed multiple medications (mean (SD) 7.9 (3.8) which includes their specific respiratory medications). See the online supplement, eTable 6 for further details regarding participant characteristics.

Intervention adherence
There were 26% (n=6/23) drop outs/non-starters in the PAI group.  Reasons for not starting and drop outs are detailed in Figure 1. The PAI was adhered to (attended 75% sessions) by 17/17 (100%) of those who did not drop out [29]. The time taken to compete the intervention was 12.4 weeks, ranging from 10.7 to 16.3 weeks and participants on average completed a mean (SD) 11.8 (0.6) of the 12 planned consultations. 

There were 50% (n=13/26) drop outs/non-starters in the PR group. Reasons for not starting and drop outs are detailed in Figure 1. PR was adhered to (attended 75% sessions) by 9/13 (70%) of those who did not drop out [29]. Participants who adhered to PR attended a mean (SD) of 10.5 (1.2) of the 12 planned classes. 

The numbers are too small to fully explore if there were any patterns in the characteristics of dropouts, although in both groups it does appear that those who dropped out were younger than completers: in the PAI dropouts had a mean (SD) age of 58.3 (8.9) years and completers 62.6 (7.6) years and in the PR group dropouts had a mean (SD) age of 65.2 (8.1) years and completers 69.1 (7.3) years.

Figure 1 also details the retention rates for participants providing post intervention (visit 3) and follow up (visit 4) outcome measures: post intervention n=18/23 (78.3%) (PAI) and n=19/26 (73.1%) (PR) and at follow up n=15/23 (65.2%) (PAI) and n=18/26 (69.2%) (PR). These numbers relate to participants providing at least one outcome measure. Some participants did not adhere to their intervention but returned for outcome measure assessment. 
Outcome measures 
A range of outcome measures were included in this study. The mean (SD) time taken in minutes to administer the study outcome measures across all four visits (3 time points) was under one hour per visit (59.9 (15.2) minutes).  The number of available outcome measures and reasons for missing data at each time point are available in eTable 7 in the online supplement. 

Post intervention (visit 3)
The mean (SD) daily step count as recorded by the Actigraph for the PAI group at baseline was 3305.6 (1960.2) steps for n=17 participants, and at post intervention was 4768.2 (2992.2) steps for n=14 participants; the mean difference (SD) [CI] was 972.0 (3230.3) [-1080.3 to 3024.4], n=12. The mean (SD) daily step count as recorded by the Actigraph for the PR group at baseline was 3834.6 (2245.5) steps for n=23 participants and at post intervention was 3476.6 (2307.9) steps for n=12 participants; the mean difference (SD) [CI] was 4.3 (662.7) [-440.9 to 449.5], n=11. The mean (SD) moderate-vigorous physical activity (MVPA) in minutes as recorded by the Actigraph for the PAI at baseline was 14.3 (15.3) for n=17 participants, and at post intervention was 24.4 (26.0) for n=14 participants; the mean difference (SD) [CI] was 6.6 (26.8) [-10.4 to 23.7] minutes, n=12. The mean (SD) MVPA in minutes as recorded by the Actigraph for the PR group at baseline was 13.9 (15.2) for n=23 participants and at post intervention was 12.8 (20.0) for n= 12 participants; the mean difference (SD) [CI] was 0.9 (6.0) [-3.2 to 4.9] minutes, n=11.
In relation to exercise capacity and quality of life; participants in the PAI had a mean (SD) distance of 253.0 (118.8) m at baseline, n=23 and 288.1 (107.0) m post intervention for n=16 participants; the mean difference (SD) [CI] was -11.9 (90.4) [-60.1 to 36.3] m, n=16. Participants in the PR group had a mean (SD) distance of 259.2 (140.6) m on the ISWT at baseline, n=26 and 280 (139.7) m, n=17 post intervention; the mean difference (SD) [CI] was -7.6(69.9)     [-43.6 to 28.3] m, n=16. For the CAT score participants in the PAI had a mean score of 23.8(6.9) at baseline, n=23 and 22.5 (7.0) at post intervention, n= 17; the mean difference (SD) [CI] was 0.6 (7.7) [-3.3 to 4.6], n=17.  Participants in the PR group had a CAT score of 18.7 (7.3) at baseline for n=26 and a post intervention CAT score of 16.6 (5.3), n=19; the mean difference (SD) [CI] was -0.4 (6.4) [-3.5 to 2.7], n=19. The full baseline to post intervention results for all outcome measures are available in the online supplement, eTable 8.


Follow up at 3 months (visit 4) 
As recorded by the Actigraph there appears to be a general trend towards increasing step counts (mean (SD)) across the three time points in the PAI group: baseline step count 3305.6 (1960.20, n17, post intervention step count 4768.2 (2992.1), n=18 and 5332.0 (3070.7) steps at follow up, n=15. In the PR group there was a decline in step count (mean (SD)) from baseline to post intervention, and then an increase at follow up: baseline step count 3946.2 (2263.1), n=24, post intervention step count 3476.6 (2307.9), n=19, and a step count of 4984.6 (3598.0) at follow up.
Adverse events (AEs)
There were 4 related and unexpected AEs; PAI (n=3): blister on the right heel and big toe, flare up of a knee swelling, reaction to nickel on pedometer due to a nickel allergy; and, PR (n =1): dizziness when leaving out patient department after an appointment.  These AEs were managed by providing advice to the participant for resolution, and no-one withdrew based in these AEs.  
Qualitative interviews
N=32 participants were available to complete the semi structured interviews; n=16/23 (69.6%) PAI; n=16/26 (61.5%) PR. Reasons for not being available for semi structured are detailed in the online supplement, eTable 4. Five core themes were identified: (i) Perceived benefits and impact of the PAI/PR on health, (ii) Views and satisfaction with content of PAI/PR, (iii) Adherence to the PAI/PR, (iv) Views about the outcome measures and (v) Views about continuing exercise. Participants in both groups enjoyed their respective programmes and experienced a range of benefits across their physical and mental health and also in terms of their social functioning. Participants were generally satisfied with their allocation; participants in the PAI felt the intervention was tailored specifically to them and the pedometer and step diary were well received. Participants in the PAI were generally satisfied with mix of phone and face to face contact. There were mixed views about the duration and frequency of contact; a small number in both the PAI and the PR group felt they could have engaged in the programme for longer, others in the PR group felt that twice weekly was too intense given they had other commitments. Adherence to the programmes were explored; participants in both groups encountered a number of barriers to participation including their health, weather, lack of social support as well as time and other commitments. Participants in PR also reported the group setting and a lack of motivation as barriers. However a number of facilitators were also recorded across the interviews including their own intrinsic motivation, social support and the staff. The pedometer and action and coping plan as well as developing their own strategies to overcome barriers were themed as facilitators for the PAI group. The group setting of PR was a facilitator for some. There were mixed views about the outcome measures; there were some participants who did not mind them, while others found them/parts of them burdensome. The majority of participants planned on continuing to engage in exercise/PA with specific plans including continuing to set goals and use the pedometer or join an exercise class. Participants in both groups were generally quite confident they would continue as the benefits achieved served as motivation. 
Feasibility and Fidelity of the PAI 
In relation to the achievement of weekly step goal, participants appeared to overachieve their step goals in the first week of the PAI, but as the intervention progressed the step goal and step count achieved aligned more closely (Figure 2). For those who provided step counts at two time points, most patients (n=17/20) demonstrated an increase in their step count following the PAI (Figure 3), n=13/20 met the MCID for step count (600-1100) [44]; step count recorded by the unsealed pedometer improved by a mean (SD) 2,087(2452) steps between week 1 and the last step count recorded. Following the PAI, participants rated whether they had met their outcome goal set out at the start of the intervention using the VAS scale (0=not met at all, 10=fully met). VAS scores were available for n=16/18; n=1 was unwell and did not travel for outcome measure collection and n=1 could not remember their outcome goal. Overall these participants reported achieving their outcome goal; mean (SD) 8.8 (2.9).
Results were obtained from the assessment of fidelity for the five domains of treatment fidelity i.e. (i) Study design: all items under this domain were met except for one (5/6 items were met). (ii) Training of providers: all items under the domain about training of providers were met. (iii) Delivery: a proportion of consultations n=36/221 (16%) were assessed and in this sample the majority of the components were delivered as intended (n=43/50). (iv) Receipt and (v) Enactment domains focus on the participants.  For receipt most items were fully received with only a few (n=3/18) items received on <100% of occasions. For enactment a few (n=2/6) items were not fully enacted. Further details on the results of fidelity of the PAI are available in the online supplement, eTable 4

Discussion
This feasibility study demonstrates key considerations for conducting a future trial of a PAI versus PR in COPD. The applicable NIHR criteria for the success of a feasibility trial were met and based on the results of this study, including the qualitative data, a future trial is feasible. The PAI was effective for increasing step count, feasible to deliver and had good fidelity.  However, before proceeding to larger trial strategies for increasing recruitment, reducing dropouts, improving adherence, and for optimising the efficiency of data collection would need to be considered.

Recruitment to this study was generally feasible; we planned to recruit over a period of 14 months and achieved our target number at 16 months. Our recruitment process for this feasibility study was uniquely influenced by opportunities for easy access to programmes within limited study resources; we confined the study to two HSC Trusts and we recruited 11% of those eligible. Recruitment rates can vary across the COPD literature. For example, recruitment rates of 3.9% (103/2646) in a recent study exploring the feasibility of conventional PR versus a web based PR [45] and 63.3% 57/90 in a cohort study on PR in COPD [28] have been reported. In research on PAIs in COPD, 18.1% (140/775) were recruited in a study exploring the effects of a short-term (3 months) and a long-term (18 months) exercise program on self-reported disability and physical function in COPD [46] and 89.8% (71/79) in a study exploring the effects of supervised high intensity continuous or interval training with unsupervised self-paced training [47].  A large number of patients referred to the PR clinics proved  not to be suitable for this study due to e.g. musculoskeletal problems, vascular problems, cardiac issues (198/601, 33%); our criteria helped us to identify these patients and triage their care to an appropriate service, test or procedure prior to further assessment for PR. Not all patients referred for PR were interested in taking part (n=131/601, 22%), and a small number (44/601, 7%) had COPD but this was not the primary diagnosis and were therefore excluded.    This study provides data to estimate the number of sites that would be needed for a larger trial; the estimated sample size for full scale trial is 150 (75 per group) to allow us to detect a 1500 steps between group difference with 80% power, taking into account the current minimally clinical important difference for this population [44]. Alternative trial designs could also be considered, for example a non-inferiority trial design or a preference randomised controlled trial [48, 49]. Broader inclusion criteria, as well as more PR sites, could improve the recruitment rates. To achieve recruitment targets for a larger trial we would need to explore the capacity for recruitment at each PR site.

The dropout for the PAI (26%) was lower than the dropout in PR (50%). Although patients who dropped out were younger than completers this pattern and other differences in important characteristics between dropouts and completers would need to be explored in a larger data set.  A number of participants in the current study also dropped out of PR for health reasons, patients with COPD can experience frequent exacerbations and often present with a number of comorbidities [5]. There were other patient reported barriers to participation in the PR group that had the potential to be overcome in the PAI; the individualised and flexible nature of the PAI as well the opportunity for phone contact could have facilitated participation for participants who did not enjoy the PR group setting, had transport difficulties or were restricted due to other commitments. The qualitative component further explored barriers to adherence; the results indicate a need for a more personalised approach and stronger emphasis on identifying each individual’s facilitators to help promote adherence. Furthermore the dropout rate for PR (50%) was higher than that reported (29%) in a recent PR audit conducted in England and Wales [5]. Reasons for this higher rate of dropout are unclear, and previous studies in PR in the Northern Ireland COPD population have reported dropout rates which are more consistent with the rest of the UK (between about 10%- 28%) [28, 50]; therefore, dropout rates from PR could possibly be reduced through the implementation of quality assurance measures prior to a future study.
A high number of participants did not meet the wear time criteria for the Actigraph [40]. A future trial could consider less stringent wear time rules to optimise data or consider a utilising a different monitor. The qualitative research findings indicated that a small number of people found the belt uncomfortable and at times cumbersome. Even though this was a small number of people, in a study with such a small sample size any loss of data will affect the overall outcome. Although the Actigraph GT3X is considered one of the most valid activity monitors for measuring physical activity in people with COPD [51], a future trial should explore with patients where they are most likely to wear an activity monitor e.g. wrist, thigh, ankle, or waist. Popular activity monitors such as the Fitbit have been validated in people with COPD and could be considered in a future trial to maximise physical activity data [52].  Finally step count was also assessed with a pedometer which was sealed (to hide the step count data) at baseline and again post intervention. There were discrepancies between the Actigraph step count data and pedometer data. Current evidence indicates that these two devices are not interchangeable [53, 54, 55]. The Actigraph is a more precise measure of physical activity and so it may be more suitable for data collection as an outcome measure for research [53]. The pedometer (unsealed) however did appear to be a feasible tool for setting and monitoring step counts during the PAI and it provided good motivation to participants.

The PAI appears to be safe to deliver; with few and minor adverse events. Recording of achievement of weekly step goals as an indication of feasibility has been reported in other studies [56]. Throughout the intervention the step goals and actual steps achieved were closely matched with most participants achieving their goal each week similar to other studies in clinical populations [9].  The greatest improvement was observed in the first week with smaller, more gradual improvements over time; perhaps just wearing the monitor in the first week provided an initial motivation. The pedometer data obtained from participants during the PAI demonstrated (for those who recorded step counts at two time points) a mean increase (2,087) almost double that of the upper end of the minimally clinically important difference (MCID) for step count in the COPD population (600-1100) [44]. Furthermore, based on the Actigraph data the MVPA also increased, albeit there is not MCID available for MVPA in COPD. Thereby indicating the potential efficacy of this intervention and potential for use in a future trial. Patient selection for such interventions may be important. A recent multicentre randomized controlled study reported that patients more likely to respond to physical activity coaching interventions were those patients with better preserved functional capacity [57]. Some of our patient population were perhaps too frail to benefit maximally from the proposed PAI.  
Furthermore, the assessment of fidelity demonstrated that the intervention was delivered as planned. Overall fidelity was good but an improvement could be to ensure that all providers are certified to deliver the intervention, and to assess fidelity regularly throughout the intervention, not at the end as in the present trial. Additionally, our assessment of delivery only sought to assess whether a component was delivered or not, and a scale assessing the quality of delivery of each component could further demonstrate how well the intervention was delivered. The fidelity assessment methods and results will be reported in a future publication. 
The estimated time to deliver the PAI to eight patients individually across 12 weeks is 60.8 (34.4) hours. The estimated time to deliver a PR programme to eight patients in a group over 6 weeks is 24 hours. The LIVELY PAI appears to takes approximately double the amount of time to deliver to eight patients compared to PR, which would result in increased costs. However, there is a large SD in the predicted length of time to deliver the PAI to eight patients, and the PAI had a higher rate of adherence which has potential for cost saving implications in the longer term. Finally, we are comparing two different models of treatment for people with COPD and there are opportunities to modify the PAI to reduce costs and bring them more in line with PR.  For example, using an online platform linked to the activity monitor whereby the steps are automatically uploaded, so that the interventionist can review these before the consultation, would reduce costs. The number of face to face consultations could also be decreased; qualitative data from the current trial demonstrated that some participants felt they could have transitioned to this earlier. It has been suggested that much of the coaching could be done using a telemedicine approach [57, 58], although not all trials were equally successful [59].   Furthermore delivery in a group setting while retaining individual setting of step goals could decrease the time taken to deliver the PAI, delivery of education in a group setting could also be adopted in a future trial. The PAI in this study included management of breathlessness, and advice regarding inhalers and the management of an exacerbation.  Patients were also given the LWWCOPD for PR booklet which includes information on the same education topics that are delivered in PR, Additional education and other components could be embedded in a future trial for example, additional education topics could be added to mirror those included in PR, and/or patients could attend group education sessions. 
The underpinning rationale for this study was that PR may not be suitable for all patients with COPD; this may also be true for the PAI, as evidenced by the large standard deviation in step count and MVPA for both groups. Figure 3 also demonstrates that some participants in the PAI were more responsive to this intervention that others. These results suggest that there are patient phenotypes which may be more responsive to a PAI or to PR. The population in the current study were of moderate disease severity and according to the CAT scores, their COPD had a severe impact on their quality of life.  Characteristics such as disease severity have been reported to have an impact on daily physical activity levels [60] and patients with better preserved functional status are reported to have had better outcomes in a remote telecoaching PAI [57]. Furthermore patient preferences for the type of activity may also have an impact on outcome for example the results of the qualitative component of the current study found that the group setting was a both a facilitator and barrier for participants in the PR group. Booth et al. [61] reported that individuals have clear preferences for the types of activity they wish to engage in. Therefore, patient selection in terms of disease severity, functional status and individual preference may be important to consider in a future trial. Further research is required to establish phenotypes and preferences to better stratify patient care and optimise outcome. 

Strengths and limitations
A key strength of this study is that it provides important feasibility data regarding screening, recruitment, delivery of the intervention and data analysis for a future trial. The PR was delivered as part of usual care. The results of the PR group in relation to exercise capacity and quality of life are not in line with expected outcomes [1] and may in part be explained by the proportion of non adherherers/dropouts in this group.; a future trial should consider ensuring all PR programmes are optimised prior to study implementation through to study completion and quality assurance measures for PR should be included as part of usual care. 
A future trial would also need to include a cost effectiveness limb as well as additional data beyond the EQ5D5L to allow for a full health economic appraisal. Furthermore in the current intervention the measurement of step count alone as an indicator of physical activity, although central to a number of tasks does, not take into account all the components necessary to execute all activities of daily living.


Conclusion
All applicable NIHR criteria for the success of a feasibility study were met with important learning and information regarding recruitment, eligibility, outcome measures and the sample size for a future study identified. The mixed methods design has enriched the data and exploring patients’ views and satisfaction has helped complement and verify the quantitative findings.  The LIVELY PAI appears to be effective in improving step counts in people with COPD, feasible to deliver and had good fidelity. This study provides key information to inform a future randomised controlled trial in physical activity.
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