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[bookmark: _Toc142579018]Abstract
Background: Older adults with multimorbidity experience impaired health-related quality of life (HRQOL) and treatment burden. Yoga has the potential to improve several aspects of health and wellbeing. The British Wheel of Yoga’s Gentle Years Yoga© (GYY) programme was developed specifically for older adults, including those with chronic conditions. A pilot trial demonstrated feasibility of using GYY in this population, but there was limited evidence of its effectiveness and cost-effectiveness.
Objective: To determine the effectiveness and cost-effectiveness of the GYY programme in addition to usual care versus usual care alone in older adults with multimorbidity.
Design: Pragmatic, multi-site, individually randomised controlled trial with embedded economic and process evaluations.
Setting: Participants were recruited from 15 general practices in England and Wales from July 2019 with final follow-up in October 2022.
Participants: Community-dwelling adults aged 65 years and over with multimorbidity, defined as two or more chronic health conditions from a predefined list.
Interventions: All participants continued with any usual care provided by primary, secondary, community and social services. The intervention group were offered a 12-week programme of GYY.
Main outcome measures: The primary outcome and endpoint was HRQOL measured using the EQ-5D-5L utility index score over 12 months. Secondary outcomes were HRQOL, depression, anxiety, loneliness, incidence of falls, adverse events and healthcare resource use.
[bookmark: _Hlk124411587]Results: The mean age of the 454 randomised participants was 73.5 years; 60.6% were female, and participants had a median of 3 chronic conditions. The primary analysis included 422 participants (intervention, n=227 of 240, 94.6%; usual care n=195 of 214, 91.1%). There was no statistically or clinically significant difference in the EQ-5D-5L utility index score over 12 months: the predicted mean score for the intervention group was 0.729 (95% confidence interval [CI] 0.712 to 0.747) and for usual care was 0.710 (95% CI 0.691 to 0.729), with an adjusted mean difference of 0.020 favouring intervention (95% CI -0.006 to 0.045, p=0.14). No statistically significant differences were observed in secondary outcomes, except for the pain items of the PROMIS-29. No serious, related adverse events were reported. The intervention cost £80.85 more per participant (95% CI £76.73 to £84.97) than usual care, generated an additional 0.0178 quality-adjusted life years (QALYs) per participant (95% CI 0.0175 to 0.0180), and had a 79% probability of being cost-effective at the National Institute for Health and Care Excellence threshold of £20,000 per QALY gained. The intervention was acceptable to participants, with 7 courses delivered face-to-face and 12 online.
Limitations: Self-reported outcome data raises the potential for bias in an unblinded trial. The COVID-19 pandemic affected recruitment, follow-up, and the mode of intervention delivery.  
Conclusions: Although the GYY programme was not associated with any statistically significant benefits in terms of HRQOL, mental health, loneliness or falls, the intervention was safe, acceptable to most participants, and highly valued by some. The economic evaluation suggests that the intervention could be cost-effective.
Future work: Longer-term cost-effectiveness modelling and identifying subgroups of people who are most likely to benefit from this type of intervention.
Trial registration: ISRCTN registry, ISRCTN13567538
[bookmark: _Hlk122073359]Funding details: This project was funded by the National Institute for Health and Care Research (NIHR) Health Technology Assessment (HTA) Programme and will be published in full in Health Technology Assessment; Vol. XX, No. XX. See the NIHR Journals Library website for further project information.
Word count: 495/500
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[bookmark: _Toc142579024]Plain English summary
It is common for older adults to have two or more long-term health conditions. These conditions affect quality of life differently, with some people feeling well and others needing healthcare support. The Gentle Years Yoga programme was developed to improve quality of life for older adults, including those with long-term health conditions. We wanted to see how well the programme worked and if it offered good value for money for the NHS.
We tested whether offering a 12-week course of Gentle Years Yoga improved the quality of life, and reduced anxiety, depression, loneliness and falls for people aged 65 years and over who had two or more long-term health conditions. We recruited 454 people through general practices across England and Wales, with 240 people selected at random to be invited to take part in the Gentle Years Yoga programme and the other 214 to continue with their usual care and not be offered Gentle Years Yoga. The average age of participants was 74 years, nearly two-thirds were female, and the number of long-term health conditions participants had ranged from two to nine (average was three). They completed four questionnaires over a 12-month period. We also interviewed some of the participants and the yoga teachers to find out how the approach worked in practice. The yoga was delivered either face-to-face or online. 
We did not find any significant benefits in terms of quality of life, anxiety, depression, loneliness or falls. At interview, some yoga participants noted no or a modest impact on their health or lifestyle, while others described Gentle Years Yoga as transformative, having substantial impacts and improvements on their physical health and emotional wellbeing. Because running the yoga classes was relatively inexpensive and some insignificant benefits were seen, the Gentle Years Yoga programme may be good value for money.  
Word count: 300/300



[bookmark: _Toc142579025]Scientific summary
Background
Multimorbidity, having two or more chronic health conditions, is a major challenge for older adults and increases healthcare utilisation and associated costs. Multimorbidity is associated with reduced health-related quality of life (HRQOL), impaired functional status, worse physical and mental health, and premature death. In 2015, 54% of people aged 65 years and over in England had multimorbidity.
There has been limited exploration of the effectiveness of interventions to improve outcomes for people with multimorbidity. There is some evidence to suggest that yoga may help to prevent and treat various physical and mental illnesses and improve HRQOL. The available data offer support for the beneficial effects of yoga in older adults and for several chronic conditions. However, robust evidence of clinical and cost-effectiveness is limited, and little research has specifically focused on older adults with multimorbidity.
The Gentle Years Yoga (GYY) programme was developed to cater specifically for the needs of older adults, including those with health conditions common to an older cohort such as osteoarthritis, hypertension, and cognitive impairment. A pilot randomised trial of the GYY programme (n=52 adults, mean age 75 years) demonstrated feasibility, with a potential for a clinically important benefit on health status (EQ-5D-5L utility index score) at 3 months after randomisation (mean difference 0.12, 95% CI 0.03 to 0.21). Consequently, we conducted this larger trial, as if shown to be clinically and cost-effective, GYY could be widely implemented, leading to improved outcomes for this population.

Objectives 
The primary objective was to establish if the offer of a 12-week GYY programme in addition to usual care is more effective compared with usual care alone in improving HRQOL (EQ-5D-5L utility index score) over 12 months in people aged 65 years or over with multimorbidity.
Secondary objectives were to:
· explore the effect of the GYY programme on HRQOL, depression, anxiety, loneliness and incidence of falls 
· explore the safety of the GYY programme in terms of the occurrence of adverse events 
· assess the cost-effectiveness of the GYY programme
· undertake a qualitative process evaluation to explore the acceptability of the intervention, the experience of participants and teachers, explain the determinants of delivery, and identify the optimal implementation strategies.

Methods
Design 
This was a multi-site, two-arm, parallel group, superiority, individually randomised controlled trial comparing an experimental strategy of offering a 12-week GYY programme against a control strategy of no offer of GYY in community-dwelling people aged 65 years or over who had multimorbidity. Both trial arms continued with any usual care provided by primary, secondary, community, and social services.  
The study also Included cost-effectiveness and qualitative process evaluations. 
Setting
Participants were recruited from primary care general practices in the UK. General practices interested in taking part in the trial were identified with help from the NHS Clinical Research Networks and the Health and Care Research Wales Support and Delivery Centre. General practices were selected based on their proximity to yoga class venues and local transport routes. 
The yoga courses were delivered either face-to-face in a yoga studio, community hall or leisure centre, or online via video conferencing during periods of social distancing restrictions.
The trial’s yoga consultants identified yoga teachers who were eligible and potentially interested in taking part in the trial. Yoga teachers needed to have completed the British Wheel of Yoga (BWY) Qualification Level 4 Teaching GYY and have valid BWY membership and insurance. For online courses, teachers also needed to be proficient in remote teaching. 
Participant recruitment and consent
Patients were eligible to join the study if they were aged 65 years or older, community-dwelling, and had two or more of the pre-defined chronic health conditions derived from the NHS Quality and Outcomes Framework. Exclusion criteria were: inability to attend one of the GYY courses on offer; yoga practice in the previous 6 months; contraindications to yoga participation; severe mental health problem; learning disability; or unable to provide consent and/or return the baseline questionnaire. For online classes, ineligibility also included: no internet access; inability to use the internet; no suitable device; insufficient space at home; and/or no sturdy chair for use during the classes. 
Potential participants were identified by searching GP electronic patient databases. Participating practices ran a custom-built search, based on pre-defined read codes, which identified patients with eligible health conditions.
Potentially eligible patients were sent a recruitment pack including an information sheet and, if interested, were invited to sign and return a consent form. After the research team checked their suitability for the trial with their GP, eligible patients were asked to provide baseline data on socio-demographic measures, primary and secondary outcome measures, and preferences/beliefs for the treatments on offer in the trial. Participants indicated on the consent form if they also wanted to be considered to take part in the process evaluation interviews.
Intervention and comparison
GYY is designed for older adults, including those with chronic conditions. Based on standard Hatha Yoga, it incorporates physical postures and transitions as well as breathing, concentration, and relaxation activities. The aims of GYY are to improve muscle strength, flexibility, balance, mobility, and mental and social wellbeing. Chairs are used for seated exercise and support when standing. The yoga practices are modified so individuals with varying medical conditions and functional abilities can participate safely. Props are used to modify some of the postures and concentration activities. The physical challenge of each posture can be progressed throughout the course as participants become more able and confident.
[bookmark: _Hlk124348185]Participants randomised to the intervention were invited to take part in a free GYY course. Each course involved 12, 75-minute sessions of group-based yoga, usually delivered one week apart, either face-to-face or online. Each class included: ‘housekeeping’ activities (5 minutes); an introduction to the theme and practices of the class, basic breathing and focusing activities (5 minutes); an extended warm up/mobilisation and preparatory postures (30-35 minutes); focused postures and restorative activities (10-15 minutes); breathing exercises (5-10 minutes); and relaxation and concentration activities (5-10 minutes); followed by optional after-class social time (15-30 minutes). 
Throughout the trial, both trial arms continued with any usual care provided by primary care, secondary care, community, and social services.
Sample size
We proposed to randomise 586 participants in a 1:1 ratio to be able to detect a difference of 0.06 in EQ-5D-5L utility index score, assuming a standard deviation of 0.20, with 90% power, two-sided alpha of 0.05 and 20% attrition. In October 2021, an interim calculation of the correlation between baseline and 12-month EQ-5D-5L utility index score indicated we would be able to detect a clinically important difference with close to or greater than 90% power with 454 participants, since the primary analysis adjusted for baseline score, which affords gains in power. 
Randomisation
Participants were randomised via a central, computer-based randomisation system, designed and managed by York Trials Unit (YTU), University of York. Randomisation was stratified by site using varying block sizes and allocation ratios. Blinding of participants or the yoga teachers was not possible.

Outcome measures
Outcomes were self-reported by the participant and collected using questionnaires at baseline and 3, 6 and 12 months after randomisation.  
The primary outcome and endpoint was the EQ-5D-5L utility index score over the 12-month follow-up period. Utility index scores were calculated following current National Institute for Health and Care Excellence guidance.
Secondary outcomes were:	
· EQ-5D-5L utility index score at 3, 6, and 12 months after randomisation 
· EQ-5D-5L VAS score at 3, 6, and 12 months and overall
· HRQOL at 3, 6, and 12 months and overall using the PROMIS-29 (v2.1) 
· Depression severity at 3, 6, and 12 months and overall using the Patient Health Questionnaire-8 (PHQ-8)
· Anxiety severity at 3, 6, and 12 months and overall using the Generalized Anxiety Disorder-7 (GAD-7) 
· Loneliness at 3, 6, and 12 months and overall. Questions used to capture loneliness were taken from the English Longitudinal Study of Ageing (ELSA), based on the University of California, Los Angeles 3-item (UCLA-3) loneliness scale and a direct question about how often the respondent felt lonely.
· The incidence of falls, adverse events and healthcare resource use over 12 months.


Analysis
All analyses were conducted in Stata version 17 (StataCorp LP, College Station, TX, USA) following the principles of intention-to-treat using two-sided statistical tests at the 5% significance level. The primary outcome was analysed using a linear mixed model, including data at all available follow-up time points, adjusting for baseline EQ-5D-5L utility index score, time point, trial arm, and an arm by time interaction as fixed effects. Participant (to account for the repeated measures) and site were included as random effects. 
In sensitivity analyses, age, gender and adapted Bayliss (severity-adjusted count of health conditions) score were added as covariates to the primary analysis model, and site was substituted for yoga teacher as a random effect.
Complier average causal effect (CACE) analyses, using a two-stage instrumental variable regression approach with randomised group as the instrumental variable, were implemented to assess the impact of receiving GYY on the primary treatment estimate.
A subgroup analysis was conducted to assess for differential effects of the intervention based on mode of delivery (face-to-face or online).
The secondary outcomes of EQ-5D VAS, GAD-7, PHQ-8, T-scores from each of the seven subscales of the PROMIS-29 and the physical and mental health component score and the global item score, UCLA-3 score and ELSA single-item direct loneliness question were analysed using the same methods as for the primary outcome, with baseline EQ-5D-5L utility index score swapped as a covariate for baseline value of the outcome.
The incidence of falls during the 12-month follow-up period was analysed using a mixed effect negative binomial regression model, adjusting for number of falls in the 3 months prior to baseline, and site as a random effect.  
Adverse events are summarised descriptively.
Economic analysis
The economic analysis assessed the relative cost-effectiveness of the GYY programme in addition to continued access to usual care compared with usual care alone. Costs and health outcomes were evaluated from the perspective of the NHS and Personal Social Services using a within-trial economic analysis and a cost-consequence analysis, both over a 12-month time horizon; hence, discounting was not required. Health outcomes were assessed in terms of quality-adjusted life years (QALYs) using EQ-5D-5L data, with costs collected for healthcare resource use, medications and the intervention. Findings were presented in terms of the incremental cost-effectiveness ratio for the intervention versus usual care, and net monetary benefit. The base case analysis was undertaken on an intention-to-treat basis, with multiple imputation used to deal with missing data, and sensitivity analyses conducted to explore uncertainty around the cost-effectiveness findings. 
Process evaluation
The process evaluation was informed by qualitative interviews with trial participants, trial decliners, trial yoga teachers, and stakeholders, as well as by observations of standardisation training sessions and yoga classes. Intervention fidelity was assessed by class observation and via interviews with teachers as part of the process evaluation.
Interviews were audio-recorded, transcribed verbatim, and edited to ensure respondent anonymity. Data analysis was iterative throughout the trial and conducted according to standard procedures of qualitative analysis. 

Results 
Between July 2019 and August 2021, 13,070 invitation packs were sent to potentially eligible participants, of which 1,297 responded. Of these, 454 (35.0%) participants were randomised: 240 to the intervention and 214 to usual care. The mean age of participants was 73.5 years (range 62 to 99); 60.6% were female, and participants had a median of three chronic conditions. 
Among the intervention group, the mean number of GYY sessions attended was 8.8 (SD 3.7, median 10, range 0 to 12).  222 (92.5%) participants attended at least one session, and 53 (22.1%) attended all 12. Eighty percent (n=192) attended at least three of the first six sessions and at least three other sessions.  One participant in the usual care group was invited to attend classes in error; they attended eight sessions, including five of the first six.
The primary analysis included 422 participants with valid EQ-5D-5L data at baseline and at least one post-randomisation time point (intervention n=227 of 240, 94.6%; usual care n=195 of 214, 91.1%). There was no statistically or clinically significant difference in the EQ-5D-5L utility index score over 12 months: the predicted mean score for the intervention group was 0.729 (95% confidence interval [CI] 0.712 to 0.747) and for usual care was 0.710 (95% CI 0.691 to 0.729), with an adjusted mean difference of 0.020 favouring intervention (95% CI -0.006 to 0.045, p=0.14). The sensitivity analyses produced very similar results. The CACE analyses, which considered compliance as attending (i) ≥1 GYY session, and (ii) ≥6 including three of the first six), produced slightly greater, but not clinically relevant, treatment estimates (0.025, 95% CI -0.002 to 0.052, p=0.07; and 0.029, 95% CI -0.002 to 0.059, p=0.06, respectively).    
There was no evidence of an interaction between trial arm and intended mode of delivery (interaction effect 0.007, 95% CI -0.042 to 0.057, p=0.77).
No statistically significant differences were observed in secondary outcomes, except in the T-score for the pain interference subscale of the PROMIS-29 at 3 months (-1.44, 95% CI -2.63 to -0.26, p=0.02) and over the 12 months (-1.14, 95% CI -2.24 to -0.04, p=0.04), and in the global (pain interference) PROMIS-29 item at 12 months (-0.45, 95% CI -0.83 to -0.08, p=0.02) and over the 12 months (-0.32, 95% CI -0.61 to -0.04, p=0.03), favouring intervention.
No serious, related adverse events were reported.
Economic evaluation 
The base case economic evaluation found that the intervention cost £80.85 more per participant (95% CI £76.73 to £84.97) than usual care, generated an additional 0.0178 QALYs per participant (95% CI 0.0175 to 0.0180), and had a 79% probability of being cost-effective at the willingness-to-pay threshold of £20,000 per QALY gained. 
Process evaluation 
Participants found both face-to-face and online courses acceptable. Participants were highly motivated, most viewed their health as good and engaged well with the GYY classes over time. The majority viewed GYY as a form of gentle exercise with mindful breathing. Some participants noted no or only a modest impact of GYY on their health or lifestyle, including physical, psychological, and self-management benefits, while others described GYY as transformative, having substantial impacts and improvements on their physical health and emotional wellbeing. 

Conclusions 
The offer of a 12-week GYY programme GYY was not associated with any statistically significant benefits in terms of HRQOL, mental health, loneliness or falls in older adults with multimorbidity. However, the intervention was safe, acceptable to most participants, and highly valued by some. The economic evaluation suggests that the intervention could be cost-effective. 

Trial registration: ISRCTN registry, ISRCTN13567538
Funding: This project was funded by the National Institute for Health and Care Research (NIHR) Health Technology Assessment (HTA) Programme and will be published in full in Health Technology Assessment; Vol. XX, No. XX. See the NIHR Journals Library website for further project information.
Word count: 2398/2400
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[bookmark: _Toc142579027]Burden of multimorbidity in older people
Multimorbidity, often defined as the coexistence of two or more chronic medical conditions,2 is a major challenge for health and care systems worldwide and of particular relevance for older adults. In 2015, 54% of people aged 65 years or older in England exhibited multimorbidity; this percentage is projected to increase to 68% by 2035.3 Multimorbidity is associated with poorer outcomes such as reduced quality of life, impaired functional status, worse physical and mental health, and premature death.4, 5 Multimorbidity also increases healthcare utilisation and associated costs.6, 7 

[bookmark: _Toc142579028]Interventions for improving outcomes for people with multimorbidity
There has been limited exploration of the effectiveness of interventions to improve outcomes for people with multimorbidity. A 2021 systematic review identified 16 randomised controlled trials (RCTs) with 4,753 participants that had evaluated a range of complex interventions for people with multimorbidity in primary care and community settings.8 Eight studies examined multifaceted interventions that targeted the coordination of care and healthcare providers whilst also providing self-management support for patients. Four studies reported on self-management support interventions that did not have a clear link to the patients’ healthcare provision. The other four studies focused primarily on medication management. The results suggested that all intervention types probably make little or no difference to health-related quality of life (HRQOL) or mental health outcomes. Five of the 10 studies with HRQOL outcomes reported EQ-5D (a generic measure of health utility) scores that could be included in a meta-analysis, with a mean difference of 0.03 (95% CI −0.01 to 0.07), consistent with the overall effect suggesting no difference in this outcome. There was also little or no effect on clinical, psychological or medication outcomes, or healthcare utilisation. There were mixed effects on function, activity, and patient health behaviours, and limited data on costs. There was a low risk of bias overall, however the evidence for all outcomes was downgraded to low certainty due to serious concerns about inconsistency and imprecision. This review highlighted the need for further research to determine the clinical and cost-effectiveness of interventions that are ideally simple, generalisable, and which can address several medical conditions simultaneously. Yoga is a potential candidate intervention.

[bookmark: _Toc142579029]Yoga as an intervention for improving health and wellbeing
Yoga originated thousands of years ago in India as an integrated mind-body practice based on ancient Vedic philosophy. During the 20th century, yoga became increasingly recognised outside India, and over the past decades it has continued to grow in popularity worldwide as a practice for improving health and wellbeing. While modern yoga often focuses primarily on physical poses and is sometimes thought of as a type of exercise, the practice usually incorporates one or more of the mental or mindful elements that are traditionally part of yoga, such as relaxation, concentration, or meditation. There are currently many different styles or schools of yoga, each with a variable emphasis and approach to practice. Research evidence suggests that some of these yoga practices may help to prevent and treat various physical and mental illnesses and improve HRQOL.9, 10
In November 2017, the Cochrane Library published a special collection of 14 systematic reviews that focused on the effectiveness of yoga for improving physical or mental health symptoms and quality of life in a range of health conditions, including musculoskeletal, pulmonary, cancer, cardiovascular, neurological, and mental health. A summary of four diverse but pertinent reviews is as follows:
· Yoga for chronic non-specific low back pain:11 For yoga compared to non-exercise controls (9 trials; 810 participants), there was moderate certainty evidence that yoga produced small-to-moderate improvements in back-related function (standardised mean difference [SMD] -0.44, 95% confidence interval [CI] -0.66 to -0.22) and pain (mean difference [MD] -7.81, 95% CI -13.37 to -2.25) at 6 months. The authors recommended additional high-quality research to improve confidence in estimates of effect and to evaluate long-term outcomes.
· Yoga for asthma:12 There was some evidence that yoga may improve quality of life (MD in Asthma Quality of Life Questionnaire score per item 0.57 units on a 7-point scale, 95% CI 0.37 to 0.77; 5 studies; n=375) and symptoms (SMD 0.37, 95% CI 0.09 to 0.65; 3 studies; n=243), and reduce medication usage (risk ratio 5.35, 95% CI 1.29 to 22.11; 2 studies) in people with asthma. The authors concluded that large high-quality trials are needed to confirm the effects of yoga for asthma.
· Yoga for improving HRQOL, mental health and cancer-related symptoms in women diagnosed with breast cancer:13 Seventeen studies that compared yoga versus no therapy provided moderate quality evidence showing that yoga improved HRQOL (SMD 0.22, 95% CI 0.04 to 0.40; 10 studies, n=675), reduced fatigue (SMD -0.48, 95% CI -0.75 to -0.20; 11 studies, n=883), and reduced sleep disturbances in the short term (SMD -0.25, 95% CI -0.40 to -0.09; six studies, n=657). No serious adverse events were reported. Additional research was recommended to assess medium- and longer-term effects.
· Yoga for primary prevention of cardiovascular disease:14 Yoga was found to produce reductions in diastolic blood pressure (MD -2.90 mmHg), triglycerides (MD -0.27 mmol/L) and high-density lipoprotein cholesterol (MD 0.08 mmol/L). There was no clear evidence of a difference between groups for low-density lipoprotein cholesterol, although there was moderate statistical heterogeneity. Adverse events, occurrence of type 2 diabetes, and costs were not reported in any of the studies. No study reported cardiovascular mortality, all-cause mortality, or non-fatal events, and most studies were small and short-term.
Elsewhere, studies have sought to determine the effects of yoga in older populations. For example, a 2012 systematic review of 16 studies (n=649)15 and a more recent trial of 118 participants16 demonstrated that yoga may provide greater improvements in physical functioning and self-reported health status than conventional physical activity interventions in older adults. More recently, a systematic review of six trials (n=307) of relatively high methodological quality reported that yoga interventions had a small beneficial effect on balance (SMD 0.40, 95% CI 0.15 to 0.65, 6 trials) and a medium effect on physical mobility (SMD 0.50, 95% CI 0.06 to 0.95, 3 trials) in people aged 60 and over.17 
In summary, these data offer support for the beneficial effects of yoga in older adults and for several chronic conditions. However, many of the previous studies had limitations, including small sample sizes, a single yoga teacher delivering the programme, and short-term follow-up. Robust economic evaluations of yoga are also limited, although a recent systematic review concluded that “medical” yoga is likely to be a cost-effective option for low back pain.18 Very little research has specifically focused on older people with multimorbidity.
In 2009, the Gentle Years Yoga (GYY) programme was developed by the Yorkshire Yoga & Therapy Centre to cater specifically for the needs of older adults, including those with conditions common to an older cohort such as osteoarthritis, hypertension, and cognitive impairment. As part of the pilot research study conducted at Yorkshire Yoga in 2016, a standardised GYY teacher training programme was manualised with the creation of a quality-assured teacher training course which became the British Wheel of Yoga (BWY) Gentle Years Yoga© (GYY) programme that is being delivered by the BWY. BWY is the National Governing Body of Yoga in Great Britain with a nationwide network of over 5,000 qualified yoga teachers. GYY is based on standard Hatha Yoga, incorporating traditional physical poses and transitions as well as breathing, concentration, and relaxation activities. Adaptations to challenging Hatha Yoga poses have been made so that older adults can participate safely whilst still obtaining the fitness, health, and wellbeing benefits of yoga. Each programme involves one group-based session per week for 12 weeks (each session includes a 75-minute chair-based yoga class and after-class social time) and promotion of regular self-managed yoga practice at home.
In a pilot trial of the GYY programme,19 82 older adults expressed an interest within a 2-month recruitment period, of which 52 (mean age 75 years) were recruited and randomised. Participants had up to six chronic conditions, the most common of which were osteoarthritis, hypertension, and depression. Trial yoga courses were delivered across four community venues by four yoga teachers. Two thirds of participants had an acceptable attendance of ≥80%. The study demonstrated feasibility of evaluating the GYY programme in a fully-powered RCT and the potential for a positive clinically important effect on health status (EQ-5D-5L utility index score) at 3 months after randomisation (MD 0.12, 95% CI 0.03 to 0.21). 
Consequently, we conducted a larger trial – The Gentle Years Yoga Trial – to establish the clinical and cost-effectiveness of the GYY programme in older adults with multimorbidity. If this intervention was shown to be clinically and cost-effective, it could be implemented more widely, leading to improved outcomes for this population. 

[bookmark: _Toc142579030]Research aims and objectives
The Gentle Years Yoga Trial was funded by the National Institute for Health and Care Research (NIHR) Health Technology Assessment (HTA) Programme in response to a themed call on complex health and care needs in older people. The aim of the trial was to establish the clinical and cost-effectiveness of the GYY programme in addition to usual care versus usual care alone in community-dwelling older adults with multimorbidity. 
The primary objective was to establish if the offer of a 12-week GYY programme in addition to usual care is more effective compared with usual care alone in improving HRQOL (EQ-5D-5L utility index score) over 12 months in people aged 65 years or over with multimorbidity.
Secondary objectives were as follows:
· To explore the effect of the GYY programme on HRQOL, depression, anxiety, and loneliness at 3, 6, and 12 months after randomisation
· To explore the effect of the GYY programme on the incidence of falls over 12 months from randomisation
· To explore the safety of the GYY programme relative to control in terms of the occurrence of adverse events over 12 months after randomisation
· To assess if the GYY programme is cost-effective, measured using differences in the cost of health resource use between the intervention and usual care groups and the incremental cost-effectiveness ratios using quality-adjusted life years (QALYs) derived from the EQ-5D-5L measured at 3, 6, and 12 months after randomisation
· To undertake a qualitative process evaluation to describe the experience of the intervention, explain the determinants of delivery (including treatment fidelity), and identify the optimal implementation strategies for embedding and normalising the GYY programme in preparation for a wider roll-out.
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[bookmark: _Toc142579032]Trial design
This was a multi-site, two-arm, parallel group, superiority, individually randomised controlled trial comparing an experimental strategy of offering a 12-week GYY programme against a control strategy of no offer of GYY in community-dwelling people aged 65 years or over who had multimorbidity. Both trial arms continued with any usual care provided by primary, secondary, community, and social services.  
The study also included an internal pilot, economic analysis of cost-effectiveness (Chapter 4), a qualitative process evaluation (Chapter 5), and four methodological sub-studies (Chapter 6) that addressed the following questions: 
· What is the concurrent validity of the 29-item Patient-Reported Outcomes Measurement Information System® (PROMIS-29) against the EQ-5D-5L? 
· Does including £5 and/or a pen in the recruitment pack enhance recruitment?
· Does sending a pen with a follow-up questionnaire enhance return rates?
· Does offering a free yoga session to control participants after the 12-month follow-up assessment enhance retention and reduce contamination?

[bookmark: _Toc142579033]Setting
Participants were recruited from primary care general practices serving nine geographical areas: Harrogate, Hull, Wirral, Kent, Bristol, Oxford, Wantage, and Banbury in England, and Newport in Wales. The 15 GP practices that supported recruitment are listed in Report Supplementary Material 1. The yoga courses were delivered either face-to-face in a non-medical community-based facility (e.g., yoga studio, community hall, leisure centre), or online via video conferencing during periods of social distancing restrictions resulting from the COVID-19 pandemic (see Report Supplementary Material 2 for further details). 

[bookmark: _Toc142579034]Eligibility and recruitment 	
[bookmark: _Toc142579035]Eligibility criteria for participants
Patients were eligible to join the study if they were aged 65 years or older (both male and female), community-dwelling (including sheltered housing living with support), and had two or more of the following chronic conditions, as derived from a list included in the NHS Quality and Outcomes Framework (QOF version 31.0) and following discussions with the trial management group clinical oversight and yoga consultants:
· Arthritis: including osteoarthritis, rheumatoid arthritis, and history of shoulder, hip, or knee arthroplasty for arthritis
· Asthma or chronic obstructive pulmonary disease 
· Atrial fibrillation
· Bowel problems: including irritable bowel syndrome, diverticulitis, inflammatory bowel disease
· Cancer, diagnosed within the last 5 years
· Cardiovascular disease: including coronary heart disease (includes angina, and history of heart attack, bypass surgery or angioplasty), hypertension, heart failure, peripheral arterial disease
· Chronic kidney disease
· Dementia (only if patients have capacity to provide written informed consent)
· Depression or anxiety
· Diabetes
· Epilepsy
· Fibromyalgia
· Multiple sclerosis
· Osteoporosis or osteopenia
· Parkinson’s disease
· Sensory conditions: including hearing loss, macular degeneration, cataracts, glaucoma
· Stroke, within the last 5 years

Patients were ineligible for the study if they met one or more of the following exclusion criteria:
· Inability to attend one of the yoga courses on offer*
· Attended yoga classes twice a month or more in the previous 6 months 
· Contraindications to yoga participation (as identified by the patient’s GP)
· Severe mental health problem: Schizophrenia, bipolar affective disorder, or other psychotic illness**
· Learning disability**
· Unable to read or speak English***
· Unable to provide consent
· Unable to complete and return a valid baseline questionnaire 
· No more than one trial participant per household****
· Currently enrolled in another research study for which concurrent participation is deemed inappropriate by their GP or a clinician co-investigator 
*Participants needed to indicate that they would be available to attend at least 9 of the 12 classes on offer for a particular course. In relation to online classes, additional factors that made someone ineligible included: no internet access, unfamiliarity with or inability to use the internet, no suitable device for accessing the online classes (e.g., tablet-size screen or larger; device with camera and microphone), insufficient space at home, and no sturdy chair for use in the classes. 
**On advice from the trial management group yoga consultants, potential participants with severe mental health problems and learning disabilities were listed as exclusions on the basis that the GYY teacher training programme does not cover how to accommodate these people, who may have specific support needs, and it was thought that this might make the yoga class size of 12-15 difficult to manage.
***Potential participants who were unable to read or speak English were listed as exclusions due to the uncertainty of being able to adapt the course delivery and questionnaires to accommodate different languages.
**** No more than one trial participant per household could take part to avoid contamination effects (i.e., if one was allocated to intervention group and the other to the usual care group).
All eligibility criteria were assessed by reviewing responses to specific questions posed in a screening questionnaire (Trial Participant project documents) that was self-reported by potential participants either in written format or over the telephone with a researcher. Patients who did not meet the eligibility criteria were notified in writing or via a phone call that they were ineligible, and no further correspondence was sent. Patients who were deemed eligible were required to complete a baseline questionnaire (Trial Participant project documents) either in written format or over the telephone with a researcher. Participants were eligible to be randomised once the study team had received their completed consent form and baseline questionnaire. If a completed baseline questionnaire was not received by the end of the recruitment period, the patient was sent a letter to inform them that recruitment to the trial had closed and that they were unable to participate.

[bookmark: _Toc142579036]Recruitment of participants
Potential participants were identified by searching the electronic patient databases (SystmOne or EMIS) of 15 general practices. Participating practices ran a custom-built search, based on pre-defined read codes, which identified patients with health conditions within the eligibility criteria. A GP then reviewed the resulting list to rule out patients who did not meet the eligibility criteria. Where there were more potentially eligible patients identified than required, practices were asked to order the list of patients by NHS number and select the top required number. Docmail (a third-party information handler) then mailed out a recruitment pack to each of the remaining potentially eligible patients, which included a covering invitation letter, a participant information sheet which included a link to an audio version on the trial website), a consent form (Trial Participant project documents) a screening questionnaire (Trial Participant project documents), and two prepaid envelopes for returning the completed forms. If the patient was deemed eligible (based on the information provided in the screening questionnaire), a researcher notified the patient’s GP and asked them to confirm the patient’s suitability for participation. Eligible patients were then sent a baseline questionnaire (Trial Participant project documents) to complete and return by a specified date. This questionnaire collected data on socio-demographic measures, primary and secondary outcome measures, and preferences/beliefs for the treatments on offer in the trial.
It was required to implement an alternative process during the COVID-19 pandemic as it was difficult to collect study forms by post, particularly when the trial team was required to work from home. Therefore, participants gave consent electronically by completing an online form and provided screening and baseline questionnaire data via a telephone call with a researcher, who entered these data into an online form during the call.

[bookmark: _Toc142579037]Identification of trial groups
Participants had to be recruited in groups for the yoga courses and the courses were run over a period of 29 months. To facilitate identification, each recruitment drive was called a ‘wave’. There were two waves in the internal pilot phase, pilot wave 1 (PPW1) and pilot wave 2 (PPW2); and two waves in the main phase of the trial: main wave 1 (MPW1) and main wave 2 (MPW2). The number of courses run within a wave varied depending on GP practice capacity to recruit and yoga teacher availability.

[bookmark: _Toc142579038]Consenting participants
As detailed above, potentially eligible patients were posted a recruitment pack, which included a covering invitation letter, an information sheet, a screening questionnaire and a hard copy of (or electronic link to) the consent form.  
The information sheet provided a balanced written account of the purpose and design of the trial and also included details of who to contact to ask any questions and how they could access an audio recording of the information sheet on the trial website. Part way through recruitment, we introduced a simple diagram of the trial design to be provided along with the information sheet to facilitate participants’ understanding of the randomisation process and what each group was to receive (Trial Participant project documents).
Participants indicated on the consent form if they also wanted to be considered to take part in the process evaluation interviews. If the participant indicated ‘yes’, and was selected by the process evaluation researcher to take part in the interviews, they were then provided with an information sheet regarding the interviews (Process evaluation project documents). Additional consent was sought, either via hard copy or electronically, in line with alternative arrangements, from those who agreed to take part (Process evaluation project documents). Individuals who declined to participate in the trial were able to indicate their willingness to take part in the interviews as a ‘trial decliner’, and additional consent was sought from them, as above.

[bookmark: _Toc142579039]Eligibility criteria for primary care general practices
The selection of general practices was informed by location (i.e., located close, generally within five miles, to the yoga class venue), local transport routes and teacher recommendations for face-to-face classes, computer system used, patient list size, and practice staff availability for conducting recruitment activities.

[bookmark: _Toc142579040]Recruitment of primary care general practices
[bookmark: _Hlk124293601][bookmark: _Hlk124293616]General practices that were potentially interested in taking part in the trial were identified with help from the NHS Clinical Research Networks (CRN) in England, and the Health and Care Research Wales Support and Delivery Centre. We also worked with NHS Research Scotland (NRS) Primary Care Research Network, but did not receive any expressions of interest from invited general practices via this network. Trial coordinators then liaised with key stakeholders at each practice (e.g., practice manager, GPs) to explain the requirements of the study. If a practice agreed to take part, a practice-level agreement form was signed to confirm capacity and capability before any recruitment activity commenced. This initially was the HRA and HCRW Statement of Activities document (GP practice project documents) which was later replaced by the IRAS Organisations Information Document (GP practice project documents). Practice recruitment is represented in Figure 1
Number of research network areas sending out GP practice expressions of interest invitations
(n= 7)

(CRN Yorkshire and Humber; CRN North West Coast; CRN Kent, Surrey and Sussex; Health and Care Research Wales Support and Delivery Centre; CRN Thames Valley and South Midlands; CRN West of England; NHS Research Scotland Primary Care Network)


Number of GP practice expressions of interest received 
(n= 30)




Number of practices not selected 
(n= 9)

Reasons for non-selection include: lower than expected estimated number of eligible patients to be invited; unable to estimate the expected number of eligible patients to be invited; did not use Docmail; did not return expression of interest form in time; sufficient practice interest received)







Number of GP practices selected 
(n= 21)



Number of practice withdrawals 
(n= 2)

Reason for withdrawal: no longer had capacity to take part




Number of signed practice agreements received
(n= 19)



Number of practice withdrawals 
(n= 4)

Reasons for withdrawal: no longer had capacity to take part; no response; change in yoga venue





Number of GP practices that sent out participant invitations
(n= 15)




FIGURE 1 General practice recruitment flow chart

[bookmark: _Toc142579041]Eligibility criteria for yoga teachers
To be eligible for inclusion to deliver the intervention programme, yoga teachers needed to have completed the BWY Qualifications (BWYQ) Level 4 Teaching GYY qualification and have valid BWY membership and insurance. For online courses, teachers also needed to be proficient in remote teaching. The selection of yoga teachers was informed by observations of them leading online non-trial yoga classes, as conducted by the trial’s yoga consultants (LB and JH).

[bookmark: _Toc142579042]Recruitment of yoga teachers
Yoga teachers who were potentially interested in taking part in the trial were identified by the trial’s yoga consultants (LB and JH). The consultants were aware of who had completed the Level 4 GYY teacher training course (because of their work at the awarding organisation BWYQ) and where they were based. The consultants and trial coordinators liaised with potential teachers to explain the requirements of the study. This included both delivery of the courses and provision of back-up yoga teachers to cover absence.  If a teacher agreed to take part, a contract with the University of York was signed before any trial classes were delivered. 

[bookmark: _Toc142579043]Intervention and comparator conditions
[bookmark: _Toc142579044]Comparator description
The comparator was usual care alone. Usual care was defined as ‘The wide range of care that is provided in a community whether it is adequate or not, without a normative judgment’.20 Throughout the trial, both trial arms continued with any usual care provided by primary care, secondary care, community, and social services. This approach reflects the main aim of this pragmatic trial: to determine the clinical effectiveness and cost-effectiveness of offering the GYY programme in addition to usual care. 
To characterise and quantify usual care, self-reported healthcare resource use (NHS and private care) was collected at baseline and at each follow-up assessment for all participants in both intervention and usual care groups. Prescription data from general practices were also collected for the period between 3 months prior to baseline and up until 12 after for a sub-sample of participants in both groups.
The protocol did not restrict access to yoga or any other intervention during the follow-up period. However, to reduce contamination, the trial yoga teachers were asked to only deliver trial classes to the participants who had been randomly allocated to their courses. In the follow-up questionnaires, all participants were asked to report any trial and non-trial, supervised yoga classes and self-managed yoga practice that they had done since the previous study time point.
	
[bookmark: _Toc142579045]Intervention description
GYY is a yoga programme for older adults, including those with chronic health conditions. It is based on standard Hatha Yoga and incorporates traditional physical postures and transitions as well as breathing, concentration, and relaxation activities. Each class also includes optional, additional time immediately following the class for participants to stay on and socialise. The main aims of the programme are to improve muscle strength, flexibility, balance, mobility, and mental and social wellbeing. Chairs are used for seated exercise and can be used to provide support when standing, although the whole session can be carried out on a chair. Figure 2 shows examples of seated postures that are commonly used. The yoga practices are modified to allow individuals with varying medical conditions and functional abilities to participate safely. Props are also sometimes used to modify some of the postures and concentration activities. A list of props used in the trial are detailed in Table 1. The physical challenge of each posture can be progressed throughout the course as participants become more able and confident. The following summarises how the GYY classes differ from standard Hatha Yoga classes:
· For the most part, participants are seated on chairs, and when standing, they use the chair or other aids for support
· The classes do not use supine, semi-supine or prone postures; instead, the key elements of traditional supine and prone postures are integrated into seated or standing postures
· The classes hold static postures for a shorter length of time, especially those that could cause more pronounced acute increases in blood pressure
· The physical set-up of classes has been adapted to suit people with sensory impairment; specifically, participants being relatively close to the teacher, lighting levels being higher, the colour of equipment being in contrast to that of the walls, the floor, and the teacher, and no music played during verbal instructions
· The pace and overall structure of the class allows greater time for recovery from the more intense activities (e.g., by having a simple breathing practice follow a more-challenging physical posture)
· If there are individuals with mild cognitive impairment in the group, the teacher will use short, single-subject phrases and pace the instructions to allow time for processing each element of the instructions
· The classes have a longer warm-up period and an overall slower pace, making it safer for older adults and at a level where they can work without feeling ‘left behind’ or ‘too old for yoga’, or having their self-confidence eroded
· Breathing practices avoid retention, as this is contraindicated for individuals with hypertension
· Mobilisation, postures, and concentration activities are incorporated that specifically focus on balance and coordination.
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FIGURE 2 Chair-based postures that are commonly used in GYY. Reproduced from Tew et al.19



TABLE 1 Details of props used
	Item
	Description
	Possible Uses

	Resistance bands
	Brand: Meglio
Material: thermoplastic elastomer 
Resistance level: extra light, 1lbs - 4lbs
Size: 1.2m
Colour: yellow
	Upper and lower body resistance- biceps, triceps, quadriceps; Finger/hand mobilisation and dexterity; concentration and focussed sensation.

	Scarfs
	Brand: TecUnite*/Geebor**/QLOUNI**
Material: silk fabric 
Size: 24x24in
Colour: assorted
	Toss/catch; squeeze hands; finger/hand mobilisation and dexterity; hand to hand passing; shoulder mobilisation; breath work, esp. longer exhalation focus; concentration and focussed sensation.

	Beanbag
	Brand: Prextex / First-Play
Material: nylon Covered / Cotton covered**
‎Size: 10x8cm / 15x10cm 
Weight: 255.15g / 110g
Colour: assorted
	Toss/catch; squeeze hands; squeeze toes; finger dexterity; foot balance; hand balance; concentration and focussed sensation; hand to hand/hand to foot passing; counting beans meditation.

	Squishy ball*
	Brand: MIMIEYES
Material: polyurethane
‎Size: 2.5in
Weight: 170g
Colour: yellow (with smiley faces)
	Toss/catch; squeeze hands; squeeze toes; roll hands (limited); finger dexterity; foot balance; hand balance; concentration.

	Tennis ball**
	Brand: Wilson
Material: felt
‎Size: 2.5in
Weight: 230g
Colour: yellow/orange
	Toss/catch and bounce pulse raisers; roll hands; roll feet; foot balance; hand balance; concentration and focused sensation.

	Block**
	Brand: Yoga Studio
Material: recycled chip foam
‎Size: 12x2x8in
Weight: 500g
Colour: mottled/multicoloured
	Aligning body in seated Tadasana; use as a platform for exercising toes, feet, ankles, fingers, hands, wrists.


*Used in Pilot Phase Only; **Used in Main Phase Only (note: change in equipment due to yoga teacher feedback from process evaluation)

[bookmark: _Hlk124293633]Participants randomised to the intervention were invited to take part in 12, free of charge, 75-minute group-based GYY classes. Each class was immediately followed by an optional 15-30-minute period of socialising. All courses commenced within 3 weeks of randomisation. Each course involved one class per week for 12 (mostly) consecutive weeks; however, there was allowance for a gap in delivery for public holidays and unforeseen circumstances. A summary of actual time between randomisation and commencement of a yoga course and between each class, indicating any gaps in delivery, are provided in Report Supplementary Material 3. Before the first class, participants were required to complete and submit a BWY Health Questionnaire to their yoga teacher (Yoga participant project documents). This questionnaire was needed for BWY teaching insurance purposes and so that the teachers were aware of each participant’s medical conditions and physical activity status. 
Each class included: (i) ‘housekeeping’ activities, such as completing the class register and discussing any home practice or health issues (5 minutes); (ii) an introduction to the theme and practices of the class, basic breathing and focusing activities (5 minutes); (iii) an extended warm up/mobilisation, preparatory postures (30-35 minutes); (iv) focused postures and restorative activities (10-15 minutes); (v) breathing exercises (5-10 minutes), and; (vi) relaxation and concentration activities (5-10 minutes); followed by optional after-class social time (15-30 minutes). 
The after-class social time provided an opportunity for participant interaction and building of social networks. The yoga teachers encouraged participants to stay on for this component, but it was not mandatory. The focus of conversations was not standardised, however the teachers were advised that there was a preference for non-yoga-based discussions. The teacher could still provide general yoga advice to participants if directly asked.
[bookmark: _Hlk124293667]The classes also included instruction on yoga activities that the participants could do at home. Yoga teachers provided participants with a home practice sheet that detailed these activities, which were to be completed at home on non-class days. As the class-based activities became more challenging, students were given new home practice sheets to allow progression of their home yoga routine. Each yoga participant received four home practice sheets in total, covering weeks 1-3, 4-6, 7-9, and 10-12, respectively (Report Supplementary Materials 12). Each sheet included at least five practices, providing an expected practice time of 10-20 minutes per session. 
[bookmark: _Hlk124293697]Towards the end of the course (i.e., class 11 or 12), the yoga teachers provided participants with general verbal advice about continuing yoga practice and a written or electronic handout (Yoga participant project documents) sign-posting participants to suitable yoga classes (i.e., GYY or similar) in their local community or online, which they could attend on a self-pay basis. 
The delivery mode of the trial yoga classes was originally face-to-face. Online classes were implemented during Pilot Phase Wave 2 (autumn 2020) and addressed the closure of venues during the first national lockdown and, later, the need for social distancing during the COVID-19 pandemic. The trial classes included intervention participants only (i.e., members of the public could not participate), with each 12-week course having 12 participants allocated if delivered online and up to 15 participants allocated if delivered face-to-face (see Report Supplementary Material 2). Face-to-face classes were conducted in non-medical community-based facilities (e.g., yoga studio, community hall, leisure centre) following checks for venue suitability by the yoga consultants (LB and JH). Accessibility factors that were considered included close proximity to public transport links, parking facilities, and disability access. Online classes were conducted via Zoom, an online livestream platform freely accessible to participants using a computer or tablet. Pre-course contact by the yoga teachers with participants was introduced from the start of Pilot Phase Wave 2. Prior to online classes commencing, the yoga teacher conducted one-to-one Zoom meetings with their participants to optimise the set-up of their equipment and environment and to discuss any health issues or course queries. Prior to face-to-face classes commencing, the yoga teachers conducted one-to-one telephone meetings with their participants to discuss any health issues or course queries.
		
Yoga teacher training
Nineteen yoga courses were delivered within the trial by 12 yoga teachers (one teacher delivered three courses, five teachers delivered two courses each, and six teachers delivered one course each). All teachers had the BWYQ Level 4 Teaching GYY qualification, appropriate insurance, and experience of working with older adults. They also received specific training about the trial and its procedures from the research team.
The GYY programme is copyrighted by the BWY and since 2017 they have provided training in GYY to qualified yoga teachers. Training for the regulated level 4 Teaching GYY qualification takes place over approximately 12 months and covers the National Occupational Standards for understanding the principles of adapting physical activity for older adults and the planning, adaptation, and delivery of sessions to meet the requirements of participants with specific needs. This includes information on ageing, barriers and motivators to exercise, ethical and legal responsibilities, the physiology of ageing and common chronic conditions, and how to modify yoga for different health states. After distance learning modules and face-to-face instruction, the teachers demonstrate their understanding through worksheets, multiple choice questions, two case studies, designing a GYY programme, and being observed and assessed on their teaching of GYY sessions on two occasions. 
[bookmark: _Hlk124293724][bookmark: _Hlk124293756]To minimise inter-teacher variation and enhance fidelity of intervention delivery, the yoga teachers received standardisation training from the research team via a one-day interactive workshop. The training included background information about the GYY programme and the trial, clarification of standardised class content and structure, and practical delivery tips including intervention progression and provision of home practice sheets. It also stressed the importance of only allowing people in the trial’s intervention group to access the classes and explained trial processes such as adverse event reporting and class attendance monitoring. To supplement this training day, teachers also received a research training manual (Report Supplementary Material 4) and feedback from a yoga consultant (JH) on a 12-week course plan that each teacher needed to submit at least two weeks before their first trial class (See yoga teacher project documents) for GYY course plan feedback template). During the intervention delivery period, the yoga teachers were able to contact the yoga consultants (LB and JH; who developed the GYY teacher training course) for advice about the intervention and the trial coordinators for advice about trial processes. 

[bookmark: _Toc142579046]Criteria for discontinuing or modifying allocated interventions
There were no specific criteria for discontinuing or modifying allocated interventions. Participants could decide to stop doing the yoga programme at any point and for any reason.
	
[bookmark: _Toc142579047]Strategies to improve adherence to interventions
To optimise and encourage attendance, the teachers were asked to contact participants who missed two consecutive classes without prior notification.
	
[bookmark: _Toc142579048]Relevant concomitant care permitted or prohibited during the trial
Participants continued to receive independent usual care throughout the trial, and this was not prohibited in any way.
	
[bookmark: _Toc142579049]Provisions for post-trial care
Towards the end of the course (i.e., class 11 or 12), the yoga teachers provided intervention participants with general verbal advice about continuing yoga practice and a paper or electronic handout (Yoga participant project documents) sign-posting participants to suitable yoga classes (i.e., GYY or similar) in their local community or online, which they could attend on a self-pay basis. The usual care participants received the same information after completing the final (12-month) follow-up questionnaire. Usual care participants were also randomised into a methodological sub-study in which half were offered a GYY class at the end of their 12-month follow-up. They were informed of this offer shortly after randomisation in order to determine whether this improved their retention in the trial. Methods and results of this sub-study are detailed in Chapter 6. 

[bookmark: _Toc142579050]Outcomes
[bookmark: _Toc142579051]Primary outcome measure
The primary outcome was the EQ-5D-5L utility index score.21 The EQ-5D-5L was self-reported by the participant and collected using questionnaires at baseline and at 3, 6 and 12 months post-randomisation. The primary endpoint was the overall difference over the 12-month follow-up period. There is currently work ongoing to develop a valuation set for the EQ-5D-5L for England; in the meantime, the UK’s National Institute for Health and Care Excellence (NICE) recommends22 that utility index scores should be calculated using the crosswalk developed by van Hout et al.23; hence, they were calculated on this basis.
The EuroQol EQ-5DTM is a widely used self-reported health utility measure that comprises two parts: the classification of 5 dimensions of health (mobility, self-care, usual activities, pain/discomfort and anxiety/depression); and a visual analogue scale (VAS), which records participants’ overall evaluation of their health on a scale from 100 (best imaginable health) to 0 (worst imaginable health). The EQ-5D has been validated in many different patient populations including diabetes, cardiovascular problems, chronic obstructive pulmonary disease, cancer, chronic pain, and rheumatoid arthritis. 
There are currently two versions of the instrument that can be used for adults: the original EQ-5D-3L with five dimensions of health and 3 response levels of problems, and the more recent EQ-5D-5L that has the same 5 dimensions of health but has 5 response levels of problems (1=no problems, 2=slight problems, 3=moderate problems, 4=severe problems and 5=unable/extreme problems). The EQ-5D-5L helps overcome problems with ceiling effects and has greater sensitivity.21 It showed evidence of good sensitivity in the pilot trial of the GYY programme19 and has been the primary outcome measure in other primary care-based multimorbidity trials.24 Responses to the EQ-5D-5L lead to 3,125 unique possible combinations of health states where each health state is mapped to a utility index score (on a scale where negative values correspond to a state worse than death, 0 corresponds to a health state equivalent to being dead and 1 corresponds to perfect health) by making use of a valuation set. Participants who die can be given a score of 0 (for both the utility index score and VAS) for any assessment time point following their date of death. 
Besides being used as the primary outcome measure in the analysis, the EQ-5D-5L was also used to estimate QALYs for the economic evaluation (see Chapter 4).	

[bookmark: _Toc142579052]Secondary outcomes measures
All secondary outcomes were self-reported by the participant and collected using questionnaires at baseline and during the 12-months follow-up (see Report Supplementary Materials 4 and 16 for the baseline and follow-up questionnaires, respectively). The secondary outcomes were:	
· EQ-5D-5L utility index score at 3, 6, and 12 months after randomisation 
· EQ-5D-5L VAS score at 3, 6, and 12 months and overall
· HRQOL at 3, 6, and 12 months and overall using the PROMIS-2925
· Depression severity at 3, 6, and 12 months and overall using the Patient Health Questionnaire-8 (PHQ-8)26
· Anxiety severity at 3, 6, and 12 months and overall using the Generalized Anxiety Disorder-7 (GAD-7)27
· Loneliness at 3, 6, and 12 months and overall. Four questions were used to capture different aspects of loneliness. The first three questions were taken from the University of California, Los Angeles 3-item (ULCA-3) loneliness scale.28 The wording of the UCLA questions and response options was taken from the English Longitudinal Study of Ageing (ELSA).29 The last was a direct question about how often the respondent feels lonely.
· Incidence of falls over 12 months 
· Adverse events over 12 months
· Healthcare resource use over 12 months (see Chapter 4, Economic Evaluation)

PROMIS-29
The PROMIS-29 v2.1 measurement scale consists of seven subscales and a global item. Both a physical and a mental health component summary score can also be generated. 
The seven subscales look at the following aspects of HRQOL: physical function, anxiety, depression, fatigue, sleep disturbance, ability to participate in social roles and activities, and pain interference. Each of the items in the seven subscales take an integer-valued response ranging from 1 to 5, where higher numbered responses indicate a worse quality of life for the anxiety, depression, fatigue, sleep disturbance and pain interference subscales, but better for the physical function and ability to participate in social roles and activities subscales. The PROMIS can be scored in multiple ways.  Manual scoring: for each of the seven subscales, a raw score is calculated as the sum of the values of the responses for each item in the subscale and this raw score is converted to a T-score using the conversion tables specified in the PROMIS Adult Profile Scoring Manual (https://www.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Adult_Profile_Scoring_Manual.pdf). However, this does not deal with missing data as it uses a ‘complete-case’ approach, where an overall score for a subscale is only calculated if there are no missing responses for any of the items in the subscale. The preferred method of scoring is to use the HealthMeasures Scoring Service (https://www.assessmentcenter.net/ac_scoringservice). This method of scoring uses responses to each item for each participant (referred to as “response pattern scoring”). Response pattern scoring is preferred because it is more accurate than the use of raw score/scale score look up tables included in the manual. Response pattern scoring is especially useful when there is missing data (i.e., a respondent skipped an item) (text copied and adapted from the PROMIS Profile Scoring Manual).  We used the online Assessment Centre scoring in this trial.
The global item asks the participant to rate their pain on an 11-point scale ranging from 0 to 10 where 0 corresponds to “no pain at all” and 10 is “worse imaginable pain”.
The mental and physical health component summary scores were calculated as detailed in https://labs.dgsom.ucla.edu/hays/files/view/docs/programs-utilities/prom29/PROMIS29_Scoring_08082018.pdf.  A higher score indicates a more favourable outcome.

Each of the PROMIS-29 v2.1 sub-scales, the physical and mental health component scores, and the global item at 3, 6 and 12 months post-randomisation, as well as overall, were used as secondary outcomes. 

PHQ-8
The eight-item Patient Health Questionnaire (PHQ-8) instrument is used to measure depression severity and asks the participant to indicate how often in the last two weeks they have been bothered by eight problems, each scored on the scale 0 = “Not at all”, 1 = “Several days”, 2 = “More than half the days”, and 3 = “Nearly every day”. A total score is obtained from summing the eight item scores. If one item was missing from the score, it was substituted with the average score of the non-missing items (scored pro-rata and total score rounded to nearest integer).30 Questionnaires with two or more missing values were not scored. A total score of 5 to 9 represents mild depressive symptoms; 10 to 14, moderate; 15 to 19, moderately severe; and 20 to 24, severe. 

GAD-7
The GAD-7 is a 7-item instrument asking the participant to indicate how often over the last two weeks they have been bothered by seven problems, each scored 0 = “Not at all”, 1 = “Several days”, 2 = “more than half the days”, and 3 = “nearly every day”. A total score is obtained from summing the seven item scores from 0 to 21. If one item was missing from the score, then it was substituted with the average score of the non-missing items (scored pro-rata and total score rounded to nearest integer). Questionnaires with two or more missing values were not scored. Scores of 5, 10, and 15 represent cut-off points for mild, moderate, and severe anxiety, respectively.  

Loneliness
The UCLA-3 is a 3-item instrument asking the participant to indicate how often they feel they lack companionship, feel left out, or feel isolated. The scoring of the three items is as follows: 1 = “hardly ever or never”; 2 = “some of the time”; and 3 = “often”. A summary score is calculated by summing the three item scores, where none of the item responses are missing. 
In addition to the UCLA-3 instrument, loneliness was also measured using the ELSA single-item direct loneliness question at each of the follow-up time points, which asks the participant how often they feel lonely with responses: 1 = “Never”; 2 = “Hardly Ever”; 3 = “Occasionally”; 4 = “Some of the time”; and 5 = “Often or Always”. 

Falls
Incidence of falls was measured as the total number of falls experienced by the participant during the 12-month follow-up period. The baseline and 3, 6 and 12-month follow-up questionnaires asked whether the participant fell in the three (or six on the 12-month questionnaire) months since the last questionnaire, and if so, how many times. 
[bookmark: _Toc142579053]Process evaluation
A qualitative process evaluation was informed by qualitative interviews with trial participants, trial decliners, trial yoga teachers, and stakeholders, as well as by observations of standardisation training sessions and yoga classes (see Chapter 5, Process Evaluation).

[bookmark: _Toc142579054]Intervention fidelity
[bookmark: _Hlk124293968]To ensure the trial yoga courses were delivered in accordance with the GYY teacher training programme and GYY trial guidelines each yoga teacher underwent an observation of one of their trial classes by one of the yoga consultants (LB and JH). A checklist was completed for each observation (see yoga teacher project documents) for the yoga teacher fidelity check assessment template). Intervention fidelity was also assessed via class observations and interviews with each yoga teacher as part of the process evaluation.
	
[bookmark: _Toc142579055]Other data collected
[bookmark: _Hlk124293992]Socio-demographic measures (age, gender, ethnicity, residential status, employment status, smoking status) and details of health conditions were collected at baseline via the screening and baseline questionnaires. An adapted Bayliss measure of illness burden31 was calculated by summing the amount that each self-reported health condition limits a participant’s daily activities from 1=”Not at all” to 5=”A lot”). Participant beliefs and preferences for the GYY programme and usual care were assessed in the questionnaires at baseline and 12 months. Adherence by participants to the supervised GYY classes was recorded by the yoga teachers using class attendance registers (Yoga teacher project documents). Participants also self-reported in the follow-up questionnaires any other supervised or self-managed yoga practice that they had done since the previous study time point. Adverse events were recorded (see ‘Adverse event reporting and harms’ below).

[bookmark: _Toc142579056]Sample size
[bookmark: _Toc142579057]Original
Walters and Brazier, in a review paper of the EQ-5D-3L,32 found a difference of 0.074 (mean) or 0.081 (median) to be a minimum clinically important difference among a variety of patients, whilst McClure and colleagues found a minimum clinically important difference of 0.063 (mean) or 0.064 (median) for the EQ-5D-5L using simulated data.33 To be conservative, we powered the trial to detect the lowest estimate (0.06) assuming a standard deviation of 0.20.19 Accounting for loss to follow-up of 20%, we needed to randomise 586 participants to have 90% power with 5% significance (two-sided).
Although this was an individually randomised trial, there was the potential for clustering within the intervention arm by yoga class. Assuming an intraclass correlation coefficient of 0.04 and average class size of 12 in the intervention arm, with the proposed sample size of 586 we would have still retained 84% power to detect the same magnitude of effect (ceteris paribus). In this calculation we considered the level of clustering at the yoga class level, rather than at the level of the yoga teacher, since we believed this to be the most influential level of clustering. Accounting for potential clustering within the intervention arm only leads to small reductions in power, which could potentially be recovered in the analysis of the repeated measures, adjusting for baseline value, which was not accounted for in the original sample size calculation.   

[bookmark: _Toc142579058]Revised
[bookmark: _Hlk124341061]Trial recruitment commenced prior to the COVID-19 pandemic. The onset of the pandemic caused challenges to recruitment. Considering these challenges, in October 2021, the sample size calculation was revisited. At this point, 454 participants had been randomised (240 intervention; 214 usual care) and the trial team were considering whether to apply for a funded 7-month extension to give extra time to pursue the original recruitment target of 586. 
The original calculation did not account for the correlation of outcome with baseline as this provides the most conservative target. At the start of the trial, there was little to base the estimate of the correlation on, and assuming a correlation that is larger than is eventually observed can lead to an under-powered trial. However, in practice, it was always planned to include the baseline EQ-5D-5L utility index score as a covariate in the primary analysis model and this provides gains in power.  
Assuming all other parameters remained the same, with 454 participants we would have had 81% power to detect the same effect size. With a higher rate of follow-up that was consistent with what had been observed up until this time (90%), this would have increased the power to 86%. Accounting for a higher rate of follow-up and also correlation of the outcome with baseline of at least 0.35 then we would have retained 90% power. An interim calculation of the correlation between baseline and 12-month EQ-5D-5L utility index score based on data received and processed up to 15/10/2021 (n=86 observations) was 0.67 (95% CI 0.54 to 0.77), and at that time we had observed a response rate of 90% at 3 months. Therefore, we were confident that we would be able to detect a clinically important difference with close to or greater than 90% power with 454 participants randomised. Hence, it was agreed to cease recruitment at 454 participants and not apply for an extension.  

[bookmark: _Toc142579059]Randomisation
Participants were randomised via a central, computer-based randomisation system, designed and managed by York Trials Unit (YTU), University of York. The randomisation was stratified and used varying block sizes and allocation ratios as follows.
When enough patients (ideally 20-30) had provided baseline data and confirmed their availability for a specific GYY course, they were randomised collectively as a ‘batch’ by a member of the research team using the randomisation system. The patients were allocated to either the intervention or usual care group in a ratio that was variable to ensure that each GYY course was full to begin with (12-15 participants randomised to the intervention group for each face-to-face course and 12 participants for each online course, with the remaining participants allocated to usual care). We targeted an overall allocation ratio of 1:1.
Each batch of randomisations were then considered as a ‘site’ (and it is this level of ‘site’ that is included as a random effect in the statistical analysis as detailed later in this chapter), but each site could contain patients from more than one GP practice. One yoga teacher led each GYY course, but some teachers led more than one course. 
Since a group of participants were randomised simultaneously, as opposed to participants being randomised one-by-one, the allocation sequence could not be predicted in advance. 
[bookmark: _Hlk124294029]Participants were notified of their group allocation via telephone, letter or email and sent a participant diary to prospectively record their healthcare resource use (Trial Participant project documents) so that they had this to refer to when asked about their healthcare resource use in the follow-up questionnaires. If randomised to the intervention group, they were sent details of the class that they should attend and the name of the yoga teacher.  
Following randomisation, the research team at YTU provided the yoga teachers with the names and contact details of who was going to be attending their classes. They required this information so that they could make appropriate arrangements to support intervention delivery. The randomisation of participants was timed to occur no more than three weeks before the start date of the course that had been agreed with the yoga teacher. 
For randomisation of participants to the methodological sub-studies, see Chapter 6.

[bookmark: _Toc142579060]Blinding
Due to the nature of the intervention, participants and yoga teachers were not blinded to group allocation. Outcome measures were primarily self-reported. Members of the research team collecting the outcome data over the telephone took reasonable steps to ensure that they remained blinded to group allocation. 
Although GPs were informed about their patient’s participation in the study, they were not informed about allocation status to reduce the risk of inducing GP behaviour change based on this knowledge. The wider health and social care team were not informed about a participant’s study participation or allocation status.
There were no specific emergency unblinding procedures. A participant’s group allocation could have been revealed to their GP in response to an adverse event, but there were no instances where this was necessary.

[bookmark: _Toc142579061]Internal pilot phase
[bookmark: _Hlk123207969]The original overall recruitment target was 586 participants across at least 12 sites over a total of 24 months. Mail outs at different GP practices were staggered. The period covering the first eight sites/courses formed the internal pilot phase.  

Internal pilot objectives:
· To assess whether the provision and acceptability of the intervention met the predefined progression criteria thresholds, via the proportion of participants receiving their first yoga session within three weeks of randomisation and retention of intervention participants respectively.
· To assess whether recruitment and 6-month follow-up rates met the pre-defined progression criteria thresholds, measured by recruitment and EQ-5D-5L completion data.

The progression criteria assessed the level of recruitment for each site, follow-up rates, and provision and acceptability of the intervention, and informed study continuation beyond the internal pilot phase. The progression criteria were assessed using a traffic light system of green (go), amber (review) and red (stop), as follows:
· Intervention provision (assessed 4 months after start of pilot intervention period)
· Green: 3-4 sites offering their first group yoga session within 3 weeks of participant randomisation
· Amber: 1-2 sites offering their first group yoga session within 3 weeks of participant randomisation
· Red: 0 sites offering their first group yoga session within 3 weeks of participant randomisation
· Intervention acceptability (assessed 4 months after start of pilot intervention period)
· Green: ≥80% retention of intervention participants
· Amber: <80% but ≥65% retention of intervention participants
· Red: <65% retention of intervention participants
· Recruitment (assessed at 6 months after start of internal pilot recruitment)
· Green: 3-4 sites recruited ≥20 patients each within 4 months (based on number of participants needed to allow randomisation and formation of a yoga class)
· Amber: 1-2 sites recruited ≥20 patients each within 4 months
· Red: 0 sites recruited ≥20 patients each within 4 months
· Six-month follow-up (assessed at 8 months after start of pilot intervention period)
· Green: ≥80% completion of the EQ-5D-5L
· Amber: <80% but ≥65% completion of the EQ-5D-5L
· Red: <65% completion of the EQ-5D-5L

If any criteria were graded as amber, a rescue plan was to be considered outlining steps to be taken to improve intervention provision, recruitment, retention and/or follow-up (as appropriate), and approved by the Trial Steering Committee (TSC) before submission to the funding body (NIHR HTA). If all the progression criteria were failed (red), then the internal pilot would not have progressed to the main phase of the study. If the TSC deemed that the progression criteria were met to a satisfactory standard by the end of the internal pilot then the study was to continue and outcome data from participants in the internal pilot included in the main study analysis. 

[bookmark: _Toc142579062]Statistical methods
Analyses were conducted once at the end of the trial using Stata v17.34 For all outcomes, the analysis population set included all randomised participants with data available for that outcome, and participants were analysed in the group to which they were randomised, irrespective of deviations based on non-compliance, under the principles of intention to treat (ITT). Statistical tests were two-sided at the 5% significance level and two-tailed 95% confidence intervals (CIs) and p-values were used.
	
[bookmark: _Toc122422284][bookmark: _Toc142579063]Recruitment
The flow of participants through the trial is detailed in three CONSORT diagrams depicting i) recruitment of participants in the two pilot phase waves; ii) recruitment of participants in the two main phase waves; iii) and the retention and follow-up of participants post-randomisation.  The total number of participants approached and randomised are reported, with reasons for non-participation (ineligibility or non-consenting) provided where available. 
	
[bookmark: _Toc122422285][bookmark: _Toc142579064]Baseline characteristics of randomised and analysed participants
All participant baseline data are summarised descriptively by trial arm both as randomised and as included in the primary analysis. No formal statistical comparisons were undertaken on baseline data between the arms. Continuous measures are reported as means and standard deviations (and/or median, inter-quartile range and range) and categorical data are reported as counts and percentages.

[bookmark: _Toc122422286][bookmark: _Toc142579065]Withdrawals and follow-up
Response rates to the participant questionnaires at 3, 6 and 12 months are presented by trial arm and overall, as number expected (i.e., not withdrawn before time point) presented as percentage of number randomised, number returned (% of expected, % of randomised) and median (interquartile range) time to completion in days from due date. Mode of completion (postal or over the telephone) is summarised for the 6-month time point. Reasons for non-completion are provided where known. Type and timing of withdrawals is presented overall and by randomised group.
All outcome data are summarised descriptively by randomised group and overall at each time point.
	
[bookmark: _Toc142579066][bookmark: _Toc122422287]Interim pilot phase
Descriptive statistics only were used to evaluate the progression criteria for the internal pilot sites.  Data from participants in the internal pilot was included in the main study analysis. 
	
[bookmark: _Toc142579067]Primary outcome analysis
The EQ-5D-5L utility index score was modelled using a linear mixed effects model to incorporate the outcome at all post-randomisation time points. The model adjusted for baseline EQ-5D-5L utility index score, time point, trial arm, and trial arm by time interaction as fixed effects. Participant and site were included as random effects, to account for the repeated measures of scores by participants over time, and the clustering of participants within sites. The different covariance structures for repeated measurements that are available as part of the analysis software were applied to the model. The most appropriate pattern was used for the final model based on diagnostics including Akaike’s information criterion) (smaller values are preferred). The treatment effect in the form of the adjusted mean difference in EQ-5D-5L utility index score was extracted with its 95% CI and p-value for each time point and overall. The overall difference between the two groups over the 12 months from randomisation was the primary endpoint, but differences at each time point were extracted for secondary investigations aimed at determining the potential pattern of improvement. Model coefficients for the covariates with 95% CIs are also presented to aid understanding of the fitted model. Participants were only included in the model if they had full data for the baseline covariates and outcome data for at least one post-randomisation time point; the model assumes any missing data were missing at random. Model assumptions were checked as follows: the normality of the standardised residuals was checked using a qq plot, and homoscedasticity was assessed by means of a scatter plot of the standardised residuals against fitted values.   
	
[bookmark: _Toc142579068]Sensitivity analyses
Adjusting for other covariates
The primary analysis was repeated but age, gender and adapted Bayliss score were additionally adjusted for as fixed effects.



Clustering by yoga teacher
Some of the yoga teachers taught more than one course of GYY as part of the trial. Analyses to account for possible clustering by yoga teacher were also undertaken by including the intended yoga teacher as a random effect instead of site. 

Compliance with random allocation and treatment received
The number of GYY classes attended by participants is summarised. Attendance at GYY classes is presented as the percentage of participants who attended each week, overall and by recruitment wave. The number of participants who attended all 12 of their sessions, at least 9 sessions and at least 6 (including the 3 of the first 6) is reported as measures of intervention adherence. We also report the amount of non-GYY yoga conducted by the two groups.
Complier average causal effect (CACE) analyses for the primary outcome were undertaken to explore the impact of non-compliance on treatment effect estimates. Three analyses were conducted. The first considered participants who are fully compliant, defined as attendance at at least three of the first six sessions and at least three other sessions. The second CACE analysis defined compliance as attendance of one yoga session or more (i.e., any compliance), which included participants who were fully and partially compliant. The final CACE analysis considered the number of sessions attended in its continuous form. Two-stage least squares instrumental variable (IV) regression for the EQ-5D-5L at 12 months was used, with randomised group as the IV and robust standard errors to account for clustering within site.  The CACE analysis adjusted for gender (in the first stage) since gender was likely to be associated with attendance.

Missing data
The extent of missingness for the primary outcome was investigated and reported. The mixed effects model incorporated data collected at all post-randomisation time points and any missing outcome data were assumed to be missing at random. We explored patterns of missingness and considered undertaking a sensitivity analysis to assess departures from the missing at random assumption using a pattern mixture model; however, this was deemed unnecessary due to the low amount of attrition in the primary analysis model (<10%). The attrition rate here refers to those with only baseline data.

[bookmark: _Toc142579069]Subgroup analysis
Intended mode of delivery of GYY
Participants in the first wave of recruitment were randomised in October 2019, and for those allocated to the yoga arm, the classes took place between October 2019 and February 2020. This was before any restrictions were imposed to our daily lives as a result of the COVID-19 pandemic and, therefore, the classes were delivered face-to-face, as initially intended. However, recruitment was paused in mid-March 2020 and once recruitment recommenced, it was decided that yoga classes would be delivered online. Therefore, GYY participants who were randomised between September 2020 and June 2021 had their classes delivered online. Beyond this, up to the end of recruitment in October 2021, some of the sites delivered online and the others face-to-face.  
A subgroup analysis was conducted in which the primary analysis was repeated including, as a fixed effect, an indicator for whether participants were randomised in a site intended for online GYY delivery (as opposed to face-to-face), and an interaction term between trial arm and intended mode of delivery.

[bookmark: _Toc142579070]Secondary outcome analyses
Each of the following secondary outcomes were analysed using the same methods as described for the primary outcome, with baseline EQ-5D-5L utility index score swapped as a covariate for baseline value of the outcome:
· EQ-5D VAS
· GAD-7 score
· PHQ-8 score
· T-scores from each of the seven subscales of the PROMIS-29 v2.1, the physical and mental health component score and the global item score 
· UCLA-3 score
· ELSA single-item direct loneliness question

The incidence of falls during the 12-month follow-up period was analysed by modelling the number of participant falls over the 12-month follow-up period with a mixed effect negative binomial regression model, adjusting for number of falls in the three months prior to baseline, and site as a random effect. The model includes an exposure variable for the number of months for which the participant provided falls data. The point estimate for the treatment effect in the form of an incidence rate ratio and its associated 95% CI and p-value is provided.  

[bookmark: _Toc142579071]Adverse events
Adverse events for this trial are summarised descriptively, stratified by whether they are classified as serious or non-serious. Only events deemed at least possibly related to the study are reported. The number, type, outcome, action, and relatedness of the events are summarised.

[bookmark: _Toc142579072]Data collection and management
Participant-completed baseline and follow-up questionnaires were sent from and returned to YTU. A central database at YTU was used to prompt the sending out and return of follow-up questionnaires. Where necessary, participants provided the questionnaire data via a telephone call with a researcher at YTU (e.g., when the research team needed to work from home during the COVID-19 pandemic, and thus were unavailable to send and receive postal questionnaires, or when participants required assistance). In addition to the data collected at the follow-up time points, some data were collected on an ongoing basis (such as adverse events and change of participant status when a participant requested to be withdrawn). The data collected in this trial, and the timing of its collection, are given in Table 2.



TABLE 2 Schedule of assessments
	Assessment
	Follow – up time point
	

	
	Screening/
Baseline
	3 months
	6 months
	12 months
	Over 12 months

	Eligibility and consent

	Eligibility
	X
	
	
	
	

	Consent
	X
	
	
	
	

	Background & Follow-up data 

	Demographic data
	X
	
	
	
	

	Medical History
	X
	
	
	
	

	Patient expectations and preferences
	X
	
	
	
	

	EQ-5D-5L
	X
	X
	X
	X
	

	PROMIS-29 v2.1
	
	
	
	
	

	GAD-7
	X
	X
	X
	X
	

	PHQ-8
	X
	X
	X
	X
	

	UCLA
	X
	X
	X
	X
	

	Falls
	X
	X
	X
	X
	

	Healthcare resource use
	X
	X
	X
	X
	

	Prescription use*
	X
	
	
	
	X

	Ongoing data collection

	Adverse event reporting
	
	
	
	
	X

	Change of participant status 
	
	
	
	
	X


*Collected for 3 months prior to baseline and for 12 months post baseline for a subset of participants in both groups 

Screening and baseline data were collected via postal questionnaires in pilot phase wave 1; however, due to the COVID-19 pandemic data were was collected via a telephone call and entered electronically into a Qualtrics (online survey software, Provo, Utah, USA) survey by the researcher in pilot phase wave 2 and main phase waves 1 and 2.
Follow-up data were collected via postal questionnaire in all phases of the trial, except for a short period due to COVID-19 restrictions for pilot phase wave 1 (6-month follow-up) where it was collected via a telephone call and entered electronically into a Qualtrics survey by the researcher. If a follow-up questionnaire was not returned to YTU 14 days after it was posted, a reminder questionnaire was sent to the participant. If a follow-up questionnaire was not returned to YTU 14 days after a reminder questionnaire was posted, a researcher contacted the participant via telephone call if the participant had consented to this means of communication. If during the telephone call the participant advised that they were unable to complete the postal questionnaire but agreed to provide the information over the telephone, primary outcome data collection was prioritised and then any other outcome data that the participant was willing to provide was collected. If a questionnaire was returned to YTU incomplete or with errors, a researcher contacted the participant via telephone for clarification or completion of missing data if the participant had consented to this means of communication. Telephone data in this case were entered onto a paper questionnaire by the researcher.
Essential trial documentation, which individually and collectively permits evaluation of the conduct of a clinical trial and the quality of the data produced, was kept in an electronic Trial Master File on a secure file server at the University of York with access restricted to named YTU trial staff. This documentation will be retained for a minimum of 20 years in electronic format in accordance with Good Clinical Practice. Data were handled in accordance with the Data Protection Act 2018, GDPR legislation, the latest Directive on Good Clinical Practice, and local policy. All paper data records are stored in a secure facility at the University of York in locked filing cabinets in a locked room. The key to the cupboard is held by the data archivist. The paper data records will be archived at an approved off-site location. All electronic data records are stored on a secure file server at the University of York with access restricted to YTU trial staff. Data entered electronically onto a database will be stored on a private network protected by a firewall at the University of York. Access to the database is restricted to YTU trial staff by login and password. The trial database will be securely archived for a minimum of 10 years on the YTU computer network. Access to the archived data will be restricted to YTU trial staff and named individuals but will be retrievable at the request of the sponsor or investigator. All data will be stored for a minimum of 10 years in line with the University of York’s policy. 

[bookmark: _Toc142579073]Design and processing of participant questionnaires
The participant postal questionnaires were designed using TeleForm software (version 11.2; Cardiff Software, Cambridge, UK). Specification questionnaires were populated with variable names and appropriate scoring. To maximise data quality, when questionnaires were returned to YTU (by post), key variables required for the statistical analysis were reviewed for completion and accuracy by a data administrator who resolved any queries by contacting the participant via telephone. After this initial check, all questionnaires were prepared for scanning by a data administrator using the TeleForm software. When a form would not scan, the data were manually entered. When a form was scanned, the data were then verified depending on what TeleForm identified as requiring correction. The verified data were then temporarily held in the Download Database and available for second checking. This involved each hard copy of all forms being compared against the entry stored in the Download Database and correcting the electronic data as necessary. All data were scanned, downloaded and second checked in the Validate Database. The automated data validation was undertaken by the Data Manager who applied predetermined rules to check for agreed variables whether the data were recorded correctly. 
The participant electronic questionnaires were designed using Qualtrics. To maximise data quality, response requirements and validations were used for key variables required for the statistical analysis (e.g., to alert when a question had been missed or entered in the incorrect format). The data from each form submitted was regularly downloaded in batches from Qualtrics and imported into a SQL database. Images of each form submitted were also downloaded in PDF format from Qualtrics. The data verification process was similar to that for the postal questionnaires in that the data were checked against the images and a code was ran to apply the data rules and identify any anomalies. 
Data that had been validated were made available, upon a formal request, to the trial statistician and health economist.



[bookmark: _Toc142579074]Plans to promote participant retention and complete follow-up
The following processes were implemented to promote participant retention and follow-up:
· Yoga teachers were asked to encourage regular class attendance and to contact participants who missed two consecutive classes without prior notification
· Participants who withdrew from the yoga programme were asked if they would be happy to remain in the trial to provide follow-up data
· Participants received a £5 shopping voucher or £5 cash with every follow-up questionnaire as a thank you for their continuing participation in the trial
· A text message was sent to participants who consented to receive this form of communication 1-7 days before each follow-up questionnaire was sent, saying that they would soon receive a follow-up questionnaire and to complete and return it as soon as possible. The text message also acted as a prompt for the participant to inform the research team if they had moved address.
· A reminder letter was sent if the follow-up questionnaire had not been returned within 14-21 days
· A researcher called the participant to complete the follow-up questionnaire over the telephone if it had not been returned within 28 days
· If a questionnaire was returned incomplete or with errors, a researcher called the participant for clarification or completion of missing or invalid data
· Participants were advised that they were able to phone a member of the research team if they required assistance with completing a questionnaire
· A newsletter containing information about trial progress and any relevant updates was sent out to participants via post or email every 3-6 months
· After completing the final follow-up questionnaire (12 months), all usual care participants received details of GYY or other suitable yoga classes that they could join on a self-pay basis. That they would do so was specified in the participant information sheet.
· After randomisation to the main trial, participants allocated to the usual care group were randomised again to receive either the offer of a one-off yoga class, which would take place after the final follow-up, or no offer (see sub-study 4 in Chapter 6: Does offering a free yoga session to control participants after the 12-month follow-up assessment enhance retention and reduce contamination?)
· After randomisation to the main trial, participants allocated to the intervention group were randomised again to receive either a pen with their 3-month follow-up questionnaire, or no pen (see sub-study 3 in Chapter 6: Does sending a pen with a follow-up questionnaire enhance return rates?)

[bookmark: _Toc142579075]Participant withdrawal
[bookmark: _Hlk124294094]Participants could withdraw from the trial at any point during the study. If a participant indicated that they wanted to withdraw from the study, they were asked whether they wished to withdraw from the intervention only (i.e., withdraw from the yoga programme if allocated to the intervention group) or withdraw fully from the study. When withdrawal was only from the intervention, follow-up data continued to be collected. Data provided by participants who fully withdrew were retained for analysis, up to the point at which they withdrew. A member of the research team completed a change of status form for any participant who changed status (died, withdrew, lost to follow-up) during the trial.
[bookmark: _Toc142579076]Trial completion and exit
Participants completed the trial once they had returned a complete 12-month follow-up questionnaire. Participants exited the trial prematurely if they had fully withdrawn, were lost to follow-up, or died.

[bookmark: _Toc142579077]Adverse event reporting and harms
Adverse events (AEs) were defined as any untoward medical occurrence in a trial participant which did not necessarily have a causal relationship with the treatment. Serious AEs (SAEs) were defined as any untoward medical occurrence that:
· Resulted in death
· Was life-threatening
· Required inpatient hospitalisation or prolongation of existing inpatient hospitalisation
· Resulted in persistent or significant disability or incapacity
· Was a congenital anomaly or birth defect
· Was any other important medical event which, although not included in the above, may have required medical or surgical intervention to prevent one of the outcomes listed. A planned operation or hospitalisation for a pre-existing condition was not considered an SAE.
Adverse events that were possibly related to yoga practice or study participation during the 12 months after randomisation were recorded by trial coordinators or trial support officers followed by an assessment of seriousness, relatedness, and expectedness by the Chief Investigator and a clinician co-investigator (DY). We also recorded all deaths and all falls that resulted in hospitalisation, regardless of causality. Yoga teachers and participants were asked to notify the trial office of any adverse events they thought were related to yoga practice or study participation. Researchers reported all falls resulting in hospitalisation via a telephone check with the participant if they indicated that they had experienced a fall on one of the follow-up questionnaires. 
All (S)AEs were reported to the Trial Management Group, Trial Steering Committee, and Sponsor. SAEs that were related to the research and unexpected were reported to the REC.

[bookmark: _Toc142579078]Regulatory approvals and monitoring
Ethics approval for the study was obtained from the North East - York Research Ethics Committee (REC reference number 19/NE/0072) on 24 April 2019. The study was also approved by the Health Research Authority on 24 April 2019. Amendments to the protocol and study documentation were submitted to the REC and the Health Research Authority for their approval as required during the study. The trial sponsor was Northumbria University.

[bookmark: _Toc142579079]Trial registration
The study was registered to the ISRCTN Registry on 18 March 2019 (reference number ISRCTN13567538). 

[bookmark: _Toc142579080]Summary of changes to the protocol
Amendments to the trial protocol are summarised in Appendix 1.

[bookmark: _Toc142579081]Trial Management Group
The day-to-day management of the trial was overseen by the Trial Management Group who met every 2 months. This group comprised the Chief Investigator, co-applicant co-investigators, Trial Manager, Trial Coordinators, Trial Support Officers, Data Manager, Data Administrator, Statistician, Health Economist, Process Evaluation Researcher, Clinician, Patient Representative, and a BWY Representative (see Acknowledgement section for member details).

[bookmark: _Toc142579082]Trial Steering Committee
A Trial Steering Committee was appointed by the funding body to provide overall supervision for the trial and to advise on its continuation. It met every 6-9 months and included an independent chairperson and members as well as representatives of the Trial Management Group (Chief Investigator, a Statistician, and a Trial Coordinator). Membership is listed in the Acknowledgement section. 
The Trial Steering Committee agreed to additionally take on the role of a data monitoring committee. A separate Data Monitoring Committee was considered unnecessary due to the low-risk and open nature of the trial. Therefore, the Trial Steering Committee reviewed and discussed data pertaining to both participant safety and trial progress.


[bookmark: _Toc142579083]Chapter 3 Clinical effectiveness results
[bookmark: _Toc142579084]Participant flow
The flow of participants is illustrated in CONSORT flow diagrams in Figures 3, 4 and 5.
[image: ]  
FIGURE 3 CONSORT diagram: Recruitment to the GYY trial in the pilot phase waves

[image: ]
FIGURE 4 CONSORT diagram: Recruitment to the GYY trial in the main phase waves

[image: ]
FIGURE 5 CONSORT diagram: Randomisation and follow-up in the GYY trial

Participants were recruited from 15 GP practices across six CRNs: Yorkshire and Humber (two sites in Harrogate, and one in Hull); North West Coast (two sites in Wirral); Kent, Surrey and Sussex (one site in Kent); Health and Care Research Wales (one site in Newport); West of England (four sites in Bristol); and Thames Valley and South Midlands (two sites in Oxford, one in Wantage, and one in Banbury).  
These 15 practices had a total estimated list size of 320,512, of which 13,070 (4.1%) were sent an invitation pack between July 2019 and August 2021. A number of participants invited in the first wave of recruitment, and who were potentially eligible but were not randomised in the first wave due to sufficient numbers being reached to fill the GYY courses, were re-invited and rescreened in the second wave of recruitment (n=285). A response to the invitation pack was received from 1,297 participants (9.9% of 13,070). A quarter declined participation (n=308, 23.7%) (Table 3) or withdrew their interest after initially providing consent (n=22, 1.7%), and 252 (19.4%) were ineligible (Table 4). The remaining 261 (20.1%) were not randomised for other reasons, most commonly that sufficient participants had been recruited to fill the GYY courses (n=243).

TABLE 3 Reason for declining participation in the GYY trial
	Reason for declining participation (n=326, participants could provide more than one reason)
	n
	%

	No reason
	163
	50

	Health condition/poor health
	27
	8.3

	Does not want to do online yoga
	27
	8.3

	Does not have the technology to do online yoga
	18
	5.5

	Does not think it will benefit them as already active
	18
	5.5

	No longer wants to take part - no specific reason
	16
	4.9

	Other commitments
	13
	4

	Already takes part in an exercise activity
	9
	2.8

	Already practices yoga
	8
	2.5

	Less than two long term health conditions
	8
	2.5

	No access to a computer
	5
	1.5

	Feels they are too old
	3
	0.9

	Lack of transport
	2
	0.6

	Unable to travel to face-to-face class
	2
	0.6

	Unable to complete online consent form
	1
	0.3

	Not computer literate
	1
	0.3

	Not enough space at home
	1
	0.3

	Does not want to do face-to-face yoga
	1
	0.3

	Does not want to complete more forms
	1
	0.3

	Does not like study title
	1
	0.3

	Not active enough for them
	1
	0.3





TABLE 4 Reason for ineligibility in the GYY trial
	Reason for ineligibility (n=281, more than one reason could apply)
	n
	%

	No multimorbidity
	168
	59.8

	Do too much yoga already
	28
	10

	Unable to attend
	24
	8.5

	Did not return screening or consent form
	22
	7.8

	Unreturned baseline
	19
	6.8

	No suitable electronic device
	6
	2.1

	Not able to use internet
	3
	1.1

	Insufficient space to practice yoga
	3
	1.1

	Severe mental health
	2
	0.7

	Enrolled in an unsuitable study
	2
	0.7

	No access to internet
	2
	0.7

	Belongs to same household as another participant
	2
	0.7

	Not over 65
	0
	0

	Not community dwelling
	0
	0

	Learning disability
	0
	0

	Does not speak English
	0
	0

	No sturdy chair
	0
	0



In total, between 18th October 2019 and 5th October 2021, 454 eligible and consenting participants were randomised: 240 to the intervention and 214 to usual care. Participants were randomised across 19 sites (mean 23.9 per site, SD 4.9, median 24, range 16 to 35). Seven sites delivered face-to-face GYY courses and 12 were online. Twelve participants were randomised to intervention for every online site, and either 12 or 15 (median 15) for every face-to-face site (Report Supplementary Material 2).

[bookmark: _Toc142579085]Baseline characteristics of randomised participants
The mean age of randomised participants was 73.5 years (range 62 to 99); 60.6% were female, and participants had a median of three chronic conditions (Table 5). The most commonly reported conditions were cardiovascular diseases (n=307 participants, 67.6%), which included participants who reported at least one of coronary heart disease, hypertension, heart failure or peripheral arterial disease (of which hypertension was the most prevalent), and arthritis (osteo or rheumatoid arthritis n=242, 53.3%) (

TABLE Table 6). The intervention and usual care groups were reasonably comparable in terms of baseline characteristics, except that there was a slightly higher proportion of females in the intervention group (64.2%) than usual care (56.5%).
[bookmark: _Ref123647621]

TABLE 5 Baseline characteristics of randomised participants by group
	
	Intervention
(n=240)
	Usual care
(n=214)
	Overall
(n=454)

	Age, years
	73.4 (6.0)
	73.5 (6.4)
	73.5 (6.2)

	Gender, n (%)
	
	
	

	     Male
	86 (35.8)
	93 (43.5)
	179 (39.4)

	     Female
	154 (64.2)
	121 (56.5)
	275 (60.6)

	Ethnic group, n (%)
	
	
	

	     White British
	230 (95.8)
	205 (95.8)
	435 (95.8)

	     White Irish
	2 (0.8)
	0 (0.0)
	2 (0.4)

	     White Other
	5 (2.1)
	3 (1.4)
	8 (1.8)

	     Black Caribbean
	1 (0.4)
	0 (0.0)
	1 (0.2)

	     Asian Indian
	1 (0.4)
	2 (0.9)
	3 (0.7)

	     Asian Pakistani
	0 (0.0)
	1 (0.5)
	1 (0.2)

	     White and Asian
	0 (0.0)
	1 (0.5)
	1 (0.2)

	     Other mixed
	1 (0.4)
	0 (0.0)
	1 (0.2)

	     Missing
	0 (0.0)
	2 (0.9)
	2 (0.4)

	Employment status, n (%)
	
	
	

	     Employed
	10 (4.2)
	8 (3.7)
	18 (4.0)

	     Retired
	219 (91.3)
	196 (91.6)
	415 (91.4)

	     Other
	11 (4.6)
	10 (4.7)
	21 (4.6)

	IMD decile (1=most deprived to 10=least deprived)
	7.6 (2.6)
	7.5 (2.7)
	7.5 (2.7)

	Smoking status, n (%)
	
	
	

	     Yes
	5 (2.1)
	5 (2.3)
	10 (2.2)

	     No, never smoked
	115 (47.9)
	109 (50.9)
	224 (49.3)

	     No, used to smoke
	120 (50.0)
	100 (46.7)
	220 (48.5)

	No. of conditionsa, n (%)
	
	
	

	     2
	86 (35.8)
	85 (39.7)
	171 (37.7)

	     3
	86 (35.8)
	71 (33.2)
	157 (34.6)

	     4
	41 (17.1)
	34 (15.9)
	75 (16.5)

	     5
	16 (6.7)
	14 (6.5)
	30 (6.6)

	     6
	7 (2.9)
	7 (3.3)
	14 (3.1)

	     7
	1 (0.4)
	3 (1.4)
	4 (0.9)

	     8
	2 (0.8)
	0 (0.0)
	2 (0.4)

	     9
	1 (0.4)
	0 (0.0)
	1 (0.2)

	No. of conditions, 
median (min, max)
	3.0 (2.0, 9.0)
	3.0 (2.0, 7.0)
	3.0 (2.0, 9.0)

	Baylissb
	9.6 (6.5)
	9.7 (7.6)
	9.7 (7.1)

	Data are mean (SD) unless otherwise stated
a conditions grouped as per the inclusion criteria; b higher score indicates worse outcome



[bookmark: _Ref123647748]

TABLE 6 Self-reported health conditions at baseline by randomised group
	Health condition
	Intervention
(n=240)
	Usual care
(n=214)
	Overall
(n=454)

	Cardiovascular disease
	162 (67.5)
	145 (67.8)
	307 (67.6)

	Hypertension
	132 (55.0)
	119 (55.6)
	251 (55.3)

	Coronary heart disease including angina, history of heart attack, bypass surgery or angioplasty
	32 (13.3)
	36 (16.8)
	68 (15.0)

	Heart failure
	15 (6.3)
	8 (3.7)
	23 (5.1)

	Peripheral artery disease
	22 (9.2)
	19 (8.9)
	41 (9.0)

	Arthritis
	135 (56.3)
	107 (50.0)
	242 (53.3)

	Osteoarthritis of the shoulder, hip or knee
	123 (51.2)
	99 (46.3)
	222 (48.9)

	Rheumatoid arthritis of the shoulder, hip or knee
	19 (7.9)
	16 (7.5)
	35 (7.7)

	Sensory conditions
	90 (37.5)
	78 (36.4)
	168 (37.0)

	Deafness or severe problem with hearing
	74 (30.8)
	63 (29.4)
	137 (30.2)

	Blindness or severe problem with vision
	30 (12.5)
	23 (10.7)
	53 (11.7)

	Depression or anxiety
	63 (26.3)
	47 (22.0)
	110 (24.2)

	Anxiety
	45 (18.8)
	36 (16.8)
	81 (17.8)

	Depression
	48 (20.0)
	31 (14.5)
	79 (17.4)

	Asthma or COPD
	62 (25.8)
	47 (22.0)
	109 (24.0)

	Asthma
	47 (19.6)
	36 (16.8)
	83 (18.3)

	COPD
	21 (8.8)
	15 (7.0)
	36 (7.9)

	Bowel problems
	55 (22.9)
	36 (16.8)
	91 (20.0)

	Osteoporosis or osteopenia
	38 (15.8)
	41 (19.2)
	79 (17.4)

	Diabetes
	36 (15.0)
	37 (17.3)
	73 (16.1)

	Atrial fibrillation
	37 (15.4)
	35 (16.4)
	72 (15.9)

	Cancer (last 5 years)
	35 (14.6)
	35 (16.4)
	70 (15.4)

	Chronic kidney disease
	14 (5.8)
	15 (7.0)
	29 (6.4)

	Stroke (last 5 years)
	6 (2.5)
	10 (4.7)
	16 (3.5)

	Fibromyalgia
	8 (3.3)
	7 (3.3)
	15 (3.3)

	Epilepsy
	1 (0.4)
	5 (2.3)
	6 (1.3)

	Multiple Sclerosis
	3 (1.3)
	2 (0.9)
	5 (1.1)

	Parkinson’s disease
	1 (0.4)
	4 (1.9)
	5 (1.1)

	Dementia
	2 (0.8)
	1 (0.5)
	3 (0.7)

	Data are n, number (%)
COPD, Chronic obstructive pulmonary disease
Health conditions are presented as grouped according to the trial eligibility criteria, and then broken down (text in italics) by individual condition.



Participants were asked at baseline about their expectations and preferences in relation to the healthcare offered in the GYY trial (Table 7). Half of the respondents (n=235, 52.3%) thought that usual care would be fairly or very effective at improving their quality of life, and a slightly higher proportion (n=277, 61.0%) thought the GYY programme would be fairly or very effective at improving their quality of life. Given the choice, three-quarters (n=339, 74.7%) said they would prefer to be allocated to the intervention group than usual care alone. Most of the rest had no preference (n=103, 22.7%), and only a small number preferred usual care (n=12, 2.6%).

[bookmark: _Ref123648788]

TABLE 7 Participant-reported expectations and preferences concerning the healthcare being offered in the GYY trial, collected at baseline, by randomised group
	Expectations and preferences
	Intervention
(n=240)
	Usual care
(n=214)
	Overall
(n=454)

	How effective do you think that usual care would be in improving your quality of life?

	     Very ineffective
	17 (7.1)
	6 (2.8)
	23 (5.1)

	     Fairly ineffective
	20 (8.3)
	28 (13.1)
	48 (10.6)

	     Can't decide
	71 (29.6)
	72 (33.6)
	143 (31.5)

	     Fairly effective
	80 (33.3)
	65 (30.4)
	145 (31.9)

	     Very effective
	49 (20.4)
	41 (19.2)
	90 (19.8)

	     Missing
	3 (1.3)
	2 (0.9)
	5 (1.1)

	How effective do you think the Gentle Years Yoga programme would be in improving your quality of life?

	     Very ineffective
	5 (2.1)
	2 (0.9)
	7 (1.5)

	     Fairly ineffective
	7 (2.9)
	4 (1.9)
	11 (2.4)

	     Can't decide
	81 (33.8)
	78 (36.4)
	159 (35.0)

	     Fairly effective
	82 (34.2)
	72 (33.6)
	154 (33.9)

	     Very effective
	65 (27.1)
	58 (27.1)
	123 (27.1)

	Given the choice, which study group would you prefer to be in?

	     Yoga and usual care
	183 (76.3)
	156 (72.9)
	339 (74.7)

	     Usual care
	5 (2.1)
	7 (3.3)
	12 (2.6)

	     No preference
	52 (21.7)
	51 (23.8)
	103 (22.7)


Data are n, number (%)
The baseline values of the primary and secondary outcome measures are summarised in Table 8, and are reasonably well balanced between groups.  
[bookmark: _Ref123649182]

TABLE 8 Values of outcome measures assessed at baseline by randomised group
	Outcome scores at baseline
	Intervention
(n=240)
	Usual care
(n=214)
	Overall
(n=454)

	EQ-5D-5L utility index scorea
	0.742 (0.176)
	0.736 (0.162)
	0.739 (0.169)

	EQ-5D-5L VASa
	75.0 (18.2)
	73.4 (17.6)
	74.3 (17.9)

	PHQ-8b
	3.7 (3.9)
	3.8 (4.3)
	3.8 (4.1)

	GAD-7b
	2.5 (3.4)
	2.7 (3.6)
	2.6 (3.5)

	PROMIS-29 Physical Functioninga
	46.7 (8.5)
	46.3 (8.5)
	46.5 (8.5)

	PROMIS-29 Anxietyb
	46.9 (8.0)
	48.1 (8.5)
	47.5 (8.2)

	PROMIS-29 Depressionb
	46.4 (7.6)
	46.8 (8.1)
	46.6 (7.8)

	PROMIS-29 Fatigueb
	47.4 (9.7)
	48.7 (9.8)
	48.0 (9.8)

	PROMIS-29 Sleep Disturbancesb
	49.1 (9.5)
	49.8 (9.6)
	49.5 (9.6)

	PROMIS-29 Social Rolesa
	54.7 (9.3)
	54.1 (9.9)
	54.4 (9.6)

	PROMIS-29 Pain Interferenceb
	53.3 (8.7)
	53.6 (8.9)
	53.5 (8.8)

	PROMIS-29 Pain Intensityb
	3.1 (2.5)
	3.2 (2.4)
	3.1 (2.4)

	PROMIS-29 mental health summary scorea
	52.9 (8.0)
	52.0 (8.5)
	52.5 (8.2)

	PROMIS-29 physical health summary scorea
	47.6 (8.8)
	47.1 (8.8)
	47.4 (8.8)

	UCLA-3 lonelinessb
	4.2 (1.7)
	4.4 (1.9)
	4.3 (1.8)

	ELSA single-item direct loneliness questionb, n (%)
	2.2 (1.3)
	2.3 (1.3)
	2.2 (1.3)

	Fallen past 3 months, n (%)
	
	
	

	     Yes
	61 (25.4)
	49 (22.9)
	110 (24.2)

	     No
	179 (74.6)
	164 (76.6)
	343 (75.6)

	     Missing
	0 (0.0)
	1 (0.5)
	1 (0.2)

	If yes, number of falls
	1.5 (0.8)
	1.9 (2.8)
	1.7 (1.9)

	     Median (min, max)
	1 (1, 4)
	1 (1, 20)
	1 (1, 20)

	Data are mean (SD) unless otherwise stated
a higher score indicates better outcome; b lower score indicates better outcome



[bookmark: _Toc142579086]Withdrawals and follow-up
Participant follow-up was completed in October 2022.
In total, we became aware of seven deaths (two (0.8%) in the intervention group and five (2.3%) in the usual care group). Six of these occurred within the 12 months from randomisation, and one just beyond this. For one death that occurred within 12 months, we only became aware of the event after their 12-month questionnaire was sent out.
A further 36 participants (14 (5.9%) intervention participants and 22 (10.5%) usual care) withdrew from follow-up data collection during the trial; 15 before month 3, 12 between months 3 and 6, eight between months 6 and 12, and one just beyond 12 months (participant contacted the research team upon receipt of their 12-month postal questionnaire to say they were unable to complete the questionnaire due to ill health).    
The overall follow-up rates for the 454 randomised participants was 91.0% at month 3, 87.4% at month 6, and 85.9% at month 12 (Table 9). At all time points, the return rate was slightly higher (by approximately 5 percentage points) in the intervention group than the usual care group. Median time to completion was 7 days from the due date at both months 3 and 6, and 10 days at month 12, and was similar for the two groups at each time point.
At the 6-month time point, 70 (17.6%) of the questionnaires were completed over the phone with a researcher rather than on paper and returned by post. This was when COVID-19 restrictions prevented researchers from being in the office to facilitate the mailing and return of postal questionnaires. 

[bookmark: _Ref123652023]TABLE 9 Return rates for post-randomisation follow-up questionnaires
	
	
	Intervention
(n=240)
	Usual care
(n=214)
	Total
(n=454)

	Month 3
	Expecteda, n (%)
	229 (95.4)
	209 (97.7)
	438 (96.5)

	
	Death or withdrawal recorded before month 3, n (%)
	11 (4.6)
	5 (2.3)
	16 (3.5)

	
	Returned, n 
(% expected, % randomised)
	224 (97.8, 93.3)
	189 (90.4, 88.3)
	413 (94.3, 91.0)

	
	Days to completion, median (IQR)
	8 (4, 18)
	7 (4, 14)
	7 (4, 15)

	Month 6
	Expecteda, n (%)
	226 (94.2)
	199 (93.0)
	425 (93.6)

	
	Death or withdrawal recorded before month 6, n (%)
	14 (5.8)
	15 (7.0)
	29 (6.4)

	
	Returned, n 
(% expected, % randomised)
	216 (95.6, 90.0)
	181 (91.0, 84.6)
	397 (93.4, 87.4)

	
	Days to completion, median (IQR)
	8 (4, 17)
	7 (4, 14)
	7 (4, 16)

	
	Completed over phone with researcher, n (% returned)b
	40 (18.5)
	30 (16.5)
	70 (17.6)

	Month 12
	Expecteda, n (%)
	225 (93.8)
	190 (88.8)
	415 (91.4)

	
	Death or withdrawal recorded before month 12, n (%)
	15 (6.2)
	24 (11.2)
	39 (8.6)

	
	Returned, n 
(% expected, % randomised)
	212 (94.2, 88.3)
	178 (93.7, 83.2)
	390 (94.0, 85.9)

	
	Days to completion, median (IQR)
	9.5 (5, 15)
	10 (5, 16)
	10 (5, 15)

	a not withdrawn before time point; b only questionnaires from the 6-month follow-up were due during the time when postal questionnaires could not be sent out due to COVID-19 restrictions; the other time points were postal only



[bookmark: _Toc142579087]Internal pilot phase
The progression criteria for the internal pilot phase were assessed after the last participant recruited in the pilot sites were followed up at 6 months, and were graded against the pre-defined traffic light style thresholds: 
· Intervention provision 
The pilot phase consisted of eight sites; these eight sites held the first intervention session of the GYY course between 13 and 20 days following participant randomisation. Therefore, the ‘green’ threshold was met for this criterion as at least 3 sites offered the first group yoga session within 3 weeks of participant recruitment.
· Intervention acceptability 
Of the 108 participants randomised to the intervention in the pilot phase, an average of 76 (70.4%) attended at each GYY session. Therefore, the ‘amber’ threshold was met for this criterion as between 65 and 80% of intervention participants were retained in the programme.  
· Recruitment
The eight sites each recruited between 16 and 28 participants. Therefore, the ‘green’ threshold was met for this criterion as at least 3 sites recruited ≥20 participants.
· Six-month follow-up 
Overall, 148 (85.1%) of the 174 participants recruited during the pilot phase provided valid EQ-5D-5L data at the 6-month follow-up. Therefore, the ‘green’ threshold was met for this criterion as completion rates exceeded 80%.
Although one criterion was graded amber, the rest were green and so the TSC were satisfied to recommend that the trial continue without the need for any major changes in recruitment or retention processes.

[bookmark: _Toc514680671][bookmark: _Toc142579088]Primary outcome (EQ-5D-5L utility index score) analysis
The EQ-5D-5L utility index score was assessed at baseline and at 3, 6 and 12 months post-randomisation. The EQ-5D-5L utility index score is a value between 0 and 1, where a higher score indicates better health. The trial was powered to detect a difference of 0.06 (assuming a SD of 0.20).

[bookmark: _Toc142579089][bookmark: _Toc514680672]Raw scores
Summaries of the EQ-5D-5L utility index score by trial arm and time point are presented in Table 10.  At each time point, mean scores are slightly higher in the intervention arm than the usual care arm.  Overall, at baseline, the mean score was 0.739 (SD 0.169) and decreased over time to 0.707 (SD 0.214) at 12 months.

[bookmark: _Ref123209085]TABLE 10 Summaries of raw EQ-5D-5L utility index score by trial arm and time point
	mean (SD), N
	Intervention
(n=240)
	Usual care
(n=214)
	Total
(n=454)

	Baseline
	0.742 (0.176), 240
	       0.736 (0.162), 213
	0.739 (0.169), 453

	3 months
	        0.749 (0.168), 224
	0.723 (0.201), 190
	0.737 (0.184), 414

	6 months
	        0.732 (0.207), 218
	        0.706 (0.219), 180
	0.720 (0.212), 398

	12 months
	        0.723 (0.210), 213
	        0.689 (0.219), 182
	0.707 (0.214), 395



The correlation between baseline EQ-5D-5L utility index score and scores at the follow-up time points are: 3 months 0.72 (95% CI 0.67 to 0.77); 6 months 0.63 (95% CI 0.57 to 0.69); and 12 months 0.59 (95% CI 0.52 to 0.65). 

[bookmark: _Toc142579090]Baseline characteristics of participants included in primary analysis
The primary analysis included participants with a valid EQ-5D-5L utility index score at baseline and at least one post-randomisation time point (n=422, 93.0%; Intervention n=227, 94.6%; Usual care n=195, 91.1%). The baseline characteristics of these participants are included in Tables 11-14; these are very similar to the randomised population, which indicates that there is little evidence that loss to follow-up has introduced attrition or selection bias.  

[bookmark: _Ref123657640]TABLE 11 Baseline characteristics of randomised participants by group for those included in primary analysis
	
	Intervention
(n=227)
	Usual care
(n=195)
	Overall
(n=422)

	Age, years
	73.2 (5.9)
	73.4 (6.2)
	73.3 (6.0)

	Gender, n (%)
	
	
	

	     Male
	84 (37.0)
	90 (46.2)
	174 (41.2)

	     Female
	143 (63.0)
	105 (53.8)
	248 (58.8)

	Ethnic group, n (%)
	
	
	

	     White British
	217 (95.6)
	186 (95.4)
	403 (95.5)

	     White Irish
	2 (0.9)
	0 (0.0)
	2 (0.5)

	     White Other
	5 (2.2)
	3 (1.5)
	8 (1.9)

	     Black Caribbean
	1 (0.4)
	0 (0.0)
	1 (0.2)

	     Asian Indian
	1 (0.4)
	2 (1.0)
	3 (0.7)

	     Asian Pakistani
	0 (0.0)
	1 (0.5)
	1 (0.2)

	     White and Asian
	0 (0.0)
	1 (0.5)
	1 (0.2)

	     Other mixed
	1 (0.4)
	0 (0.0)
	1 (0.2)

	     Missing
	0 (0.0)
	2 (1.0)
	2 (0.5)

	Employment status, n (%)
	
	
	

	     Employed
	10 (4.4)
	7 (3.6)
	17 (4.0)

	     Retired
	208 (91.6)
	178 (91.3)
	386 (91.5)

	     Other
	9 (4.0)
	10 (5.1)
	19 (4.5)

	IMD decile (1=most deprived to 10=least deprived)
	7.7 (2.6)
	7.4 (2.7)
	7.5 (2.7)

	Smoking status, n (%)
	
	
	

	     Yes
	5 (2.2)
	5 (2.6)
	10 (2.4)

	     No, never smoked
	109 (48.0)
	103 (52.8)
	212 (50.2)

	     No, used to smoke
	113 (49.8)
	87 (44.6)
	200 (47.4)

	No. of conditionsa, n (%)
	
	
	

	     2
	82 (36.1)
	76 (39.0)
	158 (37.4)

	     3
	84 (37.0)
	66 (33.8)
	150 (35.5)

	     4
	36 (15.9)
	31 (15.9)
	67 (15.9)

	     5
	15 (6.6)
	13 (6.7)
	28 (6.6)

	     6
	7 (3.1)
	6 (3.1)
	13 (3.1)

	     7
	0 (0.0)
	3 (1.5)
	3 (0.7)

	     8
	2 (0.9)
	0 (0.0)
	2 (0.5)

	     9
	1 (0.4)
	0 (0.0)
	1 (0.2)

	No. of conditions, 
median (min, max)
	3.0 (2.0, 9.0)
	3.0 (2.0, 7.0)
	3.0 (2.0, 9.0)

	Baylissb
	9.4 (6.4)
	9.7 (7.7)
	9.6 (7.0)

	Data are mean (SD) unless otherwise stated
a conditions grouped as per the inclusion criteria; b higher score indicates worse outcome



	TABLE 12 Grouped conditions self-reported at baseline by randomised group as analysed  

	
	Intervention
(n=227)
	Usual care
(n=195)
	Overall
(n=422)

	Cardiovascular disease
	154 (67.8)
	135 (69.2)
	289 (68.5)

	Arthritis
	127 (55.9)
	98 (50.3)
	225 (53.3)

	Sensory conditions
	82 (36.1)
	75 (38.5)
	157 (37.2)

	Depression or anxiety
	59 (26.0)
	42 (21.5)
	101 (23.9)

	Asthma or COPD
	57 (25.1)
	40 (20.5)
	97 (23.0)

	Bowel problems
	53 (23.3)
	30 (15.4)
	83 (19.7)

	Osteoporosis or osteopenia
	36 (15.9)
	37 (19.0)
	73 (17.3)

	Diabetes
	33 (14.5)
	34 (17.4)
	67 (15.9)

	Atrial fibrillation
	34 (15.0)
	32 (16.4)
	66 (15.6)

	Cancer (last 5 years)
	33 (14.5)
	31 (15.9)
	64 (15.2)

	Chronic kidney disease
	14 (6.2)
	15 (7.7)
	29 (6.9)

	Stroke (last 5 years)
	5 (2.2)
	10 (5.1)
	15 (3.6)

	Fibromyalgia
	8 (3.5)
	6 (3.1)
	14 (3.3)

	Epilepsy
	1 (0.4)
	5 (2.6)
	6 (1.4)

	Parkinson’s disease 
	1 (0.4)
	4 (2.1)
	5 (1.2)

	Multiple Sclerosis
	3 (1.3)
	1 (0.5)
	4 (0.9)

	Dementia
	2 (0.9)
	1 (0.5)
	3 (0.7)




[bookmark: _Ref123657647]TABLE 13 Participant-reported expectations and preferences concerning the healthcare being offered in the GYY trial, collected at baseline, by randomised group as analysed
	Expectations and preferences
	Intervention
(n=227)
	Usual care
(n=195)
	Overall
(n=422)

	How effective do you think that usual care would be in improving your quality of life?

	     Very ineffective
	15 (6.6)
	6 (3.1)
	21 (5.0)

	     Fairly ineffective
	18 (7.9)
	25 (12.8)
	43 (10.2)

	     Can't decide
	68 (30.0)
	63 (32.3)
	131 (31.0)

	     Fairly effective
	75 (33.0)
	61 (31.3)
	136 (32.2)

	     Very effective
	48 (21.1)
	38 (19.5)
	86 (20.4)

	     Missing
	3 (1.3)
	2 (1.0)
	5 (1.2)

	How effective do you think the Gentle Years Yoga programme would be in improving your quality of life?

	     Very ineffective
	4 (1.8)
	2 (1.0)
	6 (1.4)

	     Fairly ineffective
	7 (3.1)
	4 (2.1)
	11 (2.6)

	     Can't decide
	77 (33.9)
	74 (37.9)
	151 (35.8)

	     Fairly effective
	78 (34.4)
	65 (33.3)
	143 (33.9)

	     Very effective
	61 (26.9)
	50 (25.6)
	111 (26.3)

	Given the choice, which study group would you prefer to be in?

	     Yoga and usual care
	176 (77.5)
	139 (71.3)
	315 (74.6)

	     Usual care
	5 (2.2)
	6 (3.1)
	11 (2.6)

	     No preference
	46 (20.3)
	50 (25.6)
	96 (22.7)



[bookmark: _Ref123657650]

TABLE 14 Values of outcome measures assessed at baseline by randomised group as analysed
	Outcome scores at baseline
	Intervention
(n=227)
	Usual care
(n=195)
	Overall
(n=422)

	EQ-5D-5L utility index scorea
	0.742 (0.175)
	0.736 (0.163)
	0.739 (0.169)

	EQ-5D-5L VASa
	75.4 (18.2)
	73.9 (17.2)
	74.7 (17.7)

	PHQ-8b
	3.6 (3.8)
	3.7 (4.2)
	3.7 (4.0)

	GAD-7b
	2.4 (3.3)
	2.6 (3.6)
	2.5 (3.4)

	PROMIS-29 Physical Functioninga
	47.0 (8.4)
	46.4 (8.4)
	46.7 (8.4)

	PROMIS-29 Anxietyb
	46.9 (8.0)
	48.0 (8.6)
	47.4 (8.3)

	PROMIS-29 Depressionb
	46.4 (7.5)
	46.5 (8.0)
	46.4 (7.7)

	PROMIS-29 Fatigueb
	47.3 (9.7)
	48.4 (9.8)
	47.8 (9.7)

	PROMIS-29 Sleep Disturbancesb
	49.1 (9.6)
	49.5 (9.5)
	49.3 (9.5)

	PROMIS-29 Social Rolesa
	54.8 (9.2)
	54.3 (10.0)
	54.6 (9.6)

	PROMIS-29 Pain Interferenceb
	53.2 (8.7)
	53.6 (8.9)
	53.4 (8.8)

	PROMIS-29 Pain Intensityb
	3.1 (2.5)
	3.1 (2.4)
	3.1 (2.4)

	PROMIS-29 mental health summary scorea
	53.0 (7.9)
	52.2 (8.4)
	52.6 (8.1)

	PROMIS-29 physical health summary scorea
	47.9 (8.6)
	47.2 (8.7)
	47.6 (8.7)

	UCLA-3 lonelinessb
	4.2 (1.7)
	4.3 (1.8)
	4.2 (1.7)

	ELSA single-item direct loneliness questionb, n (%)
	2.1 (1.3)
	2.2 (1.3)
	2.2 (1.3)

	Fallen past 3 months, n (%)
	
	
	

	     Yes
	58 (25.6)
	46 (23.6)
	104 (24.6)

	     No
	169 (74.4)
	148 (75.9)
	317 (75.1)

	     Missing
	0 (0.0)
	1 (0.5)
	1 (0.2)

	If yes, number of falls
	
	
	

	     Median (min, max)
	1 (1, 4)
	1 (1, 20)
	1 (1, 20)

	Data are mean (SD) unless otherwise stated
a higher score indicates better outcome; b lower score indicates better outcome




[bookmark: _Toc142579091]Primary endpoint analysis
There was no evidence of a statistically or clinically significant difference in EQ-5D-5L utility index score between the intervention and usual care arms over 12 months, with an adjusted mean difference of 0.02 in favour of the intervention group (95% CI -0.006 to 0.045, p=0.14). The predicted means and associated 95% CIs over time are presented in Table 15 and displayed in Figure 6, by group.
Different covariance structures were applied to the model and the AICs compared. An unstructured pattern that models all variances and covariances separately was used in the final model as this resulted in the lowest AIC.
Model fit diagnostics indicated that the standardised residuals demonstrated only a minor deviation from normality, and were uniform against fitted values; therefore, untransformed values were used in analyses.
Model coefficients for the covariates with 95% CIs are provided as software output in Appendix 2 to aid understanding of the fitted model, along with summaries of the EQ-5D-5L index value by trial site and time point to assess variation between sites (Table 45).

[bookmark: _Toc142579092]Sensitivity analyses
[bookmark: _Toc142579093]Adjusting for other covariates (Sensitivity 1)
Results were very similar when the primary analysis was repeated with age, gender and adapted Bayliss score additionally adjusted for as fixed effects (Table 15).

[bookmark: _Toc142579094]Clustering by yoga teacher (Sensitivity 2)
Nineteen yoga courses were delivered within the trial by 12 yoga teachers (one teacher delivered three courses, five teachers delivered two courses each, and six teachers delivered one course each). Analyses to account for possible clustering by yoga teacher was undertaken by including the intended yoga teacher as a random effect instead of site in the primary analysis model; results were virtually unchanged (Table 15). 

[bookmark: _Ref123210536]TABLE 15 Difference in adjusted mean EQ-5D-5L utility index score over time by randomised group from primary and sensitivity analysis models 
	Time point, months
	Intervention
Mean (95% CI)
	Usual care
Mean (95% CI)
	Difference (95% CI)
	p-value

	Primary
	
	
	
	

	3
	0.745 (0.728, 0.762)
	0.726 (0.708, 0.745)
	0.019 (-0.006, 0.044)
	0.14

	6
	0.727 (0.705, 0.749)
	0.707 (0.683, 0.730)
	0.020 (-0.012, 0.053)
	0.22

	12
	0.715 (0.692, 0.738)
	0.696 (0.671, 0.720)
	0.019 (-0.015, 0.053)
	0.26

	Overall
	0.729 (0.712, 0.747)
	0.710 (0.691, 0.729)
	0.020 (-0.006, 0.045)
	0.14

	Sensitivity 1
	
	
	
	

	3
	0.745 (0.728, 0.762)
	0.727 (0.709, 0.745)
	0.018 (-0.007, 0.042)
	0.16

	6
	0.727 (0.705, 0.748)
	0.708 (0.684, 0.731)
	0.019 (-0.013, 0.051)
	0.24

	12
	0.715 (0.692, 0.737)
	0.696 (0.672, 0.721)
	0.018 (-0.015, 0.052)
	0.28

	Overall
	0.729 (0.712, 0.746)
	0.711 (0.692, 0.729)
	0.018 (-0.007, 0.044)
	0.16

	Sensitivity 2
	
	
	
	

	3
	0.745 (0.728, 0.762)
	0.726 (0.708, 0.745)
	0.019 (-0.006, 0.044)
	0.14

	6
	0.727 (0.705, 0.749)
	0.707 (0.683, 0.730)
	0.020 (-0.012, 0.053)
	0.22

	12
	0.715 (0.692, 0.738)
	0.696 (0.671, 0.720)
	0.019 (-0.015, 0.053)
	0.26

	Overall
	0.729 (0.712, 0.747)
	0.710 (0.691, 0.729)
	0.020 (-0.006, 0.045)
	0.14


(n=422; intervention, n= 227; usual care, n=195).
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[bookmark: _Ref123210855]FIGURE 6 Adjusted mean EQ-5D-5L utility index scores (with 95% CIs) for primary analysis over time by randomised group

[bookmark: _Toc142579095]Compliance with random allocation and treatment received
One participant in the usual care group was invited to attend classes in error; they attended 8 sessions, including 5 of the first 6 sessions.
A summary of attendance at weekly GYY sessions for intervention participants is presented in Table 16. Among the intervention group, 222 (92.5%) participants attended at least one GYY class, while 53 (22.1%) attended all 12 (Figure 7). The mean number of sessions attended among all randomised intervention participants was 8.8 (SD 3.7, median 10), and 9.6 (SD 2.8, median 11) among those who attended at least one. Eighty percent (n=192) of participants attended at least six sessions, including at least three of the first six (Table 17).   
On average, the first class in a course took place 18.2 days (SD 2.7, median 19, range 13 to 21) after the participant was randomised, and classes were scheduled a median of 7 days apart (range 7 to 28, longer intervals tended to be due to the Christmas period) (see Report Supplementary Material 3).
[image: ]
[bookmark: _Ref123215820]FIGURE 7 Number of sessions attended by GYY intervention group participants

Three complier average causal effect (CACE) analyses for the primary outcome were undertaken to explore the impact of non-compliance on treatment effect estimates, with compliance defined as:
· [bookmark: _Hlk121745305]Attendance at one yoga session or more (n=222 intervention participants, 92.5%; n=1 usual care participant, 0.5%). The CACE estimate of the treatment effect is a difference of 0.025 at 12 months in favour of the intervention group (95% CI -0.002 to 0.052, p=0.07). This difference is larger than the ITT estimate* but neither the treatment effect nor the upper 95% CI limit exceeds the clinically meaningful difference of 0.06. 
· Attendance of at least three of the first six sessions and at least three other sessions (n=192 intervention participants, 80.0%; n=1 usual care participant, 0.5%). The CACE estimate of the treatment effect is a difference of 0.029 at 12 months in favour of the intervention group (95% CI -0.002 to 0.059, p=0.06). This difference is larger than the ITT estimate* but neither the treatment effect nor the upper 95% CI limit exceeds the clinically meaningful difference of 0.06.  
· Number of sessions attended in its continuous form (intervention: mean 8.8, SD 3.7, one usual care participant attended 8 sessions). The CACE estimate was a difference of 0.003 per session (95% CI -0.000 to 0.005, p=0.07), indicating a very small additional benefit of the intervention for each session attended.

*The CACE analysis is not directly comparable with the primary ITT analysis as the CACE analysis cannot take account of the repeated measures for the EQ-5D-5L utility index score at 3, 6 and 12 months; it simply considers the difference at 12 months.  Therefore, we conducted a linear regression with 12-month EQ-5D-5L utility index score as the outcome variable adjusting for baseline score and gender with robust standard errors to account for clustering within site.  This provided a treatment effect estimate of 0.023 (95% CI -0.003 to 0.048, p=0.08), which is slightly higher than the estimate from the repeated measures primary analysis.
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[bookmark: _Ref123216129]TABLE 16 Summary of GYY class attendance by week and recruitment wave
	
	Week Number

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Average

	Pilot Phase

	Pilot Phase Wave 1
 
(n=60)
	No. of non-withdrawn patients
	56
	56
	55
	52
	50
	50
	50
	50
	50
	50
	49
	49
	51

	
	No. of participants attending
(% of rand pts, % of non-withdrawn pts)
	42 
(70, 75)
	44 
(73, 79)
	46 
(77, 84)
	40 
(67, 77)
	37 
(62, 74)
	34 
(57, 68)
	35 
(58, 70)
	33 
(55, 66)
	29 
(48, 58)
	32 
(53 ,64)
	36 
(60, 73)
	34 
(57, 69)
	37 
(61, 72)

	Pilot Phase Wave 2 

(n=48)
	No. of non-withdrawn patients
	45
	45
	45
	45
	45
	45
	45
	45
	45
	45
	45
	45
	45

	
	No. of participants attending
(% of rand pts, % of non-withdrawn pts)
	40 
(83, 89)
	41 
(85, 91)
	43 
(90, 96)
	40 
(83, 89)
	39 
(81, 87)
	41 
(85, 91)
	38 
(79, 84)
	39 
(81, 87)
	37 
(77, 82)
	36 
(75, 80)
	41 
(85, 91)
	35 
(73, 78)
	39 
(81, 87)

	Pilot Phase Overall

(n=108)
	No. of non-withdrawn patients
	101
	101
	100
	97
	95
	95
	95
	95
	95
	95
	94
	94
	96

	
	No. of participants attending
(% of rand pts, % of non-withdrawn pts)
	82 
(76, 81)
	85 
(79, 84)
	89 
(82, 89)
	80 
(74, 82)
	76 
(70, 80)
	75 
(69, 79)
	73 
(68, 77)
	72 
(67, 76)
	66 
(61, 69)
	68 
(63, 72)
	77 
(71, 82)
	69 
(64, 73)
	76 
(70, 79)

	Main Phase

	Main Phase Wave 1

(n=36)
	No. of non-withdrawn patients
	34
	33
	33
	33
	32
	31
	31
	31
	31
	31
	31
	31
	32

	
	No. of participants attending
(% of rand pts, % of non-withdrawn pts)
	32 
(89, 94)
	28 
(78, 85)
	32 
(89, 97)
	31 
(86, 94)
	29 
(81, 91)
	28 
(78, 90)
	27 
(75, 87)
	28 
(78, 90)
	25 
(69, 81)
	26 
(72, 84)
	24 
(67, 77)
	27 
(75, 87)
	28 
(78, 88)

	Main Phase Wave 2

(n=96)
	No. of non-withdrawn patients
	90
	90
	89
	89
	88
	88
	87
	87
	84
	82
	80
	80
	86

	
	No. of participants attending
(% of rand pts, % of non-withdrawn pts)
	79 
(82, 88)
	78 
(81, 87)
	81 
(84, 91)
	73 
(76, 82)
	71 
(74, 81)
	70 
(73, 80)
	75 
(78, 86)
	74 
(77, 85)
	73 
(76, 87)
	67 
(70, 82)
	66 
(69, 83)
	66 
(69, 83)
	73 
(76, 85)

	 Main Phase Overall 

(n=132)
	No. of non-withdrawn patients
	124
	123
	122
	122
	120
	119
	118
	118
	115
	113
	111
	111
	118

	
	No. of participants attending
(% of rand pts, % of non-withdrawn pts)
	111 
(84, 90)
	106 
(80, 86)
	113 
(86, 93)
	104 
(79, 85)
	100 
(76, 83)
	98 
(74, 82)
	102 
(77, 86)
	102 
(77, 86)
	98 
(74, 85)
	93 
(70, 82)
	90 
(68, 81)
	93 
(70, 84)
	101 
(76, 85)

	Overall

	Overall

(n=240)
	No. of non-withdrawn patients
	225
	224
	222
	219
	215
	214
	213
	213
	210
	208
	205
	205
	214

	
	No. of participants attending
(% of rand pts, % of non-withdrawn pts)
	193 
(80, 86)
	191 
(80, 85)
	202 
(84, 91)
	184 
(77, 84)
	176 
(73, 82)
	173 
(72, 81)
	175 
(73, 82)
	174 
(73, 82)
	164 
(68, 78)
	161 
(67, 77)
	167 
(70, 81)
	162 
(68, 79)
	177 
(74, 82)




[bookmark: _Ref123216499]TABLE 17 Definitions of adherence to GYY intervention by recruitment wave
	
	Pilot Phase Wave 1
 (n = 60)
	Pilot Phase Wave 2
 (n = 48)
	Overall (pilot)
(n = 108)
	Main Phase Wave 1
 (n = 36)
	Main Phase Wave 2
 (n = 96)
	Overall (main)
(n = 132)
	Overall
(n = 240)

	Attended all 12 sessions, n (%)
	10 (17)
	13 (27)
	23 (21)
	9 (25)
	21 (22)
	30 (23)
	53 (22)

	Attended ≥9 sessions, n (%)
	32 (53)
	41 (85)
	73 (68)
	28 (78)
	72 (75)
	100 (76)
	173 (72)

	Attended (at least) 3 of the first 6 sessions and 3 others, n (%)
	39 (65)
	43 (90)
	82 (76)
	31 (86)
	79 (82)
	110 (83)
	192 (80)





[bookmark: _Toc142579096]Yoga practices
Participant self-reported data on attendance at yoga classes and home yoga practice at 3, 6 and 12-month follow-ups are presented in Tables 18, 19 and 20, respectively.
The self-reported data relating to attendance at GYY classes at the 3-month follow-up match well with the attendance register data (Table 18). All 214 participants in the intervention group who self-reported as having attended a GYY session were recorded as having attended at least one session (eight participants were recorded on the attendance registers but did not return a 3-month questionnaire). The one usual care participant who self-reported as attending was the person we expected.  Only a small number of participants in both groups reported attending other (non-trial) yoga sessions.  Most of the intervention group reported practicing yoga at home, which could include as part of the GYY programme (n=185, 82.6%), but only a small number of usual care participants (n=6, 3.2%).  Where undertaken, participants in the intervention group did twice as many home yoga sessions as usual care participants (median 4 vs 2), though these sessions tended to last for a similar length of time (median 15 minutes).

TABLE 18 Self-reported yoga practice at 3-month follow-up
	Month 3
	Intervention (n=224)
	Usual care
(n=189)
	Overall
(n=413)

	Attended any yoga classes in the past 3 months, n (%)
	
	
	

	No
	9 (4.0)
	179 (94.7)
	188 (45.5)

	Yes – Gentle Years Yoga classes
	214 (95.5)
	1 (0.5)
	215 (52.1)

	Yes – other group-based yoga classes
	3 (1.3)
	4 (2.1)
	7 (1.7)

	Yes – one-to-one yoga sessions
	0 (0.0)
	0 (0.0)
	0 (0.0)

	If yes, how many sessions:
	
	
	

	mean (SD), N
	9.3 (2.6), 210
	7.6 (1.5), 5
	9.2 (2.5), 215

	Median (IQR)
	10.0 (8.0, 11.0)
	8.0 (6.0, 9.0)
	10.0 (8.0, 11.0)

	Practising yoga at home in the past 3 months (including as part of the GYY programme)?, n (%)
	185 (82.6)
	6 (3.2)
	191 (46.2)

	If Yes, number of home sessions done in a typical week:
	
	
	

	mean (SD), N
	4.3 (1.9), 184
	2.3 (0.5), 4
	4.2 (1.9), 188

	Median (IQR)
	4.0 (3.0, 6.0)
	2.0 (2.0, 2.5)
	4.0 (3.0, 5.5)

	Usual duration of each session, in minutes
	
	
	

	mean (SD), N
	18.3 (14.6), 183
	25.0 (23.5), 4
	18.4 (14.7), 187

	Median (IQR)
	15.0 (10.0, 20.0)
	15.0 (12.5, 37.5)
	15.0 (10.0, 20.0)



At 6 months, 72 (33.3%) intervention participants reported that they had attended a GYY session in the previous 6 months, all of whom were confirmed to have attended at least one session according to the class registers (Table 19).  It is likely the other attendees had completed their sessions more than three months prior to completing this follow-up questionnaire.  Three usual care participants reported having attended a GYY session, though none of these were present on the class registers.  GYY classes are available to the public through the British Wheel of Yoga so it is possible these participants had sought out and attended a GYY session not delivered as part of the trial and therefore this would not be captured as part of our evaluation.  The proportion of participants reporting home yoga practices decreased relative to month 3 (in accordance with the cessation of the GYY course) in the intervention group (as did the median number of home yoga sessions from 4 to 3) but increased very slightly in the usual care group.  

TABLE 19 Self-reported yoga practice at 6-month follow-up
	Month 6
	Intervention (n=216)
	Usual care
(n=181)
	Overall
(n=397)

	Attended any yoga classes in the past 3 months, n (%)
	
	
	

	No
	129 (59.7)
	173 (95.6)
	302 (76.1)

	Yes – Gentle Years Yoga classes
	72 (33.3)
	2 (1.1)
	74 (18.6)

	Yes – other group-based yoga classes
	16 (7.4)
	3 (1.7)
	19 (4.8)

	Yes – one-to-one yoga sessions
	3 (1.4)
	0 (0.0)
	3 (0.8)

	If yes, how many sessions:
	
	
	

	mean (SD), N
	6.6 (4.3), 83
	6.8 (3.0), 5
	6.6 (4.3), 88

	Median (IQR)
	6.0 (3.0, 10.0)
	8.0 (6.0, 8.0)
	6.0 (3.0, 10.0)

	Practising yoga at home in the past 3 months (including as part of the GYY programme)?, n (%)
	123 (56.9)
	11 (6.1)
	134 (33.8)

	If Yes, number of home sessions done in a typical week:
	
	
	

	mean (SD), N
	3.8 (2.3), 123
	3.2 (1.9), 10
	3.7 (2.3), 133

	Median (IQR)
	3.0 (2.0, 5.0)
	2.5 (2.0, 5.0)
	3.0 (2.0, 5.0)

	Usual duration of each session, in minutes
	
	
	

	mean (SD), N
	19.1 (12.8), 123
	26.5 (16.2), 10
	19.6 (13.1), 133

	Median (IQR)
	15.0 (10.0, 20.0)
	30.0 (15.0, 30.0)
	15.0 (10.0, 25.0)



At 12 months, only a fifth of participants reported having attended GYY classes in the previous 6 months (n=41, 19.3%), and two usual care participants (again, not participants who were on a class register) (Table 20).  As at 6 months, the proportion reporting home yoga practice decreased in the intervention group relative to the previous follow-up time point (to just less than half) but increased in the usual care group (9.6%).  Participants in the intervention group reported doing a median of 3 home yoga sessions a week lasting a median of 15 minutes, while for the usual care group this was a median of 2 sessions a week for 10 minutes.


TABLE 20 Self-reported yoga practice at 12-month follow-up
	Month 12
	Intervention (n=212)
	Usual care
(n=178)
	Overall
(n=390)

	Attended any yoga classes in the past 6 months, n (%)
	
	
	

	No
	157 (74.1)
	167 (93.8)
	324 (83.1)

	Yes – Gentle Years Yoga classes
	41 (19.3)
	2 (1.1)
	43 (11.0)

	Yes – other group-based yoga classes
	14 (6.6)
	7 (3.9)
	21 (5.4)

	Yes – one-to-one yoga sessions
	0 (0.0)
	0 (0.0)
	0 (0.0)

	If yes, how many sessions:
	
	
	

	mean (SD), N
	15.4 (8.4), 49
	12.0 (7.8), 7
	15.0 (8.4), 56

	Median (IQR)
	16.0 (10.0, 20.0)
	10.0 (5.0, 20.0)
	14.0 (9.5, 20.0)

	Practising yoga at home in the past 6 months (including as part of the GYY programme)?, n (%)
	102 (48.1)
	17 (9.6)
	119 (30.5)

	If Yes, number of home sessions done in a typical week:
	
	
	

	mean (SD), N
	3.1 (2.0), 100
	2.8 (1.9), 17
	3.1 (2.0), 117

	Median (IQR)
	3.0 (2.0, 4.0)
	2.0 (1.0, 4.0)
	2.0 (2.0, 4.0)

	Usual duration of each session, in minutes
	
	
	

	mean (SD), N
	20.3 (13.3), 99
	13.6 (7.6), 17
	19.3 (12.8), 116

	Median (IQR)
	15.0 (10.0, 30.0)
	10.0 (10.0, 15.0)
	15.0 (10.0, 20.0)



[bookmark: _Toc142579097]Intervention fidelity
All yoga teachers submitted a course plan to the yoga consultant for pre-approval ahead of their first class. Each teacher received timely feedback on their plan. The feedback was mostly positive, and all plans met the assessment criteria and were therefore deemed appropriate for delivery.  
Each yoga teacher underwent an observation of one of their trial classes by one of the yoga consultants. A fidelity check assessment form was completed for each observation. All yoga teachers passed all aspects of the fidelity check assessment criteria. 

[bookmark: _Toc142579098]Subgroup analyses
[bookmark: _Toc142579099]Intended mode of delivery of GYY
More participants were randomised in a site intended for online GYY delivery (61.9% across 12 sites; intervention group n=144, 60.0%; usual care group n=137, 64.0%) than face-to-face (38.1% across 7 sites; intervention group n=96, 40.0%; usual care group n=77, 36.0%). A subgroup analysis was conducted in which the primary analysis was repeated including, as a fixed effect, an indicator for this factor plus an interaction with trial arm. There was no evidence of an interaction between trial arm and intended mode of delivery (interaction effect 0.007, 95% CI -0.042 to 0.057, p=0.77).

[bookmark: _Toc514680690][bookmark: _Toc142579100]Secondary analysis
[bookmark: _Toc514680675][bookmark: _Toc142579101][bookmark: _Toc514680691]EQ-5D-5L utility index scores at the secondary time points
Adjusted EQ-5D-5L utility index score means and group differences from the primary analysis model are presented in Table 22 and displayed in Figure 6. There was no evidence of a statistically significant difference at 3, 6 or 12 months, and none of the confidence intervals for the differences contained the clinically meaningful difference of 0.06.  

[bookmark: _Toc142579102]EQ-5D-5L VAS
Raw EQ-5D-5L VAS scores are summarised in Table 21. Adjusted means and group differences are presented in Table 22. The analysis included data from 423 participants (intervention n=227, 94.6%; usual care n=196, 91.6%). There was no evidence of a statistically significant difference at any time point.

[bookmark: _Toc122422315][bookmark: _Toc142579103]GAD-7
Raw GAD-7 scores are summarised in Table 21. Adjusted means and group differences are presented in Table 22. The analysis included data from 420 participants (intervention n=227, 94.6%; usual care n=193, 90.2%). There was no evidence of a statistically significant difference at any time point.

[bookmark: _Toc122422316][bookmark: _Toc142579104]PHQ-8
Raw PHQ-8 scores are summarised in Table 21. Adjusted means and group differences are presented in Table 22.  The analysis included data from 419 participants (intervention n=227, 94.6%; usual care n=192, 89.7%). There was no evidence of a statistically significant difference at any time point.

[bookmark: _Toc122422317][bookmark: _Toc142579105]UCLA-3 loneliness
Raw UCLA-3 scores are summarised in Table 21. Adjusted means and group differences are presented in Table 22.  The analysis included data from 419 participants (intervention n=227, 94.6%; usual care n=192, 89.7%). There was no evidence of a statistically significant difference at any time point.

[bookmark: _Toc122422318][bookmark: _Toc142579106]ELSA single-item direct loneliness question
Raw ELSA single-item direct loneliness question scores are summarised in Table 21. Adjusted means and group differences are presented in Table 22. The analysis included data from 421 participants (intervention n=227, 94.6%; usual care n=194, 90.7%). There was no evidence of a statistically significant difference at any time point.

[bookmark: _Ref123224575]

TABLE 21 Summary of raw scores for secondary outcomes
	Time point, months
	Intervention
(n=240)
	Usual care
(n=214)
	Overall
(n=454)

	EQ-5D-5L VAS, mean (SD)
	
	
	

	3
	76.1 (16.7)
	74.1 (16.9)
	75.2 (16.8)

	6
	74.4 (18.1)
	71.8 (19.2)
	73.2 (18.6)

	12
	73.8 (18.3)
	70.1 (21.5)
	72.1 (19.9)

	GAD-7, mean (SD)
	
	
	

	3
	3.8 (3.9)
	4.5 (4.5)
	4.1 (4.2)

	6
	4.0 (4.2)
	4.3 (4.1)
	4.1 (4.1)

	12
	4.1 (4.4)
	4.6 (4.8)
	4.3 (4.6)

	PHQ-8, mean (SD)
	
	
	

	3
	2.7 (3.4)
	3.1 (4.0)
	2.9 (3.7)

	6
	2.8 (3.5)
	3.0 (3.9)
	2.9 (3.7)

	12
	2.8 (3.9)
	3.1 (4.0)
	2.9 (4.0)

	UCLA-3 loneliness, mean (SD)
	
	
	

	3
	4.4 (1.8)
	4.3 (1.7)
	4.3 (1.7)

	6
	4.4 (1.7)
	4.4 (1.8)
	4.4 (1.8)

	12
	4.3 (1.7)
	4.5 (1.8)
	4.4 (1.7)

	ELSA single-item direct loneliness question, mean (SD)
	
	
	

	3
	2.3 (1.2)
	2.3 (1.2)
	2.3 (1.2)

	6
	2.3 (1.3)
	2.3 (1.2)
	2.3 (1.3)

	12
	2.2 (1.2)
	2.5 (1.3)
	2.3 (1.3)




[bookmark: _Ref123226054]

TABLE 22 Difference in adjusted means over time by randomised group for secondary outcomes
	Time point, months
	Intervention
Mean (95% CI)
	Usual care
Mean (95% CI)
	Difference (95% CI)
	p-value

	EQ-5D-5L VAS
	
	
	
	

	3
	75.6 (73.8, 77.4)
	74.5 (72.6, 76.5)
	1.08 (-1.55, 3.71)
	0.42

	6
	73.8 (71.7, 75.9)
	72.1 (69.8, 74.4)
	1.74 (-1.39, 4.86)
	0.28

	12
	73.1 (70.8, 75.3)
	70.9 (68.4, 73.4)
	2.18 (-1.19, 5.55)
	0.20

	Overall
	74.2 (72.5, 75.8)
	72.5 (70.7, 74.3)
	1.67 (-0.78, 4.12)
	0.18

	GAD-7
	
	
	
	

	3
	2.8 (2.4, 3.2)
	3.0 (2.6, 3.4)
	-0.17 (-0.72, 0.37)
	0.53

	6
	2.9 (2.5, 3.3)
	3.0 (2.5, 3.4)
	-0.10 (-0.70, 0.50)
	0.74

	12
	3.0 (2.5, 3.4)
	2.9 (2.5, 3.4)
	0.01 (-0.61, 0.63)
	0.98

	Overall
	2.9 (2.5, 3.2)
	3.0 (2.6, 3.3)
	-0.09 (-0.57, 0.40)
	0.72

	PHQ-8
	
	
	
	

	3
	3.9 (3.5, 4.2)
	4.4 (4.0, 4.8)
	-0.53 (-1.12, 0.05)
	0.07

	6
	4.1 (3.6, 4.5)
	4.4 (3.9, 4.9)
	-0.30 (-0.97, 0.36)
	0.37

	12
	4.3 (3.8, 4.7)
	4.5 (4.0, 5.0)
	-0.25 (-0.93, 0.43)
	0.48

	Overall
	4.1 (3.7, 4.4)
	4.4 (4.0, 4.8)
	-0.36 (-0.90, 0.18)
	0.19

	UCLA-3 loneliness
	
	
	
	

	3
	4.3 (4.2, 4.5)
	4.3 (4.1, 4.4)
	0.07 (-0.15, 0.29)
	0.54

	6
	4.4 (4.3, 4.6)
	4.4 (4.2, 4.6)
	0.03 (-0.21, 0.26)
	0.83

	12
	4.4 (4.3, 4.6)
	4.4 (4.3, 4.6)
	-0.00 (-0.24, 0.23)
	0.97

	Overall
	4.4 (4.3, 4.5)
	4.4 (4.2, 4.5)
	0.03 (-0.16, 0.22)
	0.75

	ELSA loneliness
	
	
	
	

	3
	2.3 (2.2, 2.4)
	2.3 (2.2, 2.5)
	-0.01 (-0.17, 0.16)
	0.94

	6
	2.4 (2.3, 2.5)
	2.3 (2.2, 2.4)
	0.07 (-0.10, 0.25)
	0.41

	12
	2.3 (2.2, 2.4)
	2.4 (2.3, 2.5)
	-0.10 (-0.27, 0.08)
	0.28

	Overall
	2.3 (2.2, 2.4)
	2.3 (2.2, 2.5)
	-0.01 (-0.15, 0.13)
	0.88




[bookmark: _Toc142579107]PROMIS-29
Raw PROMIS-29 scores are summarised in Table 23. Adjusted means and group differences are presented in Table 24. These analyses included data from between 419 and 421 participants. There was evidence of a statistically significant difference in the T-score for the pain interference subscale of the PROMIS-29 at 3 months (-1.44, 95% CI -2.63 to -0.26, p=0.02) and over the 12 months (-1.14, 95% CI -2.24 to -0.04, p=0.04), and in the global (pain interference) PROMIS-29 item at 12 months (-0.45, 95% CI -0.83 to -0.08, p=0.02) and over the 12 months (-0.32, 95% CI -0.61 to -0.04, p=0.03).  Differences favoured the intervention.  Otherwise, no statistically significant differences were observed.

[bookmark: _Ref123226475]

TABLE 23 Summary of raw scores for PROMIS-29 secondary outcomes
	Time point, months
	Intervention
(n=240)
	Usual care
(n=214)
	Overall
(n=454)

	Physical function, mean (SD)
	
	
	

	3
	47.0 (8.5)
	45.9 (8.8)
	46.5 (8.6)

	6
	47.1 (8.5)
	45.9 (9.1)
	46.5 (8.8)

	12
	46.5 (8.4)
	44.9 (8.5)
	45.8 (8.5)

	Anxiety, mean (SD)
	
	
	

	3
	47.8 (8.8)
	47.9 (8.9)
	47.9 (8.8)

	6
	47.6 (8.5)
	48.7 (9.1)
	48.1 (8.8)

	12
	47.6 (8.8)
	48.0 (10.0)
	47.7 (9.4)

	Depression, mean (SD)
	
	
	

	3
	47.3 (8.0)
	47.5 (8.3)
	47.4 (8.2)

	6
	47.8 (8.0)
	48.0 (8.1)
	47.9 (8.0)

	12
	47.9 (8.2)
	47.6 (8.8)
	47.7 (8.5)

	Fatigue, mean (SD)
	
	
	

	3
	47.7 (10.5)
	49.0 (10.2)
	48.3 (10.4)

	6
	47.5 (10.3)
	49.1 (10.5)
	48.2 (10.5)

	12
	48.5 (9.9)
	49.3 (10.9)
	48.9 (10.4)

	Sleep disturbance, mean (SD)
	
	
	

	3
	49.8 (9.2)
	50.5 (9.4)
	50.1 (9.3)

	6
	49.5 (8.7)
	50.6 (9.1)
	50.0 (8.9)

	12
	49.7 (8.5)
	50.4 (9.5)
	50.1 (9.0)

	Social participation, mean (SD)
	
	
	

	3
	53.1 (9.5)
	51.3 (10.2)
	52.3 (9.9)

	6
	52.4 (10.7)
	52.2 (10.3)
	52.3 (10.5)

	12
	52.6 (9.3)
	50.8 (10.3)
	51.8 (9.8)

	Pain interference, mean (SD)
	
	
	

	3
	52.8 (8.8)
	54.6 (8.6)
	53.6 (8.8)

	6
	52.7 (9.2)
	54.0 (9.3)
	53.3 (9.3)

	12
	53.2 (9.4)
	54.6 (8.9)
	53.8 (9.2)

	Physical health, mean (SD)
	
	
	

	3
	47.7 (8.9)
	46.3 (9.1)
	47.0 (9.0)

	6
	47.5 (8.8)
	46.5 (9.4)
	47.0 (9.1)

	12
	47.2 (8.8)
	45.4 (8.9)
	46.4 (8.9)

	Mental health, mean (SD)
	
	
	

	3
	52.1 (8.6)
	50.8 (8.7)
	51.5 (8.6)

	6
	51.9 (8.5)
	50.9 (8.8)
	51.5 (8.6)

	12
	51.8 (8.4)
	50.5 (9.1)
	51.2 (8.8)

	Global (pain intensity), mean (SD)
	
	
	

	3
	3.0 (2.4)
	3.3 (2.4)
	3.1 (2.4)

	6
	3.1 (2.5)
	3.4 (2.5)
	3.3 (2.5)

	12
	3.2 (2.5)
	3.8 (2.4)
	3.4 (2.4)
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TABLE 24 Difference in adjusted means over time by randomised group for PROMIS-29 outcomes
	Time point, months
	Intervention
Mean (95% CI)
	Usual care
Mean (95% CI)
	Difference 
(95% CI)
	p-value

	Physical function
	
	
	
	

	3
	46.9 (46.2, 47.6)
	46.4 (45.6, 47.1)
	0.50 (-0.55, 1.55)
	0.35

	6
	46.9 (46.1, 47.7)
	46.0 (45.1, 46.8)
	0.90 (-0.27, 2.07)
	0.13

	12
	46.1 (45.2, 46.9)
	45.3 (44.3, 46.2)
	0.80 (-0.45, 2.04)
	0.21

	Overall
	46.6 (46.0, 47.3)
	45.9 (45.2, 46.6)
	0.73 (-0.22, 1.69)
	0.13

	Anxiety
	
	
	
	

	3
	48.1 (47.2, 49.0)
	47.3 (46.3, 48.3)
	0.80 (-0.53, 2.13)
	0.24

	6
	48.0 (47.0, 48.9)
	48.3 (47.3, 49.3)
	-0.35 (-1.72, 1.03)
	0.62

	12
	48.0 (47.0, 49.1)
	47.4 (46.3, 48.5)
	0.67 (-0.85, 2.19)
	0.39

	Overall
	48.0 (47.2, 48.9)
	47.7 (46.8, 48.5)
	0.37 (-0.82, 1.56)
	0.54

	Depression
	
	
	
	

	3
	47.3 (46.4, 48.2)
	47.4 (46.5, 48.4)
	-0.14 (-1.42, 1.15)
	0.83

	6
	47.9 (47.0, 48.7)
	48.2 (47.3, 49.1)
	-0.33 (-1.56, 0.91)
	0.60

	12
	48.1 (47.2, 49.0)
	47.4 (46.4, 48.4)
	0.70 (-0.68, 2.08)
	0.32

	Overall
	47.7 (47.0, 48.5)
	47.7 (46.9, 48.5)
	0.08 (-1.02, 1.17)
	0.89

	Fatigue
	
	
	
	

	3
	48.1 (47.1, 49.1)
	48.4 (47.3, 49.5)
	-0.28 (-1.75, 1.19)
	0.71

	6
	47.8 (46.8, 48.9)
	48.8 (47.7, 49.9)
	-0.97 (-2.51, 0.57)
	0.22

	12
	49.1 (48.0, 50.1)
	48.6 (47.5, 49.8)
	0.43 (-1.15, 2.02)
	0.59

	Overall
	48.3 (47.5, 49.2)
	48.6 (47.7, 49.5)
	-0.27 (-1.52, 0.97)
	0.67

	Sleep disturbance
	
	
	
	

	3
	50.1 (49.2, 51.0)
	50.2 (49.2, 51.2)
	-0.16 (-1.43, 1.11)
	0.80

	6
	49.8 (48.9, 50.7)
	50.2 (49.2, 51.2)
	-0.42 (-1.68, 0.85)
	0.52

	12
	50.0 (49.1, 50.9)
	49.9 (48.9, 50.9)
	0.08 (-1.22, 1.37)
	0.91

	Overall
	50.0 (49.2, 50.7)
	50.1 (49.3, 51.0)
	-0.17 (-1.19, 0.85)
	0.75

	Social participation
	
	
	
	

	3
	53.0 (51.9, 54.0)
	51.6 (50.5, 52.7)
	1.39 (-0.14, 2.92)
	0.08

	6
	52.3 (51.1, 53.5)
	52.1 (50.8, 53.4)
	0.21 (-1.60, 2.01)
	0.82

	12
	52.4 (51.3, 53.5)
	51.1 (49.9, 52.3)
	1.28 (-0.37, 2.92)
	0.13

	Overall
	52.6 (51.6, 53.5)
	51.6 (50.6, 52.6)
	0.96 (-0.40, 2.32)
	0.17

	Pain interference
	
	
	
	

	3
	53.0 (52.2, 53.8)
	54.4 (53.5, 55.3)
	-1.44 (-2.63, -0.26)
	0.02

	6
	52.9 (52.0, 53.9)
	54.0 (52.9, 55.0)
	-1.03 (-2.40, 0.34)
	0.14

	12
	53.4 (52.4, 54.4)
	54.3 (53.2, 55.5)
	-0.94 (-2.47, 0.59)
	0.23

	Overall
	53.1 (52.3, 53.8)
	54.2 (53.4, 55.1)
	-1.14 (-2.24, -0.04)
	0.04

	Physical health
	
	
	
	

	3
	47.6 (46.9, 48.3)
	46.8 (46.0, 47.6)
	0.76 (-0.30, 1.82)
	0.16

	6
	47.5 (46.7, 48.3)
	46.6 (45.7, 47.5)
	0.89 (-0.31, 2.09)
	0.14

	12
	46.8 (45.9, 47.7)
	45.8 (44.9, 46.8)
	0.97 (-0.32, 2.25)
	0.14

	Overall
	47.3 (46.6, 48.0)
	46.4 (45.7, 47.2)
	0.87 (-0.11, 1.86)
	0.08

	Mental health
	
	
	
	

	3
	51.9 (51.2, 52.6)
	51.4 (50.6, 52.2)
	0.48 (-0.61, 1.56)
	0.39

	6
	51.7 (51.0, 52.5)
	51.2 (50.4, 52.1)
	0.50 (-0.65, 1.66)
	0.39

	12
	51.3 (50.5, 52.2)
	51.2 (50.3, 52.1)
	0.11 (-1.12, 1.35)
	0.86

	Overall
	51.7 (51.0, 52.3)
	51.3 (50.6, 52.0)
	0.36 (-0.63, 1.36)
	0.47

	Global (pain intensity)
	
	
	
	

	3
	3.0 (2.8, 3.2)
	3.3 (3.0, 3.5)
	-0.26 (-0.58, 0.06)
	0.11

	6
	3.1 (2.9, 3.4)
	3.4 (3.1, 3.7)
	-0.26 (-0.62, 0.09)
	0.15

	12
	3.2 (2.9, 3.5)
	3.7 (3.4, 4.0)
	-0.45 (-0.83, -0.08)
	0.02

	Overall
	3.1 (2.9, 3.3)
	3.4 (3.2, 3.7)
	-0.32 (-0.61, -0.04)
	0.03
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A total of 421 participants responded to the question asking whether they had had a fall in the previous 3 or 6 months on at least one of the post-randomisation questionnaires, of which 112 (26.6%) said they had (60/227 (26.4%) in the intervention group, and 52/194 (26.8%) in usual care). 
A mean of 0.82 (SD 2.0, median 0, range 0 to 21) falls per person were reported over an average of 10.5 (SD 3.6, median 12) months (Intervention 0.91 (SD 2.1, median 0, range 0 to 21) falls over 10.8 (SD 3.2, median 12) months; Usual care 0.71 (SD 1.9, median 0, range 0 to 15) falls over 10.2 (SD 3.9, median 12) months). There was no evidence of a statistically significant difference in the rate of falls reported over the 12 months of follow-up (incidence rate ratio 1.38, 95% CI 0.95 to 2.01, p=0.09).
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There were no reported serious and related adverse events.
There were seven reported non-serious adverse events that were deemed to be at least possibly related to the intervention and that were expected (Table 25). These were reported for seven participants, all in the intervention group. The events all related to the onset or aggravation of pain during or after the yoga sessions (back pain n=3, shoulder n=1, knee n=1, knee and shoulder n=1, thigh n=1), though none required medical attention beyond taking pain killers. Four of the events were recorded as resolved on their initial report. Of the three that were ongoing, two were subsequently followed up and the events were deemed to be resolved without the need for further medical intervention. Three of the 7 participants subsequently withdrew from the intervention due to the pain, including the two participants for whom the event was deemed definitely related.

TABLE 25 Summary of non-serious adverse events
	
	Non-serious adverse event (n=7)

	Description of event, n (%)
	

	Pain
	7 (100)

	Action taken*, n (%)
	

	Study treatment interrupted/halted
	5 (71.4)

	Therapy prescribed
	1 (14.3)

	Other
	5 (71.4)

	Days from randomisation to onset, mean (SD)
	39.1 (41.4)

	Presence of event, n (%)
	

	     Continuous
	4 (57.1)

	     Intermittent
	3 (42.9)

	Outcome of event, n (%)
	

	     Resolved
	4 (57.1)

	     Ongoing
	3 (42.9)

	Participant withdrew from intervention, n (%)
	

	     Yes
	 3 (42.9)

	     No
	4 (57.1)

	Relationship to study treatment, n (%)
	

	     Probably related
	5 (71.4)

	     Definitely related
	2 (28.6)

	*not mutually exclusive


[bookmark: _Toc142579110]Chapter 4 Economic evaluation
[bookmark: _Toc142579111]Introduction and aim
This chapter presents the methods and results of the economic evaluation that was conducted as part of the GYY trial. The aim was to assess if the GYY programme is cost-effective relative to usual care / determine the cost-effectiveness of the GYY programme (the intervention) plus usual care compared to usual care alone, in terms of the impact on participants’ health related quality of life utility score.
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The economic evaluation comprised the following:
1. A within-trial economic analysis to assess the cost-effectiveness of the GYY programme compared with usual care based on the time horizon of the trial (i.e., 12 months);
2. A cost-consequences analysis to present disaggregated costs alongside the full range of outcomes, over a 12-month time horizon.
Further details of both analyses are provided below, and were summarised in the trial protocol and health economics analysis plan. 

[bookmark: _Toc142579113]Within-trial economic evaluation
A within-trial economic evaluation was undertaken using a cost-utility analysis to evaluate the intervention relative to usual care in terms of the incremental cost per quality-adjusted life year (QALY). The perspective of the UK NHS and personal social services (PSS) was taken for the evaluation, on an intention-to-treat (ITT) basis. Analyses used a 12-month time horizon, therefore discounting of health benefits and costs was not necessary. Multiple imputation was undertaken in the base case analysis, with a complete case analysis explored also as a sensitivity analysis. Further sensitivity analyses were undertaken to investigate the effect of varying assumptions made in the analysis in terms of the cost-effectiveness findings. Personal costs paid by participants regarding private health care were also explored as a sensitivity analysis. All analyses were conducted in line with NICE recommendations as far as possible35 and taking into consideration the reporting requirements of the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) http://www.ispor.org/TaskForces/EconomicPubGuidelines.asp. 

[bookmark: _Toc142579114]Economic data collection
Health outcome and healthcare resource use data were collected during the 12-month study follow-up period. Specifically, healthcare resource use and EQ-5D-5L data were obtained at baseline, 3, 6 and 12 months. Medication prescription data were collected via GP practices for a sample of participants, over a period of 3-months prior to randomisation and for the 12-months following randomisation. Information regarding the intervention cost was obtained from the study team (i.e., invoices etc.).

[bookmark: _Toc142579115]Health related quality of life
The health related quality of life utility data for the economic evaluation comprised the EQ-5D-5L, as described previously (in Chapter 2), which was used to elicit patient utility index scores at the different time points in order to estimate QALYs. QALYs are able to combine the effect of a treatment on both the quantity and quality of life for an individual, where one QALY is equivalent to a year spent in full health. Participants’ responses to the EQ-5D-5L questions were used to derive utilities, with the EQ-5D-5L scored according to the User Guide36 and the mapping function developed by van Hout et al.23 used to calculate utility index scores, as recommended by NICE.35 QALYs were estimated for each participant based on utility index scores at the different time points (i.e., at baseline, 3, 6 and 12 months) using the area under the curve approach; this assumes linear interpolation between measurement points, following the trapezium rule.37  In the primary analysis, the mean difference in QALYs gained over the 12-month period between the groups was adjusted for baseline utility only. An additional sensitivity analysis further adjusted for baseline utility, age, gender and study site.
The EQ-5D-5L utility index scores are provided for the two groups, with movements between levels examined for each domain by trial arm. Descriptive statistics of the utilities for both groups and the difference in utilities between the groups at each time point have been presented. The overall difference in EQ-5D-5L utility index scores between the two groups has been examined through regression methods, consistent with the statistical analysis.  

[bookmark: _Toc142579116]Health-care resource use
Health care resource use data were collected for each participant; specifically, resource use within the primary care and the community (i.e., appointments with a GP, nurse, physiotherapist, mental health services) and the hospital setting (i.e., hospital outpatient attendances, day case visits, inpatient stays and accident and emergency attendances). Information on private treatments were also collected (i.e., private GP visits, physiotherapist or mental health service specialist) to feed into a sensitivity analysis. The resource use data were collected during the trial via self-reported participant questionnaires at baseline, 3, 6 and 12 months. Healthcare resource use results are presented for both arms in terms of mean value, standard deviation and mean difference (with 95% confidence intervals) between the groups.  

[bookmark: _Toc142579117]Costs
Unit costs for the resources used were obtained from established costing sources such as NHS Reference Costs38 and PSSRU Unit Costs of Health and Social Care.39 No data were collected as to how privately funded health care was paid for, e.g., private plan, employer plan or pay as you go. For the purposes of costing, we assumed participants paid out of pocket on a pay as you go basis. Private health care costs were sourced from published online sources. The unit cost for all items used in the analysis are summarised in Table 26. All costs were evaluated in pounds sterling (£) for 2020-21. In cases where costs were sourced from previously published data, costs were inflated to the appropriate year figures. The mean cost per participant for each resource use item is provided by trial arm, with costs calculated by multiplying the resources used by their corresponding unit costs. For participants’ responses to accident and emergency visits that involved overnight stays, the corresponding cost was calculated by multiplying the number of visits to A&E by the cost of a visit to A&E plus multiplying the number of nights they spent in hospital (as part of this visit) by the cost of an inpatient night in hospital. 
Medications data were collected for a sample of participants across three sites using prescription data collected from GP practices. This sample comprised all participants in the first pilot phase who remained within the trial at 12 months post-randomisation. This data was used to generate an estimate of the average medication cost per participant; all prescribed medications were recorded for the 3-month period prior to randomisation and for the 12-month period post-randomisation. For each participant in the sample, information was collected regarding the medication name, dose, quantity taken, frequency (i.e., once daily, twice weekly etc.), number of days taken for, and whether it was a repeat prescription. Unit costs were attached to the medications using costs sourced from the British National Formulary (BNF) 40 and NHS Drug Tariff.41 Costs were applied using the drug that matched as closely as was available from BNF, and where there was a discrepancy between the information reported in the frequency and quantity, the more conservative option was selected. For participants that had not had medications data collected for them (i.e., they had missing medications data) the average medication cost for the relevant group (i.e., GYY or usual care) was applied.
The total cost for each participant comprised the following: healthcare resource use, medication cost and intervention cost (for those who received the intervention). Additional information regarding the GYY intervention is provided in the ‘Costing the intervention’ section below.  
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TABLE 26 Unit costs of health care services
	Item
	Unit cost
	Notes
	Source

	GP visit at GP practice
	£39.23
	Per consultation of 9.22 minutes duration (including direct care staff costs and qualifications)
	PSSRU 202139

	GP visit at home
	£100.62
	Per home visit, comprising 11.4-minute consultation and 12 minutes travel time (PSSRU 2015); £4.30 per minute of patient contact (PSSRU 2021)
	PSSRU 202139 & 201542

	GP consultation over the phone
	£30.53
	Per phone contact of 7.1 minutes duration (PSSRU 2015); at £4.30 per minute of patient contact (PSSRU 2021)
	PSSRU 202139 & 201542

	Nurse visit at GP practice
	£11.37
	Per consultation lasting 15.5 minutes (PSSRU 2015); at £44 per hour (PSSRU 2021)
	PSSRU 202139 & 201542

	Nurse visit at home
	£27.13
	Per home visit, comprising 25-minute consultation (PSSRU 2014) and 12 minutes travel time (PSSRU 2015); at £44 per hour (PSSRU 2021)
	PSSRU 202139 & 201542 & 201443

	Nurse consultation over the phone
	£4.40
	Per phone contact of 6 minutes duration (PSSRU 2015); at £44 per hour (PSSRU 2021) 
	PSSRU 202139 & 201542

	District nurse visit at GP practice
	£11.37
	In the absence of a recent cost, these were assumed equal to the cost of a standard nurse visit at the practice
	PSSRU 202139 & 201542

	District nurse visit at home
	£27.13
	In the absence of a recent cost, these were assumed equal to the cost of a standard nurse visit at home
	PSSRU 202139 & 201542 & 201443

	District nurse consultation over the phone
	£4.40
	In the absence of a recent cost, these were assumed equal to the cost of a standard nurse consultation over the phone
	PSSRU 202139 & 201542

	Physiotherapist
	£58.75
	Per appointment, of one hour duration. Average cost per working hour for physiotherapists of band 5-8a.
	PSSRU 202139

	Mental health services
	£285.70
	Per appointment
	NHS Ref Costs 20/2138

	Physiotherapist (hospital)
	£56.50
	Per appointment, of one hour duration. Average cost per working hour for physiotherapists of band 5-8a.
	PSSRU 202139

	Other hospital outpatient appointment
	£181.54
	Per outpatient attendance
	NHS Ref Costs 20/2138

	Day case appointment
	£1191.96
	Per (non-specific) attendance
	NHS Ref Costs 20/2138

	Accident & Emergency visit 
	£296.87
	Per (non-specific) attendance
	NHS Ref Costs 20/2138

	Inpatient night in hospital
	372.70
	Total expenditure on excess bed days (elective and non-elective) divided by total activity, inflated to 2021 prices
	NHS Ref Costs 17/1844

	Private GP appointment
	£79
	Per appointment
	Bupa45

	Private physiotherapist appointment
	63.94
	Average of 75.07 for first appointment and £52.81 for follow-up appointment
	myTribe Health Insurance46

	Private mental health services specialist visit
	£360
	Per appointment
	Psychiatry-UK47



[bookmark: _Toc142579118]Costing the intervention
The cost of the intervention comprised (i) the cost of training the yoga teachers to undertake the GYY classes; (ii) the cost of running the GYY classes, which included the cost of providing participants with the equipment and home practice sheets provided as part of the intervention. The intervention cost is described further below.  
(i) Cost of training the yoga teachers
The cost of training involved the cost of the time spent by the yoga teachers being trained (i.e., the trainees) and the cost of the trainers’ time, plus room hire costs (for face-to-face training). Information regarding the time spent on the training workshops and the costs claimed by trainees was obtained by the trial team. The training sessions lasted for five hours, at a cost of £17 per hour for trainees. The cost of trainers’ time incorporated the cost of the yoga consultants and university staff who undertook the training, based on University pay scales and invoices submitted (ranging from £19 to £100 per hour); the trainers’ costs were based on two yoga consultants and two trial coordinators being present for five hours, and the CI and qualitative researcher being present for two hours.
The corresponding unit costs were applied for the time spent by trainers and trainees present at the workshops. Although the training workshops comprised a combination of online and face-to-face training workshops, the costs of the trainer and trainee time were the same for both modes of delivery; the only difference in cost came for the face-to-face training arose from room hire costs also being included. The total cost of training that took place over the study period was divided by the number of participants in the intervention group.  

(ii) Cost of running the GYY classes
The cost of running the course of GYY classes as part of the intervention was estimated using information obtained from the trial team. Some courses were delivered face-to-face, whilst others were delivered online, hence the relevant costs have been applied accordingly. Costs common to both modes of delivery of the classes were a yoga class payment provided to yoga teachers, of £90 per class (i.e., £1,080 per 12-week course) and a £279 administration cost per 12-week course.  
Costs specific to the face-to-face classes only were costs of refreshments (£10 per class, i.e., £120 per 12-week course), travel costs for yoga teachers (£0.45 per mile, up to a maximum of 60 miles per class), and venue costs. The venue costs ranged from £15 per class to £49 per class, generating an average venue cost of £26 per class (i.e., £311 per 12-week course). Costs incurred for online classes only were a video conferencing subscription cost per yoga teacher running the online classes (£12 per month for Zoom pro) and the cost for liaising with participants prior to the course starting (£135 by phone, or £270 by Zoom, per course).
The following equipment was provided to participants: tennis ball, band, scarf, beanbag and equipment bag (£4.40) plus block (£4) at a total of £8.80 per participant (source: trial team). For participants who undertook the course of GYY classes online, the equipment was delivered by post, hence a postage and packing cost was added to generate a total cost of £14.97 for these participants. The face-to-face classes involved the yoga teacher bringing the equipment to the class hence no postage cost was incurred. The relevant costs were applied according to whether participants received classes face-to-face or online, to generate a total equipment cost for the whole intervention group.  This cost was then divided by the total number of participants in the intervention group to estimate an average equipment cost per participant. In addition, home practice sheets were also provided to participants as part of the intervention, with a corresponding unit cost of £0.82 for printing the 9-page document (source: trial team).

[bookmark: _Toc142579119]Missing data
Missing data are likely to arise in trial-based economic analyses involving participant level data. This is due to the summative nature of the data; the total cost is comprised of several cost items over different time points, whereby if one item is missing the total cost is then considered missing. Similarly, QALYs can be calculated only when all EQ-5D-5L questionnaires have been completed fully at all time points. The use of complete case analysis, i.e., including only participants with complete data on costs and EQ-5D-5L, can introduce bias unless the data are missing completely at random. An approach used to deal with missing data in economic evaluations in clinical trials is multiple imputation48 which estimates plausible, unbiased values for the missing data. This is based on the assumption of the data being missing at random, i.e., the observed data can be used to predict the missing values, but the missingness of the data is not associated with its value. We explored the validity of this assumption through the exploration of missing economic data at all follow-up points for both study groups and missing data patterns. Logistic regression was used to investigate which factors were associated with the missingness of data. Our findings indicated the missing at random assumption to be reasonable; hence, multiple imputation with chained equations was used for the base case analysis, with predicted mean matching on QALY and cost estimates, thereby generating plausible values from the imputation. 
The imputation model included age, gender, study site, utilities (at baseline, 3, 6 and 12 months) and total costs at the resource use level. The base case analysis undertook 60 imputations, due to the finding of 58% missing data and following guidance that the number of imputed datasets should be similar to the proportion of incomplete cases.49 All sensitivity analyses also followed this guidance. Graphical plots compared the distributions of the observed and imputed data to check whether the imputed data resembled the observed data. The imputed datasets were combined using Rubin’s rules,50 to generate mean QALY and cost estimates. Usual imputation methods were followed for participants who died during the trial, where they had any missing data prior to their death. For data that would have been obtained after their death, zero QALYs and costs were assumed.
The base case analysis used the multiply imputed dataset, with a complete case analysis (CCA) (i.e., includes only participants with observed data for all utilities and costs) undertaken as a sensitivity analysis. This enabled an alternative missing data assumption to be explored, as CCA relies on the data being not missing at random. An initial exploration of the data was conducted using available case analysis. 
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Costs and QALYs are presented for the two groups in terms of mean value and standard deviation, and mean difference (with 95% confidence intervals) between the groups. Findings are presented using incremental cost-effectiveness ratios (ICERs), where appropriate, with standard decision rules followed when evaluating the two options. The incremental cost per QALY gained was determined based on the following:

where incremental costs and incremental effects are shown by △C and △E, respectively.

The ICER is compared to a willingness to pay (WTP) threshold, i.e., the amount that a decision maker is willing to pay for an additional QALY. The threshold of £20,000, following NICE recommendations, has been used for the analyses;35 where interventions have an ICER below £20,000, they would generally be deemed to be cost-effective. The results are also presented in terms of net monetary benefit (NMB),51 thereby representing the intervention in monetary terms based on a WTP threshold λ. Where the mean incremental NMB (i.e., the difference in NMB between the intervention and usual care) is positive, the intervention is found to be cost-effective at the given threshold.


The cost-utility analysis produced estimates of the mean differences in costs and effects using seemingly unrelated regression equations, with 95% confidence intervals estimated using bias corrected and accelerated (BCA) bootstrap methods. Bootstrapping was conducted for 10,000 replications, producing 10,000 estimates of incremental costs and incremental effects. The 10,000 point estimates generated from the analyses are plotted as a scatterplot on the cost-effectiveness plane, across four quadrants, as summarised below:
a. North-east quadrant: the intervention is more costly and more effective than usual care; an ICER is estimated to evaluate whether the incremental effects (i.e., QALYs here) are worth the incremental costs. 
b. South-east quadrant: the intervention is cost-saving and more effective than usual care; it therefore dominates usual care.
c. South-west quadrant: the intervention is cost-saving but less effective than usual care; an ICER is estimated to determine the cost per QALY lost.
d. North-west quadrant: the intervention is more costly and less effective than usual care; it is therefore dominated by usual care.

Cost-effectiveness acceptability curves (CEACs) were used to investigate the probability of the intervention being cost-effective52 compared with usual care at different WTP threshold possibilities faced by decision makers.
Regression methods have been used to account for differences in stratification or prognostic variables, and other sources of heterogeneity. QALY data were adjusted for baseline EQ-5D-5L scores, age, gender and trial site. Differences between the groups were found to be statistically significant if P<0.05 and are presented alongside confidence intervals around the differences in costs and outcomes. Analyses were undertaken using Stata release 17.34
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The uncertainty around the cost-effectiveness findings was explored by sensitivity analyses, to investigate the robustness of the findings to assumptions made in the base case analysis. Specifically, the following sensitivity analyses have been undertaken:
1) Complete case analysis, as an alternative to the use of multiple imputation which dealt with missing data;
2) Inclusion of personal expenses for private health care;
3) Face-to-face yoga classes only (i.e., no online classes included);
4) Online yoga classes only (i.e., no face-to-face classes included);
5) Medication costs removed;
6) Age and gender removed as covariates.

[bookmark: _Toc142579122]Cost-consequences analysis
A cost-consequence analysis was also undertaken to present disaggregated costs alongside the full range of outcomes. The analysis summarises resource use captured during the trial and the costs associated with these for each of the trial arms as well as the consequences of the trial. As per the cost-utility analysis, the cost-consequence analysis was conducted on an intention-to-treat basis, following the 12-month time horizon for the trial and using Stata release 17.34 
For each resource use item, the mean resource use was calculated according to the appropriate unit (e.g., mean number of visits/appointments). To calculate the incremental difference for each individual item of resource use between the two trial arms, the values for participants allocated to the usual care group were subtracted from the values of participants allocated to the intervention (GYY) group.53 Mean unit costs were calculated by resource item for each of the trial arms by multiplying the resource by an appropriate unit cost, with resource use costs summed by type, e.g., primary care. Multiple imputation was not undertaken for the purposes of the cost-consequence analysis as the model serves only to highlight the likely resource use and the average costs per resource, alongside the consequences (outcomes) of the trial. The consequences presented in Table 35 reflect the outcomes of the GYY trial and full details as to how these were calculated are presented in Chapter 2. 

[bookmark: _Toc142579123]Results
[bookmark: _Toc142579124]Participant population and missing data
As previously reported, overall, seven participants died during the study period: 2/240 (0.01%) in the intervention group and 5/214 (0.02%) in the usual care group. A complete case analysis was undertaken (sensitivity analysis 1) that included participants with complete data on all EQ-5D-5L and cost items over the 12-month study period. In total, 192 (42.3%) participants had complete economic data: 105 in the intervention group and 87 in the usual care group. Therefore, overall, 262 (57.7%) participants had missing economic data. Details of the completion of data at the data collection points in the trial can be seen in Appendix 3 (Table 46). At baseline, 72.9% participants in the intervention group and 77.1% in the usual care group had complete data, which decreased at 3 months and further by 6 months for the two groups. Completion levels increased by 12 months however, to 70.8% in the intervention group, and 67.8% in the usual care group (Appendix 6, Table 49). The pattern of missing data for both cost and EQ-5D-5L data were not monotonic, i.e., there were some participants who had missing data at 6 months but who had observed data at 12 months. The ORs from a logistic regression for indicators of missing data, for QALYs and costs, on study group allocation and several baseline variables are presented in Appendix 4 (Table 47). Age, site and allocation were found to be significantly associated with both missing cost data at 12 months, and missing QALY data at 12 months. In addition, gender was significantly associated with missing QALY data at 12 months. When investigating observed values, observed QALYs at three and 6 months were found to be significant predictors of missing QALY data at 12 months and cost data at 12 months. Our findings therefore support the assumption of the data being missing at random (MAR) rather than missing completely at random.  There is no way of definitively distinguishing whether the data are MAR rather than missing not at random (MNAR) so the best we can do is assess how reasonable the assumption is based on how likely it is that people would not want to provide data depending on what their response was. Data that are particular sensitive or personal or that reflect an unfavourable opinion may be more likely to be MNAR, but arguably resource use data are not particularly sensitive.  Missingness was therefore assumed to depend on baseline covariates (EQ-5D-5L at baseline, age and gender) and observed QALYs and costs. The fit of the imputation model was checked by comparing the distributions of the observed data with the imputed data, for costs and utilities. 

[bookmark: _Toc142579125]Health related quality of life utility
The EQ-5D-5L was very well completed at baseline, with completion rates being 100% for baseline participants and 99.5% for usual care participants (only one participant missed one item) (Appendix 5, Table 48). Completion rates decreased over time for the two groups, though remained high at 12 months, at 87.9% and 83.2% for the intervention and usual care groups, respectively. Further information on the missing dimensions and completion of the EQ-5D-5L questionnaires are provided in Appendix 6 (Table 49). A breakdown of the different EQ-5D-5L levels reported by participants over the 12-month follow-up period, according to dimension, group and time point is shown in Appendix 7 (Table 50), for all available cases (i.e., not imputed). Mean (SD) VAS scores were similar at baseline, though slightly higher in the intervention group: 75.1 (18.2) for the intervention versus 73.4 (17.6) in the usual care group. As presented previously (Chapter 3, Table 21), mean VAS scores increased at 3 months, then decreased over time for both groups. The mean EQ-5D-5L utility index scores are presented in Table 27 for all time points, based on the available cases, alongside the mean difference between the groups (both unadjusted and adjusted for baseline utility). Utilities were slightly higher at baseline for participants in the intervention group (0.742) compared with those in the usual care group (0.736). The mean difference was not found to be statistically significant at any time point, irrespective of whether it was adjusted for baseline utility or not. The total QALYs gained over the duration of the trial are shown in Table 28 for all available cases, indicating a small gain in QALYs for the intervention group over the 12-month period. This increase in QALYs was not found to be statistically significant based on the non-imputed (all available cases) dataset when adjusting for baseline utility only, or when adjusting for baseline utility, age, gender and study site.
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TABLE 27 Summary of EQ-5D-5L utility index scores and unadjusted and adjusted mean difference (95% CI) at each time point (all available cases)
	Utility
	Intervention 
(n = 240)
	Usual care 
(n = 214)
	Unadjusted mean difference (95% CI)
(intervention – usual care) 
	Adjusted mean difference (95% CI)a
(intervention – usual care)

	Follow-up
	N
	Mean score (SD)
	N
	Mean score (SD)
	
	

	Baseline
	240
	0.742 (0.176)
	213
	0.736 (0.162)
	0.006 (-0.025 to 0.038)
P=0.684
	

	3 months

	224
	0.749 (0.168)
	190
	0.723 (0.201)
	0.026 (-0.010, 0.062)
P=0.153 
	0.018 (-0.006, 0.043)
P=0.145

	6 months
	218
	0.732 (0.207)
	180
	0.706 (0.219)
	0.026 (-0.016, 0.068)
P=0.227
	0.021 (-0.012, 0.053)
P=0.215

	12 months
	213
	0.723 (0.210)
	182
	0.689 (0.219)
	0.035 (-0.008, 0.077)
P=0.109
	0.024 (-0.010, 0.059)
P=0.166


a The difference at 3, 6 and 12 months is adjusted for baseline utility.

TABLE 28 Total QALYs for all available cases by allocation over 12-month trial duration and difference in mean QALYs (95% CI)
	Trial arm
	Total
	Mean (SD) 
total QALYs 
	Difference (95% CI)a                           (intervention – usual care)   
	Difference (95% CI)b                          (intervention – usual care)   

	Intervention
	209
	0.742 (0.173)
	0.020 (-0.004 to 0.044)
	0.021 (-0.004, 0.045)

	Usual care
	171
	0.710 (0.190)
	           P=0.101
	P=0.098


a adjusted for baseline utility; b adjusted for all covariates (baseline utility, gender, age, study site); estimated using ordinary least squares (OLS).

[bookmark: _Toc142579126]Healthcare resource use and costs
The healthcare resource use and associated costs for all available cases are summarised in Tables 29 and 30, respectively, according to item of resource and trial arm.  
In terms of resource use outside of the hospital, although participants in the intervention group had, on average, fewer nurse visits at the GP practice, they had, on average, additional GP visits at the GP practice/home/phone, nurse visits by phone/home, physiotherapist visits (community-based) and mental health services (community-based). For hospital-based resource use, intervention group participants had, on average, fewer physiotherapist visits (hospital-based), hospital outpatient visits, inpatient nights in hospital, and accident and emergency visits, though they had, on average, more day case hospital visits and attendances with mental health services (hospital-based) than usual care participants over the study period.   
[bookmark: _Hlk138159393]Hospital-based services tended to be the major cost drivers, along with the cost of medications and the intervention, for participants in the intervention group.  Based on the multiply imputed dataset (Table 31), the largest (mean; 95% CI) reductions in costs were seen for the intervention group versus usual care group for inpatient nights spent in hospital (-£139.55; -£80.22, -£98.89), accident and emergency visits (-£25.89; -£73.32, £21.54), and hospital outpatient attendances (-£11.30; -£46.32, £23.73). In addition, medication costs were lower for the intervention group (-£68.90; -£77.19, -£60.62). The most notable increases in costs for participants in the intervention group over the 12-month period were found for day case visits (£85.03; £15.22, £154.85) and mental health services (£32.88; £19.66, £46.11).  

TABLE 29 Mean resource use at 12 months, based on all available cases
	 
	Intervention (N=240)
	Usual care (N=214)
	Mean difference (95% CI) (Intervention – usual care)

	Type of resource use 
	Mean (SD)
	Mean (SD)
	

	GP visit at GP practice   
	 
	 
	

	  Baseline
	0.60 (1.03)    N=236
	0.56 (1.00)    N=212
	0.045 (-0.144, 0.235)

	  3 months
	0.48 (0.97)    N=220
	0.48 (0.97)    N=180
	0.008 (-0.183, 0.199)

	  6 months
	0.41 (0.93)    N=213
	0.41 (0.78)    N=176
	0.004 (-0.169, 0.177)

	  12 months
	0.69 (1.19)    N=208
	0.63 (1.07)    N=175
	0.053 (-0.175, 0.282)

	GP visit at home 
	 
	 
	

	  Baseline
	0.017 (0.20)  N=239
	0.005 (0.07)   N=212
	0.012 (-0.017, 0.041)

	  3 months
	0.02 (0.16)    N=222
	0 (0)                N=181
	0.018 (-0.006, 0.042)

	  6 months
	0.005 (0.07)  N=171
	0.005 (0.08)  N=208
	-0.001 (-0.016, 0.014)

	  12 months
	0.005 (0.07)  N=172
	0.01 (0.11)    N=208
	0.007 (-0.025, 0.011)

	GP consultation over the phone
	 
	 
	

	  Baseline
	0.73 (1.05)   N=237
	0.64 (0.97)   N=211
	0.091 (-0.098, 0.280)

	  3 months
	0.64 (0.99)   N=214
	0.68 (1.08)   N=180
	-0.038 (-0.243, 0.166)

	  6 months
	0.69 (0.99)   N=204
	0.62 (0.88)   N=176
	0.072 (-0.119, 0.262)

	  12 months
	1.39 (1.63)   N=194
	1.13 (1.38)   N=167
	0.260 (-0.055, 0.576)

	Nurse visit at GP practice
	
	
	

	  Baseline
	0.64 (1.22)   N=237
	0.71 (1.69)   N=208
	-0.074 (-0.347, 0.199) 

	  3 months
	0.57 (0.97)   N=214
	0.80 (1.36)   N=183
	-0.229 (-0.460, 0.003)

	  6 months
	0.47 (0.88)   N=212
	0.57 (0.92)   N=175
	-0.099 (-0.279, 0.081)

	  12 months
	0.90 (1.40)   N=199
	1.01 (1.76)   N=171
	-0.107 (-0.431, 0.216)

	Nurse visit at home
	 
	 
	

	  Baseline
	0.03 (0.40)   N=239
	0.01 (0.15)   N=212
	0.019 (-0.038, 0.076)

	  3 months
	0.04 (0.31)   N=221
	0.01 (0.07)   N=181
	0.031 (-0.016, 0.078)

	  6 months
	0.01 (0.15)   N=211
	0.01 (0.11)   N=173
	0.003 (-0.025, 0.030)

	  12 months
	0.12 (1.67)   N=207
	0.01 (0.08)   N=175
	0.110 (-0.138, 0.358)

	Nurse consultation over the phone
	
	
	

	  Baseline
	0.17 (0.46)   N=179
	0.25 (0.63)   N=167
	-0.078 (-0.193, 0.037)

	  3 months
	0.17 (0.51)   N=167
	0.21 (0.69)   N=141
	-0.038 (-0.173, 0.097)

	  6 months
	0.18 (0.52)   N=163
	0.26 (0.69)   N=137
	-0.079 (-0.217, 0.059)

	  12 months
	0.34 (0.77)   N=200
	0.28 (0.63)   N=173
	0.058 (-0.087, 0.203)

	District nurse visit at GP practice
	
	
	

	  Baseline
	0.004 (0.06)  N=238
	0.02 (0.21)   N=211
	-0.019 (-0.047, 0.008)

	  3 months
	0.03 (0.25)   N=222
	0 (0)              N=184
	0.027 (-0.009, 0.063)

	  6 months
	0 (0)              N=212
	0 (0)              N=173
	0 (0, 0)

	  12 months
	0.04 (0.26)   N=207
	0.02 (0.18)   N=178
	0.016 (-0.029, 0.062)

	District nurse visit at home
	
	
	

	  Baseline
	0.09 (1.30)   N=239
	0.07 (0.96)   N=212
	0.017 (-0.196, 0.231)

	  3 months
	0.01 (0.09)   N=221
	0.06 (0.43)   N=184
	-0.051 (-0.110, 0.008)

	  6 months
	0.005 (0.07)  N=211
	0.02 (0.17)   N=173
	-0.013 (-0.038, 0.013)

	  12 months
	0.12 (1.67)   N=208
	0.07 (0.53)   N=178
	0.047 (-0.209, 0.303)

	District nurse consultation over the phone
	
	
	

	  Baseline
	0.01 (0.11)   N=180
	0.006 (0.08)   N=168
	0.005 (-0.014, 0.025)

	  3 months
	0.02 (0.24)   N=171
	0 (0)                N=143
	0.023 (-0.016, 0.063)

	  6 months
	0 (0)              N=164
	0.007 (0.09)   N=138
	0.007 (-0.020, 0.006)

	  12 months
	0.01 (0.12)   N=208
	0.02 (0.13)     N=177
	0.003 (-0.028, 0.022)

	Physiotherapist visit (community) 
	
	
	

	  Baseline
	0.15 (0.57)   N=239
	0.16 (0.72)   N=212
	-0.014 (-0.134, 0.106)

	  3 months
	0.25 (1.15)   N=223
	0.11 (0.56)   N=183
	0.136 (-0.046, 0.318)

	  6 months
	0.11 (0.89)   N=212
	0.13 (0.61)   N=171
	-0.021 (-0.178, 0.136)

	  12 months
	0.33 (1.67)   N=207
	0.30 (1.04)   N=179
	0.032 (-0.252, 0.315)

	Mental health services (community)
	
	
	

	  Baseline
	0.05 (0.31)   N=239
	0 (0)              N=212
	0.050 (0.008, 0.093)

	  3 months
	0.06 (0.42)   N=222
	0.02 (0.23)   N=184
	0.041 (-0.027, 0.110)

	  6 months
	0.06 (0.64)   N=211
	0.02 (0.17)   N=173
	0.044 (-0.054, 0.143)

	  12 months
	0.12 (0.84)   N=208
	0.02 (0.17)   N=178
	0.099 (-0.027, 0.224)

	Physiotherapist visit (hospital)
	
	
	

	  Baseline
	0.17 (0.92)   N=238
	0.17 (1.11)   N=212
	-0.002 (-0.190, 0.187)

	  3 months
	0.06 (0.36)   N=221
	0.19 (0.94)   N=186
	-0.130 (-0.265, 0.005)

	  6 months
	0.09 (0.54)   N=215
	0.05 (0.31)   N=175
	0.042 (-0.049, 0.132)

	  12 months
	0.13 (0.67)   N=209
	0.17 (0.65)   N=176
	-0.036 (-0.169, 0.096)

	Mental health services (hospital)
	
	
	

	  Baseline
	0.02 (0.16)   N=239
	0 (0)              N=213
	0.017 (-0.005, 0.038)

	  3 months
	0.01 (0.12)   N=221
	0 (0)              N=186
	0.014 (-0.003, 0.030)

	  6 months
	0.02 (0.17)   N=213
	0 (0)              N=176
	0.019 (-0.006, 0.044)

	  12 months
	0.01 (0.12)   N=210
	0 (0)              N=176
	0.014 (-0.003, 0.032)

	Other hospital outpatient appointment
	
	
	

	  Baseline
	0.72 (1.40)   N=239
	0.88 (1.38)   N=210
	-0.157 (-0.415, 0.101)

	  3 months
	0.69 (1.26)   N=218
	0.88 (1.29)   N=188
	-0.195 (-0.445, 0.055)

	  6 months
	0.62 (1.18)   N=214
	0.65 (0.99)   N=176
	-0.022 (-0.241, 0.198)

	  12 months
	1.29 (2.00)   N=206
	1.28 (1.84)   N=176
	0.008 (-0.380, 0.396)

	Day case appointment
	
	
	

	  Baseline
	0.09 (0.39)   N=237
	0.07 (0.36)   N=212
	0.022 (-0.048, 0.092)

	  3 months
	0.08 (0.39)   N=218
	0.09 (0.37)   N=186
	0.013 (-0.089, 0.062)

	  6 months
	0.13 (0.51)   N=212
	0.08 (0.41)   N=176
	0.048 (-0.046, 0.142)

	  12 months
	0.17 (0.62)   N=208
	0.13 (0.41)   N=176
	0.042 (-0.066, 0.150)

	Accident & Emergency visit (not overnight) 
	
	
	

	  Baseline
	0.07 (0.27)   N=180
	0.08 (0.46)   N=168
	-0.017 (-0.095, 0.062)

	  3 months
	0.07 (0.56)   N=170
	0.08 (0.31)   N=146
	-0.005 (-0.108, 0.098)

	  6 months
	0.36 (0.22)   N=167
	0.04 (0.19)   N=140
	0.0002 (-0.046, 0.046)

	  12 months
	0.19 (1.10)   N=211
	0.09 (0.31)   N=178
	0.104 (-0.063, 0.272)

	Accident & Emergency visit (involving overnight stay)
	
	
	

	  Baseline
	0.06 (0.29)   N=238
	0.04 (0.27)   N=213
	0.025 (-0.027, 0.078)

	  3 months
	0.05 (0.27)   N=221
	0.03 (0.23)   N=186
	0.013 (-0.036, 0.062)

	  6 months
	0.02 (0.14)   N=212
	0.03 (0.17)   N=175
	-0.010 (-0.040, 0.021)

	  12 months
	0.08 (0.41)   N=211
	0.03 (0.17)   N=175
	0.047 (-0.017, 0.112)

	Accident & Emergency nights spent in hospital 
	
	
	

	  Baseline
	0.08 (0.63)   N=235
	0.29 (2.26)   N=213
	0.206 (-0.508, 0.097)

	  3 months
	0.04 (0.31)   N=219
	0.03 (0.33)   N=184
	0.008 (-0.054, 0.071)

	  6 months
	0.05 (0.48)   N=212
	0.20 (1.89)   N=175
	-0.148 (-0.413, 0.117)

	  12 months
	0.23 (1.59)   N=210
	0.16 (1.01)   N=176
	0.069 (-0.205, 0.342)

	Inpatient nights in hospital
	
	
	

	  Baseline
	0.11 (0.69)   N=239
	0.01 (0.15)   N=213
	0.095 (-0.0002, 0.1896)

	  3 months
	0.06 (0.48)   N=223
	0.09 (1.05)   N=186
	-0.029 (-0.183, 0.126)

	  6 months
	0.02 (0.10)   N=211
	0.13 (1.11)   N=176
	-0.116 (-0.267, 0.036)

	  12 months
	0.02 (0.17)   N=209
	0.30 (2.44)   N=178
	-0.284 (-0.616, 0.048)

	Private GP appointment
	
	
	

	  Baseline
	0.03 (0.25)   N=239
	0.02 (0.14)   N=213
	0.011 (-0.027, 0.048)

	  3 months
	0.03 (0.21)   N=219
	0.05 (0.26)   N=183
	-0.022 (-0.068, 0.025)

	  6 months
	0.04 (0.26)   N=210
	0.07 (0.46)   N=174
	-0.037 (-0.109, 0.036)

	  12 months
	0.03 (0.22)   N=208
	0.08 (0.54)   N=177
	-0.050 (-0.130, 0.030)

	Private physiotherapist appointment
	
	
	

	  Baseline
	0.46 (2.01)   N=239
	0.33 (1.40)   N=213
	0.127 (-0.197, 0.451)

	  3 months
	0.48 (1.68)   N=223
	0.26 (1.27)   N=183
	0.213 (-0.082, 0.508)

	  6 months
	0.83 (1.27)   N=209
	0.30 (0.96)   N=173
	0.015 (-0.215, 0.246)

	  12 months
	0.70 (3.11)    N=209
	0.55 (1.66)   N=177
	0.145 (-0.367, 0.657)

	Private mental health services specialist visit
	
	
	

	  Baseline
	0.01 (0.13)   N=239
	0 (0)              N=213
	0.008 (-0.009, 0.026)

	  3 months
	0 (0)              N=216
	0.02 (0.17)   N=183
	-0.016 (-0.038, 0.006)

	  6 months
	0.05 (0.54)   N=207
	0 (0)              N=173
	0.053 (-0.028, 0.134)

	  12 months
	0.05 (0.69)   N=208
	0 (0)              N=176
	0.048 (-0.054, 0.151)


 


TABLE 30 Total mean costs based on all available cases, up to 12-month follow-up
	 Cost item 
	Total mean cost £ (SD)
	Mean difference (95% CI)
(Intervention – Usual care) 

	
	Intervention
(N=240)
	Usual care
(N=214)
	

	GP visit at GP practice
	62.13 (82.93)
N=197
	56.41 (75.68)
N=153
	5.72 (-11.20, 22.64)

	GP visit at home
	3.18 (22.92)
N=190
	2.05 (14.28)
N=147
	1.12 (-3.12, 5.37)

	GP phone consultation 
	84.92 (85.72)
N=174
	73.23 (73.65)
N=148
	11.69 (-6.00, 29.38)

	Nurse visit at GP practice
	21.69 (27.05)
N=184
	25.49 (34.85)
N=153
	-3.80 (-10.44, 2.84)

	Nurse visit at home
	4.89 (47.78)
N=194
	0.72 (5.40)
N=150
	4.17 (-3.54, 11.89)

	Nurse phone consultation 
	2.97 (5.72)
N=145
	2.91 (6.15)
N=118
	0.07 (-1.38, 1.51)

	District nurse visit at GP practice
	0.70 (4.25)
N=196
	0.29 (2.22)
N=155
	0.40 (-0.34, 1.14)

	District nurse visit at home
	3.88 (46.63)
N=196
	4.55 (22.89)
N=155
	-0.68 (-8.71, 7.36)

	District nurse phone consultation
	0.17 (1.22)
N=153
	0.07 (0.56)
N=123
	0.10 (-0.13, 0.34)

	Physiotherapist (community)
	36.98 (171.08)
N=197
	33.41 (102.59)
N=153
	3.57 (-27.20, 34.35)

	Mental health services (community)
	62.68 (380.33)
N=196
	16.59 (109.15)
N=155
	46.09 (-15.93, 108.11)

	Physiotherapist (hospital)
	16.39 (58.75)
N=200
	18.59 (62.30)
N=158
	-2.21 (-14.84, 10.42)

	Mental health services (hospital)
	14.36 (89.66)
N=199
	0 (0)
N=158
	14.36 (0.33, 28.39)

	Other hospital outpatient appointment
	474.44 (660.91)
N=194
	498.39 (556.69)
N=161
	-23.95 (-153.08, 105.18)

	Day case appointment
	442.38 (1469.34)
N=194
	359.84 (897.16)
N=159
	82.54 (-179.35, 344.43)

	Accident & Emergency visit (not overnight)
	75.16 (227.10)
N=158
	63.11 (161.44)
N=127
	12.04 (-35.00, 59.09)

	Accident & Emergency visits (including overnight hospital stays)
	108.62 (607.51)
N=194
	122.25 (786.00)
N=156
	-13.62 (-160.12, 132.87)


	Inpatient nights in hospital
	32.00 (190.63)
N=198
	191.01 (1101.16)
N=160
	-159.01 (-315.69, -2.33)

	Sensitivity analysis (SA2) costs:
	
	
	

	  Private GP appointment
	7.86 (35.84)
N=191
	16.82 (86.81)
N=155
	-8.96 (-22.55, 4.63)

	  Private physiotherapist appointment
	98.34 (360.92)
N=197
	66.00 (185.12)
N=155
	32.34 (-30.31, 94.99)

	  Private mental health services specialist visit
	28.88 (394.89)
N=187
	7.06 (64.91)
N=153
	21.82 (-41.69, 85.32)



[bookmark: _Ref43397475][bookmark: _Toc43396844][bookmark: _Toc43397891][bookmark: _Toc43398708][bookmark: _Hlk121144436]TABLE 31 Total mean costs of health service use, medication cost and intervention cost based on multiply imputed dataset, up to 12-month follow-up  
	[bookmark: _Hlk122081060]    Cost item 
	Total mean cost £ (SD)
	Mean difference (95% CI)
(Intervention – Usual care) 

	
	Intervention 
(N=2400)
	Usual care 
(N=2140)
	

	GP visit at GP practice/ home
	66.50 (88.27)
	58.92 (73.90)
	7.58 (2.82, 12.35)

	GP phone consultation
	84.38 (83.78)
	71.46 (73.33)
	12.92 (8.31, 17.52)

	Nurse/district nurse at GP practice
	21.99 (27.43)
	24.34 (33.90)
	-2.35 (-4.13, -0.56)

	Nurse phone consultation
	3.02 (6.23)
	2.94 (6.08)
	0.07 (-0.29, 0.43)

	Nurse/district nurse home visit
	8.21 (85.07)
	6.00 (45.94)
	2.21 (-1.84, 6.26)

	Physiotherapist visit (community)
	36.50 (162.10)
	35.99 (118.74)
	0.51 (-7.85, 8.86)

	Physiotherapist visit (hospital)
	18.46 (61.60)
	19.88 (65.79)
	-1.42 (-5.13, 2.28)

	Mental health services 
	51.31 (289.87)
	18.42 (122.17)
	32.88 (19.66, 46.11)

	Hospital outpatient visit
	475.63 (643.27)
	486.93 (549.48)
	-11.30 (-46.32, 23.73)

	Day case hospital visit
	437.05 (1385.08)
	352.02 (944.61)
	85.03 (15.22, 154.85)

	Inpatient hospital nights
	33.39 (213.30)
	172.94 (990.71)
	-139.55 (-80.22, -98.89)

	A&E visits
	194.98 (731.14)
	220.88 (897.42)
	-25.89 (-73.32, 21.54)

	Medication cost
	346.06 (143.97)
	414.97 (140.13)
	-68.90 (-77.19, -60.62)

	Total cost (exc. intervention costs)
	1777.48 (2063.12)
	1885.69 (2126.77)
	108.21 (-13.81, 230.23)

	Intervention cost
	187.49 (0)
	N/A
	N/A

	Total cost (inc. intervention costs)
	1964.96 (2063.12)
	1885.69 (2126.77)
	79.28 (-42.74, 201.30)


    N/A not applicable
[bookmark: _Toc142579127]Intervention cost
[bookmark: _Hlk122004639]A total of 240 participants were randomised to receive the intervention, with the mean cost of the intervention estimated to be £187.49 per participant. The different cost components of the intervention can be seen in Table 32.  
For the training of yoga teachers for intervention delivery, in pilot wave 1, face-to-face training took place (6 trainees), with all remaining training taking place online in the subsequent training workshops, for pilot wave 2 (6 trainees), main wave 1 (3 trainees) and main wave 2 (9 trainees, involving three half day sessions and one 1-hour additional meeting). The total cost of training that took place over the study period was divided by the number of participants in the intervention group to generate a mean training cost per participant of £31.92.   
The cost of running the GYY classes was estimated to be £142.25 for a course of 12 classes; some courses were delivered face-to-face and some were delivered online, hence both delivery methods were considered in the cost estimations. Four face-to-face courses took place in pilot phase 1, four online courses in pilot phase 2 and three online courses in main wave 1. In main wave 2 there was a combination of (three) face-to-face and (five) online courses. In terms of the cost of liaising with participants prior to the course starting, in pilot wave 2 a cost of £135.00 (i.e., by phone) was applied for four courses, in main wave 1 £270.00 (i.e., by Zoom) was applied for three courses, and during main wave 2 three phone (£135.00) and five Zoom (£270.00) costs were applied.
The cost of equipment used by participants was estimated to be £12.50 on average per participant, which considered that an additional charge was incurred for the participants who received their equipment via post, for those who undertook classes online (those who undertook face-to-face classes received their equipment at the classes hence no postage charge). The cost of home practice sheets was £0.82 per participant.
[bookmark: _Ref43397515][bookmark: _Toc43396845][bookmark: _Toc43397892][bookmark: _Toc43398709]
TABLE 32 Cost of the GYY intervention
	Cost element
	Total mean cost £ per participant

	Training of yoga teachers
	31.92

	Running GYY classes (course of 12 classes)
	142.25

	Equipment
	12.50

	Home practice sheets
	0.82

	Total intervention cost
	187.49



The intervention cost was explored as part of the sensitivity analyses, to investigate whether the mode of delivery (i.e., face-to-face versus online) affected the cost-effectiveness findings. When only face-to-face classes were considered, the intervention cost became £175.44, and for online classes only it became £195.52. The online classes had higher costs associated with them due to the costs of liaising beforehand with participants via the additional one-to-one session, and also the video conferencing subscription cost, plus the cost of equipment was slightly higher due to sending out via post; though the face-to-face classes did involve the room hire cost, refreshment expenses and some travel expenses, overall there was an increase in cost for the online classes when compared with face-to-face classes.

[bookmark: _Toc142579128]Cost-utility analysis and uncertainty
In the base case analysis, participants in the intervention group incurred higher costs than the usual care group, at a mean (95% CI) cost of £1,964.96 (£1,882.38 to £2,047.55) per participant in the intervention group and £1,885.69 (£1,795.53 to £1,975.85) per participant in the usual care group (Table 33). Additional QALYs were experienced by participants in the intervention group; mean (95% CI) QALYs were found to be 0.731 (0.724, 0.738) in the intervention group versus 0.708 (0.700, 0.716) in the usual care group (Table 33).  
The incremental analysis found that the intervention was associated with additional costs of £80.85 per participant, and generated an additional 0.0178 QALYs per participant, on average over the 12 months (Table 34) in the base case. The resulting incremental cost-effectiveness ratio (ICER) was found to be £4,546 per quality-adjusted life year, which falls under the WTP threshold used by NICE, of £20,000 per QALY. The intervention is therefore considered to be cost-effective. The incremental net monetary benefit, at the £20,000 per QALY threshold, was £274.85 (£268.29, £281.41), also indicating that the intervention falls in the cost-effective region, in comparison to usual care. This is shown by the incremental net monetary benefit associated with the intervention being positive; the net monetary benefit is positive if the ICER is below the willingness to pay threshold, i.e., indicating here that the benefit in QALYs gained exceeds the resources displaced if the intervention were to be adopted. 
The point estimates of the bootstrap estimates presented in the cost-effectiveness plane in Figure 8 indicate there is uncertainty associated with the cost-effectiveness findings, as estimates populate all four quadrants of the plane. The estimates are more heavily populated in the north-east and south-east quadrants, i.e., showing an improvement in QALYs from the intervention, but indicate quite a variation in findings in terms of the costs, with points below the x-axis showing a reduction in cost for the intervention so a cost saving, and points above showing an increase in cost. The associated CEAC is shown in Figure 9, illustrating the probability of the intervention being cost-effective for different WTP thresholds. The probability of the intervention being cost-effective at a WTP threshold of £20,000 per QALY gained threshold is 79% (base case) and 85% at a £30,000 per QALY gained WTP threshold.

[bookmark: _Hlk121142849]TABLE 33 Mean costs and QALYs by group (multiply imputed dataset)
	
	Mean cost
(SE) [95% CI]
	Mean QALYs
(SE) [95% CI]

	Intervention
	1964.96 (42.11) 
[1882.38, 2047.55]
	0.731 (0.004) 
[0.724, 0.738]

	Usual care
	1885.69 (45.97) 
[1795.53, 1975.85]
	0.708 (0.004) 
[0.700, 0.716]

	Difference (intervention-usual care) a
	79.28 (62.24) 
[-42.74, 201.30]     P=0.203
	0.023 (0.005) 
[0.013, 0.034]     P<0.001


a adjusted for baseline utility, age, gender and study site
QALYs quality-adjusted life years; SE standard error; CI confidence interval.

TABLE 34 Cost-utility analysis results
	[bookmark: _Hlk121910172]Sensitivity Analysis (SA)
	Incremental mean cost (95% CI)a
	Incremental mean QALYs (95% CI)a
	ICER (£): cost per QALY
	Probability cost-effective, £20,000/QALY

	Base case (MI), NHS perspective
	80.85
(76.73, 84.97)
	0.0178 
(0.0175, 0.0180)
	£4546.03
	79%

	SA1: complete case analysis
	96.08 
(-360.00, 552.16)
	0.0237 
(-0.0136, 0.0611)
	£4049.20
	77%

	SA2: personal expenses
	116.94 
(112.72, 121.15)
	0.0170 
(0.0168, 0.0172)
	£6883.00
	74%

	SA3: face-to-face yoga courses only
	68.80 
(64.69, 72.92)
	0.0178 
(0.0175, 0.0180)
	£3868.60
	81%

	SA4: online yoga courses only
	88.88 
(84.77, 93.00)
	0.0178
(0.0175, 0.0180)
	£4997.65
	79%

	SA5: medication cost excluded
	149.23
(145.14, 153.32)
	0.0178 
(0.0175, 0.0180)
	£8395.54
	73%

	SA6: removing age & gender
	28.31 
(24.35, 32.27)
	0.0184 
(0.0182, 0.0186)
	£1537.66
	85%


[bookmark: _Ref30426167][bookmark: _Toc43398725]a Difference between groups (intervention – usual care), with a bivariate model using seemingly unrelated regression used to estimate 95% CIs. All analyses are adjusted for the following covariates: baseline utility, age, gender and study site (with the exception of SA6)

[bookmark: _Ref31095962][bookmark: _Toc43398726][image: ]
FIGURE 8 Cost-effectiveness plane for the GYY intervention relative to usual care: base case analysis (MI adjusted for all covariates).

[image: ]
FIGURE 9 Cost-effectiveness acceptability curve for the GYY intervention relative to usual care: for the base case analysis (MI adjusted for all covariates).

[bookmark: _Toc142579129][bookmark: _Ref31096550][bookmark: _Toc43398727]Sensitivity analysis
The results of the sensitivity analyses are presented in terms of the incremental mean costs, incremental mean QALYs, the cost-effectiveness finding (i.e., the incremental cost-effectiveness ratio) and the probability of the intervention being cost-effective (based on a WTP threshold of £20,000 per QALY) in Table 34. The QALY findings remained relatively similar across the sensitivity analyses, with most notable differences seen for the complete case analysis in sensitivity analysis 1 (SA1) for the complete analysis, and in SA6 (where gender and age were no longer adjusted for in the model). The intervention group experienced additional QALYs, on average, with the difference found to be statistically significant for all analyses with the exception of SA1. In terms of the cost findings, all sensitivity analyses found there to be higher costs incurred by the intervention group, though these were of varying magnitude, ranging between £28.31 (£24.35, £32.27) for SA6 and £149.23 (£145.14, £153.32) for SA5 (Table 34). The cost-effectiveness results remained robust to the sensitivity analyses that were conducted; the ICER remained below the WTP threshold of £20,000 in all instances. The cost-effectiveness planes and CEACs for all sensitivity analyses can be seen in Appendix 8 (Figure 12 – Figure 17) and Appendix 9 (Figure 18 – Figure 23).  

[bookmark: _Toc142579130]Cost-consequence analysis
Unit costs of all NHS and private health care resource items are presented in Table 35. The cost-consequence balance sheet summarises the results of the cost-consequences analysis (Table 35). For each item of cost, the mean per participant resource use for both arms are displayed, alongside the incremental resource use. The mean cost per participant is also shown for each item according to trial arm, with the incremental cost. In terms of the consequences, the outcomes of the GYY trial, as per Chapter 3 are listed. A descriptive summary of the costs and consequences is provided and items are discussed in a disaggregated format.

TABLE 35 Cost-consequence balance sheet 
	 Cost item 
	Mean resource use per participant
	Mean cost per participant £ (SD)

	
	Intervention
(N=240)
	Usual care
(N=214)
	Incremental difference
(Intervention – Usual care)
	Intervention
(N=240)
	Usual care
(N=214)
	Incremental difference
(Intervention – Usual care) 

	
	
	
	
	
	
	

	Community-based Healthcare 

	GP visit at GP practice
	1.58 (2.11) N=197
	1.44 (1.93)
	0.15 (-0.29, 0.58)
	62.13 (82.93)
N=197
	56.41 (75.68)
N=153
	5.72 (-11.20, 22.64)

	GP visit at home
	0.03 (0.23) N=190
	0.02 (0.14) N=147
	0.01 (-0.03, 0.05)
	3.18 (22.92)
N=190
	2.05 (14.28)
N=147
	1.12 (-3.12, 5.37)

	GP phone consultation 
	2.78 (2.81) N=174
	2.40 (2.41) N=148
	0.38 (-0.20, 0.96)
	84.92 (85.72)
N=174
	73.23 (73.65)
N=148
	11.69 (-6.00, 29.38)

	Nurse visit at GP practice
	1.91 (2.39) N=184
	2.24 (3.07) N=153
	-0.33 (-0.92, 0.25)
	21.69 (27.05)
N=184
	25.49 (34.85)
N=153
	-3.80 (-10.44, 2.84)

	Nurse visit at home
	0.18 (1.76) N=194
	0.03 (0.20) N=150
	0.15 (-0.13, 0.44)
	4.89 (47.78)
N=194
	0.72 (5.40)
N=150
	4.17 (-3.54, 11.89)

	Nurse phone consultation 
	0.68 (1.30) N=145
	0.66 (1.40) N=118
	0.01 (-0.31, 0.34)
	2.97 (5.72)
N=145
	2.91 (6.15)
N=118
	0.07 (-1.38, 1.51)

	District nurse visit at GP practice
	0.06 (0.37) N=196
	0.03 (0.20) N=155
	0.04 (-0.03, 0.10)
	0.70 (4.25)
N=196
	0.29 (2.22)
N=155
	0.40 (-0.34, 1.14)

	District nurse visit at home
	0.14 (1.72) N=196
	0.17 (0.84) N=155
	-0.02 (-0.32, 0.27)
	3.88 (46.63)
N=196
	4.55 (22.89)
N=155
	-0.68 (-8.71, 7.36)

	District nurse phone consultation
	0.04 (0.28) N=153
	0.02 (0.13) N=123
	0.02 (-0.03, 0.08)
	0.17 (1.22)
N=153
	0.07 (0.56)
N=123
	0.10 (-0.13, 0.34)

	Physiotherapist (community)
	0.63 (2.91) N=197
	0.57 (1.75) N=153
	0.06 (-0.46, 0.58)
	36.98 (171.08)
N=197
	33.41 (102.59)
N=153
	3.57 (-27.20, 34.35)

	Mental health services (community)
	0.22 (1.33) N=196
	0.05 (0.38) N=155
	0.16 (-0.06, 0.38)
	62.68 (380.33)
N=196
	16.59 (109.15)
N=155
	46.09 (-15.93, 108.11)

	Hospital-based Healthcare

	Physiotherapist (hospital)
	0.29 (1.04) N=200
	0.33 (1.10) N=158
	-0.04 (-0.26, 0.18)
	16.39 (58.75)
N=200
	18.59 (62.30)
N=158
	-2.21 (-14.84, 10.42)

	Mental health services (hospital)
	0.05 (0.31) N=199
	0 (0) N=158
	0.05 (0.00, 0.10)
	14.36 (89.66)
N=199
	0 (0)
N=158
	14.36 (0.33, 28.39)

	Other hospital outpatient appointment
	2.61 (3.64) N=194
	2.74 (3.07) N=161
	-0.13 (-0.84, 0.58)
	474.44 (660.91)
N=194
	498.39 (556.69)
N=161
	-23.95 (-153.08, 105.18)

	Day case appointment
	0.37 (1.223) N=194
	0.30 (0.75) N=159
	0.07 (-0.15, 0.29)
	442.38 (1469.34)
N=194
	359.84 (897.16)
N=159
	82.54 (-179.35, 344.43)

	Accident & Emergency visit (not overnight)
	0.25 (0.76) N=158
	0.21 (0.54) N=127
	0.04 (-0.12, 0.20)
	75.16 (227.10)
N=158
	63.11 (161.44)
N=127
	12.04 (-35.00, 59.09)

	Accident & Emergency visits (including overnight hospital stays)
	0.25 (1.40) N=194
	0.34 (2.11) N=156
	-0.09 (-0.46, 0.28)
	108.62 (607.51)
N=194
	122.25 (786.00)
N=156
	-13.62 (-160.12, 132.87)


	Inpatient nights in hospital
	0.09 (0.51) N=198
	0.51 (2.95) N=160
	-0.43 (-0.85, -0.01)
	32.00 (190.63)
N=198
	191.01 (1101.16)
N=160
	-159.01 (-315.69, -2.33)

	Medications

	Medications*
	
	
	
	346.06 (144.24) N=240
	414.97 (140.42) N=214
	-68.90 (-95.22, -42.58)

	Privately Funded Healthcare 

	Private GP appointment
	0.10 (0.45) N=191
	0.21 (1.10) N=155
	-0.11 (-0.29, 0.06)
	7.86 (35.84)
N=191
	16.82 (86.81)
N=155
	-8.96 (-22.55, 4.63)

	Private physiotherapist appointment
	1.54 (5.64) N=197
	1.03 (0.23) N=155
	0.51 (-0.47, 1.49)
	98.34 (360.92)
N=197
	66.00 (185.12)
N=155
	32.34 (-30.31, 94.99)

	Private mental health services specialist visit
	0.80 (1.10) N=187
	0.02 (0.18) N=153
	0.06 (-0.12, 0.24)
	28.88 (394.89)
N=187
	7.06 (64.91)
N=153
	21.82 (-41.69, 85.32)

	Consequences (primary time point of over 12 months)

	EQ-5D-5L Utility 
	Mean adjusted difference: 0.02 (95% 
CI -0.006 to 0.045) p=0.14  

	EQ-5D-5L VAS
	Mean adjusted difference: 1.67 (95% 
CI -0.78 to 4.12) p=0.18  

	GAD-7
	Mean adjusted difference: -0.09 (95% 
CI -0.57 to 0.40) p=0.72  

	PHQ-8
	Mean adjusted difference: -0.36 (95% 
CI -0.90 to 0.18) p=0.19  

	UCLA-3 loneliness
	Mean adjusted difference: 0.03 (95% 
CI -0.16 to 0.22) p=0.75  

	ELSA single-item direct loneliness question
	Mean adjusted difference: -0.01 (95% 
CI -0.15 to 0.13) p=0.88  

	PROMIS-29
	Mean adjusted difference:
Physical function: 0.73 (95% CI -0.22 to 1.69) p=0.13
Anxiety: 0.37 (95% CI -0.82 to 1.56) p=0.54
Depression: 0.08 (95% CI -1.02 to 1.17) p=0.89
Fatigue: -0.27 (95% CI -1.52 to 0.97) p=0.67
Sleep disturbance: -0.17 (95% CI -1.19 to 0.85) p=0.75
Social participation: 0.96 (95% CI -0.40 to 2.32) p=0.17
Pain Interference: -1.14 (95% CI -2.24 to -0.04) p=0.04
Physical health: 0.87 (95% CI -0.11 to 1.86) p=0.08
Mental health: 0.36 (95% CI -0.63 to 1.36) p=0.47
Global (pain intensity): -0.32 (95% CI -0.61 to -0.04) p=0.03

	Falls
	Incidence rate ratio: 1.38 (95% CI 0.95 to 2.01) p=0.09


* Medications costs were estimated based on a subsample of the participants

Costs
In general, the between group differences were minimal for most items of resource use. In terms of community-based care provided via GP clinics, participants in the intervention arm typically reported, on average, greater levels of resource use than participants receiving usual care except for nursing-based care. Of the service use collected, the most frequent community service used by participants in both arms was phone-based GP consultations followed by clinic-based nurse and GP visits. 
As only small between group differences in average resource use were observed, only small between group differences were observed in terms of cost for most items. However, more notable cost differences were observed for GP phone consultations and community provided mental health services, with participants in the intervention arm costing more on average, £11.69 and £46.09 per person respectively. 
An inverse pattern was observed for care provided through hospitals. Participants allocated to receive the intervention had, on average, few hospital-based physiotherapy visits, outpatient visits, inpatient nights in hospital, and accident and emergency visits resulting in an inpatient stay. This translated into lower average service use costs for these services, with participants in the intervention arm costing on average, £2.21 less for physiotherapy, £23.95 less for outpatient visits, £159.01 less for inpatient stays and £13.62 less for A&E visits resulting in an inpatient stay during the 12-month course of the trial. 
Medications costs were estimated for the trial population based on a subsample. Based on this estimate, it appears that participants who received the intervention, had on average, lower associated medications costs than those who did not. 
In addition to NHS provided care, participants also reported their use of privately funded health care. Data were not collected as to how this was funded, e.g., through a private health care plan or through one-off payments, so an assumption was made that participants paid on a ‘pay-as-you-go’ basis.  Unlike for NHS-funded care, participants in the intervention arm reported, on average, fewer private GP visits than participants in the usual care arm, however they did report, on average, greater uptake of privately funded physiotherapy and mental health services. This translated into higher average costs for participants in the intervention arm for private physiotherapy services (additional £32.34 per person) and mental health services (additional £21.82 per person). 

Consequences
The primary trial analysis showed a small difference in favour of the intervention; however, this was not statistically significant (p=0.14). No statistically significant differences were observed in secondary outcomes, except for in the T-score for the pain interference subscale of the PROMIS-29 at 3 months (-1.44, 95% CI -2.63 to -0.26, p=0.02) and over the 12 months (-1.14, 95% CI -2.24 to -0.04, p=0.04), and in the global (pain interference) PROMIS-29 item at 12 months (-0.45, 95% CI -0.83 to -0.08, p=0.02) and over the 12 months (-0.32, 95% CI -0.61 to -0.04, p=0.03).

The cost-consequence analysis shows some differences between the resource uptake and associated costs between the two trial arms (GYY intervention and usual care), particularly in terms of NHS-provided hospital care where costs, on average, were considerably lower for several of the measured services. 

In all, the cost-consequence model summarises the between-group differences in resource use and costs, alongside the primary trial outcomes. As can be seen, although some resources were used on average more frequently by participants in the intervention arm and thus attracted higher costs, hospital-based services were used less frequently, on average, and thus costs were lower in the intervention arm. 

Given these costs and the way in which small, albeit not statistically significant, benefits were observed in the trial analysis when considering the trial outcomes, the cost-consequence model provides further support to the within-trial analysis that the GYY intervention may represent good value for money. 

[bookmark: _Toc142579131]Discussion
[bookmark: _Hlk122008385]The within-trial cost-utility analysis presented in this chapter indicated that the intervention group experienced higher costs (£80.85; 95% CI: £76.73 to £84.97) and additional QALYs (0.0178 QALYs; 95% CI: 0.0175 to 0.0180 QALYs) over the 12-month period, versus usual care. The resulting incremental cost-effectiveness ratio of £4,546 indicates that the GYY intervention in addition to usual care was found to be cost-effective when compared with usual care alone over a 12-month time horizon, based on a willingness to pay threshold of £20,000 per QALY gained. The probability of the intervention being cost-effective at a willingness to pay threshold of £20,000 per QALY gained was found to be 79%. Uncertainty around the findings was displayed on the cost-effectiveness plane by the point estimates from the base case analysis featuring in all four quadrants, most predominantly in the north-east and south-east quadrants. The cost-effectiveness findings appear robust across a range of assumptions that were explored using sensitivity analyses, with the finding of cost-effectiveness remaining for all sensitivity analyses undertaken. A cost-consequence balance sheet was implemented as a supplementary analysis to the within-trial analysis to provide a clear descriptive summary of the NHS-funded and privately funded costs associated with the GYY intervention over a time horizon of one year. Results from a cost-consequence analysis highlighted that participants who were in receipt of the intervention, on average, reported lower resource use for several health care services, most notable hospital-based care and this translated into lower associated costs.
The base case analysis was undertaken from the perspective of the NHS and PSS and, originally, we planned to undertake a secondary analysis from the wider societal perspective which included the exploration of productivity losses and personal expenses (i.e., private treatments). However, due to the age of the study population, and on consideration over the length of the questionnaires, it was felt the productivity loss questions were not appropriate to include. The personal expenses were therefore explored as part of a sensitivity analysis. Although baseline completion rates were high for the economic data, missing responses for a large proportion of items at later time points led to a high rate of missing data overall (57%). While this is not uncommon in trial-based economic evaluations involving patient level data, it is important to highlight this when interpreting the findings from the analysis. The pattern of missing data was found to be non-monotonic, and the analysis of missing data suggested it was reasonable to assume the data were missing at random. Therefore, missing data were accounted for using multiple imputation, a validated approach in RCTs54 in the base case, with a complete case analysis (SA1) undertaken as an alternative to the use of multiple imputation for dealing with missing data.  
Key cost drivers of the analysis comprised hospital-based services, specifically inpatient stays, accident and emergency visits (including overnight stays), day case visits and outpatient attendances. Also, as expected, the cost of the intervention itself was a prominent cost at £187.49 in the base case, which comprised a combination of face-to-face and online courses. The delivery mode of the GYY classes provided as part of the intervention was explored using sensitivity analysis (SA3 and SA4): online classes were found to be slightly more expensive than face-to-face classes. This was attributable to the costs of liaising with participants beforehand, video conferencing subscription costs and postage and packing costs for the equipment being sent out to participants for the online classes; although face-to-face classes incurred costs of venue hire, refreshments and travel expenses, the online classes were still estimated to be slightly higher in cost overall, which is an interesting finding. Medications were also a key cost driver. Although this cost was estimated from a sample of 62 (i.e., 14% of) participants who were considered to be representative, the effect of removing it from the analysis was explored via sensitivity analysis; the intervention remained cost- effective, though incremental costs were found to be higher, with a correspondingly higher ICER of £8,395.54; though still cost-effective based on a threshold of £20,000 per QALY gained.
The training cost applied as part of the intervention cost can vary depending on the number of attendees and the number of sessions that the training is held over. Some of the yoga teachers attended the training more than once, and there were some who attended but did not actually teach any of the GYY classes (i.e., they provided back-up). We investigated an alternative scenario to explore how the cost-effectiveness findings would be affected if the training had instead been undertaken over two sessions (one face-to-face and one online) each with six attendees, i.e., for the 12 yoga teachers who undertook the GYY classes as part of the intervention during the study. The training cost was found to reduce to £17.38 per participant, resulting in the overall intervention cost reducing to £172.95. In terms of the cost-effectiveness findings, costs were found to be £66.31 higher for the intervention group overall, with an ICER of £3,406.60, therefore the intervention was found to be more cost-effective (than the base case). 
In conclusion, the intervention resulted in more QALYs than usual care though it was found to be more expensive. Based on the information available from this trial, the intervention has been estimated to be cost-effective, when considering the WTP threshold used by NICE of £20,000 per QALY gained. 


[bookmark: _Toc142579132]Chapter 5 Process evaluation
[bookmark: _Toc142579133]Introduction and aims
This chapter presents the methods and results of the process evaluation that was conducted as part of the GYY trial. The aim was to establish the determinants of delivery, trial processes, participant experience, implementation and dissemination aspects of the GYY trial and yoga intervention.

[bookmark: _Toc142579134]Methods
[bookmark: _Toc142579135]Study design
The qualitative process evaluation involved interviews and observations with a diverse range of trial participants and yoga teachers at all sites as well as additional stakeholders.  

[bookmark: _Toc142579136]Sampling strategy  
Our sampling strategy aimed to achieve a balance between spread of data and depth. We were also responsive to the study context, with additional data collection in response to our emerging analysis and study events in order to support meaning saturation.55 Our sample of people recruited to interview was purposive,56 using the following criteria:
· Trial participants: a maximum variation sample of people in the yoga arm to include the breadth of demographic data relating to age, gender, ethnicity, IMD, and number, severity, and type of health condition, as well as site and mode of delivery. A convenience sample of people in usual care arm and trial decliners.
· Trial yoga teachers: a total population sample of all yoga teachers in the trial.
· Additional stakeholders:  a snowball, emergent and theoretical sample of representatives of healthcare, academic, and community-based groups involved in the development, delivery, evaluation, implementation, and/or commissioning of yoga and related UK health programmes. 
One trial class was observed for all but one of the yoga teachers. Sampling was monitored and discussed regularly at each team meeting.

[bookmark: _Toc142579137]Recruitment, consent and data collection
All interview participants were sent interview-specific study information. In relation to observations, all the trial participants attending a class and the yoga teacher were sent observation-specific study information. Interviews and observations took place throughout the trial, from January 2020 to April 2022. All process evaluation participants provided written informed consent for the interviews and/or observations, additional to main trial consent.  
The majority of interviews and observations were conducted remotely, with the exception of pilot wave 1, which was undertaken face-to-face prior to COVID-19 restrictions. Some yoga participants and yoga teachers took part in a follow-up interview. 
Interview topic guides were initially developed and agreed within the team and included the following:
· Trial participants: trial processes (e.g., ideas and/or concerns about randomisation and consent); the yoga intervention (e.g., expectations about yoga and/or concerns about impact on health and acceptability, delivery format, the timing, location, content, home practice); general health and wellbeing.
· Trial yoga teachers: views and experiences of yoga, trial processes, trial delivery and participant engagement.
· Additional stakeholders: views and experiences of yoga research, yoga provision for health and social prescribing.
The content of the interview was flexible to accommodate additional unanticipated areas, the developing analysis, and in the case of follow-up interviews, what was known from the prior interview. Interviews and observations were conducted by an experienced qualitative researcher (LW), who, as necessitated by the purposive sampling strategy, was unblinded to allocation.

[bookmark: _Toc142579138]Qualitative data management and analysis
Interviews were, with consent, audio-recorded, transcribed verbatim and edited to ensure anonymity of respondent. Contemporaneous field notes from non-participant observation of yoga classes were edited to ensure anonymity of participants. The analysis was conducted according to the standard procedures of rigorous qualitative analysis,57 including pre-coding,58 open and focused coding, constant comparison, memoing,59, 60 deviant case analysis,61 and within- and across-participant thematic charting.62 A sample of data was independently coded and cross checked, to identify and reflect on similarities and differences. The majority of data were also analysed collectively in weekly ‘data clinics’ where the research team shared and exchanged interpretations of key issues emerging from the data. Analysis was conducted by LW/TR (both with social science backgrounds) who were joined for some discussions by GT. All names and other potentially identifying details have been changed to ensure the anonymity of participants.

[bookmark: _Toc142579139]Relationship between process evaluation and trial
The emergent analysis was regularly discussed at monthly TMGs and where appropriate, informed changes to study processes. We produced two overviews with large numbers of detailed (minor) recommendations during the pilot wave 1, in relation to the provision of face-to-face classes in March 2020 for initial pilot work, then following the shift to online provision, pilot wave 2, in February 2021. Examples of recommendations ranged from supporting more effective class register practices, to clarifying the concept, purpose and meaning of ‘usual care’ in participant trial information, to enhancing class engagement during online class delivery. Nearly all recommendations were acted upon. This chapter will not focus on exploring the trial optimisation and fidelity work, instead it will offer an overview of some core issues that help enable reflection on the effectiveness outcomes of the trial.

[bookmark: _Toc142579140]Results
Forty interviews were conducted with 25 yoga participants (Table 36). The majority of initial interviews took place during the 12-week intervention period (n=22) with three in the main phase occurring within 3 months post-intervention. Trial yoga participants interviewed had engaged in face-to-face delivery of yoga classes (n=7) and online delivery (n=18) across the pilot (n=13) and main phase (n=12) periods of the study. Follow-up interviews (n=15) took place between 3 and 8 months post-intervention. Interviews typically lasted between 60–90 minutes. Interview participants ages ranged from 66-91 years, with six participants 80 years of age or over (Table 37). Participants were predominately female (n=14, 56%), White British (n=22 88%), with IMD ranging from 1 to 10.  Sixteen participants lived with others, eight lived alone, and one lived in sheltered housing. Albeit that we did not seek to recruit participants to echo those in the wider trial cohort, the demographics of the process evaluation trial participants are broadly reflective of the wider trial cohort. The wider trial yoga arm cohort are slightly more likely to be female (60.6%), ethnically white (95.8%) and on average from a higher IMD (7.54). However, trial participants in the process evaluation typically had a higher number of conditions, 28% (n=7) with six or more, compared to 4.5% in yoga arm of trial. During the pilot phase, two interviews were conducted with usual care trial participants and one with a trial decliner and these lasted between 30-60 minutes.



TABLE 36 Summary of all participants involvement in interviews and observation
	
	
	Pilot 
Phase
	Main 
Phase
	Total

	
Yoga participants interviewed
	
Initial interview only
	
3
	
7
	
10

	
	Initial and follow-up interview
	10
	5
	15

	
	Total
	
	
	25

	
Usual care participants interviewed
	
Initial interview only
	
2
	
0
	
2

	
	Total
	
	
	2

	
Trial decliners interviewed
	Initial interview only
	1
	0
	1

	
	Total 
	
	
	1

	
Yoga teachers interviewed
	
Initial interview only
	
2
	
6
	
8

	
	Initial and follow-up interview
	3
	0
	3

	
	Total
	
	
	11

	
Other stakeholdersa interviewed
	
Initial interview only 
	
0
	
15
	
15

	
	Total 
	
	
	15

	
Yoga classes observed
	
Face to face
	
3
	
0
	
3

	
	Online
	4
	3
	7

	
	Total
	
	
	10

	a Includes trial team members (n=4), yoga teachers/researchers (n=4), health researchers (n=2), NHS, VCS and LA affiliated stakeholders (n=5).





TABLE 37 Characteristics of qualitative interview participants: yoga and usual care arms (n=27)
	
	Yoga Interview
Participants
(n=25)
	Usual Care Interview Participants
(n=2)

	
Age, years
	73.6 (6.0)
	
69.5 (3.5)

	
Gender, n (%)
	
	

	     Male
	11 (44)
	1 (50)

	     Female
	14 (56)
	1 (50)

	
Ethnic group, n (%)
	
	

	     White British
	22 (88)
	2 (100)

	     White Irish
	1 (4)
	0 (0)

	     Black Caribbean
	1 (4)
	0 (0)

	     Asian Indian
	1 (4)
	0 (0)

	
IMD decilea
	6.92 (2.49)
	
NA

	
No. of conditionsb, n (%)
	
	

	     2
	3 (13)
	0 (0)

	     3
	4 (16)
	0 (0)

	     4
	7 (28)
	0 (0)

	     5
	4 (16)
	0 (0)

	     6 or more
	7 (28)
	2 (100)

	
No. of conditions, median (min, max)
	

4 (2, 8)
	

7 (7, 7)

	Data are mean (SD) unless otherwise stated
a 1=most deprived to 10=least deprived
b Conditions grouped as per the inclusion criteria

	



[bookmark: _Hlk123898762]Fourteen interviews were conducted with 11 yoga teachers (Table 36). All initial interviews took place during or within three weeks of the 12-week intervention period (n=12). Follow-up interviews (n=3) took place within 3 months post-intervention. Interviews typically lasted between 60–100 minutes. Where reported (n=8), yoga teaching experience ranged from 4-35 years. Ten of the yoga teachers received their yoga training through BWY, with five currently serving as Diploma course tutors. Five yoga teachers indicated additional yoga qualifications and five were also qualified exercise or Pilates instructors. 
Fifteen interviews were conducted with 15 additional stakeholders, including trial team members (n=4) and non-trial yoga teachers, three with research experience (n=4) (Table 36). They typically lasted between 45–60 minutes. Finally, observations during the pilot phase (n=7) were undertaken across weeks four to 11 of the 12-week intervention to evaluate the range of delivery determinants. During the main phase, all observations (n=3) were conducted at Week 7, to explore standardisation of delivery at a single time point. Three face-to-face yoga classes were observed and seven delivered online.  

[bookmark: _Toc142579141]Enrolment: Clear willingness to engage with GYY yoga 
Sixteen of the interviewed trial participants had not tried yoga before. Of these, some were familiar with what yoga involved through family members who practiced, while others were unaware of the variety of yoga styles available. Trial participants’ preconceptions of yoga, based on media representation, experience or word of mouth, ranged from a physically challenging form of exercise targeting younger adults, women, and the financially comfortable, through to a ‘soft’ form of stretching targeting physical and mental wellbeing. Several participants noted a generational knowledge of yoga among older adults of the 1960’s culture, associating its practice with Eastern spirituality.  Common reasons for lack of engagement in yoga prior to the trial included barriers of cost, transport, and class availability. Those participants with prior engagement mostly described practising yoga in their 30s or 50s, with most stopping due to the physical content or ability to self-mobilise to and from the floor precluding ongoing engagement with their community- or gym-based classes. Only one participant described a long-term, mat-based yoga practice.
Participants outlined four main reasons for joining the GYY trial: potential benefit to health, invitation enabled opportunity for exercise, curiosity about yoga, and as with all studies, discussions of altruism (Table 38). Several participants noted the encouragement of family members and their GPs to try the yoga classes. Notably, the majority of participants, those with prior experience of yoga and the yoga naïve, did not know yoga could be adapted either to a seated practice or to older adults prior to receiving their trial invitation. Despite some concerns of the potential physical challenges of yoga, the trial participants considered the GYY intervention would be within their physical capabilities, due to it being chair-based, and delivered by yoga instructors who had undertaken specialist training of yoga for older adults with health issues. As such, there were minimal concerns regarding the physical content of the trial classes. However, several noted social anxiety around meeting new people and potentially feeling embarrassed at learning a new activity in front of others.



TABLE 38 Overview of participants mains reasons for joining the trial
	Rationale
	Description 
	Example

	Health-related
	GYY presented a potential age-appropriate form of activity to maintain, improve, and/or manage their physical and mental health.  
	
Grace joined the trial as she ‘wanted to see if it would be any good for me, to help me with my aches and pains, and, as I said, being told that yoga can help with depression, anxiety and stress and all this, and I wanted to see if that would help.’ (YPart-Int1)


	
Opportunism
	Classes provided extrinsic motivation of a group-based activity. During COVID lockdown/isolation, online provision of GYY classes provided access to exercise and social contact
	
Gwen noted that ‘we were in the middle of a covid pandemic … But I, like so many people of my age, was more or less in isolation. Not getting as much exercise, no swimming. … And I looked at the letter very carefully, but decided I ought to do something to keep myself fit.’ (YPart-Int1)


	Curiosity
	They were interested to see what GYY was about.
	
John was ‘intrigued’ by yoga, without the trial invitation he ‘wouldn’t have even thought about it. No, not in a million years'. (YPart-Int1)


	Altruism

	They were happy to take part in research that may benefit others.  This was especially relevant to the two participants in the usual care arm.
	
Abe, part of the usual care arm, described two reasons ‘I mean, my first reaction – I had two things, really. One was, I’ve always thought about doing yoga anyway, to build up body strength. …  That’s probably the primary reason. But the other one was, you know, it’ll help others. … But I think, you know, it’ll help others. I’d also previously signed up for that – you know every couple of years they do – it’s a national study, it’s a database where they basically measure your whole body, everything. You get scanned. You go for the whole day, and every three years they do it, something like that. … And I joined that, again because I thought it might help others, you know’. (UCPart-Int1)




Unsurprisingly for individuals joining a yoga trial, many held a belief, or were interested in exploring, the use of positive health behaviours as an effective and proactive means of maintaining independent living and improving health-related wellbeing. Self-management was regularly mentioned in preference to pharmaceutical management of chronic health conditions - ‘I hate taking tablets, I really do … I would choose an activity, you know, rather than [medication]’ (Joy, YPart-Int1) - with participants concerned regarding the side effects and potential dependency issues of certain pharmaceuticals. However, trial participants’ advocacy of proactive self-management came with the caveat of ensuring management choices were age appropriate.

[bookmark: _Toc142579142]Integration: Many already felt (relatively) active and healthy
The number of self-reported chronic health conditions ranged from 2-8 per participant (mean 4.5). Fifteen interview participants reported physical health issues, predominantly related to mobility and pain, and eight participants reported both physical and mental health issues. Conditions were often co-related, for example, pain was commonly associated with sleep disturbance, fatigue, and low mood. Six of the 15 longitudinal interview yoga participants reported decreased health status over time, two due to accidents, and one related to mental health. However, despite the high level of multimorbidity, most participants viewed their health as good. As Derek notes:
‘I’ve got high blood pressure too. That’s well controlled on medication. What else? I’ve been on antidepressants for about ten years now, and again that’s reasonably well controlled. [...] I’ve got some gastric reflux, which I’m on treatment for as well, but that’s not very severe’ (YPart-Int 1)
In his follow-up interview Derek went onto to note that 'I’d describe myself as being fairly healthy despite all of the issues, high blood pressure, arthritis, reflux and that’ (YPart-Int2). Many did not consider multimorbidity indicative of poor or ill health. Certain health conditions, such as osteoarthritis, were expected among this older adult age group. The presence of multiple conditions not seen as cumulative, with more conditions not necessarily equating to poorer health. Additionally, the diagnosis of a chronic health issue had often instigated adopting healthier lifestyle behaviours, to minimise disease progression and maximise quality of life.  
The impact of their multimorbidity was related to acute rather than chronic health status, and pharmaceutical management meant many health conditions had little to no impact on their activities of daily living or general wellbeing. As such, it was the day-to-day presentation, rather than the presence, of a health condition that determined its impact on the person. For example, when asked, Heather noted that her health is ‘not bad really, because, although I’ve got these conditions, they’re controlled’ (YPart-Int1). Several chronic health conditions, such as hypertension and coronary heart disease, were experienced as stable and/or asymptomatic conditions, often amendable to pharmaceutical management. These had little impact on the participant’s daily life, to the point that many participants did not mention them in the interviews when prompted, even though they had indicated them on their screening questionnaires. Similarly, many participants had adjusted to living with chronic but stable pain, viewing it as a protective signal for managing their health condition. However, conditions with variable and/or intense symptom presentation, such as rheumatoid arthritis or clinical anxiety, were highly impactful, requiring adaptive and tailored management of both the acute and chronic phases of the condition. Notably, seven of the participants deemed their health to be above what they considered the poor level required to qualify for this trial. For example, Anne noted, whilst filling in the initial trial related forms ‘I thought, “oh, they won't want me, because there’s nothing wrong with me” sort of thing’ (YPart-Int1). All the trial participants interviewed queried their inclusion in the trial. 

[bookmark: _Toc142579143]Workability: Engaged well with online and face-to-face delivery
There was no clear delivery preference among participants. Some participants favoured online delivery, citing pragmatic reasons including the removal of geographical barriers around choosing a yoga teacher, the removal of travel barriers related to transport logistics, adverse weather, and acute health status. This in turn enabled consistency of practice, independent of external or health factors. Several participants noted the ability to look at the yoga teacher without being distracted by other participants enabled them to focus more on their practice. It also provided a level of anonymity and emotional security for those with emotional and mental health issues. Conversely, those preferring face-to-face delivery favoured the physical presence of class peers for social support and interaction, and of the yoga teachers for receiving positional information and adaptations. On a pragmatic level, face-to-face classes were also preferred for those with poor internet connections impacting online classes.
Most yoga teachers indicated they adapted quickly to the onset of COVID-19 restrictions in March 2020, quickly moving their community yoga classes online where possible. Albeit that participants IT skills were variable, ranging from basic computer literacy to highly competent business users, the majority adapted quickly to the computer-based classes. Despite the lifting of restrictions, which allowed a return to face-to-face teaching, many yoga teachers took a pragmatic approach to class delivery, and continued to offer online class options. They have continued online delivery of GYY and their general yoga provision, in response to a stable client base who prefer the convenience and accessibility of being able to engage in yoga without having to travel outside their home. Centrally, whether delivered online or face-to-face, the GYY style of yoga was viewed as a suitable and safe form of physical movement for older adults with varying health issues, independent of delivery format. Despite restricted participant visibility and communication, yoga teachers had no safety concerns for online yoga beyond those inherent to face-to-face delivered classes. The only potential safety concerns Kirsty had were the times when:
‘participants will want to do a little bit more than I am ready for them to do. But would that make much difference between in person and online? Not really, no. Because if they’re going to push themselves a bit more, they’re going to do it anyway, in person or online.  I think that the responsiveness, when it’s in-person, it’s the two-way verbal. When it’s online, it’s one-way verbal, and I’m observing so much more.’ (YTeach-Int1)
Safety reminders are a consistent and integral element of all yoga teaching. Both participants and yoga teachers identified two key safety messages of self-responsibility and non-harm, working within your personal limits, within a safe practice environment. The most common adverse impacts of a GYY class reported were those typically associated with exercise classes in general, including delayed onset muscle soreness and upper body pain.
Finally, nearly all yoga teachers reported delivering class content which contained elements that differed from their 12-week plan submitted to and authorised by the yoga consultants prior to intervention delivery. The consistent reason given for this was that the class plans, written prior to meeting their participants, needed to be adapted once their health issues and physical abilities were known. Most notably, we also observed a variable focus on home practice content and the timely introduction of home practice sheets. Home practice should have been covered in the first segment (i.e., ‘housekeeping’) of each yoga class as per yoga teacher research training (Project Document ‘Yoga Teacher Documentation’). Home practice was, in some cases, however only referred to in passing during social time after class, meaning only those who stayed on for this optional time received any home practice guidance. 

[bookmark: _Toc142579144]Appraisal: Experienced GYY as gentle exercise (with mindful breathing)
The majority of participants viewed GYY as a form of gentle exercise. Only two interview participants found the class content physically challenging, with one further describing the level of physicality as appropriate both for beginners and for online delivery. However, whilst lacking overt physical challenge, participants commonly mentioned the challenge presented by coordination of the breath with movement. So, Michael, who did not find GYY ‘at all physically challenging’ did however find ‘the complexity of the movements’ challenging:
‘making certain you replicated what [trial YT] was doing, so there was a lot of thinking: “hang on, that’s out, then up and breathe out and breathe in”, you know [laughs].’ (YPart-Int1)
This was noted as a unique feature differentiating yoga from exercise, and provided a mental focus commonly described as inducing a calmness not found in other forms of physical activity. General participant feedback noted a lack of background information on defining what ‘yoga’ was, in terms of basic concepts and role of the breath within its practice.
Overall, the participants had mixed views on the role, place and target audience of the GYY form of yoga. Those in favour of the practice viewed GYY as filling a gap in the market for age-appropriate exercise, particularly for those with no previous experience of physical activity or those seeking an alternative to previous aerobic-based activities which had become too physically challenging. For these participants, GYY was viewed as both a physical and mental health tool, with the use of chairs and adaptability of the physical postures key to making the practice inclusive to all regardless of chronic and acute health status and physical ability. However, those with noted physically-based health issues found the repetitive movements and upper body focus of some GYY classes induced or increased musculoskeletal pain. Conversely, those with minimal health issues found the GYY classes lacked physical challenge beyond gentle stretching.  
Dave: ‘I thought it complemented what I’m doing with my [other diagnosis-related exercise] class really. Although a little different I have to say. I find the yoga gentler; the [other exercise] class is more challenging physically.’   
Interviewer: ‘Which do you prefer?’ 
Dave: ‘I prefer the challenging one. A lot of the stuff so far in terms of the yoga we’ve been sat down. Well I never sit down when I have my exercise class with [Diagnosis-group]. … No, it’s not physically demanding enough. For me.’ (YPart-Int1)	
They often preferred their pre-existing physical routines to this new form of physical activity.  Some questioned its potential to be beneficial as a form of exercise – with Walter noting that: ‘but it was very easy, I thought, I didn’t think that I was doing anything that would exercise me in any way … to me, exercise should be getting the heart rate up and sweating’ (YPart-Int1).  
Several yoga teachers also noted that the GYY style of yoga may not be sufficiently challenging enough for more functionally able individuals they worked with. As Faye notes:
‘But our bodies age, and our bodies change, and it’s not a number. And there are some people who are very, very able. In my classes, in this trial, they’re in their 70s and 80s but they could be doing so much more. And so I feel sometimes I’m holding them back a little bit.’ (YTeach-Int1)
Another yoga teacher, Jackie, noted that she felt ‘like I’ve got people that are more able than this course is designed for’ (YTeach-Int1). She describes her surprise at how her participants were ‘really keen, really able’ from the first class onwards. Some yoga teachers thought some participants would be better suited to attending general mat-based yoga classes. Several trial participants also queried the inclusion criteria of the trial, feeling that they should have been recruited based on health status rather than age. Others were uncomfortable being classified as an ‘older’ adult with multiple health issues. Participants in the younger end of the age range, and those who felt in good health, stated feeling out of place among participants older and in poorer health than them.

[bookmark: _Toc142579145]Integration: Variable engagement with GYY social time and home practice 
Participants held diverse views on the role of social time. Some described it as potentially beneficial, others non-essential and independent of a GYY class. Irrespective of whether the classes where face-to-face or online, those in favour cited both social and educational benefits of social time, as an opportunity to meet new people, gain peer support for those experiencing isolation and low mood, and learn more about the practice of yoga. Notably, the value of social time was tied to the facilitation skill of inclusivity, independent of delivery format. Yoga teachers more adept at facilitation promoted inclusivity through moderating the group dynamic to ensure everyone had the opportunity to contribute to conversation if desired. However, a majority of participants had no interest in the social aspect of classes, and yoga teachers and participants noted that attendance was low across several classes. These participants commonly stated a lack of need or interest in socialising with a new group of people, noting they had joined the trial due to an interest in yoga not meeting new people. For example, Dot explained that 'I don’t go for the social business’ (YPart-Int1).  Some also noted the communication issues inherent to group conversation via an online platform, outlining that there could be limited opportunity to verbally socialise for those of a quieter nature.
Reported adherence to home practice during the 12-week intervention and into the follow-up period was also variable, ranging from zero through to daily practice.  One of the factors in adherence was the level of integration of the home practice content into the group classes by the yoga teachers.   Some participants expressed disappointment in the lack of focus on home practice by their yoga teachers. Some suggested more dynamic and progressive home practice options for those more physically capable, synchronising home practice with the progressive class content, including props and relaxation practices.  
The primary facilitator of sustained self-practice was the perceived biopsychosocial benefit gained from practice. Those who continued to practice yoga at home into the follow-up period described a practice which had evolved over time. Initially basing their home practice on the content of the trial-provided home practice sheets, they gained a skillset from the 12-week intervention enabling them to tailor the exercises, breathing, and relaxation practices to their acute health needs, time commitments, and/or personal preferences. For several participants, this skillset precluded the need for continued attendance at group-based classes, with a preference for self-directed practice at home. Conversely, the primary reason for a lack of home practice during or following the trial was a noted lack of benefit from, or interest in yoga, or a preference for pre-existing physical exercise routines. So Simon, who was ‘a bit lukewarm with the exercises’ initially said that he did not find home practice ‘motivating’ (YPart-Int1) and in the follow-up interview noted that ‘Well, I didn’t do very much home practice in the trial, to be honest’ (YPart-Int2). Many non-adherent participants also noted a lack of extrinsic motivation for self-practice, particularly among those experiencing low mood or mental health challenges. Finally, several participants with work or social demands cited the time cost of trying to fit home practice into an already busy lifestyle.

[bookmark: _Toc142579146]Appraisal: Embodied impact (and future engagement) varied
The reported impact of GYY practice focusses around two main areas of improvements - physical health and emotional wellbeing (Table 39). Tangible improvements in functional activities of daily living, such as dressing and housework, were also noted. Most notably, the impact of the GYY classes ranged from minimal to transformative. Some participants noted no impact of yoga on their health or lifestyle. This was primarily associated with describing a state of good health and physical activity when entering the trial, with the physical yoga content not being at a level capable of providing additional functional or sustained benefits. Irrespective of impact, some noted that taking part in the trial had stimulated an interest in engaging in other forms of yoga or physical activity, such as mat-based yoga, Tai Chi, or more physically challenging forms of exercise.  

TABLE 39 Examples of reported physical and psychosocial impact of GYY on participants
	Domain 

	Description 
	Examples of Impact

	
Primary physical impacts
	
Included improved muscle strength, MSK pain and stiffness, postural awareness, mobility, balance and coordination, and upper body range of motion. 

In terms of pain, the practice of yoga was tied to a reduction in pain intensity, an ability to detach from the pain, and consequently, an improvement in pain-related mental health. 



In relation to posture and balance, participants noted a heightened spatial awareness of their body’s interaction with the external environment. This in turn led to decreased episodes of feeling at risk of falling, both within and outside the home environment.  

	
None/Minimal: Frank was ‘hoping it would help me strengthen my leg muscles which are a bit weak, and help me to walk better’.  He thought through doing yoga that his balance has ‘improved slightly. But because the legs are a bit weak you have to fight it, especially first thing in the morning’. (YPart-Int1)


Moderate: Gwen, discussed with the yoga teacher, specific problems she was having. ‘So I said, “the thing that I was noticing, when driving the car, it was becoming more difficult to look left and right, with the turning”. And she did address it, and because I’m still doing the exercises every day, I can now turn my head’. (YPart-Int1)


Substantive: Heather noted a reduction in pain from the first class. ‘It was, it was amazing. The first class that we did, after we’d done the class, or the exercises, I was thinking “oh, some of this is really hurting”, and then we did the relaxation and it went. Didn’t stay away but it went, and it went for several hours, I can’t remember now exactly how long but it went for a considerable length of time. And that for me was astonishing because I never have no pain. Never have no pain. 
…
When I had the shingles, and I wasn’t well, so I hadn’t done the yoga for a while, and I went back to doing it and I did it for 2 days on the run and the second day I came down and I said to [Husband] “I’d forgotten how much difference this made”, because it just does. … But because he said to me, “When are you going to start your yoga again?” Because he’s like that, [Husband], if he thinks something is doing me good he’ll poke me until I do it’. (YPart-Int2)



	
Primary psychosocial impacts
	
Improved management of sleep, emotional, and mental wellbeing.

These improvements were notably tied to a new-found awareness of the breath, with conscious breathing regularly cited as a powerful tool for participants to manage both chronic and acute stress and anxiety.
	
None/Minimal – Anne noted that ‘Well, it’s doing things that I wouldn’t normally do. Or, as I say the breathing, I don’t normally do. It’s making you think about your breathing. Because I just do things without breathing, and I know I should be, you know ((mimics controlled breathing)) more’ (YPart-Int1)

Moderate – The impact of yoga for Marie was ‘in terms of, I think, thinking about breathing, which I hadn’t done before. So, I have actually used some of the techniques I’ve learnt when, you know, something was bothering me or I was getting in a panic about something. So that, I’ve never sort of realised was so important and, you know, what a difference it could make’ (YPart-Int1) 

Substantive:  Mindful breathing was now central to June’s everyday life.  'Well, I learned how to relax and that’s been very useful.  I don’t sleep well, and what [trial YT] taught us I was able to learn how to actually, to breathe into it and to find a way of stopping my mind racing. Getting to bed, I go over everything and then I think: “did I do? I should have done. I wonder if?” And I’ve learnt how to calm all that down. So, it has helped me a great deal with sleeping. 
… 
I think it’s here to stay. Whether I go back to the classes or I don’t it’s here to stay. But I know I’ve got a tool I can use that will calm me down and will help with the paina. So that’s a really useful tool to have. … …  learning how to breathe properly, and to go into the moment, that was more important – it’s given me a tool that I can use, I can use anywhere’ (YPart-Int2)


	a June also found yoga impacted on her RA-related pain through reducing pain intensity, enabling detachment from it, and improving pain-related mental health.  This in turn reduced her pharmaceutical analgesic use.




In contrast, some participants described the transformative impact of the intervention had placed yoga as integral to their life. For example, GYY has impacted Audrey at a biopsychosocial level, in a way she describes as ‘lifechanging’:  
‘It is the holistic bit. It’s the mental, the physical, the intellectual, the social. […] It closes down negative thoughts but opens up possibilities, and that very much resonates with me because that’s the sort of person I am. It puts me in control. But it’s something about letting go of control as well, if that makes sense. It’s just okay to be me. And, yes it can be one of many things, but it is – it is lifechanging. That is without a doubt.’ (YPart-Int2)
Continued engagement was aligned with initial and sustained biopsychosocial improvements in physical health, emotional wellbeing, and independence over the 12-week intervention, with associated decreases in analgesic, opiate-based medication. 
Some participants noticed physical and psychosocial improvements from within the first few classes. For example, after one class Rose felt a notable impact:   
Rose: ‘And my first thing that I felt came from it really, was that first night of doing yoga, after I’d done that first class, and it was very gentle, I actually didn’t have any pain at all going to bed for the first time in years.’
Interviewer: ‘After just one class?’
Rose: ‘After just one class, I couldn’t believe it. I was a little tiny bit stiff, in the more sensitive areas of the knee and things like that, but that wasn’t unbearable by any stretch of the imagination. So, I just thought, well, you know, this has got real good benefits. And it was just like flowing in water, really, because I really felt into it. Once I’d started, it was just like, you know, swimming. You just do it [laughter].’ (YPart-Int1)
For others the improvements occurred more gradually over the three-month trial period and/or beyond. Tom’s awareness of the impact of yoga on his wellbeing increased once the classes had stopped: 
‘It opened up something of which I was unaware. Because I was unaware, I could see no value. I could put no value on it and I could see no value in it beforehand. And now looking back, I can. [...] I can’t say there’s like this little sort of magic moment of revelation or something like that, but I suppose that glimpse or that awareness of that sort of connection of mind, body, brain, movement, you know, just going from a flash to being in that world for a little bit of time, into being in that world for a slightly longer period of time. That awareness grew during the course.’ (YPart-Int2)
Some had engaged with (or intended to) post-trial GYY classes, as well as different types of local yoga classes (some with different yoga teachers) and different styles of yoga, including mat-based for those who found the GYY classes lacking in physical challenge. Others had integrated self-directed yoga practice as part of their home routine, having a set time and place in the home for a daily, or multi-weekly practice.
Participants who had not continued with yoga post-trial described two main reasons: a lack of benefit from the 12-week intervention, and a lack of self-motivation to find a new class or engage with self-practice. Tom reflected on his lack of continuation: 
‘And now it’s [GYY classes] gone out of my life and I’ve been talking to you about how beneficial it’s been and things like that, and yet I’ve not made any efforts to go back to it, or yet if I had an email saying, “There’s a follow-up class,” I’d say, “Yeah, ding.” That’s my experience. That’s a very strange combination.’ (YPart-Int2)
Decreased self-motivation was often associated with low mood rather than lack of interest in yoga, with these participants suggesting some form of extrinsic motivation may be enough to re-engage them with a regular practice. Additionally, some of the more physically able participants noted that while GYY was not something they were interested in pursuing further at the present time, it presented as a suitable option for when they were physically unable to continue with their current physical activities.

[bookmark: _Toc142579147]Reconfiguration: Introducing and embedding gentle yoga 
Yoga teachers, trial participants and other stakeholders were generally supportive of the integration of yoga within the NHS, as a means of providing a more holistic approach to health care than the predominant biomedical model. The potential biopsychosocial health benefits of yoga were viewed as aligning with the initial NHS vision of preventative medicine, focusing on maintaining health rather than treating illness, as well as new agendas like social prescribing. They outlined a range of factors that would be central to consider in any future roll-out of GYY in the UK context (Table 40).
TABLE 40 Examples of recommendations on potential implementation strategies to support any future roll-out of GYY
	Focus of implementation work 

	Examples of relevant implementation strategiesa

	Examples of activities needed and issues to be understood 

	Public Preconceptions of Yoga 
	Use mass media

Develop educational materials

Distribute educational materials 

	Media campaigns needed to connect with those who either don’t know about yoga, or who don’t see it as something that they could do e.g. 
· Need to actively reject the stereotype of yoga being for young, white, slim, middle class females and portray the broad demographic of people who could potentially benefit from yoga
· Older people need to see ‘themselves’ doing GYY
· Address media stereotypes of older adults – negative portrayal of frailty and misleading portrayal of being in the healthy prime of their lives. Need to balance the use of visual imagery to promote a ‘realistic version’ of the target demographic and what engaging in a GYY class would look like

	Health Professionals Preconceptions of Yoga


 
	Inform local opinion leaders

Obtain and use patients/consumers and family feedback
 
Make training dynamic
	Provide different forms of evidence e.g. 
· Outline potential health benefits, safety and reduced service demand shown in GYY trials
· Provide direct GYY participant feedback on physical and mental health benefits
· Provide taster classes to enable them to understand the potential suitability of GYY for their older patients

	Delivery of GYY classes
	Promote adaptability

Identify early adopters

Build a collation 
	Align with existing models of provision e.g.
· 12-week course duration of GYY is disparate with NHS rehabilitation and fitness industry courses, which typically run in 6-8 week blocks
· Social prescribing, GP referral schemes, annual health checks, specialist nurse clinics have effective information delivery infrastructures and referral pathways amenable to GYY delivery
· Commissioners tend to commission organisations rather than individuals

	Inequalities
	Inform local opinion leaders

Alter patient/consumer fees

Promote adaptability
	Adjust practices to support more inclusion e.g.
· Work with someone with direct links to underserved groups - same community, ethnicity, language - to raise awareness about GYY and provide inclusive options (e.g. women-only classes)
· Commercial GYY programmes can be used to help to support some subsidised or free places and/or classes
· Hybrid and online GYY classes can enable accessibility for some whom have difficulty accessing community-based classes due to physical or mental health issues or carer responsibilities, overcoming transport or weather barriers to attending community based classes


a Strategies derived from a refined compilation of implementation strategies that was generated as part of the Expert Recommendations for Implementing Change (ERIC) project63

Many favoured the representation of yoga as a proactive health behaviour, aimed at health maintenance, sustained independence, and illness prevention independent of age. The impact of a health condition was deemed more relevant than its presence. Several participants noted that the option of a gentle seated form of yoga, such as GYY, would have been useful when many of their chronic health conditions presented in their 30s to 50s. Age was not viewed as indicative of health status or ability, with people noting little commonality or homogeneity among ‘older adults’ as a group beyond their similar ages. Notably, several yoga teachers reported not putting age-restrictions on their current community-based GYY and related classes. Alison, a yoga teacher, noted that
‘So, in my chair-based classes, I have somebody with rheumatoid arthritis who is in her fifties.  I think that the age cut-off is – I wouldn’t say it’s irrelevant, but I suppose you’ve got to … Do we need it? I don’t know if we do need it, you know, a chair-based class … I don’t enforce it, in my chair-based class. It’s just anybody who would prefer to do something – you know, whatever we do on a mat, we do on a chair. So, if people can’t get down onto the floor and up off the floor easily then they come to my chair-based class.’ (YTeach-Int1)
As such, GYY could focus on inclusivity rather than age, promoting GYY as a beginner’s form of gentle yoga, suitable for those who are currently non-active, or those unable or uninterested to engage with a mat-based class. 
Moving the emphasis of GYY from age to inclusivity may facilitate additional engagement of GYY classes among health professionals and patients. The potential target demographic could include those with mobility, mental health, and rehabilitation issues. GYY was seen as suitable for those who are wheelchair dependent, and for a younger demographic with health-related mobility restrictions who require a gentler style of yoga. As one participant noted, 'People I think with chronic [illnesses] could easily, you know, keep up with it. … I think it’s open for all, open for all’ (Joy, YPart-Int1). Broadening the GYY remit to include people based on their physical ability would provide accessibility to a younger demographic with chronic health needs, to individuals in transition from injury or surgery, and to experienced yoga practitioners no longer able to meet the physical requirements of a general yoga class due to onset or progression of health issues.  

[bookmark: _Toc142579148]Discussion
Participant engagement with the GYY trial was sustained throughout the life of the trial.  Initially, participants agreed to take part for a range of reasons. Many understood GYY as a potential age-appropriate way to impact on their health and welling. Some also saw it as an opportunity to socialise with others, as well as a way to motivate themselves to exercise. Some were curious to discover more about (age-appropriate) yoga and, as with all trials, people reported (conditional) altruism.64 In so doing, nearly all that agreed to join the trial, be they allocated to the intervention or usual care groups, demonstrated a clear desire to make some form of change in their health and wellbeing in and through what they understood as an age-appropriate physical activity. In relation to ideas around the COM-B model of behaviour change,65 participants felt they had capability – notably, some even felt that they exceeded the inclusion criteria, that they were too healthy to be included. The trial itself offered an opportunity to make a change, and recruitment aligned with a moment when they had motivation to change. For those in the intervention arm, the trial also provided further extrinsic motivation through the provision of weekly classes.  
Over time, participants actively engaged with the classes. The GYY style of yoga was viewed as a suitable and safe form of physical movement for older adults with varying health issues. Most notably, this was independent of delivery format. As a recent systematic review of online yoga also shows,66 GYY, via synchronous online delivery, is clearly feasible and acceptable and satisfactory to participants. However, of the GYY participants who took part in the qualitative work there was no clear preference for one delivery format – distal/online or proximal/face-to-face – over the other.  Whilst they found online provision satisfactory, especially, during the periods of COVID-19 lockdown, some preferred face-to-face contact once restrictions were lifted. Some favoured online for pragmatic reasons including removal of barriers related to transport, adverse weather and acute health status. Some favoured face-to-face for physical presence and support of peers and of the yoga teacher. Most yoga teachers also continued to offer some online general and GYY classes since restrictions lifted. As with the Australian Successful AGEing (SAGE) yoga trial for people aged 60 years and older that went online due to COVID,67 the yoga teachers and participants responses in this study demonstrate that online yoga is suitable for an older adult cohort. The participants challenged some stereotypes around the information and communication technology capabilities of older adults68, 69 and demonstrated the potential for online delivery of group-based health-related services for older adults.70 However, engagement in social time, after the formal movement and meditative aspects of the class, was variable. In part, this tied to the presence or absence of a desire to socialise with others. For some, yoga was the motivation to take part, not additional social interaction with others. Relatedly, engagement with home practice was also variable, with reported adherence ranging from zero through to daily practice. Echoing the SAGE yoga trial,71 engagement was mediated by the perceived biopsychosocial benefit gained from practice.
The majority of participants viewed GYY as a not (that) challenging form of gentle exercise with mindful breathing. Only two found the class content physically challenging. Many outlined that GYY was an age-appropriate exercise, particularly for those with no previous experience of physical activity or those seeking a less demanding alternative to prior activities. Aligning with the SAGE yoga trial and other studies on yoga with a range of populations,72-74 participants did value the focus on breathing, mindful movement and the calmness this could provide. Those who saw themselves with minimal health issues found the GYY classes lacked physical challenge beyond gentle stretching and preferred their pre-existing physical routines.  Notably, irrespective of the high level of multimorbidity, most participants viewed their health as good.  They made it very clear that multimorbidity does not equate with being in poor health, that it was presentation, not the presence, of a health condition that determined its impact on them. Echoing many of the participants, an editorial by Valderas outlines multimorbidity should not be understood as ‘a health condition in its own right’.75 Valderas notes that:
‘[M]ultimorbidity has come to replace the notion of complexity in clinical care and in policy documents. A number of yet unresolved complexity issues—which have long captured the attention of healthcare managers and policy makers—are being reframed or rather simply relabelled as multimorbidity. However, the root of these problems actually lies elsewhere, most frequently in the severity of the conditions rather than in their mere presence.’ (ibid: 213-214)
Ford and Ford similarly note that multimorbidity is ‘doctor- and research-centred rather than patient-centred’ as it focuses on ‘counting diseases’ over people’s ‘lived experience’ (p.7).76 Echoing the participants, they note that ‘patients with multiple health issues view their health in terms of function, symptoms and well-being.’ (p.7). As such, the trial participants may fit a category of ‘multimorbidity’, but such labelling hid a wide diversity in functional ability, symptoms severity and well-being with the participants interviewed and observed. Participants and yoga teachers noted a good level of functional ability. Participants routinely reported low symptom severity and good wellbeing.
As such, the process evaluation shows that participants were highly motivated and engaged well with the GYY classes over time. And through engaging with GYY classes, relatively healthy participants felt that they had undertaken a form of gentle exercise with mindful breathing. However, the impact of this process varied dramatically. Some participants noted no impact of GYY on their health or lifestyle. Some described a modest impact on aspects of health, including physical, psychological, and self-management benefits, as seen in other recent studies.67, 77 Some participants described GYY as transformative, having substantive impacts and improvements on their physical health and emotional wellbeing. In some senses, the process of engaging in the GYY intervention enabled each participant to take part in their own N-of-1 trial.78, 79 They were their own chief investigator, their own study participant – the individual unit of observation - collecting real time data on the efficacy of GYY and other interventions. In and through taking part in the intervention arm of the trial, they discovered what was the right sort of intervention for them. For some, GYY was the optimal intervention, for others, other forms of yoga - some mat based - were seen as optimal, and for others, other forms of new and pre-existing physical and/or medicative activities were optimal. Irrespective of the aggregated trial result, this was a meaningful experience for many. It enabled them to learn what form of activity was right for them, given their physical (and emotional wellbeing) at a specific point in time. 


[bookmark: _Toc142579149]Chapter 6 Methodological sub-studies
This chapter describes four methodological sub-studies embedded within the GYY host trial, which addressed the following questions:
· What is the concurrent validity of the 29-item Patient-Reported Outcomes Measurement Information System® (PROMIS-29) with the EQ-5D-5L?  
· Does including £5 and/or a pen in the recruitment pack enhance recruitment?
· Does sending a pen with a follow-up questionnaire enhance return rates?
· Does offering a free yoga session to control participants after the 12-month follow-up assessment enhance retention and reduce contamination?  

[bookmark: _Toc142579150]Sub-study 1: What is the concurrent validity of the 29-item Patient-Reported Outcomes Measurement Information System® (PROMIS-29) with the EQ-5D-5L?

[bookmark: _Toc142579151]Introduction
Health-related quality of life (HRQOL) has been defined as ‘how well a person functions in their life and his or her perceived wellbeing in physical, mental, and social domains of health’.80 A common mode of assessing HRQOL is through patient-reported outcome measures (PROMs), via self-administered surveys (e.g., postal) or interviewer-administration (e.g., telephone). Measuring HRQOL accurately is important in a range of fields including research, policy making and informing clinical care. Two HRQOL PROMs were collected in this trial, the PROMIS-29 and the EQ-5D-5L. 
The Patient Reported Outcomes Measurement Information System (PROMIS®) was developed by the US National Institute of Health (NIH) using item response theory to calibrate a large number of questions for each health domain to create an item bank.81 PROMIS has over 100 health domains with a calibrated ‘item bank’ of questions that can be administered via standard short forms, custom short forms, or computer adaptive testing.82 PROMIS aims to address the lack of generalisable and universal PROM to assess many HRQOL domains.82 It has undergone extensive psychometric testing for validity and reliability in the general adult population but it has not been widely used in older adults with multimorbidity,83 and has received limited attention in the UK.
The EQ-5D has been validated in many different patient populations including diabetes, cardiovascular problems, chronic obstructive pulmonary disease, cancer, chronic pain, and rheumatoid arthritis. The EQ-5D™ has some limitations arising from the descriptions of health used in the measure, which include (i) large proportions of the respondents scoring at the very top or very bottom of the scale (i.e., ceiling effects in the very healthy or floor effects in the very ill), (ii) imprecise measurement for individuals, (iii) poorly-worded questions such as those that combine concepts (double-barrelled items), and (iv) lack of coverage of the full range of health.84 PROMIS addresses several of these limitations, including: (i) capturing a wider range of each health domain, (ii) measuring individual health status with greater precision, and (iii) using rigorously designed and tested questions.84 
Although EQ-5D-5L and PROMIS-29 are both concise generic measures that allow the estimation of HRQOL, a recent systematic review of studies comparing EQ-5D and PROMIS-29 instruments has noted the lack of research comparing their measurement properties and utilities.85 The impact of choosing either instrument for research, policy and clinical care decision making is therefore unclear, and more research is needed to understand the relationship between the two instruments.

[bookmark: _Toc142579152]Objectives
To assess the concurrent validity of the PROMIS-29, a short form version of the whole PROMIS system, against the EQ-5D-5L in adults aged 65 years or older with multimorbidity.

[bookmark: _Toc142579153]Methods
Study Design
This non-randomised, methodological (non-interventional) study within a trial (SWAT) was embedded into the main study. The SWAT was registered with the Northern Ireland Network for Trials Methodology Research SWAT repository on 01/04/2018 (SWAT95; https://www.qub.ac.uk/sites/TheNorthernIrelandNetworkforTrialsMethodologyResearch/SWATSWARInformation/Repositories/SWATStore/). Both the EQ-5D-5L and PROMIS-29 was delivered to all participants at baseline and 3, 6, and 12 months post-randomisation to the main study. The concurrent validity and responsiveness to change of the PROMIS-29 was measured relative to the well-established EQ-5D-5L. 

[bookmark: InterDex10a][bookmark: InterOther10a][bookmark: InterOther10c]Participants
All of the 454 participants allocated to either the intervention or usual care arm of the GYY trial were eligible for inclusion in this sub-study.

[bookmark: InterDet1]Outcome measures 
The primary outcome of this sub-study was the concurrent validity of the PROMIS-29 (v2.1) relative to the EQ-5D-5L to see how well it compares to the well-established EuroQoL test. Secondary outcomes were: Internal and external responsiveness of the PROMIS-29 mental and physical health component scores (MCS, PCS) and EQ-5D-5L (index value and VAS) to test ability of the PROMIS-29 to detect clinically important change.

Statistical Analysis
The PROMIS-29 and EQ-5D-5L scores were calculated as described in Chapter 2.
The concurrent validity of the PROMIS-29 was measured relative to the EQ-5D-5L. At all time points, correlation (ρ) was calculated between each of the seven domain scores and the mental and physical health component scores of the PROMIS-29 and:
· the EQ-5D-5L index value, using Pearson’s correlation coefficient;
· the EQ-5D-5L VAS score, using Pearson’s correlation coefficient; and
· each domain of the EQ-5D-5L, using Kendall’s tau b.  
The internal responsiveness of the PROMIS-29 (MCS and PCS) and EQ-5D-5L (index value and VAS) was evaluated by comparing change in scores using a paired t-test.  Comparisons were made between the following time points:
· Baseline and 3 months
· Baseline and 6 months
· Baseline and 12 months
· 3 and 6 months 
· 3 and 12 months
· 6 and 12 months

The standardised response mean (SRM; mean change score divided by the standard deviation of the change scores) and Cohen’s d effect size (mean change score divided by the standard deviation of the earlier score) for each measure and time interval was calculated with bootstrapped 95% CIs (1,000 iterations). A common interpretation of the magnitude of effect sizes is that 0.2 is considered small, 0.5 moderate and 0.8 large.86   
The external responsiveness of the PROMIS-29 was evaluated by correlating change scores of the MCS and PCS with the change scores for EQ-5D-5L index values and VAS score. Participants were categorised according to whether or not their scores changed (increased) by the MCID of 0.06 on the EQ-5D-5L index value between each time interval. Receiver operating characteristic (ROC) curves were produced to assess how well the PROMIS-29 mental and physical component scores discriminate between improved and non-improved participants (defined as EQ-5D-5L change score > MCID of 0.06) for the time interval between baseline and 12 months. An area under the curve (AUC) value of 0.5 indicates a discriminatory value equivalent to chance. Analyses were conducted in Stata version 17.34

[bookmark: _Toc142579154]Results 
Summary scores for the PROMIS-29 and EQ-5D-5L outcomes at each time point are presented in Chapter 3.
Correlations between the PROMIS-29 and EQ-5D-5L scores are presented in Table 41. For the EQ-5D-5L index value and VAS score, and the PROMIS-29 physical function and social participation subscales and both the PCS and MCS, a higher score indicates a more favourable outcome, whereas for all other scores a lower score indicates a better outcome. Hence, some correlations are negative.  At all time points, the strongest correlation was between the EQ-5D-5L index value and the PROMIS-29 PCS (ρ ≥0.74). The EQ-5D-5L utility index score also correlated well with the PROMIS-29 MCS (ρ ≥0.66).



TABLE 41 Correlations between the PROMIS-29 and EQ-5D-5L scores
	EQ-5D-5L
	PROMIS-29

	
	PF
	Anx
	Dep
	Fatigue
	SD
	SP
	PI
	PCS
	MCS

	Baseline
	
	
	
	
	
	
	
	
	

	Index value
	0.71
	-0.35
	-0.44
	-0.54
	-0.42
	0.57
	-0.69
	0.74
	0.66

	VAS score
	0.59
	-0.26
	-0.38
	-0.51
	-0.35
	0.55
	-0.54
	0.61
	0.59

	Mobility
	-0.62
	0.07
	0.15
	0.27
	0.19
	-0.38
	0.50
	-0.59
	-0.34

	Self-care
	-0.40
	0.17
	0.23
	0.26
	0.21
	-0.31
	0.32
	-0.38
	-0.30

	Usual activities
	-0.60
	0.20
	0.28
	0.42
	0.28
	-0.53
	0.52
	-0.60
	-0.49

	Pain/discomfort
	-0.46
	0.14
	0.19
	0.34
	0.29
	-0.35
	0.64
	-0.50
	-0.43

	Anxiety/depression
	-0.20
	0.53
	0.60
	0.40
	0.24
	-0.29
	0.18
	-0.22
	-0.42

	Month 3
	
	
	
	
	
	
	
	
	

	Index value
	0.76
	-0.36
	-0.45
	-0.63
	-0.39
	0.63
	-0.72
	0.79
	0.72

	VAS score
	0.62
	-0.33
	-0.40
	-0.61
	-0.42
	0.61
	-0.60
	0.65
	0.68

	Mobility
	-0.66
	0.07
	0.13
	0.32
	0.15
	-0.42
	0.47
	-0.62
	-0.36

	Self-care
	-0.45
	0.09
	0.19
	0.32
	0.21
	-0.33
	0.34
	-0.42
	-0.32

	Usual activities
	-0.69
	0.13
	0.19
	0.40
	0.21
	-0.53
	0.57
	-0.67
	-0.47

	Pain/discomfort
	-0.57
	0.19
	0.21
	0.43
	0.27
	-0.43
	0.67
	-0.60
	-0.50

	Anxiety/depression
	-0.15
	0.59
	0.63
	0.38
	0.26
	-0.28
	0.19
	-0.19
	-0.43

	Month 6
	
	
	
	
	
	
	
	
	

	Index value
	0.75
	-0.42
	-0.50
	-0.59
	-0.35
	0.63
	-0.74
	0.79
	0.72

	VAS score
	0.57
	-0.36
	-0.41
	-0.56
	-0.28
	0.49
	-0.53
	0.60
	0.61

	Mobility
	-0.66
	0.17
	0.25
	0.34
	0.16
	-0.43
	0.48
	-0.63
	-0.40

	Self-care
	-0.46
	0.20
	0.27
	0.28
	0.18
	-0.35
	0.38
	-0.44
	-0.34

	Usual activities
	-0.68
	0.25
	0.30
	0.43
	0.20
	-0.52
	0.54
	-0.67
	-0.50

	Pain/discomfort
	-0.55
	0.21
	0.26
	0.40
	0.24
	-0.40
	0.69
	-0.58
	-0.48

	Anxiety/depression
	-0.25
	0.55
	0.62
	0.41
	0.26
	-0.38
	0.28
	-0.28
	-0.50

	Month 12
	
	
	
	
	
	
	
	
	

	Index value
	0.74
	-0.44
	-0.47
	-0.59
	-0.37
	0.68
	-0.73
	0.78
	0.72

	VAS score
	0.54
	-0.41
	-0.44
	-0.57
	-0.36
	0.56
	-0.59
	0.58
	0.64

	Mobility
	-0.66
	0.18
	0.21
	0.34
	0.15
	-0.46
	0.50
	-0.63
	-0.39

	Self-care
	-0.49
	0.20
	0.20
	0.33
	0.14
	-0.41
	0.35
	-0.47
	-0.36

	Usual activities
	-0.66
	0.23
	0.28
	0.40
	0.17
	-0.55
	0.54
	-0.64
	-0.46

	Pain/discomfort
	-0.51
	0.21
	0.23
	0.38
	0.27
	-0.45
	0.65
	-0.55
	-0.47

	Anxiety/depression
	-0.19
	0.65
	0.66
	0.44
	0.30
	-0.35
	0.25
	-0.23
	-0.49

	PF, Physical function; Anx, Anxiety; Dep, Depression; SD, Sleep disturbance; SP, Social participation; PI, Pain interference; PCS, Physical health component score; MCS, Mental health component score



Both the PROMIS-29 MCS and PCS showed statistically significant changes between baseline and all post-randomisation time points, and for the PCS between months 3 and 12, and months 6 and 12 (Table 42). The EQ-5D-5L index and VAS scores showed statistically significant changes between baseline and month 6, baseline and month 12, months 3 to 6, and months 3 to 12. On average, scores for all four measures decreased between baseline and month 12, suggesting a slight deterioration in HRQOL amongst responders. However, according to the Cohen’s d statistics, changes between time intervals for all measures were minimal to small only (<|0.2|) indicating little to no meaningful change over the 12-month follow-up. The Cohen’s d effect size for the change from baseline to 12 months was similar for the four measures (range -0.19 to -0.16).  


TABLE 42 Mean change score (paired t-test) and responsiveness estimates of standardised response mean and Cohen’s d effect size for each measure and time interval
	Time Interval
	Change Metric
	EQ-5D-5L index value
	EQ-5D-5L VAS
	PROMIS-29 PCS
	PROMIS-29 MCS

	3M - Baseline
	n
	413
	413
	406
	406

	
	Mean change score (95%CI), 
p-value
	-0.002 
(-0.015, 0.011), p=0.75
	0.33 
(-1.15, 1.81), p=0.66
	-0.59 
(-1.14, -0.04), p=0.04
	-1.16 
(-1.72, -0.60), p<0.001

	
	SRM (95% CI), 
p-value
	-0.016 
(-0.111, 0.081), p=0.75
	0.02 
(-0.08, 0.12), p=0.67
	-0.10 
(-0.20, -0.01), p=0.03
	-0.20 
(-0.29, -0.11), p<0.001

	
	Cohen's d (95% CI), p-value
	-0.012 
(-0.090, 0.065), p=0.76
	0.02 
(-0.07, 0.10), p=0.67
	-0.07 
(-0.13, -0.01), p=0.03
	-0.14 
(-0.21, -0.07), p<0.001

	6M - Baseline
	n
	397
	395
	384
	384

	
	Mean change score (95%CI), 
p-value
	-0.022 
(-0.039, -0.005), p=0.01
	-1.92 
(-3.65, -0.19), p=0.03
	-0.82 
(-1.45, -0.19), p=0.01
	-1.35 
(-1.95, -0.75), p<0.001

	
	SRM (95% CI), 
p-value
	-0.131 
(-0.229, -0.032), p=0.01
	-0.11 
(-0.21, -0.01), p=0.03
	-0.13 
(-0.23, -0.03), p=0.01
	-0.22 
(-0.32, -0.13), p<0.001

	
	Cohen's d (95% CI), p-value
	-0.130 
(-0.229, -0.031), p=0.01
	-0.11 
(-0.21, -0.01), p=0.03
	-0.09 
(-0.16, -0.02), p=0.01
	-0.17
(-0.23, -0.09), p<0.001

	12M - Baseline
	n
	394
	394
	377
	377

	
	Mean change score (95%CI), 
p-value
	-0.032 
(-0.050, -0.014), p<0.001
	-2.87 
(-4.73, -1.01), p=0.003
	-1.49 
(-2.18, -0.80), p<0.001
	-1.59 
(-2.24, -0.94), p<0.001

	
	SRM (95% CI), 
p-value
	-0.178 
(-0.277, -0.078), p<0.001
	-0.15 
(-0.25, -0.05), p=0.003
	-0.22 
(-0.32, -0.12), p<0.001
	-0.25 
(-0.34, -0.15), p<0.001

	
	Cohen's d (95% CI), p-value
	-0.189 
(-0.293, -0.085), p<0.001
	-0.16 
(-0.26, -0.06), p=0.002
	-0.17 
(-0.25, -0.09), p<0.001
	-0.19 
(-0.27, -0.12), p<0.001

	6M - 3M
	n
	392
	388
	376
	376

	
	Mean change score (95%CI), 
p-value
	-0.017 
(-0.030, -0.004), p=0.01
	-1.90 
(-3.38, -0.42), p=0.01
	-0.16 
(-0.68, 0.36), p=0.54
	-0.17 
(-0.65, 0.31), p=0.48

	
	SRM (95% CI), 
p-value
	-0.126 
(-0.228, -0.025), p=0.01
	-0.13 
(-0.23, -0.02), p=0.02
	-0.03 
(-0.13, 0.07), p=0.53
	-0.04 
(-0.14, 0.06), p=0.48

	
	Cohen's d (95% CI), p-value
	-0.092 
(-0.163, -0.020), p=0.01
	-0.11 
(-0.20, -0.03), p=0.01
	-0.02 
(-0.08, 0.04), p=0.53	
	-0.02 
(-0.08, 0.04), p=0.48

	12M - 3M
	n
	385
	358
	368
	368

	
	Mean change score (95%CI), 
p-value
	-0.030 
(-0.045, -0.015), p<0.001
	-3.07 
(-4.71, -1.43), p<0.001
	-0.84 
(-1.43, -0.25), p=0.01
	-0.36 
(-0.93, 0.21), p=0.22

	
	SRM (95% CI), 
p-value
	-0.201 
(-0.304, -0.098), p<0.001
	-0.19 
(-0.29, -0.08), p<0.001
	-0.15 
(-0.25, -0.04), p=0.01
	-0.06 
(-0.17, 0.04), p=0.23

	
	Cohen's d (95% CI), p-value
	-0.163 
(-0.242, -0.083), p<0.001
	-0.18 
(-0.28, -0.08), p<0.001
	-0.09 
(-0.16, -0.03), p=0.01
	-0.04 
(-0.11, 0.03), p=0.23

	12M - 6M
	n
	386
	382
	365
	365

	
	Mean change score (95%CI), 
p-value
	-0.011 
(-0.025, 0.003), p=0.12
	-0.88 
(-2.45, 0.69), p=0.27
	-0.72 
(-1.32, -0.12), p=0.02
	-0.28 
(-0.79, 0.23), p=0.29

	
	SRM (95% CI), 
p-value
	-0.079 
(-0.176, 0.017), p=0.11
	-0.06 
(-0.16, 0.04), p=0.27
	-0.12 
(-0.23, -0.02), p=0.02
	-0.06 
(-0.16, 0.05), p=0.30

	
	Cohen's d (95% CI), p-value
	-0.052 
(-0.117, 0.013), p=0.12
	-0.05 
(-0.13, 0.04), p=0.28
	-0.08 
(-0.15, -0.01), p=0.02
	-0.03 
(-0.09, 0.03), p=0.30



Positive and statistically significant, though reasonably weak (maximum 0.57), correlations were observed between the change in EQ-5D-5L index value and VAS and the change in PROMIS-29 MCS and PCS (Table 43). Correlations were reasonable stable when compared across the different time intervals. Change in the EQ-5D-5L index value tended to correlate better with PROMIS-29 change scores than the change in VAS did; for example, the correlation between the change in EQ-5D-5L index value between baseline and month 12 correlated with the PROMIS-29 PCS at 0.57 and with the MCS at 0.50, whereas correlations with the EQ-5D-5L VAS score were 0.30 and 0.37, respectively. The strongest correlation at each time interval was between the change in EQ-5D-5L index value and change in PROMIS-29 PCS, except for baseline to month 3 when this was comparable with the correlation with change in the MCS.  



TABLE 43 Correlation of change scores of EQ-5D-5L with change scores for PROMIS-29
	M3 vs baseline
	
	N
	Correlation 
(95% CI)
	p-value

	Change in EQ-5D-5L index value
	Change in PROMIS-29 PCS
	405
	0.45 (0.37, 0.52)
	<0.001

	
	Change in PROMIS-29 MCS
	405
	0.46 (0.38, 0.53)
	<0.001

	Change in EQ-5D-5L VAS
	Change in PROMIS-29 PCS
	405
	0.27 (0.18, 0.36)
	<0.001

	
	Change in PROMIS-29 MCS
	405
	0.31 (0.22, 0.39)
	<0.001

	M6 vs baseline
	
	
	
	

	Change in EQ-5D-5L index value
	Change in PROMIS-29 PCS
	383
	0.51 (0.43, 0.58)
	<0.001

	
	Change in PROMIS-29 MCS
	383
	0.45 (0.36, 0.52)
	<0.001

	Change in EQ-5D-5L VAS
	Change in PROMIS-29 PCS
	382
	0.34 (0.25, 0.43)
	<0.001

	
	Change in PROMIS-29 MCS
	382
	0.31 (0.21, 0.39)
	<0.001

	M12 vs baseline
	
	
	
	

	Change in EQ-5D-5L index value
	Change in PROMIS-29 PCS
	375
	0.57 (0.50, 0.64)
	<0.001

	
	Change in PROMIS-29 MCS
	375
	0.50 (0.42, 0.58)
	<0.001

	Change in EQ-5D-5L VAS
	Change in PROMIS-29 PCS
	375
	0.30 (0.20, 0.39)
	<0.001

	
	Change in PROMIS-29 MCS
	375
	0.37 (0.28, 0.46)
	<0.001

	M6 vs M3
	
	
	
	

	Change in EQ-5D-5L index value
	Change in PROMIS-29 PCS
	376
	0.49 (0.41, 0.56)
	<0.001

	
	Change in PROMIS-29 MCS
	376
	0.42 (0.33, 0.50)
	<0.001

	Change in EQ-5D-5L VAS
	Change in PROMIS-29 PCS
	373
	0.34 (0.24, 0.42)
	<0.001

	
	Change in PROMIS-29 MCS
	373
	0.31 (0.22, 0.40)
	<0.001

	M12 vs M3
	
	
	
	

	Change in EQ-5D-5L index value
	Change in PROMIS-29 PCS
	367
	0.52 (0.44, 0.59)
	<0.001

	
	Change in PROMIS-29 MCS
	367
	0.50 (0.42, 0.57)
	<0.001

	Change in EQ-5D-5L VAS
	Change in PROMIS-29 PCS
	365
	0.25 (0.15, 0.35)
	<0.001

	
	Change in PROMIS-29 MCS
	365
	0.40 (0.31, 0.49)
	<0.001

	M12 vs M6
	
	
	
	

	Change in EQ-5D-5L index value
	Change in PROMIS-29 PCS
	364
	0.49 (0.40, 0.56)
	<0.001

	
	Change in PROMIS-29 MCS
	364
	0.39 (0.30, 0.47)
	<0.001

	Change in EQ-5D-5L VAS
	Change in PROMIS-29 PCS
	361
	0.30 (0.20, 0.39)
	<0.001

	
	Change in PROMIS-29 MCS
	361
	0.37 (0.27, 0.45)
	<0.001



Between baseline and month 12, 21.8% of responders (at both time points) reported an increase in EQ-5D-5L utility index score that equated to 0.06 or more, which is the MCID (Table 44).

[bookmark: _Hlk124503132]

TABLE 44 Participants achieving minimum clinically important difference, based on an increase of 0.06 in EQ-5D-5L index value between time points
	Time interval
	EQ-5D-5L index value increased by MCID 
Yes, n (%)

	Baseline to M3
	97 (23.5)

	Baseline to M6
	91 (22.9)

	Baseline to M12
	86 (21.8)

	M3 to M6
	75 (19.1)

	M3 to M12
	74 (19.1)

	M6 to M12
	79 (20.5)



ROC curves indicated that both the PCS and MCS were able to discriminate well between participants who achieved the EQ-5D-5L index value MCID of an increase of 0.06 or more between baseline and month 12 (AUC 0.74 and 0.70, respectively) (Figure 10).

[image: ]
FIGURE 10 Receiver operating characteristic (ROC) curves for the PROMIS-29 physical and mental health scores against the external criterion of an improvement equating to the minimum clinically important difference of 0.06 in the EQ-5D-5L index value between baseline and month 12


[bookmark: _Toc142579155]Discussion
The PROMIS-29 demonstrated reasonable concurrent validity relative to the EQ-5D-5L in community-dwelling adults aged 65 years and above with multimorbidity. Correlations between the PROMIS-29 and EQ-5D-5L were all in the expected direction. The utility index scores and the VAS correlated well with the PCS and MCS at all time points (ρ ≥0.58); however, the strength of correlations between the five individual domains of the EQ-5D-5L and the seven subscale T-scores of the PROMIS-29 varied. For instance, at baseline, correlations of 0.6 and over were observed between (order always EQ-5D-5L domain then PROMIS-29 subscale): mobility and physical functioning; usual activities and physical functioning; pain/discomfort and pain interference; and anxiety/depression and depression. Other correlations were weaker.
The PROMIS-29 and EQ-5D-5L showed similar internal responsiveness by comparing the standardised response mean and Cohen’s d effect size for the differences between scores at the varying time intervals. Between baseline and month 12, Cohen’s d for the change in the utility index score, VAS, PCS and MCS fell in the small range between -0.19 and -0.16. This demonstrates that there was a small deterioration in HRQOL over the 12-month follow-up of the trial, and this was detected by all measures. These changes were statistically significant but unlikely to be clinically meaningful. Only a fifth of participants who provided valid EQ-5D-5L data at baseline and 12 months had an increase in utility index score of 0.06 or greater which is suggestive of a clinically meaningful improvement in HRQOL.
Both the PROMIS-29 PCS and MCS demonstrated reasonable external responsiveness in that they were able to discriminate between patients who achieved the EQ-5D-5L utility index score MCID of an increase of 0.06 or more between baseline and month 12 (AUC 0.74 and 0.70, respectively).
We were unable to find any other studies that evaluated the validity of the PROMIS-29 against the EQ-5D-5L. A recent review by Pan et al.85 collated the published evidence base on the relationship between these two instruments, and identified six studies. Three main types of relationship were examined in the studies: (a) comparing PROMIS-29 and EQ-5D as descriptive systems; (b) mapping PROMIS-29 domains to EQ-5D utilities; and (c) comparing and transforming PROMIS-29 utilities to EQ-5D utilities. None considered the validity of the PROMIS-29 relative to the EQ-5D-5L as a measure of HRQOL. Shim and Hamilton87 compared the responsiveness of the EQ-5D-3L and PROMIS-10 with the Oxford Knee Score in patients undergoing total knee replacements. They confirmed good responsiveness of the PROMIS-10, but comparability of these results to ours is low due to the alternative versions of the instruments used and the different patient populations.
A strength of our study is the large sample size (data from at least 361 participants could be included in each element of the analysis for this sub-study) from a multicentre RCT, suggesting broad generalisability.  
The decision about which PROM to use to assess HRQOL should consider the patient population and responsiveness to change of the PROM in this population, and the specific elements of HRQOL relevant to the population and expected to be impacted by any intervention offered. While the EQ-5D-5L utility index score and VAS and the PROMIS-29 MCS and PCS were well correlated with each other and appeared to have similar responsiveness to change in this study, researchers may still choose to include both in their studies as their individual domains/subscales appear to measure distinct elements of HRQOL. For example, the self-care domain of the EQ-5D-5L and the fatigue and sleep disturbance subscales of the PROMIS-29 do not correlate well with any of the other measures, suggesting they capture distinct domains.
Recent developments have allowed a utility score to be calculated from the PROMIS-29 but value sets are, to date, only available for the US.88-90 Utility index scores were not calculated from the PROMIS-29 in this study. Future research could compare the validity of the PROMIS-29 and EQ-5D-5L utility index scores in this population.




[bookmark: _Toc142579156]Sub-study 2: Does including £5 and/or a pen in the recruitment pack enhance recruitment?
This abstract has been reproduced from Fairhurst et al.91
The abstract is from an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The full text is presented in Report Supplementary Material 5 and includes minor additions and formatting changes to the original text.

[bookmark: _Toc142579157]Background
Monetary and other incentives may increase recruitment to randomised controlled trials.
[bookmark: _Toc142579158]Methods
2x2 factorial ‘study within a trial’ of including a pen and/or £5 (GBP) in cash with a postal recruitment pack to increase the number of participants randomised into the host trial (‘Gentle Years Yoga’) for older adults with multimorbidity. Secondary outcomes: return, and time to return, of screening form, and the cost per additional participant randomised. Binary data were analysed using logistic regression and time to return using Cox proportional hazards regression.
[bookmark: _Toc142579159]Results
818 potential host trial participants were included. Between those sent a pen (n=409) and not sent a pen (n=409), there was no evidence of a difference in the proportion of participants randomised (15 (3.7%) versus 11 (2.7%); OR 1.38, 95% CI 0.63–3.04), in returning a screening form (66 (16.1%) versus 61 (14.9%); OR 1.10, 95% CI 0.75–1.61) nor in time to return the screening form (HR 1.09, 95% CI 0.77–1.55). Between those sent £5 (n=409) and not sent £5 (n=409), there was no evidence of increased randomisation (14 (3.4%) versus 12 (2.9%); OR 1.18, 95% CI 0.54–2.57), but more screening forms were returned (77 (18.8%) versus 50 (12.2%); OR 1.67, 95% CI 1.13–2.45) and there was decreased time to return screening form (HR 1.56, 95% CI 1.09–2.22). No significant interaction between the interventions was observed. The cost per additional participant randomised was £32 and £1000 for the pen and £5, respectively.
[bookmark: _Toc142579160]Conclusion
A small, monetary incentive did not result in more participants being randomised into the host trial but did encourage increased and faster response to the recruitment invitation. Since it is relatively costly, we do not recommend this intervention for use to increase recruitment in this population. Pens were cheaper but did not provide evidence of benefit.


[bookmark: _Toc142579161]Sub-study 3: Does sending a pen with a follow-up questionnaire enhance return rates?
This abstract has been reproduced from Fairhurst et al.92
The abstract if from an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The full text is presented in Report Supplementary Material 6 and includes minor additions and formatting changes to the original text.

[bookmark: _Toc142579162]Background 
Poor response rates to follow-up questionnaires can adversely affect the progress of a randomised controlled trial and the validity of its results. This embedded ‘study within a trial’ aimed to investigate the impact of including a pen with the postal 3-month questionnaire completed by the trial participants on the response rates to this questionnaire. 
[bookmark: _Toc142579163]Methods
This study was a two-armed randomised controlled trial nested in the Gentle Years Yoga (GYY) trial. Participants in the intervention group of the GYY trial were allocated 1:1 using simple randomisation to either receive a pen (intervention) or no pen with their 3-month questionnaire (control). The primary outcome was the proportion of participants sent a 3-month questionnaire who returned it. Secondary outcomes were time taken to return the questionnaire, proportion of participants sent a reminder to return the questionnaire, and completeness of the questionnaire. Binary outcomes were analysed using logistic regression, time to return by Cox Proportional hazards regression and number of items completed by linear regression. 
[bookmark: _Toc142579164]Results
There were 111 participants randomised to the pen group and 118 to the no pen group who were sent a 3-month questionnaire. There was no evidence of a difference in return rates between the two groups (pen 107 (96.4%), no pen 117 (99.2%); OR 0.23, 95% CI 0.02 to 2.19, p=0.20). Furthermore, there was no evidence of a difference between the two groups in terms of time to return the questionnaire (HR 0.90, 95% CI 0.69 to 1.18, p=0.47), the proportion of participants sent a reminder (OR 0.85, 95% CI 0.48 to 1.53, p=0.60) nor the number of items completed (mean difference 0.51, 95% CI -0.04 to 1.06, p=0.07). 
[bookmark: _Toc142579165]Conclusion
The inclusion of a pen with the postal 3-month follow-up questionnaire did not have a statistically significant effect on response rate.


[bookmark: _Toc142579166][bookmark: _Hlk121916251]Sub-study 4: Does offering a free yoga session to control participants after the 12-month follow-up assessment enhance retention and reduce contamination?

[bookmark: _Toc142579167]Introduction
[bookmark: _Hlk121916347]In many yoga trials, participants are randomised to either a yoga intervention or a usual care (i.e., no yoga) control group. Given the nature of the intervention, blinding of the participants to their allocation is not possible, which can then create undesirable consequences in these trials because of disappointment among members of the control group who do not receive the yoga intervention. Recruitment of participants for the trial may be compromised because eligible patients decline because they do not want to be randomised to the control group.93 Further, patients who enrol may be highly motivated to undertake yoga and, therefore, those randomised to the control group may begin yoga or increase their physical activity levels independently.94 This non-compliance by controls may lead to a decrease of power to detect a clinically important intervention effect. Last, participants randomised to the control group may experience resentful demoralisation and withdraw from the trial.
Various trial designs have been used to address these issues with control group participants: (i) instructions given before the start of the intervention (e.g., “Please don’t change your level of exercise/physical activity during the course of the study”95), (ii) offering an alternative intervention to control patients such as education about exercise, stretches, etc. and (iii) offering the intervention to control patients after the intervention (e.g., in  wait-list or cross-over study design).96The latter strategy was evaluated in this SWAT.
The systematic review of Bisschop et al.95 provided an overview of these different types of control groups in exercise-oncology trials and explored the influence on contamination and drop-out rates.95 The lowest contamination and drop-out rates were observed in studies with control groups that were offered an intervention after the intervention period (contamination in 7.1% of studies, excess drop-out rate -4.7 ± 9.2%), but randomised trials are needed to clarify the effects of delayed interventions.
The objective of this methodological SWAT was to evaluate the effects of offering a free yoga class after the 12-month follow-up assessment versus no offer on rates of retention and contamination in the usual care group participants.
[bookmark: _Toc142579168]Methods
Study design
[bookmark: _Hlk121916401]This SWAT was a two-armed RCT embedded in the GYY trial.1 The SWAT was registered with the Northern Ireland Network for Trials Methodology Research SWAT repository on 01/04/2019 (SWAT93; https://www.qub.ac.uk/sites/TheNorthernIrelandNetworkforTrialsMethodologyResearch/SWATSWARInformation/Repositories/SWATStore/). 

Participants
[bookmark: _Hlk121916409]This study included participants allocated to the usual care arm of the GYY trial. Participants in the intervention arm were included in a different retention SWAT, namely the inclusion or not of a pen with the 3-month follow-up questionnaire (described in previous section). 
After randomisation to the main trial, participants allocated to the usual care group were immediately randomised again to receive: the offer of a one-off group yoga class which would take place after their 12-month follow-up is completed; or no offer. Participants randomised to receive the offer of a one-off class were informed immediately after randomisation. 
Participants were informed in advance, via the main trial PIS, that some participants in the usual care group would be randomised to receive a one-off yoga class. Specific consent for the SWAT was not obtained; this was approved by the Research Ethics Committee as it was considered low risk. Written informed consent for the GYY main trial was obtained from all participants who took part.

Intervention
[bookmark: _Hlk121916419]Intervention
Offer of a one-off GYY class which would take place after the final (12-month) follow-up was completed.

Comparator
No offer of a yoga class.

Outcome measures 
[bookmark: _Hlk121916423]The primary outcome is the proportion of participants in each group who return at least one of the follow-up questionnaires (3, 6, or 12 months). Secondary outcomes include the proportion of participants who return all three follow-up questionnaires, and the proportion of usual care participants who report use of non-GYY yoga throughout the trial follow-up.

Sample size 
[bookmark: _Hlk121916427]All usual care participants in the host trial were randomised into this embedded trial.  The host trial recruited 454 participants (240 intervention; 214 usual care). A sample size of 214 would gave us 80% power to detect an increase in the percentage of participants returning at least one follow-up questionnaire from 85% in the no offer arm to 96% in the offer arm.

[bookmark: _Hlk121916434]Randomisation
Simple 1:1 randomisation was used to allocate usual care participants to receive, or not to receive, the offer of the free yoga session. 

Statistical Analysis
[bookmark: _Hlk121916438]Analyses were conducted under the principles of intention to treat (ITT) using two-tailed tests at the 5% significance level. Analyses were conducted in Stata v17.34 Binary data were compared using logistic regression. The treatment effect is presented as an odds ratio (OR) with associated 95% CI and p-value.

[bookmark: _Toc142579169]Results 
In total, 214 participants were randomised into the usual care group of the GYY trial, of which 111 (51.9%) were allocated to receive the offer of the free yoga session, and 103 (48.1%) to no offer.  
Usual care participants offered a yoga session were slightly more likely to return at least one of the post-randomisation follow-up questionnaires (n=104, 93.7%) than usual care participants not offered a free yoga class (n=91, 88.4%), though this difference is not statistically significant (OR 1.96, 95% CI 0.74 to 5.19, p=0.18).
There was no evidence of a difference in the likelihood of participants returning all three post-randomisation follow-up questionnaires (offer of a free group yoga class n=87, 78.4% vs no offer n=82, 79.6%; OR 0.90, 95% CI 0.46 to 1.77, p=0.76).
There was no evidence of a difference in the likelihood of participants reporting use of non-GYY Yoga throughout the trial follow-up (offer of a free group yoga class n=15, 13.5% vs no offer n=15, 14.6%; OR 0.92, 95% CI 0.42 to 1.98, p=0.83).

[bookmark: _Toc142579170]Discussion
The results of this trial do not indicate any demonstrable benefit of offering a free yoga class versus no offer after the 12-month follow-up assessment on rates of retention and contamination in the usual care group participants in the GYY trial. Although usual care participants offered a yoga session were slightly more likely to return at least one of the post-randomisation follow-up questionnaires compared to usual care participants, the difference was not statistically significant. However, this trial was underpowered to detect a 5 percentage point difference, as was observed.
To our knowledge this is the first study within a trial investigating the offer of a single free intervention session after study completion on retention and contamination within a control group of a trial. Our study does not support the findings of Bisschop et al.95 where the lowest contamination and drop-out rates were found in control groups offered an intervention after the intervention period, however this is not entirely comparable to our study as it combines different intervention offers and not just a single free intervention session. Our study supports the finding of Courneya et al.97 in terms of contamination who suggests that offering the intervention to controls participants at the end of the study was not sufficient to eliminate the contamination. In the study by Courneya et al.97 however, participants were asked not to initiate any structured exercise over the course of the intervention so again not entirely comparable to our study. 
The strength of this study was that it was a randomised trial; however, since it was conducted in a population of older adults with multimorbidity, and particularly during the COVID-19 pandemic, findings may not be generalisable to other populations or contexts. 
The GYY trial provided information on the importance of the control group in the participant information sheet (PIS) at the start of the study that may have lessened the potential benefit of the offer of a free yoga class at the end of the study on contamination. It was pointed out by Courneya et al. that a suggested solution to contamination is to ensure that participants understand the implications of random assignment and what is expected of them in each group before joining the study.97 Alternatively, participants in the control arm may have under-reported yoga participation because they know it is important for the control group to abstain from yoga practice. It did not, however, state in the GYY trial PIS that control participants should not practice yoga or take part in other exercises.
Being assigned to a control group may be disappointing to participants and, consequently, some may continue or begin an exercise programme despite their group assignment.98 Additional physical activity may introduce unintended confounders. Participants not offered the free yoga class may have therefore been more likely to take up another non-yoga physical activity knowing they are not going to be offered a yoga session at the end of the trial; however, we were unable to monitor this as participants did not record other physical activity they were taking part in, only yoga. Researchers rarely monitor contamination rates, presumably because it is assumed that participants in the control group will not exercise.97 Measures of contamination with not only the exercise intervention but other physical activities in control groups should therefore be considered in future studies. 
The GYY trial implemented additional retention strategies including sending an SMS to participants a few days before their postal questionnaire arrived, an unconditional £5 ‘thank you’ payment, and reminder questionnaires and phone calls. All of these may have lessened the potential benefit of the offer of a free yoga class at the end of the study on retention. Future studies should therefore consider other retention strategies they are implementing if they want to test the true effects of offering the intervention to control participants once the study has been completed. 
The knowledge about the free-yoga class was given at the beginning of the trial only. Perhaps a reminder at each follow-up would have increased the effects of the offer. Participants also had to wait 12 months to be offered the free yoga class which could potentially be too long a time. Future studies should look at adding reminders of the incentive at various time points into the study, such as at each follow-up, which may improve follow-up return rates. 
The offer in this study was for one free yoga class only. A longer free yoga course might have increased the effects of the offer. Future studies should therefore look at the length of a free delayed intervention offered. 
[bookmark: _Hlk122092585]It would be valuable for future studies to evaluate control group experiences of the design of the delayed intervention incentive.
Offering a free yoga class versus no offer of a free yoga class after the 12-month follow-up assessment did not have any significant effects on rates of retention and contamination in the usual care group participants in the GYY trial. Future studies should consider using reminders about the offer, other retention and contamination strategies used to ensure they are not diluting the effects of the offer, and the length of free session they are offering e.g., more than one free session. It would also be beneficial for future studies to evaluate control group experiences of the design of the delayed intervention incentive.



[bookmark: _Toc142579171]Chapter 7 Discussion
In this chapter, we summarise and discuss the main findings from the GYY trial, compare these with findings from previous studies, and discuss the strengths and limitations of our work.

[bookmark: _Toc142579172]Summary of main findings
In this study, we have assessed the clinical and cost-effectiveness of offering the GYY programme to people aged 65 years or older with multimorbidity.
A primary goal of the yoga programme was to improve participants’ HRQOL. The results show no statistically or clinically significant effect from offering the GYY programme in respect of HRQOL measured using the EQ-5D-5L utility index score, which was the primary outcome. Another measure of HRQOL, the PROMIS-29, showed similar findings; that is, all of the PROMIS outcomes showed no evidence of effect except for pain interference and pain intensity, which showed small improvements associated with the intervention. There were no statistically significant differences in the secondary outcomes of depression, anxiety, loneliness, or falls. No serious, related adverse events were reported.
The economic evaluation showed that the intervention was associated with additional costs of £80.85 per participant and generated an additional 0.0178 QALYs per participant, on average, compared with usual care. The combined effect was that the GYY programme was likely to be cost-effective at the usual thresholds for willingness to pay.
The fidelity checks indicated that the group classes were mostly delivered as planned. Deviations from the standardised protocol were few, minor, and resolved with feedback. Class attendance rates were good overall (mean 8.8/12 sessions attended). Adherence to home yoga practice was also good at the intervention endpoint but reduced at post-intervention follow-up. 
The process evaluation interviews highlighted that participants joined the trial for a range of reasons, including personal benefit, curiosity, and altruism. Some participants favoured online delivery and some favoured face-to-face, with no clear delivery preference overall. Participants viewed GYY as a suitable and safe activity for older people with varying health issues, independent of delivery format. The perceived impact of the GYY programme ranged from minimal to transformative. For some participants, there was no impact on their health or lifestyle. For others, yoga became an integral part of their life and they felt it generated a broad range of benefits including improvements in physical function, joint pain and stiffness, and mental wellbeing. 
In summary, the GYY programme was not associated with any statistically significant benefits in terms of HRQOL, mental health, loneliness or falls. However, the intervention was safe, acceptable to most participants, and highly valued by some participants. The economic evaluation suggests that the intervention could be cost-effective.

[bookmark: _Toc142579173]Interpretation of findings
There were no statistically significant differences in any of the key outcome measures. Furthermore, for the primary outcome of HRQOL measured using the EQ-5D-5L utility index score, the 95% confidence interval excluded a clinically meaningful benefit (which we defined as an improvement of at least 0.06). Although these findings indicate that the intervention is not clinically effective, we should reflect on what part measurement and fidelity of implementing the intervention had on these findings. The potential role of each of these factors will be discussed and comparisons made with relevant previous studies.

[bookmark: _Toc142579174]Intervention fidelity
The fidelity checks indicated that the yoga teachers received adequate training and delivered the intervention mainly as intended. Indeed, deviations from the standardised protocol were few, minor, and easily resolved with feedback. As is the case in routine practice, yoga teachers sometimes adapted the postures and activities so that they were accessible for participants with specific health problems. 
This was a pragmatic trial testing the clinical and cost-effectiveness of offering the GYY programme, which comprised 12 weekly group-based classes plus encouragement to practice at home on non-class days. Class attendance rates were good. Of the 240 participants randomised to yoga, 192 (80%) met our pre-specified definition of ‘fully compliant’; that is, they attended at least three of the first six sessions and at least three other sessions. In a previous RCT evaluating yoga for low back pain, only 60% of participants met this level of attendance.99 Adherence to home yoga practice was also good at the intervention endpoint (3 months: 83% of intervention participants reporting a median of 4 weekly sessions) but reduced at post-intervention follow-up (12 months: 48% of intervention participants reporting a median of 3 weekly sessions). A similar pattern was observed in the yoga for low back pain trial.99 The process evaluation interview data provides some insight into factors influencing home practice. An important facilitator to sustained practice was the biopsychosocial benefit gained from practice, whereas barriers included perceived lack of benefit, lack of interest in yoga, and a preference for doing pre-existing physical exercise routines. Although adherence to the GYY programme varied between participants, this reflects a real-world implementation of the intervention in the context of current service provision for this population. Finally, the self-report data on yoga practice at follow-up shows little evidence of contamination in the usual care group. 
In summary, the intervention was delivered largely as intended, so poor fidelity of implementing the intervention does not appear to be a major factor explaining the clinical effectiveness results.
[bookmark: _Toc142579175]Sensitivity of outcome measures
A key consideration is whether or not the outcome measures, particularly the EQ-5D-5L, which was the primary outcome, are sensitive to change in such populations.100 This problem was discussed at length both within the research team and with the funding body when the study was first designed. It is well recognised that the EQ-5D measure has limited sensitivity to change,101 although responsiveness has been demonstrated in older adults with multimorbidity.102 Our decision to use the EQ-5D-5L was based on several considerations. First, improving HRQOL was the most important aim of our intervention, and it was, therefore, appropriate to choose it as the primary outcome measure despite the known measurement difficulties. Second, the EQ-5D is the ‘gold-standard’ HRQOL measure recommended by NICE for comparing the benefits of different interventions. Third, we used the 5-level version, which was designed to be more responsive than the older 3-level version.103 Finally, data from an earlier pilot study of the GYY programme suggested that the EQ-5D-5L was sensitive to intervention effects in a similar population after 3 months’ follow-up.19 The uncertainty about the appropriateness of using the EQ-5D-5L was a key factor in us including a secondary measure of HRQOL, the PROMIS-29, and the consistent results across all key outcomes adds confidence to our interpretation of the findings. 
The possibility of a ceiling effect owing to the participants being relatively healthy at baseline is also worthy of consideration. Potential participants were selected on the basis of them having two or more chronic conditions rather than them having poor HRQOL. This approach would reduce the capacity of the trial to show benefit in patients who had few problems at baseline. The low recruitment rate (3.5% of those sent an invitation pack were randomised) also raises the possibility of participation bias; a common feature in physical activity research whereby study participants are generally fitter and healthier than those who do not volunteer.104 The mean EQ-5D-5L utility index score at baseline was not markedly different to that previously reported for a nationally representative sample of older adults with multimorbidity (0.739 vs. 0.713),105 and shows that there was room for improvement in HRQOL overall. However, most of the participant interviewees viewed their health as good, prompting some to question why they had been invited to the trial. One might therefore question if the GYY programme would be more effective if it were targeted at people with greater health needs. These might be identified through more sophisticated selection algorithms (e.g., people with substantial multimorbidity and polypharmacy, or using an index such as the electronic frailty index)106 or by allowing GPs to use their clinical judgement to offer it to the patients who they felt would benefit from it.

[bookmark: _Toc142579176]Not clinically effective
As indicated above, some of the lack of effect of the intervention could be due to the heterogeneous study population in which some participants were relatively healthy at baseline. Another possibility is that the GYY programme, as offered in this trial, is simply not effective at improving HRQOL or the key secondary outcomes in this population. The lack of meaningful change across all key outcomes would support this interpretation. Furthermore, although the exploratory CACE analysis provided some evidence that increased compliance was associated with greater effectiveness, the difference in effect was still small and probably not clinically important.  
One interpretation could be that the ‘dose’ of yoga was insufficient to have a perceivable or measurable impact. In the absence of definitive guidance on programme duration, frequency or intensity, we were guided by previous studies and routine practice, as well as an intention to test a pragmatic and scalable version of the intervention. Twelve weeks is a commonly used intervention duration in yoga trials,107, 108 and the mixture of weekly group classes with encouragement to perform regular home practice reflected how GYY is typically delivered outside of the trial. Regarding ‘intensity’, GYY activities are intentionally gentle to make them accessible to older people with a wide range of health problems. Interview data supports that this was the case, with the majority of participant interviewees viewing GYY as a form of gentle and unchallenging exercise. In some respect, it may be unrealistic to expect much change in health outcomes resulting from a 12-week programme of gentle yoga. More challenging forms of yoga may be effective, but they may also be less accessible to this population. Longer programmes with more frequent classes may also have more potential to improve health outcomes, but would require more resource to deliver and might be less acceptable to participants.
The pivot to online delivery part way through this trial may have also influenced the clinical effectiveness results. A concern was that the after-class social time would be less meaningful in online versus face-to-face classes. However, an exploratory subgroup analysis showed no evidence of a differential effect on the primary outcome between delivery modes; but it is acknowledged that this analysis is underpowered. The process evaluation highlighted that a majority of interviewees had little interest in the social component of classes, and yoga teachers and participants noted that attendance for this component was low across several classes.

[bookmark: _Toc142579177]Comparison with previous studies
This is the first RCT, of which the authors are aware, to investigate the clinical and cost-effectiveness of yoga for older people with multimorbidity. However, there have been RCTs of yoga for older people and RCTs of exercise or other patient-orientated interventions for people with multimorbidity. Therefore, the comparisons presented here have limitations in their applicability.

Effects of yoga on HRQOL and mental wellbeing in older people
Tulloch et al. published a systematic review in 2018 of ‘physical’ yoga interventions for improving outcomes in people aged 60+ years.109 Twelve trials with 752 participants were included. The yoga interventions varied in terms of style (including Hatha, Iyengar and Viniyoga), frequency (1-3 classes per week, often with additional regular home practice) and duration (8-24 weeks). Meta-analyses demonstrated that, compared with inactive control, yoga produced a medium effect on HRQOL (SMD 0.51, 95% CI 0.25 to 0.76) and a small effect on mental wellbeing (SMD 0.38, 95% CI 015 to 0.62). The trials were judged to be of high methodological quality. 
The original pilot trial of GYY was not included in this review because it was published after the final search date of January 2017. This study of 52 participants, of which 25 were randomised to a 10-week GYY programme and 27 to wait-list control, found a statistically significant improvement associated with the intervention (adjusted mean difference 0.12, 95% CI 0.03 to 0.21).19 The participants in the pilot trial had a similar mean age to those in the current trial (74.8 vs. 73.5 years), but included a higher proportion of women (90% vs. 61%). The pilot trial also had a much lower proportion of participants who had multimorbidity (54% vs. 100%) because it included physically-inactive adults aged 60+ years and not specifically people with multimorbidity. This suggests that the current trial included a less healthy population; however, the baseline EQ-5D scores were similar. 

Effects of exercise therapy on HRQOL, physical function and mental health in people with multimorbidity
Bricca et al. published a systematic review in 2020 of exercise therapy for improving outcomes in people with multimorbidity.110 Twenty-three RCTs with 3,363 participants, testing an exercise therapy intervention (mean duration 13.0 weeks, typically aerobic exercise or combined aerobic and resistance exercise) showed that exercise therapy improved HRQOL (SMD 0.37, 95% CI 0.14 to 0.61) and objectively measured physical function (SMD 0.33, 95% CI 0.17 to 0.49), and reduced depression symptoms (SMD -0.80, 95% CI -1.21 to -0.40) and anxiety symptoms (SMD -0.49, 95% CI -0.99 to 0.01). Meta-regression showed that increasing age was associated with lower effect sizes for HRQOL and greater baseline depression severity was associated with greater reduction of depression symptoms. The overall quality of evidence for all the outcomes was rated as low, mainly due to risk of bias, inconsistency and indirectness. 


Effects of patient-orientated interventions in people with multimorbidity
Smith et al. published an updated Cochrane review in 2021 of trials of interventions for improving outcomes in people with multimorbidity in primary care and community settings.8 This review included 17 RCTs, five of which evaluated predominantly patient-oriented interventions, for example self-management support groups. A pooled effect size was not calculated for HRQOL due to substantial heterogeneity. Nevertheless, the findings were mixed and did not suggest that patient-orientated interventions are generally effective. The review authors suggested that interventions with a specific focus on functional capacity and activity participation may possibly be effective. However, the evidence to support this conclusion was quite limited, and such focused interventions are not likely to address the wide range of problems experienced by people with multimorbidity. The main conclusion was that there were only a limited number of studies, with considerable heterogeneity in their findings; therefore, further high-quality pragmatic trials are needed.

Summary
Our findings regarding HRQOL seem consistent with the literature on patient-orientated interventions for people with multimorbidity (i.e., little or no benefit), but inconsistent with previous findings on yoga for older people and exercise therapy for people with multimorbidity (where small to medium beneficial effects are apparent). The reasons behind this ‘mixed picture’ are unclear; however, the outcome of the current trial provides the best estimate of the ‘true’ effects of offering GYY to older people with multimorbidity, and specifically in the context of the UK healthcare system. The effects of yoga in this specific population should be further explored through meta-analysis once additional combinable studies have been performed.  

[bookmark: _Toc142579178]Cost-effectiveness
The results of the economic evaluation conducted alongside this trial suggest that offering the GYY intervention in addition to usual care could be a cost-effective option in terms of QALYs gained calculated using the EQ-5D-5L. Over the 12-month follow-up, the average cost per participant was £1,886 (95% CI £1,796 to £1,976) and £1,965 (95% CI £1,882 to £2,048) in the usual care and intervention groups, respectively. Compared with the usual care group, the intervention group incurred an additional mean cost of £81 (95% CI £77 to £85) but generated more QALYs (mean difference 0.0178, 95% CI 0.0175 to 0.0180). The ICER for the base case analysis involving the multiply imputed data set was found to be £4,546 per additional QALY, and the probability of the intervention being cost-effective at a willingness to pay threshold of £20,000 per QALY gained was 79%. The results appear robust across a range of assumptions that were explored using sensitivity analyses.
A limitation of the economic analysis was the presence of missing data. We had complete data on intervention costs for all participants and high completion rates for healthcare resource use at baseline. However, many participants had missing responses for healthcare usage items at later time points. Because of the cumulative nature of cost data, one missing observation renders all other data for that participant unusable in a complete case analysis. The presence of missing follow-up healthcare usage data therefore reduced the sample size for the complete case analysis to n = 192 (42%). A test of the missing data mechanism indicated that data were missing at random, indicating that multiple imputation was an appropriate method for handling missing data in the base case analysis.
An important consideration is why the intervention group experienced higher costs than the usual care group over the 12-months follow-up (mean difference £81). Key cost drivers of the analysis included hospital-based services, specifically inpatient stays, accident and emergency visits (including overnight stays), day case visits, outpatient attendances, and medications. Also, as expected, the cost of the intervention itself was a prominent cost at £188 in the base case. Exploration of the subcomponents of health service use cost collected in this study indicated that the intervention group had higher costs in four components (GP visit at GP practice/home, GP phone consultation, mental health services, day-case hospital visit) and the usual care group had higher costs in two components (inpatient hospital nights, medications). Overall, it appears that the increased resources associated with delivering the GYY courses were partially offset by a slight reduction in the overall costs of healthcare usage over the 12-month follow-up. Another limitation of the economic evaluation is that it does not account for any differences in costs and QALYs that may be expected over the longer term (>12 months post-randomisation).
The cost of the intervention (£175 per participant for face-to-face, £196 per participant for online) was less expensive than other yoga or exercise-based therapies that have been used to treat long-term conditions. For example, a yoga programme for treating chronic low back pain, for which there is evidence of effectiveness, cost £293 per participant.111 Elsewhere, a group-based supervised exercise programme for intermittent claudication has been estimated to cost £288 per participant,112 a group and hospital-based pulmonary rehabilitation programme cost £718 per participant,113 and a facilitated self-care and home-based cardiac rehabilitation programme for heart failure cost £418 per participant.114

[bookmark: _Toc142579179]Strengths and limitations
This trial has several strengths. It is the first adequately powered RCT of yoga for older people with multimorbidity and was rigorously undertaken in line with recommended standards for individually randomised trials. The trial was prospectively registered and the protocol was published. External validity was enhanced by using broad eligibility criteria and recruiting from a range of general practices across England and Wales. Randomisation was conducted by a secure, remote, web-based system with concealed allocation. The intervention was standardised and delivered by 12 experienced teachers who all held a regulated qualification in Teaching GYY. Class attendance rates were good, as was adherence to home yoga practice during the intervention period. Recruitment was completed within the initial intended time period, the number of participants randomised provided sufficient power as per our sample size assumptions, and there were high rates of participant follow-up over 12 months. We collected data on a range of outcomes, several of which feature in a core outcome set for multimorbidity trials.115 The two randomised groups were comparable on almost all of the baseline characteristics. We also conducted economic and process evaluations, both of which have been lacking in most previous studies of yoga or interventions for multimorbidity. The trial was reported in line with CONSORT and other relevant guidelines.116, 117 Finally, an independent Trial Steering Committee helped ensure that the trial was conducted as planned and that participant safety issues were considered. 
The trial also has some limitations. First, adherence to home yoga practice decreased over time past the intervention endpoint, which may have diluted any effects; however, the trial was highly pragmatic and reflects the effectiveness of the intervention in real-world implementation. Second, only 3.5% of invited patients were recruited. This rate of recruitment is typical of trials using this type of intervention and recruitment strategy,118 but raises the possibility of recruitment bias. The characteristics of the trial participants are considered further in the section on Equality, Diversity and Inclusion below. Third, there was some chance imbalance in gender at baseline, but this was adjusted for in a sensitivity analysis and do not change the conclusions. Fourth, the COVID-19 pandemic required us to change our processes for recruitment, follow-up, and intervention delivery part way through the trial. Regarding intervention delivery, BWY continue to offer a mixture of face-to-face and online GYY classes, so the mixture of course types included in this trial reflects current practice. Fifth, the use of subjective, participant self-reported outcome measures, as opposed to objective measures, has the potential to introduce reporting bias since participants were not blinded to their allocation in this trial.  Finally, we specified a large number of secondary outcomes, which increases the risk of false-positive findings due to multiple comparisons.24 However, in pragmatic trials such as this it is important to collect data for a broad range of outcome measures relevant to stakeholders (patients, clinicians, policy makers, etc).119 The consistent findings across all key outcomes adds confidence to our interpretation of the results. 

[bookmark: _Toc142579180]Equality, Diversity and Inclusion
The trial enrolled 454 participants from 15 general practices in England and Wales. The mean age was 73.5 years (SD = 6.2), 60.6% of participants were female, and 2% were from non-White ethnic groups. Participants had a median of 3 conditions, the mean EQ-5D-5L utility index score at baseline was 0.739 (SD = 0.169), and the mean IMD decile was 7.54 (SD = 2.65).
Data from the nationally representative Clinical Practice Research Datalink-GOLD database showed that, in the UK in 2012, 55% of multimorbid adults aged 65 years or older were female.120 Data for England and Wales from the 2011 Census indicate that 4.5% of people aged 65 years or older were from non-White ethnic groups.121 Appendix 10 (Table 51) shows expected versus actual ethnicity percentages for each of the trial sites. Data from the nationally representative General Practice Patient Survey showed that, in the UK in 2012, multimorbid adults aged 55 years or older had a mean EQ-5D-5L utility index score of 0.713 (SD = 0.219).105 
Collectively, the above data indicate that our trial participants were reasonably representative of the wider multimorbid older adult population. However, there may have been a slight under-representation of males, non-White ethnic groups, and people with lower socioeconomic/health status. 
Steps that we took to optimise participation of relevant people included using broad eligibility criteria, identifying potential participants from GP databases, recruiting from a range of general practices and regions in England and Wales, and using carefully worded recruitment materials. However, inclusiveness for the target population may have been limited by some aspects of the study. For example, we excluded people who were unable to read or speak English. However, this was done because the GYY teachers who were available to work on the trial all spoke English; thus, it may have been difficult for them to effectively communicate with non-English speaking participants. We also could possibly have sought to work with a more diverse range of sites, however site selection was largely determined by where the teachers were based (at least for the face-to-face courses). 
The research staff at the Universities of York and Northumbria are appointed to ensure equality and diversity. The research team included a mixture of genders and a range of skills, experience and expertise. The project offered Professor Tew the opportunity to lead a full-scale multi-site trial for the first time under the mentorship of Professor Hewitt. It also provided the two yoga consultants (LB, JH) with the experience of being involved in a large research trial. Within YTU, three early career researchers gained experience taking lead roles in managing the project and developing strong team working. Our data administration team developed new ways of working to ensure the trial continued during the pandemic. Through working on this project, our Trial Support Officer (administrator grade) demonstrated her skills and knowledge and was promoted to a Trial Coordinator/Research Fellow. Members of the public who were representative of the study population were also involved in all aspects the study, as described in the next section. Our TMG member Valerie Mount gained insight into trial methodology.

[bookmark: _Toc142579181]Patient and Public Involvement
The design and conduct of this trial benefited from patient and public involvement (PPI). The aim of PPI in all aspects of the study was to ensure that the voices of older adults (with multimorbidity) were woven through the research, such that the results would be of direct benefit to them.
We worked with PPI representatives from grant preparation through to dissemination. Because the study linked to a themed call (Complex health and care needs in older people), we were aware that older adults had been involved through the NICE guideline committee and NIHR prioritisation work, but we additionally worked with seven PPI representatives, all of whom were aged 65 years or older with multimorbidity and experience of GYY participation. This involvement extended across considerations around research design, development and iteration of participant information resources, research management and troubleshooting (as members of the TMG and TSC), interpretation of the data and writing and dissemination of the findings.
An example of how PPI shaped the research included consideration of how to limit the dropout rate in the usual care group. The PPI representatives expressed concerns that the dropout rate would be higher in the usual care group if there were no benefits to being in the study, and suggested that some interaction would be required to make them feel involved. Some of their ideas that were implemented included financial incentives and providing a free yoga class and details of suitable yoga classes at the end of the study.
Another example related to the practicalities of intervention delivery. Consistent with the PPI representatives’ feedback, we only recruited participants from general practices that were located close to the yoga venue (for face-to-face courses), we only used yoga venues that had good transport links, and we made sure that all trial classes were delivered between the hours of 1000 and 1500. 
The PPI also helped shape the participant facing study documents. For example, we made sure that the questionnaires used a suitably large font size in case participants had sight problems. Key words and phrases were capitalised and bolded for emphasis. The colour of the paper was carefully considered to ensure the text could be seen clearly. We also included a contact number for a researcher who could help them complete the questionnaire.

[bookmark: _Toc142579182]Implications for health care
Does this trial provide sufficient evidence to justify implementing GYY courses as a funded NHS service?
No. In this trial, the GYY courses were offered up as if they were a funded NHS service, with referral initiated in primary care and the programme provided free of charge to patients in the community. If shown to provide benefit relative to usual care alone, the intervention could potentially be made available to primary care professionals to offer to eligible patients. The findings lead us toward the somewhat paradoxical conclusion of ‘not clinically effective but probably cost-effective’. The cost-effectiveness data alone may imply that the intervention should be adopted; however, it has been argued that only exceptionally should a single trial provide grounds for implementation.122 NICE and similar decision-making bodies specify that, rather than being based on a single trial, economic evaluation should generally be based on the totality of the evidence established by systematic review and meta-analysis. 

Should self-funded GYY classes be recommended to older people with multimorbidity?
Possibly. Outside of the trial setting, GYY classes are available to attend on a self-pay basis, either online, or face-to-face in many parts of the UK. Our findings indicate that the intervention is safe, acceptable, and in some cases highly valued in this population. Healthcare professionals or social prescribing link workers could therefore consider recommending self-funded GYY classes where it appears a ‘good fit’ with an individual’s needs and preferences. Routinely recommending GYY to older adults with multimorbidity would be unlikely to improve HRQOL at the population level, but a more targeted approach may provide various benefits to individuals. Given its gentle nature, GYY might be best targeted towards older adults who are frail or with greater disease burden. For such individuals, the classes might be sufficiently stimulating to provide benefit and act as a gateway to more challenging forms of yoga or other forms of physical activity. From a different perspective, GYY classes could be done to contribute towards achieving a healthy amount of physical activity.123 
Whether or not GYY classes are recommended may be influenced by several factors. A prerequisite to training for the GYY teaching qualification is for a yoga teacher to be insured on the basis of having a Level 3 qualification in Teaching Yoga or equivalent, any tradition. GYY should only be delivered by insured teachers who hold the regulated BWYQ Level 4 Certificate in Teaching GYY or by insured teachers who are under the supervision of their GYY trainer and have completed the first observation/assessment of GYY teaching during unit 2, the practical unit. The 42-hour theory unit in ‘Understanding the Principles of Adapting Yoga for Older Adults’ is a prerequisite for unit 2.
As of January 2023, 66 yoga teachers across England, Scotland and Wales have the BWYQ Level 4 Certificate in Teaching GYY and another 63 are teaching GYY classes as part of the assessment to receive the Ofqual-regulated qualification in 2023. This would give a total of 129 fully-qualified GYY teachers in the locations shown on the map in Figure 11. 
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FIGURE 11 Location of GYY trained yoga teachers

Another important factor will be the awareness of healthcare professionals and link workers of what GYY is, its ‘target audience’ and evidence base, and what classes are available to the people they are supporting. If there is a demand for GYY teachers and marketing support, it is realistic for BWY and other BWYQ recognised centres to be able to train around 450 teachers per year to receive the regulated BWYQ Level 4 Teaching GYY qualification.

A word of caution
We tested a specific yoga programme in a specific population; that is, a 12-week programme of GYY in people aged 65 years or older with multimorbidity. We caution against extrapolating our findings to other contexts (e.g., other styles of yoga, other populations). When considering the role of yoga for a specific, single condition (e.g., chronic low back pain), other more directly applicable literature should be consulted.

[bookmark: _Toc142579183]Recommendations for research
We have identified several potential areas of future research, listed here in no specific order. We suggest that a more formal process of scoping and prioritisation is undertaken to determine how these are best taken forward in the wider context of yoga and multimorbidity research and ongoing work in these areas.
· Further research could be done to try and identify subgroups of people who are most likely to benefit from this type of intervention.  
· Further research is needed to explore the impact of yoga programmes on health inequalities, and to identify best practices for widening access, maintaining engagement, and tailoring support. For example, it would be useful to understand the barriers and facilitators to broadening the diversity within those training as yoga teachers as well as for potential participants.
· Further research could be done to investigate the optimal type and dose of yoga that might be required to produce measurable and perceivable benefits to health outcomes.
· Further work is needed to help build a consensus about the most appropriate eligibility criteria to use in multimorbidity intervention trials. 
· Further research is needed to explore the plausibility of our seemingly paradoxical finding of the intervention being not clinically effective but probably cost-effective. This could include longer-term cost-effectiveness modelling. 

[bookmark: _Toc142579184]Conclusion
The offer of a 12-week programme of GYY was not associated with any statistically significant benefits in terms of HRQOL, mental health, loneliness or falls in older adults with multimorbidity. However, the intervention was safe, acceptable to most participants, and highly valued by some participants. The economic evaluation suggests that the intervention could be cost-effective. 
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Recruitment 
Due to the Covid-19 pandemic, various amendments were required to ensure that recruitment could continue. Alternative consent and questionnaire data collection processes were added, including the electronic completion of the consent form by participants via an online form, the collection of participant screening and baseline questionnaire data via telephone and the entry of this data electronically via an online form by study investigators.  Circumstances that would make a participant unable to participate in an online yoga class were added to the exclusion criteria. These included no internet access, unfamiliar or unable to use the internet, no suitable device, insufficient space at home and no sturdy chair for use in the classes. It was also specified that potential participants needed to be available to attend 9 of the 12 classes. The method of contacting a patient to inform them of their ineligibility or eligibility (and therefore group allocation) was updated to say that this will either be done via telephone, email or letter. Another amendment associated with recruitment challenges due to the Covid-19 pandemic was reconsidering the sample size in October 2021. This meant that recruitment closed with a total of 454 participants randomised (214 usual care/ 240 intervention). Other minor amendments to recruitment included updating an error to the estimated number of GP practices to be recruited, which was corrected to 36, and information about the use of Docmail used by GP practices for mailing out invitations to patients was added.

Process Evaluation
Amendments were made to clarify the processes (including consent) for interviews with study participants and yoga teachers and adding that trial staff may also be interviewed. Due to the Covid-19 pandemic, it was indicated that electronic consent may be used for the interviews and class observations. Also, the option of using video conferencing for interviews was added. The number of yoga teacher interviews at pilot phase sites (4-8) and main phase sites (6-12) was stated. Stakeholders were added to the list of groups to be interviewed. The sample size of trial participant interviews was later increased to 35. 

Intervention
Details were added to clarify the intervention processes, including that YTU would send participants the yoga teacher’s health questionnaires to complete before their first yoga class, and that yoga teachers would alert YTU of any adverse events. Due to the Covid-19 pandemic, it was also detailed that classes would be conducted either face-to-face in the community or online via video conferencing. Class sizes were amended to the increased range of 8-15 participants instead of 10-15. This was due to the classes being held online. In addition, it was clarified that the GYY certification is a level 4 regulated qualification, and more detail was provided to explain what the GYY training involves and that teachers will also receive training in trial processes. A further amendment was made clarifying that the participants will be provided with advice for continuing yoga at home and in suitable yoga classes in the community that they may want to attend on a self-pay basis.

Follow-up
Due to the Covid-19 pandemic, amendments were required to follow-up processes including that the collection of follow-up questionnaire data may be done via telephone and the entry of this data would be done electronically via an online form by study investigators. It was also added that a £5 shopping voucher may be sent to participants instead of £5 cash.

Other
Additional amendments made to the protocol include detailing the sending out of regular newsletters to trial participants, the procedure for recording planned hospitalisations and elective surgery unrelated to the intervention, a statement to say that the allocation will be revealed to a participant’s GP in response to an adverse health event if necessary and to indicate that the internal pilot phase will cover the period of the two waves of courses at the pilot sites. Updates to wording throughout the protocol were also made for consistency i.e., 'instructors' was updated to 'teachers'.
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TABLE 45 Mean and SD of EQ-5D-5L index value by time point and trial site
	Anonymised site
	Size
	Baseline
	Month 3
	Month 6
	Month 12

	1
	N=18
	0.777 (0.104)
	0.738 (0.131)
	0.725 (0.114)
	0.757 (0.091)

	2
	N=25
	0.673 (0.201)
	0.696 (0.207)
	0.703 (0.192)
	0.659 (0.184)

	3
	N=26
	0.741 (0.120)
	0.711 (0.125)
	0.709 (0.130)
	0.739 (0.120)

	4
	N=27
	0.745 (0.155)
	0.729 (0.217)
	0.699 (0.216)
	0.740 (0.188)

	5
	N=25
	0.754 (0.171)
	0.730 (0.179)
	0.723 (0.206)
	0.682 (0.279)

	6
	N=24
	0.716 (0.204)
	0.765 (0.117)
	0.756 (0.275)
	0.718 (0.220)

	7
	N=20
	0.701 (0.190)
	0.733 (0.185)
	0.688 (0.186)
	0.711 (0.195)

	8
	N=16
	0.698 (0.216)
	0.656 (0.278)
	0.609 (0.271)
	0.719 (0.241)

	9
	N=24
	0.760 (0.160)
	0.759 (0.167)
	0.739 (0.214)
	0.705 (0.228)

	10
	N=25
	0.728 (0.153)
	0.683 (0.256)
	0.682 (0.267)
	0.653 (0.295)

	11
	N=28
	0.646 (0.204)
	0.705 (0.177)
	0.669 (0.238)
	0.611 (0.240)

	12
	N=28
	0.761 (0.122)
	0.737 (0.202)
	0.733 (0.209)
	0.712 (0.208)

	13
	N=24
	0.819 (0.106)
	0.828 (0.121)
	0.851 (0.136)
	0.766 (0.233)

	14
	N=16
	0.804 (0.154)
	0.826 (0.149)
	0.777 (0.194)
	0.754 (0.186)

	15
	N=35
	0.756 (0.156)
	0.725 (0.217)
	0.712 (0.257)
	0.712 (0.197)

	16
	N=24
	0.752 (0.157)
	0.768 (0.144)
	0.723 (0.172)
	0.739 (0.129)

	17
	N=24
	0.774 (0.201)
	0.774 (0.197)
	0.782 (0.199)
	0.762 (0.201)

	18
	N=29
	0.788 (0.139)
	0.777 (0.145)
	0.745 (0.201)
	0.735 (0.183)

	19
	N=16
	0.609 (0.186)
	0.662 (0.157)
	0.643 (0.185)
	0.552 (0.346)

	Total
	N=454
	0.739 (0.169)
	0.737 (0.184)
	0.720 (0.212)
	0.707 (0.214)
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TABLE 46 Number and proportion of participants with complete case data by group
	Time point
	Intervention (N=240), n (%)
	Usual care (N=214), n (%)

	Baseline
	175 (72.9%)
	165 (77.1%)

	3 months
	152 (63.3%)
	128 (59.8%)

	6 months
	142 (59.2%)
	124 (57.9%)

	12 months
	170 (70.8%)
	145 (67.8%)

	Total trial duration
	105 (43.8%)
	87 (40.7 %)
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TABLE 47 Logistic regression for indicators of missing cost and QALY data on baseline variables
	Logistic regression for indicators of missing cost and QALY data on baseline variables 
	Odds ratio (95% CI)

	Variable / value
	Missing cost data at 12 months
	Missing QALY data at 12 months

	BASELINE VARIABLES:
	
	

	Gender (female)
	1.53 (0.99 to 2.38)
	1.80* (1.03 to 3.16)

	Age 
	1.07* (1.03 to 1.11)
	1.05* (1.01 to 1.10)

	Site

	0.85* (0.82 to 0.88)
	0.95* (0.92 to 0.99)

	EQ-5D-5L at baseline
	0.49 (0.13 to 1.80)
	0.81 (0.18 to 3.75)

	Treatment allocation (intervention vs usual care)
	0.62* (0.40 to 0.96)
	0.53* (0.31 to 0.89)


*statistically significant at the 5% level
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TABLE 48 Completion and missingness of EQ-5D-5L questionnaires by group and time point
	Follow-up
	Completed EQ-5D-5L
	Missing EQ-5D-5L (≥1 dimension missing)

	
	Intervention 
(n = 240)
	Usual care 
(n = 214)
	Intervention 
(n = 240)
	Usual care 
(n = 214)

	Baseline
	240 (100.0%)
	213 (99.5%)
	0 (0%)
	1 (0.5%)

	3 months
	224 (93.3%)
	189 (88.3%)
	16 (6.7%)
	25 (11.7%)

	6 months
	216 (90.0%)
	179 (83.6%)
	24 (10.0%)
	35 (16.4%)

	12 months
	211 (87.9%)
	178 (83.2%)
	29 (12.1%)
	36 (16.8%)














[bookmark: _Toc142579200]Appendix 6. Number of missing dimensions for invalid EQ-5D-5L questionnaires

TABLE 49 Number of missing dimensions for invalid EQ-5D-5L questionnaires by group and time point
	EQ-5D-5L
	Intervention: 
Number of missing dimensions
	Usual care: 
Number of missing dimensions

	Follow-up
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	Baseline
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	3 months
	0
	0
	0
	0
	16
	0
	0
	0
	0
	25

	6 months
	0
	0
	0
	0
	24
	0
	0
	0
	0
	35

	12 months
	1
	0
	0
	0
	28
	0
	0
	0
	0
	36
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TABLE 50 Proportion reporting EQ-5D-5L levels 1 to 5 by dimension, group and time point
	[bookmark: _Hlk121036800]EQ-5D-5L scale
	Health state Severity*
	Baseline
	3 months
	6 months
	12 months

	
	
	Intervention
	Usual care
	Intervention
	Usual care
	Intervention
	Usual care
	Intervention
	Usual care

	Mobility
	Level 1
	98 (40.8%)
	88 (41.1%)
	112 (46.7%)
	86 (40.2%)
	107 (44.6%)
	76 (35.5%)
	97 (40.4%)
	74 (34.6%)

	
	Level 2
	79 (32.9%)
	64 (29.9%)
	66 (27.5%)
	50 (23.4%)
	70 (29.2%)
	52 (24.3%)
	66 (27.5%)
	49 (22.9%)

	
	Level 3
	53 (22.1%)
	46 (21.5%)
	36 (15.0%)
	40 (18.7%)
	24 (10.0%)
	33 (15.4%)
	35 (14.6%)
	38 (17.8%)

	
	Level 4
	9 (3.8%)
	16 (7.5%)
	9 (3.8%)
	13 (6.1%)
	14 (5.8%)
	17 (7.9%)
	12 (5.0%)
	17 (7.9%)

	
	Level 5
	1 (0.4%)
	0 (0%)
	1 (0.4%)
	0 (0%)
	1 (0.4%)
	1 (0.5%)
	1 (0.4%)
	0 (0%)

	 
	Missing
	0 (0%)
	0 (0%) 
	16 (6.7%)
	25 (11.7%)
	24 (10.0%)
	35 (16.4%)
	29 (12.1%)
	36 (16.8%)

	Self-care
	Level 1
	207 (86.3%)
	180 (84.1%)
	191 (79.6%)
	153 (71.5%)
	183 (76.3%)
	137 (64.0%)
	177 (73.8%)
	138 (64.5%)

	
	Level 2
	28 (11.7%) 
	22 (10.3%)
	24 (10.0%)
	20 (9.3%)
	21 (8.8%)
	25 (11.7%)
	26 (10.8%)
	28 (13.1%)

	
	Level 3
	5 (2.1%) 
	10 (4.7%)
	8 (3.3%)
	15 (7.0%)
	11 (4.6%)
	13 (6.1%)
	7 (2.9%)
	11 (5.1%)

	
	Level 4
	0 (0%)
	2 (0.9%) 
	1 (0.4%)
	1 (0.5%)
	1 (0.4%)
	3 (1.4%)
	1 (0.4%)
	1 (0.5%)

	
	Level 5
	0 (0%)
	0 (0%)
	0 (0%) 
	0 (0%)
	0 (0%)
	1 (0.5%)
	1 (0.4%)
	0 (0%)

	 
	Missing
	0 (0%)
	0 (0%)
	16 (6.7%)
	25 (11.7%)
	24 (10.0%)
	35 (16.4%)
	28 (11.7%)
	36 (16.8%)

	Usual activities
	Level 1
	125 (52.1%)
	109 (50.9%)
	108 (45.0%)
	94 (43.9%)
	95 (39.6%)
	86 (40.2%)
	89 (37.1%)
	83 (38.8%)

	
	Level 2
	65 (27.1%)
	61 (28.5%)
	80 (33.3%)
	55 (25.7%)
	83 (34.6%)
	55 (25.7%)
	82 (34.2%)
	55 (25.7%)

	
	Level 3
	45 (18.8%)
	39 (18.2%)
	31 (12.9%)
	31 (14.5%).
	28 (11.7%)
	24 (11.2%)
	35 (14.6%)
	27 (12.6%)

	
	Level 4
	5 (2.1%)
	5 (2.3%)
	8 (3.3%)
	8 (3.7%)
	9 (3.8%)
	14 (6.5%)
	5 (2.1%)
	11 (5.1%)

	
	Level 5
	0 (0%)
	0 (0%)
	1 (0.4%)
	1 (0.5%)
	1 (0.4%)
	0 (0%)
	1 (0.4%)
	2 (0.9%)

	 
	Missing
	0 (0%)
	0 (0%)
	16 (6.7%)
	25 (11.7%)
	24 (10.0%).
	35 (16.4%)
	28 (11.7%)
	36 (16.8%)

	Pain/
	Level 1
	63 (26.3%)
	47 (22.0%)
	55
	43
	53 (22.1%)
	41 (19.2%)
	53 (22.1%)
	31 (14.5%)

	discomfort
	Level 2
	93 (38.8%)
	89 (41.6%).
	99 (41.3%)
	82 (38.3%)
	94 (39.2%)
	68 (31.8%)
	95 (39.6%)
	74 (34.6%)

	 
	Level 3
	67 (27.9%)
	64 (29.9%)
	58 (24.2%)
	51 (23.8%)
	54 (22.5%)
	55 (25.7%)
	47 (19.6%)
	56 (26.2%)

	 
	Level 4
	17 (7.1%)
	14 (6.5%)
	12 (5.0%)
	10 (4.7%)
	13 (5.4%)
	14 (6.5%)
	14 (5.8%)
	16 (7.5%)

	 
	Level 5
	0 (0%)
	0 (0%)
	0 (0%)
	3 (1.4%)
	2 (0.8%)
	1 (0.5%)
	3 (1.3%)
	1 (0.5%)

	 
	Missing
	0 (0%)
	0 (0%)
	16 (6.7%)
	25 (11.7%)
	24 (10.0%)
	35 (16.4%)
	28 (11.7%)
	36 (16.8%)

	Anxiety/
	Level 1
	153 (63.8%)
	137 (64.0%)
	132 (55.0%) 
	116 (54.2%)
	130 (54.2%)
	104 (48.6%)
	119 (49.6%)
	109 (50.9%)

	depression
	Level 2
	62 (25.8%)
	51 (23.8%)
	69 (28.8%)
	51 (23.8%)
	60 (25.0%)
	51 (23.8%)
	63 (26.3%)
	46 (21.5%)

	 
	Level 3
	20 (8.3%)
	23 (10.7%)
	22 (9.2%)
	18 (8.4%)
	24 (10.0%)
	20 (9.3%)
	28 (11.7%)
	19 (8.9%)

	 
	Level 4
	4 (1.7%)
	2 (0.9%)
	1 (0.4%)
	4 (1.9%)
	2 (0.8%)
	3 (1.4%)
	2 (0.8%)
	4 (1.9%)

	 
	Level 5
	1 (0.4%)
	0 (0%)
	0 (0%)
	0 (0%)
	0 (0%)
	1 (0.5%)
	0 (0%)
	0 (0%)

	 
	Missing
	0 (0%)
	1 (0.5%)
	16 (6.7%)
	25 (11.7%)
	24 (10.0%)
	35 (16.4%)
	28 (11.7%)
	36 (16.8%)


* Level 1 - no problems; level 2 – slight problems; level 3 – moderate problems; level 4 – severe problems; level 5 – extreme problems.
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FIGURE 12 Cost-effectiveness plane for Sensitivity Analysis 1: complete-case analysis
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FIGURE 13 Cost-effectiveness plane for Sensitivity Analysis 1: complete-case analysis 
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FIGURE 14 Cost-effectiveness plane for Sensitivity Analysis 3: face-to-face yoga classes only
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FIGURE 15 Cost-effectiveness plane for Sensitivity Analysis 4: online yoga classes only
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 FIGURE 16 Cost-effectiveness plane for Sensitivity Analysis 5: medication costs removed
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[bookmark: _Hlk122032264]FIGURE 17 Cost-effectiveness plane for Sensitivity Analysis 6: age and gender removed
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FIGURE 18 Cost-effectiveness acceptability curve for Sensitivity Analysis 1: complete case analysis 
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FIGURE 19 Cost-effectiveness acceptability curve for Sensitivity Analysis 2: personal cost
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FIGURE 20 Cost-effectiveness acceptability curve for Sensitivity Analysis 3: face-to-face yoga classes only
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FIGURE 21 Cost-effectiveness acceptability curve for Sensitivity Analysis 4: online yoga classes only	
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FIGURE 22 Cost-effectiveness acceptability curve for Sensitivity Analysis 5: medication costs removed
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FIGURE 23 Cost-effectiveness acceptability curve for Sensitivity Analysis 6: age and gender removed

[bookmark: _Toc142579204]Appendix 10. Expected and actual site level ethnicity (percentages).


TABLE 51 Expected and actual site level ethnicity (percentages)
	Trial Site (anonymised)
	White British/Irish/
Other
	Black African/
Caribbean/Other
	Asian Indian/Pakistani/
Bangladeshi/Other/
Chinese
	Mixed/Multiple groups
	Other

	
	Expected
	Actual
	Expected
	Actual
	Expected
	Actual
	Expected
	Actual
	Expected
	Actual

	1
	95.6
	96.6
	0.6
	0.0
	2.1
	3.4
	1.4
	0.0
	0.3
	0.0

	2
	95.6
	100.0
	0.6
	0.0
	2.1
	0.0
	1.4
	0.0
	0.3
	0.0

	3
	95.5
	100.0
	0.6
	0.0
	2.1
	0.0
	1.4
	0.0
	0.3
	0.0

	4
	96.0
	100.0
	0.7
	0.0
	1.7
	0.0
	1.1
	0.0
	0.4
	0.0

	5
	95.6
	100.0
	0.8
	0.0
	1.9
	0.0
	1.1
	0.0
	0.6
	0.0

	6
	97.2
	100.0
	0.3
	0.0
	1.4
	0.0
	0.9
	0.0
	0.2
	0.0

	7
	90.5
	100.0
	1.8
	0.0
	5.0
	0.0
	2.1
	0.0
	0.5
	0.0

	8
	90.6
	96.0
	3.0
	0.0
	3.5
	0.0
	2.3
	4.0
	0.5
	0.0

	9
	97.3
	100.0
	0.2
	0.0
	1.4
	0.0
	0.9
	0.0
	0.2
	0.0

	10
	97.3
	100.0
	0.2
	0.0
	1.4
	0.0
	0.9
	0.0
	0.2
	0.0

	11
	97.3
	96.0
	0.2
	0.0
	1.4
	0.0
	0.9
	0.0
	0.2
	0.0

	12
	90.6
	100.0
	2.6
	0.0
	4.1
	0.0
	2.2
	0.0
	0.5
	0.0

	13
	90.8
	100.0
	2.6
	0.0
	3.9
	0.0
	2.2
	0.0
	0.5
	0.0

	14
	90.6
	91.7
	1.9
	0.0
	4.9
	8.3
	2.1
	0.0
	0.5
	0.0

	15
	96.2
	100.0
	0.8
	0.0
	1.5
	0.0
	1.2
	0.0
	0.3
	0.0

	16
	90.6
	95.8
	2.6
	0.0
	4.1
	0.0
	2.2
	0.0
	0.5
	0.0

	17
	90.6
	94.4
	3.0
	5.6
	3.5
	0.0
	2.3
	0.0
	0.5
	0.0

	18
	90.6
	96.4
	2.4
	0.0
	4.3
	3.6
	2.2
	0.0
	0.5
	0.0

	19
	97.2
	93.8
	0.3
	0.0
	1.4
	0.0
	0.9
	6.3
	0.2
	0.0
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Note: LR test is conservative and provided only for reference.

LR test vs. linear model: chi2(6) = 449.46                Prob > chi2 = 0.0000

                                                                              

                 cov(e6,e12)      .018642   .0017166      .0152776    .0220065

                 cov(e3,e12)      .011966    .001268      .0094808    .0144513

                  cov(e3,e6)      .012811   .0012378      .0103849    .0152371

                    var(e12)     .0300299   .0021277      .0261363    .0345035

                     var(e6)     .0272387   .0019355      .0236975    .0313091

                     var(e3)     .0164787     .00116       .014355    .0189167

Residual: Unstructured        

                                                                              

participan~d:        (empty)  

                                                                              

                  var(_cons)     5.90e-13   1.07e-09             0           .

trialsiteid: Identity         

                                                                              

  Random-effects parameters      Estimate   Std. err.     [95% conf. interval]

                                                                              

                                                                                

         _cons     .1483616   .0280081     5.30   0.000     .0934668    .2032565

                

         1 12      .0004961   .0151937     0.03   0.974     -.029283    .0302753

         1  6      .0015488   .0135819     0.11   0.909    -.0250712    .0281688

alloc_cat#time  

                

           12     -.0309111   .0112033    -2.76   0.006    -.0528691   -.0089531

            6     -.0197813   .0100684    -1.96   0.049     -.039515   -.0000476

          time  

                

   1.alloc_cat     .0188234   .0126297     1.49   0.136    -.0059303     .043577

       m0_util     .7806671   .0359335    21.73   0.000     .7102388    .8510955

                                                                                

       eq5dsum   Coefficient  Std. err.      z    P>|z|     [95% conf. interval]

                                                                                

Log restricted-likelihood =  731.23614          Prob > chi2       =     0.0000

                                                Wald chi2(6)      =     493.40

                                                                     

           participan~d          422          1        2.9          3

            trialsiteid           19         41       63.4         99

                                                                     

         Group variable       groups    Minimum    Average    Maximum

                              No. of       Observations per group

                                                                     

        Grouping information

Mixed-effects REML regression                   Number of obs     =      1,204

Computing standard errors ...

Iteration 6:   log restricted-likelihood =  731.23614  

Iteration 5:   log restricted-likelihood =  731.23614  

Iteration 4:   log restricted-likelihood =  731.23155  

Iteration 3:   log restricted-likelihood =  729.82718  

Iteration 2:   log restricted-likelihood =  709.72626  

Iteration 1:   log restricted-likelihood =  671.10663  

Iteration 0:   log restricted-likelihood =  506.31504  (not concave)

Performing gradient-based optimization: 

Obtaining starting values by EM ...

. mixed eq5dsum m0_util i.alloc_cat##time || trialsiteid: || part:, noconstant residuals(unstructured, t(time)) reml
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