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1. SUMMARY

	Study Title
	

	Feasibility of partial meal replacements for weight loss in people awaiting knee or hip arthroplasty


	

	Aims/Objectives
	Primary: 

To assess whether >50% of people waiting for knee or hip arthroplasty can achieve ≥ 5% weight loss in 3 months using a clinician-supported partial meal replacement weight loss program
Secondary:
To assess improvements in metabolic and inflammatory markers in the above program

To assess the safety, acceptability and tolerance of the above program
To assess willingness to pay for meal replacements

To assess changes in patient -reported index joint pain and function, quality of life and physical activity
To assess if weight loss is sustained or improved for at least 4 weeks after the clinician support has ceased

	Study design
	Single cohort, pilot (feasibility) study

	Planned sample size
	A maximum of 30 patients will be recruited so that data are available for 20 patients who complete the initial three month partial meal replacement component

	Inclusion criteria
	People with knee of hip osteoarthritis waitlisted for knee or hip arthroplasty at Fairfield Hospital and who have a body mass index of 30 kg/m2 or more

	Study procedures
	Consenting adults will trial a partial meal replacement diet program (two meal replacements per day). The program will include support from a dietitian as well as an app, and oversight by an obesity clinic. 

	Analysis considerations
	The study will not be powered to detect statistically significant changes
The above outcomes will be reported descriptively using counts, percentages, and averages. 

	Study duration
	24 months


2.  BACKGROUND AND RATIONALE FOR THE SOLUTION
The problem

Defined by WHO as a body mass index (BMI) of 30 or more,1 obesity is a complex condition attributable to numerous chronic conditions including cardiovascular disease, type 2 diabetes, non-alcoholic fatty liver disease, and osteoarthritis, with studies suggesting the need of a chronic disease model of care in order to manage and prevent numerous associated diseases in addition to improvement in health-related quality of life.2-5 Nationally, over half of the people undergoing total knee or total hip arthroplasty (TKA, THA) in Australia (~48,528) have obesity.6 At Fairfield Hospital, the incidence of obesity amongst those undergoing surgery is 65% (local data).
Obesity is associated with a greater rate of some complications,7-9 lower absolute recovery in mobility and patient-reported pain and function,10 and higher costs of care following TKA or THA.11 Considering these realities, operating on people with obesity may be undermining the sustainability of the procedures undertaken as well as the true value of these surgeries to all stakeholders. It follows then, that weight loss in the presence of obesity is commonly recommended prior to arthroplasty.12-15 
Our own review of the literature has revealed that no adequately powered randomised trial has been undertaken to prove diet-based weight loss prior to arthroplasty or any elective surgery (excluding bariatric surgery) improves patient and service outcomes in people with obesity.  We also know that the best methods for achieving clinically meaningful weight loss in people with obesity (typically defined as at least 5% or more 16) prior to arthroplasty surgery are not known.17 

Complicating the picture further, we also know that the risks of obesity have not always been shown to be heightened compared to non-obese states following surgery,8,18-23 – and this in part depends on the level of obesity -  and people with obesity still manifest significant symptomatic improvement.10 In recent non-randomised cohort studies, investigators have strongly argued against applying BMI thresholds for access to surgery based on a lack of evidence that the risks of operating in the  presence of obesity significantly outweigh the gains in patient-reported recovery.21-23 Delaying surgery, therefore, for the purpose of weight loss which may or may not be substantial, may simply delay symptomatic relief without securing substantial risk reduction or cost benefits.   

Based on the above, it is apparent that recommendations for weight loss prior to arthroplasty are undermined by lack of evidence

i) concerning the efficacy of weight loss strategies prior to surgery in people with end-stage osteoarthritis in terms of how much can be lost and how quickly

ii) proving that significant weight loss will yield better outcomes for the patient and the health system given that those with obesity may be satisfied with their outcomes and the risks of obesity are not absolute.
Solution
To address the uncertainties regarding the risks of obesity and need for weight loss pre-surgery, a large-scale randomised trial is ultimately required.  However, we first need to understand what works for weight loss in people with end-stage osteoarthritis awaiting surgery.
We know significant weight loss is possible for people with moderate knee osteoarthritis following very low calorie meal replacement diets, and that weight loss of 7% or more is associated with significant symptom relief.24-27 However, people with end-stage osteoarthritis awaiting arthroplasty are likely to be very different to a population with less severe osteoarthritis who may regard weight loss as a means to improve symptoms or avoid surgery. In the pre-arthroplasty cohort, there is limited time to lose weight and such people are not typically actively seeking help for weight loss. Moreover, if they regard surgery as the ‘cure’ for their obesity, they may take a more passive approach to weight management leading up to surgery. Interestingly, a recent randomised pilot study concluded that weight loss was greater amongst people who commenced a diet following TKA compared to those who commenced a diet pre-surgery.28 
As a precursor to a definitive trial, the proposed study aims to establish the feasibility of a 12-week calorie-restricted partial meal replacement program for people with obesity prior to undergoing TKA or THA. Calorie-restricted partial meal replacements are used for weight management,29,30 and arguably balance the need for rapid weight loss in people hoping to undergo surgery in the near future with ease of compliance given the low likelihood of acceptability or adherence to total meal replacements in a population not actively seeking help for weight loss. We note that a recent single-cohort pilot study undertaken in Spain reported an average 8% weight loss over three months in a cohort awaiting TKA utilising partial meal replacements.30 Additionally, the investigators observed an improvement in index joint symptoms and the improvements in quality of life were independently associated with weight loss. 
Further support for the utilisation of partial meal replacements as a viable option for weight loss in people awaiting arthroplasty is indirectly provided from a locally conducted pilot study (SWSLHD HREC No. 2019/ETH00426). In the latter study, a weight loss program utilising a hospital-based dietitian and promotion of the Mediterranean (anti-inflammatory) diet was associated with very modest weight loss over a 10-month period amongst people awaiting TKA or THA. Compared to the usual care program where people with obesity were encouraged to consult a community-based dietitian, those who participated in the hospital-based intensive dietitian-led low inflammatory weight loss program lost an average of 2% more (median weight loss 4%) whilst awaiting surgery. Though a greater proportion following the Mediterranean diet lost ≥ 5% (38% vs 15%), the proportion was less than half and the group did not manifest any consistent greater benefits in joint specific or quality of life behaviours, or even improvements in inflammatory profiles compared to the usual care group. Thus, the study suggests a program relying on comparatively intensive oversight by a dietitian alone, even when recommending the much-promoted Mediterranean diet recognised as beneficial for inflammatory disorders,31,32 may not be sufficient to secure meaningful weight loss in this cohort.
3.  STUDY AIMS/OBJECTIVES
Primary Objective: 

To assess whether 5% or more weight loss is achievable for >50% of patients following a clinician-supported 12-week partial meal replacement weight loss program.
Secondary Objective:
To assess improvements in metabolic and inflammatory markers in the above program

To assess the safety, acceptability and tolerance of the above program

To assess willingness to pay for meal replacements

To assess changes in patient -reported index joint pain and function, quality of life and physical activity

To assess if weight loss is sustained or improved for at least 4 weeks after the clinician support has ceased

4.  PARTICIPATING SITES

Participants will be recruited through the Fairfield Orthopaedic Hip and Knee Service (FOHKS), the current waitlist management program for people awaiting TKA or THA at Fairfield Hospital. This service is provided at Fairfield Hospital and a satellite clinic operates at Campbelltown Hospital, involving the same Fairfield Hospital staff.
The intervention will be provided at the SWS Metabolic Rehabilitation and Bariatric Program (MRBP), Camden Hospital, and remotely via telehealth.
5.  STUDY DESIGN
Pilot (feasibility) study involving a single cohort.
5.1 Study Type
Prospective study involving baseline assessments, a standardised intervention, and standardised follow-up of a single cohort.
5.2 Expected Study Duration
The study will commence after the appropriate approvals are obtained. We expect to commence screening potential participants for recruitment in March 2021. Based on previous pilot data (SWSLHD HREC No. 2019/ETH00426) and considerations for delay due to Covid restrictions, we expect recruitment to take a maximum of 8 months (end March 2022). The final assessment for the last participant will be completed end July 2022. Analysis and write-up will be completed March 2023.
5.3 Data Source and Population

A single cohort comprising people with osteoarthritis waitlisted for TKA or THA will be recruited. The weight loss and index joint outcomes will be compared to historical data obtained from the aforementioned pilot study. The sample is a convenience sample considered acceptable for a small pilot study. The study will not be powered to detect statistically significant within-group changes.
The data collected will be identifiable until the study is completed, but data will be stored on an anonymised database with ID number and no name/hospital MRN identifiers on a shared SWSLHD shared drive and on REDCAP. Data will be collected directly from the participants at several points in time. The data to be collected, at what time points, and the rationale for collection are summarised in Table 1.

Table 1. Variables and outcomes to be collected, the time frame and the supporting rationale
	Variable/outcome
	Baseline (at commencement of program)
	12 weeks (conclusion of supervised part of program)
	16 weeks or pre-surgery (whatever comes first)
	Rationale

	Demographic, comorbidity and anthropometric data (such as age, sex, medical history)
	√
	
	
	Describes and contextualises the cohort

	Weight, height and body mass index (BMI)
	√
	√ (excluding height)
	√ (excluding height)
	Primary outcome

	Medication use (for diabetes, blood pressure)
	√
	√
	√
	Certain conditions may improve with weight loss and this may be reflected in the medications taken

	Index joint symptoms (Oxford Knee or Hip Score) 33
	√
	√
	√
	Secondary outcome. Improvement in symptoms may be evident with weight loss

	Today health rating (EuroQol 5- Dimension scale) 34
	√
	√
	√
	Secondary outcome. Improvement in symptoms may be evident with weight loss

	Tolerance (asked about bowel symptoms)
	
	√
	
	Secondary outcome.

	Acceptability (Likert Scale)
	
	√
	√
	Secondary outcome.

	Acceptability – adherence (count of meal replacements issued; weight change)
	
	√
	√
	Secondary outcome.

	Willingness to pay – Likert scale 
	√
	√
	√
	Secondary outcome. Important for future translation and design of future rial

	Safety – instances of acute kidney injury or nutritional deficiencies fasting blood samples)
	√
	√
	√
	Secondary outcome.These data are collected routinely in the MRBP

	Data on activity will be collected with the 7 day short International Physical Activity Questionnaire (IPAQ) and Activpal device
	√
	√
	√
	Secondary outcome.


5.4 Recruitment and Screening

Potential participants will be identified by FOHKS clinicians (DH, SO). FOHKS participants who are identified as having obesity at their 3-month routine clinical review (3-months since being waitlisted), will be provided with the participant information sheet. Those that show interest will be asked permission for a member of the research team to contact them by telephone at least 24 hours later. Participants who meet study criteria (listed below), will be invited to participate. Preference will be given to patients with a BMI ≥35kg/m2. If the participant remains willing to participate after discussion with the researcher, an appointment will be made for them to undergo a baseline study assessment at the South Western Sydney Metabolic Rehabilitation and Bariatric Program (SWS MRBP) at Camden Hospital. On attendance, signed consent will be obtained. 
5.5 Inclusion Criteria

· Waitlisted for primary unilateral or bilateral TKA or THA for knee or hip osteoarthritis

· Having a BMI ≥ 30 at the time of screening

· Willingness to give written consent and willingness to participate to and comply with partial meal replacements and the study protocol.
· Completion of screening for disordered eating

5.6 Exclusion Criteria

· Patients unable to understand spoken/written English

· Patients currently participating in a weight loss program or losing >5kg in the last 3 months 
· Patients who have had bariatric surgery within the last 2 years
· Patients with severe mental health problems or conditions that may interfere with the patient's ability to understand the requirements of the study.

· Patients with a primary diagnosis other than osteoarthritis.
· Patients taking insulin 
5.7 Consent Process

Eligible potential participants will be informed of the study when they attend FOHKS for their 3-month clinical review and provided with a PIS as described in 5.4. Participants who meet the BMI criteria in this visit who have not been invited to participate will be contacted by the research team to explain the project and ask if they are interested. Those that show interest will be asked permission for a member of the research team to contact them by telephone at least 24 hours later. Participants who meet study criteria (listed below), will be invited to participate. If the participant remains willing to participate after discussion with the researcher, an appointment will be made for them to undergo a baseline study assessment at the South Western Sydney Metabolic Rehabilitation and Bariatric Program (SWS MRBP) at Camden Hospital. On attendance, signed consent will be obtained. 
Beyond describing the purpose, nature of the study, and study procedures, both the PIS and researcher will explain 

· that participation is voluntary

· that withdrawal is allowed at any time without penalty and that their data will be included up until the time of withdrawal
· the risks or discomforts associated with participating

· how personal data will be kept confidential

· the importance of adhering to the study protocol and attending study attendance

5.8 Study Procedures
5.8.1 Participant Screening, Enrolment and Consent
Previously described in 5.4 – 5.7

5.8.2 Study assessments

Baseline study assessment
At the initial (Baseline) assessment, participants will be weighed in minimal clothing and no shoes/socks on scales which can also assess fat percentage (bioimpedance). Participants will also complete several routinely used surveys (for arthroplasty and obesity management) about their health and joint symptoms (as described in Table 1). They will also be asked to undergo initial blood tests that are routinely obtained for people being treated at the MRBP (Table 1). 
12-week and pre-surgery assessments

Participants will undergo repeat testing involving the same assessments after conclusion of the more supervised part of the program (12 weeks; collected at 10-16 weeks for convenience) and then again at 16 weeks (this is expected to be just prior to surgery). Participants will also be asked to 

· provide details about their tolerance to the meal replacements and how many they consumed. Participants will be required to return those not consumed as a secondary count measure. A total of 168 will be provided; participants will be asked to return those not consumed as evidence of ‘not consumed’
· rate their acceptability of the meal replacements

· rate their willingness to pay for the meal replacements
The blood biomarkers will be reviewed by the study obesity experts (MP, NK). Any results that indicate harm will be sent to the GP and urgent blood test results will be relayed to the patient directly and appropriate action will be taken (as is usually done in the SWS MRBP).
5.8.3 Intervention

After providing written consent, participants will attend a group education session of 5-10 people in each group either in person at the MRBP (or via a telehealth connection if COVID restrictions are in place). The initial group session will be provided by a dietitian supported by an obesity specialist endocrinologist, and a metabolic Clinical Nurse Consultant where appropriate. The participants will be given information and advice on partial meal replacement (PMR) (two meal replacements) as well as suitable meal options. The complete PMR plan will provide 1200calories/day. They will also be provided with meal replacement shakes to cover 2 meals per day for 12 weeks (168 in total) free of cost over the course of the study. Intervention support includes access to a structured PMR App with tracking, nutrition education content, and behavioural strategies to support weight loss; meetings at 0, 6 and 12 weeks, to include educational videos, (face to face with the option of video conferencing if COVID-19 restrictions remain at the time of the study). There will also be 3 x 1:1 telephone/telehealth support with a dietitian trained in motivational interviewing at weeks 2, 4 and 9. At each visit, participants will receive general advice about the meal replacements and portion controlled meals, avoidance of snacking, fluid intake and will also have an opportunity to discuss any specific issues and their progress. At the 12-week visit, the dietitian will provide advice on weight loss maintenance with the option of participants continuing the recommended meal replacements (as part of portion control) at their own expense if they choose (using a commercially available alternative). To assess whether weight loss is maintained without ongoing support, participants will be encouraged to aim for weight stabilisation prior to surgery and for all participants to be on a minimum 1600cal/day by time of surgery, with a repeat assessment conducted at 6 weeks after the 12-week visit. The SWS MRBP team are using meal replacement shakes manufactured by Counterweight UK, who supplied the shakes for the DiRECT study in the UK37. Counterweight have also developed an app as well as education materials for people on partial meal replacements and these will be used to support the team including an Australian registered dietitian who can support with Telehealth appointments if required.
5.8.4 Sample size and Analysis

A convenience sample of approximately 20 people is planned, for which a maximum of 30 people will be recruited. As a feasibility study, the study focuses on process outcomes as well as tests the concept that a supported partial meal replacement program will achieve significant weight loss in the majority of the sample in a 3-month window.
For the primary outcome, we will report the percentage achieving ≥ 5% weight loss from baseline weight. The historical data from the aforementioned pilot study conducted at FOHKS will provide a useful comparison to contextualise the level of success together with concurrent deidentified data routinely collected by FOHKS around weight whilst waiting for surgery  
Secondary outcomes will be reported descriptively - such as percentages achieving the outcome (for adherence, willingness to pay, tolerance) or the mean change across time for joint specific scores or changes in metabolic or inflammation markers. Changes across time for the continuous variables will be analysed using paired t-tests.  
6. TISSUE CoLLECTION/BIOBANKING (IF APPLICABLE)
N/A
7. ETHICAL CONSIDERATIONS

We believe the potential benefits of participation in this study outweigh any potential risks or inconveniences. 
7.1 Study Procedure Benefits

The SWS MRBP has shown to result in significant weight loss at 6 and 12 months, as well as experience in working with people at high risk of eating disorders.35, 36 Staff from this program will support group education provided by the dietitian at baseline followed by partial meal replacement advice and information, meal replacement shakes free of cost (valued at $2-4 per sachet, worth up to $672 over 12 weeks). Participants will also have access to dietitian advice on several occasions over the 12 weeks, both via telephone as well face to face.  As participants will be offered an intervention not usually provided at FOHKS, we expect and hypothesize that the majority of participants will lose a clinically meaningful amount of weight (5% or more) whilst in the program. We also expect this to translate to improvements in other markers of health and wellbeing. 

We also expect participants to gain useful (hopefully life-long) strategies for maintaining a healthy lifestyle.

Ultimately, if the pilot data secure funds to conduct a definitive trial, we expect the broader elective surgery population and broader medical community to benefit from the research as such a trial will provide definitive evidence about the value of weight loss prior to elective surgery. 

7.2 Study Procedure Risks

Our intervention is a well-known strategy used to lose weight in other populations and is used by the SWS MBRP35. Our intervention, if adhered to, is expected to improve health; we do not expect to participants to be harmed or be caused distress by the program.
Participation will not be coerced. Potential participants will be screened by people not involved in the weight loss program and people will have time to consider the invitation to participate before being approached by the researcher obtaining consent. They will have an opportunity to ask the research team questions before they are asked to sign the consent form.
All assessments are standard procedure at either the MRBP or FOHKS. The program does require the participant to attend clinic visits in person at Camden as well as participate in telehealth consults. Thus, there is an extra time and cost burden on them which is not typical for people participating in the FOHKS program.

Participant data will be stored in a secure manner such that it will only be reviewed by the researchers involved. All results will be reported without reference to any specified individuals. 

7.3 Confidentiality and Privacy

As described in the PIS, no participants will be identified in any reporting of the trial results (reports, publications, presentations). Only people with approval to review data will have access to participant data and only data relevant to participants’ health and management will be given to a participant’s GP if required. Confidentiality is also assured via our method of data storage (described below).

7.4 Data Storage and Record Retention

All identifiable data will be stored on password-protected computers in password-protected folders in a SWSLHD shared drive, with access only available to the research team. Paper copies of consents will be stored in the UMCCC clinic space at Camden Hospital, where patient paper records are also stored. REDCAP data will sit on a Western Sydney University server, which is secure, and already used for other studies in SWSLHD. When REDCAP is available in SWSLHD, the data will be migrated to this server. They will be stored for a minimum 7 years (or five years after publication) given this study is only a pilot, non-randomised study. The paper-based records will be destroyed by the archiver at that time.
8. CONSUMER ENGAGEMENT

A consumer representative from the SPHERE Musculoskeletal Health Clinical Academic Group Consumer Community Council has reviewed, commented on, and contributed to the following aspects of the study
i) The protocol

ii) The Participant Information Sheet

iii) The Consent Process

iv) The participant assessment burden

The consumer representative will continue to be part of the study team to ensure ongoing patient/ consumer focus
9.  CONFLICT OF INTEREST

The listed investigators have no conflict of interests to declare.
10. FUNDING

The pilot study is co-funded by the Orthopaedic Department (Whitlam Orthopaedic Research Centre) and an ANZMUSC Seed Grant 2020. 

In-kind support (as part of their roles within the LHD) is provided by all the listed researchers from the MRBP, WORC, and FOHKS, Counterweight UK as well as the consumer representative.
11. RESEARCH OUTCOMES 

We anticipate the following research outcomes:

i) The project will constitute part of a PhD study for a current high research degree student Ritesh Chimoriya.

ii) If partial meal replacements are accepted and effective, the pilot results will be used to inform a definitive grant application designed to test whether weight loss prior to TKA or THA reduces the risks and costs of surgery and improves functional recovery.  The subsequent grant application is expected to be competitive as the team will have established a track record of working together as well as having a strong track record in their respective fields for undertaking complex clinical trials and utilising full or partial meal replacements in the clinics. We also expect the study to be competitive as it will be the only appropriately powered study undertaken worldwide to address this issue and addresses a problem relevant to any elective surgery where obesity may be a factor.

iii) If the proposed program is not safe and effective (for example, significant weight loss is not achieved or is not maintained) or patients are not willing to pay or co-pay for the meal replacements, the study will provide useful insights into what programs are not likely to work for weight loss in this context. 

iv) The proposed study, regardless of the findings, will be publishable in a peer-reviewed journal relevant to arthroplasty, arthritis, or obesity, and add to the existing literature on obesity or weight loss prior to elective surgery in general.  

We do not intend to provide participants with additional summary data or feedback beyond what they will already receive in real time through their attendance in the program and at the time of follow-up.
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