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[bookmark: _Toc133572653]Introduction
Obesity is a chronic relapsing disease that is increasing in prevalence resulting in a global pandemic (WHO.,2022).  The World Obesity Federation predict that by 2030 1 in 5 women, and 1in 7 men will be living with obesity equating to over 1 billion people globally (WHO., 2021). 
[bookmark: _Hlk117841825]Statistics reveal 1 in 4 adults in the UK are living with obesity (Kahal et al., 2021), ranking the UK highest in Europe (Jennings et al., 2014). In Wales over half of the adult population a concerning 57% are classified as overweight or obese (Turner and Haboubi.,2015). Defined by the World Health Organisation a body mass index (BMI) of ≤30 kg² increases the risk of developing further associated disease. This is putting increased financial burden on the NHS with costs estimated to reach £9.7 billion by 2050 (PHE.,2017). 
Obesity is a significant public health concern associated with several comorbidities, such as type 2 diabetes, cardiovascular disease, and certain cancers. Weight management interventions are crucial in mitigating these comorbidities (Alkharaiji et al., 2019). However, evaluating the effectiveness of weight management interventions is complex, and there are several factors that need to be considered. One of these factors is the intention to treat analysis, which assesses the effectiveness of the intervention by analysing all patients, regardless of whether they completed the treatment. 
In the UK obesity is managed through specialist multicomponent weight  management programme comprising of 4 tiered pathways: Tier 1: Universal, environmental and population services; Tier 2: behavioural and lifestyle interventions on weight management strategies :Tier 3: A multidisciplinary team of specialists led by a clinician GP, nurse, dietitian, psychologist/psychiatrist, and physical activity specialist; Tier 4: bariatric surgery (NICE.,2022). Tier 3 WMS requires the coherence of a multidisciplinary team to form a  pathway for adults referred who are in a  category of obese or morbid obesity with a BMI  ≤40kg/m² or ≤35kg/m² with comorbidities or  ≤30kg/m²  with type 2  diabetes mellitus or who have been unsuccessful losing weight through tier 2 intervention (NICE., 2022). Figure 1 shows a tiered triangle depicting the both the service commissioned along with the clinical care provided (Jennings et al., 2014).
Obesity initiatives are implemented by clinical commissioning groups and local authorities however, with no universal prerequisites this does put into question the consistency of the service with parts of the UK offering little or no specialist care (Brown et al., 2017)
In an evaluation of tier 3 services Huntriss et al (2021) suggests that frequent support, especially that with a dietitian result in greater weight loss but can be unsustainable for the patient and resource intensive. Although the evidence suggests tier 3 interventions can be successful in achieving weight loss and lifestyle change according to  Patel et al (2015), the research remains inconsistent.
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Figure 1: Tiered triangle of weight management services (Jennings et al., 2014)

Despite the importance of tier 3 multidisciplinary services, there is limited research on their effectiveness and impact on patient outcomes in the UK. This study aims to fill this gap by critically evaluating the existing literature from 3 systematic reviews, discussing the validity of some of the studies used as well as the quality of the findings   (Brown et al., 2017; Alkharaiji et al., 2019; Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021)
Implementing the service requires employing at least 3 specialist disciplines: a GP specialising in obesity, dietitian or nutritionist, exercise professional, psychologist, or counsellor, based on the Standard Evolution Framework (Phe.,2018) and All-Wales-weight-management-pathway-2021(Gov.Wales.,2021) which puts to question the cost-effectiveness with parts of the UK unable to fund clinical interventions.
This document will consider 3 systematic reviews, that are to date, the only reference that systematically review tier 3 multidisciplinary services (Brown et al., 2017; Alkharaiji et al., 2019; Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021). There is a need to consolidate their findings with more recent research in a bid to provide valuable insights for policymakers and healthcare professionals to improve the design and delivery of tier 3 weight management multidisciplinary services with complete transparency. 
[bookmark: _Toc133572654]Aims
The aim of this study is to critically analyse service evaluations of tier 3 Weight Management Services for adults within primary or secondary care in the UK. At the point of writing there are currently only 3 systematic reviews on UK tier 3 weight management services (Brown et al., 2017; Alkharaiji et al., 2019; Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021)  Brown et al (2017) concludes that services need to be more accessible across the UK. The objective is to produce an updated systematic review determining changes in weight, body composition or waist girth in primary care along with changes in other health related issued as a cause from obesity in secondary care i.e., decrease in blood pressure, blood glucose levels, HbA1c, sleep apnoea. This will help determine the effectiveness and implications for practice. 
[bookmark: _Toc133572655]Method
Due to the restrictive research on the subject data, and taking into effect the previous reviews, search criteria used would be taken from the three systematic reviews already mentioned  (Brown et al., 2017; Alkharaiji et al., 2019; Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021). 
A systematic search by Alkharaiji et al (2019) for relevant articles published between January 2000 and September 2017, using the Healthcare Databases Advances Search (HDAS) via the National Institute for Health and Care Excellence's (NICE) evidence services was undertaken. The search included electronic bibliographic databases such as AMED, CINAHL, EMBASE, HMIC, MEDLINE, PsycINFO and PubMed. After reviewing additional studies included in Brown et al (2017) systematic review, an extended search was conducted using Google Scholar. The search was limited to articles on "obesity" and "overweight" in the UK, specifically England, Wales, Scotland, and North Ireland. Terms related to "MWMS," "Specialist Weight Management (SWM)," and "Tier 3" (such as weight management services, weight reduction programs, weight management interventions, multidisciplinary weight loss initiatives, and multicomponent weight loss schemes) were used to search the titles and abstracts (Alkharaiji et al., 2019). Four databases (MEDLINE, EMBASE, PsycINFO, and Clinical Trials.gov) from 1999 to October 2018 were searched by Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P (2021). Ongoing studies were identified through a search of ClinicalTrials.gov, and reference lists of included studies were also examined to find additional relevant studies. Additionally, 19 relevant organizations, including Dietitians in Obesity Management and the REBALANCE advisory group, were contacted to help identify any published or unpublished reports (Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021). To conclude a further search of the database PubMED, Cochrane, Wiley online library, Taylor Francis Online and Google scholar using keywords; Tier 3 weight management UK, obesity, weight management intervention, obesity UK dated 2015-2023 were undertaken to identify any service evaluations that may have arisen subsequently. References used within articles were searched for additional studies and placed into a reference manager file.  
This review will follow the PRISMA checklist formatting. The PRISMA checklist is a tool used to ensure the transparent and complete reporting of systematic reviews and meta-analyses. PRISMA stands for Preferred Reporting Items for Systematic Reviews and Meta-Analyses (Page et al., 2021).
[bookmark: _Toc133572656]Inclusion Criteria
Studies comprising service evaluations of a UK tier 3 or level 3 multidisciplinary team in weight management service published in a peer reviewed journal or conference proceedings and abstract were assessed for inclusion. Weight, body composition, and/ or waist girth must be stated at basepoint with a follow up measurement of change. Service intervention must be described in detail with a minimum of 3 disciplines involved in the management of service (NICE., 2022). Adults with a mean baseline BMI ≤40kg/m² or ≤35kg/m² with comorbidities or ≤30kg/m² with type 2 diabetes mellitus referred for treatment included, it is noted however, Birnie et al (2016) accepts patients with a BMI≥28kg/m2 due to the Intervention specifics this has been included in this evaluation. Low-energy liquid diets (LELD), the use of pharmacotherapy (Orlistat) and weight loss Intervention preceding bariatric surgery were included. 
For the review, 8 studies were chosen after conducting a comprehensive search of databases. However, since 3 systematic reviews were already available, it was possible to extract data from them that had already undergone meta-analysis and met the inclusion criteria of the review. In total 4 service evaluations within the previous systematic reviews were included as well as a further 4 being more recent, post 2014, adjunct to adhering to the requirements, that being an original service evaluation.
The choice of which research to include or omit was initially based on the article title, followed by the abstract, and then the full-text article.
[bookmark: _Toc133572657]Exclusion Criteria
Studies not conducted in the UK or evaluating Tier 3 or Level 3 multicomponent weight management services were excluded from the search. Bariatric service assessments are excluded since this study collects data after Tier 3 intervention. Arhi and other bariatric adherence/refusal studies are not accepted as data (Arhi et al., 2021). Disability studies like Melville are excluded (Melville et al., 2011). Finally, this analysis excludes Atkinson and Johns investigations that focused on programme rejects (Johns et al., 2016; Atkinson and Batterham, 2017). To make the concept of this review more topical, all research published before 2014 were omitted. Any interventions involving children were omitted with the requirements set at 18 years and above. Upon close examination, inconsistencies were identified in the study design selection of Alkharaiji et al (2019). Specifically, some studies were included that did not constitute full-service evaluations and therefore lacked outcome or endpoint variables. This finding underscores the need for careful consideration and selection of appropriate study designs in research, particularly in the context of undergraduate academic writing.
[bookmark: _Toc133572658]Data Analysis  
Data extraction tables were developed following the TIDeiR checklist and guide for intervention delivery and context (Hoffmann et al., 2014a). The TIDieR checklist is a tool that can be used to improve the reporting and completeness of intervention descriptions in research papers, making it easier for others to replicate and implement the intervention. The TIDieR checklist is intended to be used as a guide to ensure that intervention descriptions are complete and transparent (Hoffmann et al., 2014)
1. Author & date. 
2. A record of participants weight (kg), BMI, waist girth, WHR, WHtR, body composition at baseline and completion of intervention.
3. Participant characteristics; Age mean/median +/- SD, Age M/F, BMI +/- SD , Ethnicity breakdown, %body fat.
4. Comorbidity; Type 2 diabetes mellitus (fasting glucose mmol/l, fasting insulin, HbA1c % or mmol/mol, insulin use n,%, hypoglycaemic use n,%, systolic BP mmHg, diastolic BP mmHg, hypertension n%, pre-hypertension n%, total cholesterol mmol/l, LDL-C mmol/l, HDL-C mmol/l, TG mmol/l, TC:HDL ratio, hypercholesterolaemia n%, hypertriglyceridaemia n%dyslipidaemia n%.
5. Other health indicators; Osteoathritis, sleep apnoea, depression,anxiety
6. Behvioural: Dietary intake, QOL, sleep, self-efficacy,self-esteem.
7. Intervention; GP, dietitian/nutritionist, Exercise, psychiatrist/psychotherapy.
8. Number of competitors, %non-completers, drop-outs.
Meta-analysis was conducted examining the mean differences in weight and BMI change between services along with 3,6,12 and in some cases 2 year follow up. There were not enough data to meta-analyse diet and physical activity measures. The use of LOCF and BOCF was included along with reporting of missing data. Follow up and outcome measures of comorbidity changes were also reported where the data would allow. 
[bookmark: _Toc133572659]

Results
It was agreed that the database searches utilised in the current 3 systematic reviews would be examined for duplicates, deleting any prior to 2014, outside the UK, and excluding any not presenting a complete Tier 3 multidisciplinary service. Following further searches 4 more were identified resulting in 8 evaluations. 
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Figure 2: PRISMA flow chart.


Table 1 provides a summary of the service evaluations included in this review.
Completers are identified as any patients who are assessed at baseline and attend each component provided within the intervention through to final assessment and measurement outcomes. 
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Table 1: Summary of Service Evaluations
	AUTHOR/DATE SETTING MDT CRITERIA
	PATIENT NUMBER, CHARACTERISTICS, COMORBIDITY, AND OTHER HEALTH INDICATORS
	INTERVENTION DEVELOPMENT CHARACTERISTICS
	SERVICE PERFORMANCE
	HEALTH OUTCOMES

	Jennings et al (2014)
Primary Care Weight Management Service 
Fakenham Medical Practice, Norfolk

Inclusion criteria; age ≥18 years; BMI ≥40.0kg.m-2,≥or BMI ≥30kg.m-2 with obesity- related-comorbidity and/or waist circumference ≥102cm in men or ≥88cm in women.
	230 patients (70% female) aged 52.7±13.6 years (range 18-76), mean weight 124.4±27.3kg, BMI 44.1±7.8kg.m-2, waist circumference 127.7cm. Mean SBP 131±13.7mmHg, DBP 76.0±9.3 mmHg, HbAc1 57.8±15.3 mmol/mol-1 Ethnicity not reported. Diabetes 31.7%, IFG 0.43%, IHD 11.7%, hypertension 38.3%, sleep apnoea 11.7%, depression 31.3%. Quality of life not reported. Fruit and veg intake 4.2±2.1 portions p/d. Physical activity 3.4±1.0 (1=active-4=inactive) 5Q-5D-5L 2.0±0.8 EQ-VAS 56.6±21.7
	Modelled on RIO (Rotherham Obesity Service) and following NICE guidelines and National Obesity Forum toolkit. WMS aimed to deliver evidence-based interventions including medical assessment, motivational interviewing to support behaviour change, diet and physical activity advice, psychological therapies, drug therapy with orlistat, medically supervised LELDs and assessment for suitability for bariatric surgery. Delivery of service; general practitioner with additional training as a bariatric physician (specialist certificate of obesity professional education), OSNs, dietitian, psychological therapist, exercise professional, health trainer and supported by a consultant endocrinologist and public health consultant. The programme involved an initial information-gathering interview coupled with motivational assessment. The second visit included a medical assessment, followed by a discussion about the health risks of obesity and the health benefits of losing weight. The daily energy requirement of each participant was calculated using the Schofield equation, and a 600-kcal daily deficit was recommended, aiming for a weight loss of 0.5–1 kg a week.
	Definitions: “completers” of 1 year programme during period of evaluation: “dropout” failed to attend 2 appointments or declined to attend monthly. Of the 230 participants recruited, 229 (99.6%) attended 3-month follow-up, of whom 197 (85.6%) attended 6-month follow-up, and 117 (54.9%) completed the programme at 12 months.
	≥5% weight loss in patients with weight recorded at 12-months post intervention start (n=170): 25.2% (3-month follow-up); 44.1% (6-months); 59.1% (9-months) and 60.0% (12-months). ≥5% weight loss in completers (n=117): 34.2% (3-month follow-up); 53.8% (6-months); 65.8% (9-months) and 72.6% (12-months). Mean percentage weight loss at 1 year: -6.4±6.1% in the cohort with weights recorded, and -8.0±6.0% in completers.

	Logue et al (2014)
Primary care
Glasgow & Clyde Weight Management Services
(GCWMS)

Inclusion criteria; ≥18years; BMI ≥30kg/m-2 with an obesity related comorbidity or ≥35kg/m2
referral.
	1838ptps Male 498 (27.1%), Female 1340 (72.9%) Mean weight 118.1kg range 52.6-244.8kg, mean BMI 43.26kg/m2 , comorbidities not reported, ethnicity not reported.
	Time limited structured educational lifestyle programme employing cognitive behavioural therapy,600kcal deficit diet, physical activity advice, lower calorie diet and pharmacotherapy. Phase 1; 9 90min fortnightly sessions for 16 weeks. Phase 2; 3 1hour sessions monthly (lifestyle, low calorie diet, pharmacotherapy Orlistat). Phase 3; 12 1-hour sessions monthly. Led by clinician, dietitian, psychologist, psychology assistant, physiotherapists.
	Patients were ‘completers ‘if they attended about half of the sessions in any phase. Thus, in phase 1, completers had attended four or more appointments; in phase 2, they had attended two or more appointments; and in phase 3, they had attended six or more appointments.
	Phase 1 completers 1322 (71.9%) Mean change +95%CI kg; -4.02(-4.3to -3.8). Lost ≥5kg; 471(36%), Lost≥5%; 377(29%) 3mts; completers 1167(63.5%) mean change kg -3.7(-3.9to-3.5) , ≥5kg 369(32%), ≥5%289(25%). 6mts; completers 701(38.1%) mean change kg -5.8(-6.3to-5.4), ≥5kg347(50%), ≥5%310(44%) 12mts; completers 399(21.7%) mean change -7.2(-8.1to-6.3), ≥5kg214(54%), ≥5% 203(51%). 6 months, 50% had lost ≥5 kg,12 months, 54% lost ≥5 kg.

	A Brown et al (2015)
Primary care and community interventions Specialist Lifestyle Management (SLiM) Birmingham West Midlands 

Inclusion criteria; ≥18 years BMI ≥40 kg/m2 or a BMI of 35 kg/m2 with an obesity related comorbidity ie: T2DM
	828 patients Male 218 (26.3), Female 610 (73.7) Mean age 48.2 Weight 135kg ± 28.1kg BMI 49.1±9.2kg/m² Ethnicity: White 662 (80%), Mixed 6 (0.7%), Asian 94 (11.4%), Black 55 (6.6%), Other 11 (1.3%), Diabetes266 (32.1%), Insulin 62 (23.3%), Oral hypoglycaemics 214 (80.5), Sleep apnoea 332 (40.1%), Incretin based 104 (39%), mental health disorders 216(26.1%).
	Gp or hospital Dr referral, and dietetic led on a weekly rolling basis. 60-90min sessions with 2-10 patients. Using behavioural modification strategies: Behaviour monitoring, food diaries, self-monitoring and goal setting focused on the SMART principles. The aim to empower patients to make lifestyle and behavioural changes while providing them with weight maintenance strategies behavioural theories and techniques used to encourage lifestyle change and help participants gain control of eating behaviour and enable weight maintenance. Setting weight loss target of 0.5/1kg a week.
	Of the 828 patients 464 completed 57.7% only attended first 2 sessions. Non-attendance reduced to 12-17% all 364 non-completers attended between 1 and 5 sessions.
	Mean weight change for completers(n=464) −5.5kg ±7.4kg, mean BMI change 2.0±2.8 kg/m-2, non-completers −2.3kg, Percentage weight loss at 6 months 3.9±5% - 32.3% ≥5% The percentage achieving≥5% weight loss was 24.9% at the end of SLiM, with 7.7% of patients achieving≥10% weight loss.

	Birnie et al (2015)
Primary care South Gloucestershire. (“Weight management on referral”; WMOR) 

Inclusion criteria; ≥18 years BMI ≥30kg/m2 or BMI ≥ 28kg/m2 with obesity related comorbidities.
	559 patients; Age 48±14, Female 494(88%), weight mean 102±19kg, BMI, between 25-29.9 = 30(5%), 30-34.9 181(32%), 35-39.9 183(33%), ≥40 164(29%). Comorbidities not reported.
	The scheme offered 12weeks’ community based concurrent support of dietary (Weight Watchers, WW), physical activity (Exercise on Prescription, EOP) and behavioural change (motivational interviewing). GP referral with participants committed to completing both physical activity and dietary elements of intervention with a “ready to change” attitude conveyed.
	193 (39 %) did not follow the intended multi-component intervention and only attended one element (i.e., either WW or EOP, but not both; ‘one scheme only attenders’). There were 299 participants who started the intended intervention (i.e., attended both WW and EOP concurrently); of these, 163 (55 %) completed the intervention (‘two scheme completers) and 136 (45 %) were non-completers of both the WW and EOP components (‘two scheme non-completers’). Of the non-completers, 118 (87 %) completed one component (either WW or EOP). The mean number of sessions attended across all participants who engaged with the scheme was 7 for both EOP and WW. Dropouts 67.
	Mean weight loss at 12 weeks; WMOR engagers 3.7 kg, 2 scheme completers 5.9 kg, non-completers 3.0 kg; those that only participated in one element of the intervention mean loss 2.4 kg. ≥5% weight loss WMOR engagers 32%. 2 scheme completers 58%, 2 scheme non-completers 19%, attendees 19%. ≥10% 6%,12%,0%,4% respectively. Overall mean weight loss for all engagers 3.7kg

	Wallace et al (2016)
Primary care
Live Life Better Service
Derbyshire Obesity Referral Pathway

Inclusion criteria; ≥18 years BMI≥35kg/m² with related co-morbidities or a BMI≥40kg/m² when no co-morbidities are present.
	551 patients Male 161(29.3%), mean age 45.7±13.3, Mean weight 139.4 ±28.6kg/m2 BMI 50±7.9kg/m2 Ethnicity; white British 169, white(other) 3(, black British 5, Asian British 1, Missing 37. 1 or more comorbidities 420(76%), Hypertension 183(33.2%), IHD 21(3.8%), Diabetes122(22.1%), Stroke 6(1.1%), Asthma/COPD 90(16.3%), joint problems137(24.9%), Osteoathritis65(11.8%), mild mental health concerns 93(16.9%), Enduring mental health concerns 28(5.1%), Learning disability 12(2.2%).
	Two types of intervention are offered: (i) an intensive lifestyle modification-based programme involving psychological support, behaviour change strategies, physical activity, dietetic advice and occupational therapy where relevant and(ii) a pre-bariatric surgery programme designed to help participants lose weight prior to surgery. intervention involves a significant psychological support component; participants mental health was also recorded using the clinical outcomes of routine evaluation-outcome measure (CORE-OM).
	20 completed 2year with full measurements recorded. Due to its staggered attrition logging participant numbers at milestone 12 weeks,6 months cannot be accurate with some participants under the timeframe due to it being an “open cohort”. Calculated % of participants; Baseline 489, 12 weeks 242, 24 weeks 150, 1year 79,18 months 41, 2 years 20.
	Mean weight loss; 12 weeks 4.6kg, 24weeks 8.4kg, 1year 11.8kg, 18mts 14.9kg, 2year 18.2kg. Mean BMI kg/m2; 12weeks 48.9, 24 weeks 48.8, 1year 47.4,18mts 47.0, 2 years 47.0.
Completers achieving ≥5% a 3 months 54.7%, 6 months 78.5%,1 months 87.8%, 2 years 100%. 

	Steele et al (2017)
Primary care with some secondary care and community dietetics. Aintree LOSS Aintree weight management services Liverpool.

Inclusion criteria; ≥18 years; BMI ≥40kg.m-2 or>35kg.m-2 with one or more obesity related comorbidity.
	1929 patients, 1368 (70.6%) female; 561 male, mean age 48.6±13.8 years, weight 127.1±23.3kg, BMI 45.6±6.8kg Diabetes 501 (26%), hypertension 768 (39 8%), hyperlipidaemia 625 (32.4%), MIF 101 (5.2%) IHD 132 (6.8%) Stroke 63 (3.3%) Sleep apnoea 418 (21.7%) Depression 920(47.4%) Joint Pain 912 1112 (58%) most deprived quintile
	Aintree LOSS provided a flexible individual approach with service personalised plan. Gp led with dietitians, physiotherapists, psychologists, and occupational therapists. In addition to the core multidisciplinary team-led interventions, there is contact with leisure services via swimming and aquafit session referral. If appropriate, orlistat prescribed through the service and liquid meal replacements can be recommended; however, this is on a self-pay basis. Covered over 6 locations sites to provide further patient accessibility. A flexible “open-ended” approach with group sessions 2hour p/w for 12 weeks.
	Patients are free to return post referral within 2 years. Rate of dropouts and completers are not reported with emphasis on first contact assessment followed by 2 further sessions, 6 months taken as threshold for long term engagement. 1112 (58%) of participants are from quintile 1 (most deprived). Those still attending ≥6 months 754.
	Mean weight change of all patients who attended on more than two occasions was−3.50±8.55 kg. Mean weight change ≥6 months −4.94±10.0kg. 66.1% lost weight, rising to70.3% in those who attended for >6 months; 24.1% lost more than 5% of their initial body weight overall, and34% of those attending for >6 months lost more than 5%.9.5% of all patients lost more than 10% of their initial body weight overall and 14.7% of those attending for>6 months lost more than 10%.

	Moffatt et al (2018)
Primary care Weight Management Services Aberdeen Royal Infirmary NHS Grampian, Aberdeen. “Weigh forward” 

Inclusion criteria; age ≥ 18 years; BMI ≥35kg.m-2 or BMI ≥30kg.m-2 with obesity-related-comorbidity; and individuals had previously attended a community-based weight loss service and failed to achieve or maintain weight loss









	166 patients; 20% male, 80% female
Age;47.5±13.65, weight 133.9kg±32.02, BMI 48.2kg.m-2 ±9.42 Ethnicity – White/British/Ire 98.2%, Other 1.2%, Unknown 9.6% T2DM 14.0%, Pre diabetic 9.0%, anxiety 39.47%, depression 27.52%, socioeconomic background (SMID) Scottish Index of Multiple Deprivation: Area 1 (most deprived) 13.9%, Area 2; 21.0%, Area 3; 13.2%, Area 4;24.7%, Area 5(most affluent); 27.1%.
	The “weigh forward” intervention was an interactive 12-sessions each 2 hours long fortnightly group programme based on evidence-based psychological model, with combined dietetic and psychological knowledge and support provided. Sessions focused on aspects of healthy eating, portion sizes, understanding food labels. Some focus on physical activity, goal setting and psychological functioning using “Third wave” CBT (cognitive and behavioural therapy) and ACT (Acceptance and commitment therapy). Patients referred by GP or secondary/primary healthcare professional. Service was run as an opt-in basis with assessments via dietitian and psychiatrist and participants agreeing to attend for 6 months.
	Completers were defined as participants who attended at least half of the group sessions and were present at the final session to complete the relevant measures. Patients were discharged from the service if they did not attend both assessment appointments, failed to attend four group sessions or failed to attend review appointments in the follow-up phase. Of the 166 participants recruited 88 (53%) completed @6 months, 54(38.6%) returned to 12month follow up, 25(33.7%) at 18 months.
	43.1% lost ≥5 kg at the end of the 6-month group programme (35.2% lost >5%; 12.5% lost>10%) the mean weight loss was 5.6±7.1kg for this group; 22.9% lost ≥5 kg when calculated using LOCF or BOCF.38.6% returned for the12-month follow-up 48.1% ≥5 kg weight loss (mean of 6.0±10.8 kg). Using LOCF 30.0% of those who started the group lost more than 5 kg at 12 months.
Completers with ≥5% weight loss at 3 months NR, 6 months 35.2%, 12 months 31.5%, 18 months 32%. 

	Prihartadi A, Licastro G et al (2020)
Primary care
Hull University

Inclusion criteria; ≥18 years with a BMI ≥40kg/m2 or 35kg/m2 with an obesity comorbidity.
	309 initial assessment 249 recruited patients. Median age 46 years,204 (66%) female, median BMI 44kg/m2, baseline weight 126kg (309 patients), Diabetes 96(31%), hypertension 108(35%), GORD 106(34%), osteoarthritis 90(29%).
	NHS service referrals from GP and assessed via bariatric nurse. Team includes bariatric physician, nurse, psychological therapist, dietician. An individual plan 1:1 with dieticians with follow up appointments at 3,6,9,12 months. Sleep clinics, CBT and EOR offered.
	Of the 309 assessed 60 dropped out with no further participation. There is no reference to any further dropouts, assumption being all 249 patients completed 12-month assessment
	Median weight at follow up; 3 month – 120.5kg, 6 months 119.6kg, 9 months 119.6kg, 12 months 117.5kg. 33% achieved 5% weight loss at end of 3 month follow up.




[bookmark: _Toc133572660]Service, Intervention, and Outcome
The Fakenham Service set in primary care recruited 230 patients with a baseline BMI ≥40kg/m2 or ≥30kg/m2 if presenting an obesity related comorbidity or with a waist circumference measuring ≥102cm in males, or ≥88cm in females (Jennings et al., 2014). The cohort had a baseline mean ± SD BMI 44.1±7.8kg/m2, with a mean weight of 124.4±27.3kg. Of the comorbidities 31.7% presented with diabetes, 38.3% hypertension. The intervention involved motivational behaviour/lifestyle change, physical activity, psychological and drug therapy (Orlistat), supervised low energy liquid diet (LELD) and a 600kcal deficit diet aiming for a 0.5-1kg weight loss per week. Of the 230 patients recruited just over half 117 (54.9%) completed the 12-month programme with a final weight recorded. The mean weight loss at 12 months was -6.4±6.1% in the full patient cohort with completers recording a mean weight loss of -8.0±6.0% and BMI 41.0±7.6kg/m2 Secondary outcomes report a reduction in blood pressure, HbA1c values in diabetics, as well as increased physical activity. 
The Glasgow and Clyde Weight Management Services (GCWMS) recruited 1838 patients with the majority being female (1340) (Logue et al., 2014). Baseline mean weight and BMI were 118.1kg and 43.3kg/m2 respectively. A time limited intervention set at 3 phases, with options to repeat phases or opt for bariatric surgery. The intervention involved lifestyle, CBT, 600kcal deficit diet along with physical activity advice with options for pharmacotherapy (Orlistat) depending on weight loss results. Completers were identified if they completed half of the sessions in any phase, at 12 months 399 completers are recorded with a mean weight change -7.2kg (95%CI -8.1to-6.3), 214 of the patients lost ≥5kg, with 203 achieving a loss of ≥5%. There are no results for comorbidity outcome measurements. 
The Specialist Lifestyle Management (SLiM) based in Birmingham primary care recruited 828 patients with an intervention using behavioural modification strategies and goal setting based on SMART principles. This service was primarily dietetic led, with a weight loss target set at 0.5-1kg a week (Brown et al., 2015). The baseline mean BMI was 49.1±9.2kg/m2 with the mean weight of the patients 135kg±28.1kg, it is again noted that most of the patients are female (610) and of white ethnicity (662) with diabetes (226), oral hypoglycaemics (214), sleep apnoea (332) and mental health disorders (216) the highest reported comorbidities. Of the 828 patients 464 completed the programme resulting in a mean weight loss of 5.5±7.4kg and a mean BMI loss of 2.0±2.8kg/m2  , HbA1c was reduced by 3.96±14.8mmol/mol. 
Weight management on referral (WMOR) based in South Gloucester offered treatment to those starting with the lowest BMI criteria at baseline ≥30kg/m2 or ≥28kg/m2 with comorbidities (Birnie et al., 2016). A total of 559 patients were recruited of which 494 were female, with 67 dropping out following assessment. WMOR was a GP led service offering Weight Watchers (WW) and exercise on prescription (EOP) alongside WMOR. The mean weight at baseline was 102±19kg.m2  with the breakdown of baseline BMI’s as seen in table 1. There are no comorbidity measurements reported in this service evaluation. This study included 299 patients, out of which 163 (55%) completed both WW and EOP interventions (referred to as "two scheme completers"), while 136 (45%) did not complete both interventions (referred to as "two scheme non-completers"). Of the non-completers, 118 (87%) completed either WW or EOP. The average weight loss after 12 weeks for those who completed both interventions was 5.9kg, for those who completed only one intervention was 3.7kg, and for those who completed one element of the intervention was 2.4kg. Two scheme non-completers were on average 3.06kg heavier on completion compared to those who completed both interventions and had 84% lower odds of achieving a 5% weight loss. Those who attended only one element of the intervention were 3.96kg heavier on completion compared to two scheme completers.
The Live Life Better Service in Derbyshire recruited 551 patients, the majority of whom were female (390) (Wallace et al., 2016). This service evaluation is the only one that reported the number of patients with one or more comorbidities, which was 420 (76%). It is important to note that this was an open cohort study and not all patients had been enrolled for the full 2-year period at the time of data extraction, and some patients (62) did not have baseline data recorded. The baseline mean weight of the patients (n=489) was 139.4±28.6kg and the mean BMI (n=487) was 50.0±7.9kg/m2. The ethnicity of the patients was predominantly white, but data for 373 patients were missing or not recorded. The most prevalent comorbidities reported were hypertension (33.2%), diabetes (22.1%), joint pain (24.9%), and asthma/COPD (16.3%). The service offered two types of intervention: (i) lifestyle modification, and (ii) pre-bariatric surgery programme. The mean weight loss at 1 year was 11.8kg and the mean BMI was 47.4kg/m2. No health outcome measures were reported in this service evaluation.
[bookmark: _Hlk133554680]Aintree LOSS based in Liverpool set in primary care recruited 1929 patients of which 754 still attended over 6 months (Steele et al., 2017). This service increased its locations to ease accessibility for patients. The LOSS intervention focuses on delivering an “individualized” programme offering dietic, psychological and physiotherapy with further access to leisure centre (swimming/aqua fit) facilities and pharmacotherapy in the form of orlistat (if required) with liquid meal replacements at a cost. Females form 70.6% of the participants, with a total baseline mean weight of 127.1±23.3kg and a mean BMI 45.6±6.8kg/m2 .Of the 1929 patients 26% have diabetes, 39.8% hypertension, and just under half the patients 47.4% depression. Mean weight change at 6 months -4.94±10. 0kg.The rates of dropouts and completers are not reported. The ethnicity of the patients was 36.3% completing 6 month follow up compared to 46.7% in least deprived quintile.
The Grampian Aberdeen “Weigh Forward” programme set in primary care recruited patients with a BMI ≥35kg/m2 or ≥30kg/m2 with comorbidities, of which 14% had T2DM with a further 9% pre-diabetic (Moffat et al., 2018). Of the 166 patients 80% were female, and 98.2% are of white British ethnicity with a baseline mean weight 133.9±32.02kg, and mean BMI 48.2±9.42kg/m2 . A total of 88 completed the 6 month programme with a  mean weight loss of 5.6±7.1kg. Secondary outcomes were measured with standardized psychological measures taken at baseline and the end of the 6-month programme, paired sample t-tests were used; anxiety reduced from baseline (n=60) of 9.4±3.91 to 7.6±3.83 at 6-month, depression (n=60) 8.0±3.75 to 5.3±3.66, and binge eating (n=59) 20.54±8.45 to13.9±7.74 it is noted that not all participants completed the questionnaire. There is no mention of calorie restrictive diet or any pharmacotherapy treatment with emphasis on CBT therapy.
The Tier 3 Obesity Programme at Hull University Teaching Hospital NHS Trust assessed 309 patients, out of which 60 patients did not return without any explanation (Prihartadi* et al., 2020). The remaining 249 patients consisted of 204 females (66%) and had a median age of 46 years. At baseline, the median weight was 126kg, and the baseline BMI was 44kg/m2. The study reported that the most common comorbidities among the patients were diabetes (31%), hypertension (35%), gastro-oesophageal reflux disease (34%), and osteoarthritis (29%). The patients were referred by their GPs and were evaluated by a specialist bariatric nurse. The team providing support to the patients included a bariatric physician, a bariatric nurse, a psychotherapist, and a bariatric dietician. An individualized 1:1 plan was developed, and the patients had the option to follow a dietetic pathway. The patients had appointments at 3, 6, 9, and 12 months, and they underwent bariatric blood screening. The patients had referral options for dietary support, sleep studies, cognitive-behavioural therapy, and enhanced recovery after surgery. The study reported a weight loss of 120.5kg, 119.6kg, 119.6kg, and 117.5kg at 3, 6, 9, and 12 months of follow-up, respectively.
[bookmark: _Hlk132815362]Of the service evaluations only 3 state the use of pharmacotherapy in the form of orlistat (Jennings et al., 2014; Logue et al., 2014; Steele et al., 2017). It is quite possible the other studies are also using forms of pharmacotherapy with their interventions, but this is not collected or reported either way in the data. 
Diet interventions are not fully described with only Jennings et al (2014) and (Logue et al (2014) declaring a 600kcal deficit with Jennings et al (2014); Steele et al (2017) both including the use of LELDs. Within the South Gloucester community base intervention WMOR Birnie et al (2016) offer patients dietary support through Weight Watchers. All other dietary information is not disclosed.
All the service evaluations emphasis the use of psychological therapy, and CBT. Brown et al (2015) refers to the use of “SMART” principles, Wallace et al (2016) offers “intensive lifestyle modification and significant psychological support”, and Moffat et al (2018) “Third wave” CBT. 
Physical activity forms the third intervention, with some reference to having “exercise professionals” (Jennings et al., 2014; Birnie et al., 2016; Steele et al., 2017)  Birnie et al (2016)  EOP, along with leisure services via swimming and aqua fit sessions (Steele et al., 2017). 
[bookmark: _Toc133572661]Risk of Bias
The overall methodological quality of the service evaluations was poor as highlighted in previous systematic reviews (Brown et al., 2017; Alkharaiji et al., 2019; Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021)
They assessed the likelihood of the following bias factors: allocation concealment, allocation concealment in sequence, blinding of participants, staff, and outcome assessors, incomplete outcome data, and selective outcome for reporting or publication of data. (Alkharaiji et al., 2019)
The two quality domains that many studies fell short on were the inclusion of dropouts in analyses and insufficient follow-up time (Brown et al., 2017).
The risk of bias provided by (Brown et al., 2017; Alkharaiji et al., 2019; Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021) all stipulate a possible bias element. 
[bookmark: _Toc133572662]Discussion
[bookmark: _Toc133572663]Quality of Service Evaluations
Comparing services was challenging, especially when data was not available for all participants (e.g., by last observation carried forward or baseline observation carried forward, which correct for differences in dropout rates). Funding for services should 
be extended to collect data for at least one year and ideally five years according to (NICE., 2023). Data in a standardised format should cover quality of life, clinical results, adverse events, costs, and economic consequences. It would be very helpful to have more precise instructions on the reported WMSs' contents to help in replication and evaluation, an issue emphasized in previous reviews (Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021) .
All the research should aim to identify differences in effectiveness among groups, based on characteristics such as socioeconomic status, age, gender and ethnicity (NICE., 2023). The results of tier 3 weight management services in the UK can vary depending on several factors, including the specific program being offered, the target population, and the effectiveness of the interventions used. The length, kind, and frequency of diets, the frequency and type of exercise, and the use of motivational counselling varied across the services, and this was reflected within the outcome measures.
According to the studies referred to by Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P (2021) none reported adapting the intervention to the needs of participants, for example, none of the studies reported attending participants out of the practice’s regular attendance hours to facilitate participation”. However, Steele et al (2017), not included in the above systematic review, does refer to expanding the number of sites used to reduce travel time along with offering more flexible appointment times. Accessibility to the service be it location and/or hours available must be taken into consideration and recorded especially where attrition rates may be poor.
The primary outcome is weight loss ideally 5% within 12 months, this is considered the minimum weight loss to result in health improvement (Christian, Tsai and Bessesen.,2010). Figure 2 displays the percentage of each service evaluation 5% weight loss outcomes. The percentage of patients completing the intervention, achieving 5% weight loss is minimal, and while the Live Life Better service has impressive results it is important to stress that there were only 20 (551) patients attending the 2 years follow, each achieving the target (Wallace et al., 2016). Out of the 8 service evaluations there is a significant difference between the success of weight loss for patients attending Live Life Better service, this will be discussed further in the variation within the approach of the intervention strategies. 
The challenge of high rates of attrition in weight management interventions is widely reported, including dropout rates higher than 30% (Moffat et al., 2018). Attrition levels are a concern with rates of drop out and non-completers high. 11.3% of the referrals within the Live Life Better service dropped out before the first appointment (Wallace et al., 2016). Most of the patients attending the services were female, this is indicated within each baseline measurement. Attrition levels record high male drop out or non-completers compared to the female numbers. Comparing weight losses between both sexes is only recorded within SLiM citing men were generally more successful at losing the 5 kg target weight (mean losses in men and women were 4.16 and3.4 kg, respectively) (Brown et al., 2015). Both men and women in all age groups from 30 to 70 years within SLiM had similar success rates of about 30% within the intervention (Brown et al., 2015).

[image: ]
Figure 3: Proportion of patients losing ≥5% bodyweight in UK level 3 MDT services with a minimum of 3-months follow-up.
[bookmark: _Toc133572664]Variation with Interventions
All 8 studies used diet, exercise, and motivational counselling, with 2 specifically reporting 600kcal/day reduction (Jennings et al., 2014; Logue et al., 2014) along with  
Brown et al (2015) setting a weight loss target of 0.5/1kg a week. 
To evaluate the effectiveness of tier 3 multidisciplinary weight loss services, Brown et al (2015) conducted a study comparing the weight loss outcomes of patients who participated in primary care programmes with those who attended commercial group sessions, such as Weight Watchers, Slimming World, and Rosemary Connelly. The results showed that patients attending commercial group sessions lost, on average, 2.3 kg more weight (95% CI, 1.3 to 3.4, p=0.004) than those who participated in primary care programmes. Additionally, Weight Watchers (46%) and Rosemary Conley (42%) had the highest percentage of patients who lost 5% or more of their body weight. These commercial organisations' success in promoting weight loss is attributed to their provision of peer support, behavioural pattern development, relapse prevention, and weight maintenance support (Brown et al., 2015).
The WMOR service compared the value for money of various weight loss providers, including Weight Watchers, by calculating the cost per kg lost, per percentage of body weight lost, and per BMI point change. Patients who used Weight Watchers as part of the WMOR community intervention reported greater value for money compared to other providers due to their lower costs per weight loss measure (Birnie et al., 2016). The use of commercial services may indeed prove more effective at achieving weight loss and can provide the ongoing support needed through its workshops however, there is nothing in the evidence addressing any monitoring for the presence, and control of any comorbidities that would in turn need careful consideration. The whole ethos of a Tier 3 service is to act with the intention to treat which relies on the quality of the intervention. This review focuses on the variation between service intervention strategies with some offering a whole team of professionals and a 1:1 personal approach (Prihartadi* et al., 2020),while other service evaluations referred the patients onto commercial services; weight watchers for dietary advice (Birnie et al., 2016). 
Weigh Forward has a stronger psychological approach along with SMART goals being a prime intervention of SLiM (Brown et al., 2015; Moffat et al., 2018). The success of the Live Life Better service involved 2 types of intervention and was reported as “intensive”, providing a complete team of professionals as seen in table 1(Wallace et al., 2016). Psychotherapy in various forms obviously forms a key part of the intervention with the highest 5% weight loss achieved within the Live Life Better service (Figure 2). This does however reflect a large drop out throughout the 2 year follow up period from 551 at baseline, to 79 at 1 year resulting with just 20 at the 2 year follow up  (Wallace et al., 2016). In comparison the Fakenham service had a more successful retention of patients at these measurement points with half still attending at 1 year (Jennings et al., 2014). Determining whether weight loss is sustained or whether there is a post-intervention increase requires careful evaluation.
[bookmark: _Toc133572665]Outcome Measurements
Each of the service evaluations put forward a case for “significant” weight loss however, in the grand scheme of things considering the baseline measurements and attendees completing numbers are below what is to be expected. Of the evaluations reporting an achievement of 5% weight loss at 12 months figures are minimal in respect of the mean baseline weight at the start of the interventions ranging from 102±19kg to 139±28.6kg (Birnie et al., 2016; Wallace et al., 2016). 
It is possible that the individuals who completed the weight loss intervention were more motivated than those who did not, which could have affected the weight loss outcomes between the intervention and control groups. Additionally, the observed weight loss differences between the groups may have been due to baseline confounding variables rather than the actual effect of the intervention. 
To be eligible for the WMOR intervention, participants were required to have a "ready to change" attitude, which means they may have achieved weight loss over the study period even without the intervention (Birnie et al., 2016).
Stated in the review by Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P (2021) participants were more likely to stick with the weight management program when using low-energy diets (LEDs), possibly due to their ability to achieve more significant weight loss, which may have motivated them to continue. There is no reporting on the effectiveness of low energy diets or liquid diets having an advantage or impact within the reviews from (Brown et al., 2017; Alkharaiji et al., 2019). Fakenham, GCWMS and LOSS all stipulate low calorie, liquid diets (LEDs/LELDs) and as seen in Figure 2 have higher weight loss in comparison with the other service evaluations except for Live Life Better. The association between low calorie deficit and weight loss has positive outcomes with a higher possibility to transcend into sustained weight loss. 
Sustaining weight loss is the key to success within intervention programmes, this is not clear within the service reviews as there is limited data with 2 only reporting 3-month weight loss (Birnie et al., 2016; Prihartadi* et al., 2020) and 5 of the 8 services including 12 month follow up (Jennings et al., 2014; Logue et al., 2014; Wallace et al., 2016; Steele et al., 2017; Moffat et al., 2018). 
[bookmark: _Toc133572666]Missing Data 
Baseline observation and Last Observation Carried Forward (LOCF) are two commonly used methods in service evaluations. Baseline observation refers to the initial measurement of a particular variable or outcome of interest, while LOCF involves using the last available measurement to impute missing data points. Both methods have their advantages and disadvantages.
One advantage of baseline observation is that it provides a reference point for evaluating changes in the variable over time. By comparing subsequent measurements to the initial baseline, researchers can determine whether an intervention or treatment has had a significant impact. This method can be particularly useful for evaluating the effectiveness of long-term interventions or treatments, where changes may not be immediately apparent. Surprisingly the 3 systematic reviews being used for comparison do not address the missing data or use of LOCF/BOCF as a point of reference in service outcomes and performance (Brown et al., 2017; Alkharaiji et al., 2019; Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021). 
The significant discrepancy between the BOCF and LOCF results is explained by the comparatively low completion rate to the end of phase 2 at 35% and just 11% completing all 3 phases of the GCWMS evaluation (Logue et al., 2014). The BOCF assumes that weights did not change from baseline among many patients who did not disclose a final weight (GCWMS) because relatively few patients attended up until the end of phase 2 or 3 respectively (Logue et al., 2014). All non-completers missing data within the SLIM intervention had results using LOCF however this is only mentioned briefly and not clear in the results with 15.4% achieving ≥5% weight loss (Brown et al., 2015). Additionally, LOCF can lead to biased estimates if the reason for missing data is related to the outcome being measured or to other factors that may affect the outcome, hence the risk of bias stated in relation to some of the studies used (Aceves-Martins, M., Robertson, C., Cooper, D., Avenell, A., Stewart, F., Aveyard, P., 2021).
LOCF is a method commonly used to handle missing data in service evaluations. It involves using the last available measurement to impute missing data points. This method is often preferred because it is relatively straightforward to implement and 
can help prevent biases that can arise from excluding participants with missing data (Lachin., 2016). Additionally, LOCF is often used in clinical trials to preserve the power of the study, ensuring that all available data is used to estimate treatment effects (Kenward and Molenberghs., 2009) This method of reporting, however, is subjective! with data purely hypothetical perceiving greater outcomes and result(Birnie et al., 2016; Wallace et al., 2016; Prihartadi* et al., 2020) 2016; Prihartadi* et al., 2020) report accurate patient outcomes in respect of total completers for the intervention. 
Each of these techniques, however, call for untestable assumptions about the characteristics of the missing data. Considering this, the National Research Council (NRC) study emphasises the significance of preventing missing data to the greatest extent possible and the "intention to treat design," which encourages thorough follow-up of all individuals (Lachin, 2016). Using LOCF 30.0% of those who started “Weigh Forward” lost more than 5 kg at 12 months. The weight outcomes at 18 months after the start of the group were similar (29.7% LOCF); however, the potential pool of participants who were in the programme for 18 months at the time of analysis was considerably smaller ((Moffat et al., 2018)te cases) (Moffat et al., 2018). In respect of the 3 systematic reviews previously undertaken at no point is there any reference to the use of BOCF/LOCF within their results or discussion sections thereby not producing complete transparency within the service reviews.
[bookmark: _Toc133572667]Comorbidity Outcomes
The literature suggests that weight loss interventions can lead to significant improvements in comorbidity outcomes, particularly for type 2 diabetes, hypertension, and dyslipidaemia (Jennings et al., 2014). The magnitude of the effect is related to the amount of weight lost, with greater weight loss leading to greater improvements in comorbidities (Arhi et al., 2021). 
From the 3 previous systematic reviews Jennings et al (2014) is perceived the most capable with results of primary and secondary outcomes. Within this review further evaluations establish data connecting weight loss reduction with an improvement in comorbidity symptoms. At the conclusion of SLiM, there was a notable decrease in both clinically and statistically significant mean HbA1c levels from the initial measurements. The mean HbA1c levels decreased to 60.1±15.5 mmol/mol (7.6±3.6%), resulting in an average reduction of 3.96±14.8 mmol/mol (p<0.05) (Brown et al., 2015). Wallace has a complete breakdown on baseline comorbidity measurements (table 1), what is frustrating is the lack of a control group for comparison with this intervention (Wallace et al., 2016)
The Hull study included 64 patients who had a baseline HbA1c level of more than 53mmol/mol (7% HbA1c). Among these patients, 21% experienced a drop in their HbA1c level to less than 53 mmol/mol during the follow-up period. The logistic regression analysis showed that higher age (OR 1.05, p=0.0001), type 2 diabetes (OR 2.54, p=0.002), and dyslipidaemia (OR 2.21, p=0.03) were independently associated with a weight loss of more than 5% at the 12-month follow-up (Prihartadi* et al., 2020). Statistically significant reductions were observed in anxiety and depressive symptoms and reported binge eating (Moffat et al., 2018). Results from the Fakenham service reported reduced systolic blood pressure from baseline 131 to 122mmHg, diastolic blood pressure reduced from 76 to 71.3mmHg (Jennings et al., 2014). 
Aceves-Martins et al. (2021) conducted a systematic review of weight management interventions but failed to address the intention to treat analysis in their evaluation. Intention to treat analysis is crucial in evaluating the effectiveness of weight management interventions as it provides a more accurate representation of the real-world effectiveness of the intervention. The exclusion of intention to treat analysis in the systematic review limits its comprehensiveness and generalizability. Furthermore, the evaluation of the effectiveness of weight management interventions should be transparent and comprehensive. A complete review of the effectiveness of the intervention requires the inclusion of all aspects of the intervention, including its efficacy, safety, feasibility, acceptability, and sustainability. Failure to consider all these aspects can result in a biased evaluation of the intervention's effectiveness.
[bookmark: _Toc133572668]Cost of Service
According to the economic model NICE (2023), a 12-week programme for individuals who are overweight or obese under two conditions will be cost-effective if it costs £100 or less. First, the weight loss must be sustained throughout the individual’s life in comparison to what it would have been in the absence of the intervention. Second, a minimum of 1 kg of weight is dropped, and this weight loss is sustained for the rest of the person's life (lowering the person's lifetime weight trajectory by at least 1 kg). Under the same circumstances, it was projected that a 24-week programme would be cost-effective if it cost £200 or less. The average weight differential must be maintained for life for programmes that cost £500 per head to be cost-effective. For programmes that cost at least £1000 per head, a 3 kg loss must be sustained over the long term. According to the model, programmes costing £100 or more per person are not cost-effective if participants, on average, gain back the weight they lost in 2 to 3 years or less. The rate at which weight is gained again is therefore the main factor. However, it is noted that there was little information based on participants' long-term follow-up (NICE., 2023). Based on these NICE (2023) guidelines reporting and follow up data are essential for the intervention to be financially viable. Any publicly funded program or intervention should be able to demonstrate its cost effective. Only 2 service evaluations provided any form of cost, Fakenham reports the cost of the service - being between £900 and £1250 per year for each patient (Jennings et al., 2014). GCWMS provides a full-service breakdown Including 1 service lead, 5 team leaders, 11.5 dieticians, 5.5 clinical psychologists, 1 psychology assistant, 4.2 physiotherapists, 6.3 administrative personnel, and 3 technological support staff, the service employed 37.5 full-time equivalent employees in 2009. Staff expenses were projected to(Logue et al., 2014) 2008–2009 (Logue et al., 2014). According to available data Holmes (2021) states there are different levels of free-at-the-point-of-use weight management programmes available throughout England, and these services are rarely tailored to the requirements of the population groups where obesity is most prevalent. SLiM programme had significantly reduced clinical contact and was facilitated by a dietetic assistant, which could be more cost-effective (Brown et al., 2015). There is little or no mention to cost of services from the 3 systematic reviews other than Brown et al (2017) stipulating data must be collected and reported, particularly when there is evidence of effectiveness.
[bookmark: _Toc133572669]Socioeconomic Status
There is a correlation between areas of deprivation and elevated levels of obesity, with a disproportionate number of patients seeking treatment from the most deprived quintiles. For instance, Logue et al ( 2014)  and Steele et al (2017)  reported that in Liverpool, 58% and 43.4% of patients, respectively, were from the most deprived quintile.
The deprivation quintile of patients attending WMOR are reported very clearly with percentage of patients and attendance recorded, along with number of patients missing data (Birnie et al., 2016). Of the patients attending the lowest dropout rates (14%) were from the least deprived quintile however, there is little difference between the others with quintile 3 second at 16% (Birnie et al., 2016). Live Life Better reports patient numbers in respect of deprivation status and attendance however, there is no reflection to weight loss within these groups (Wallace et al., 2016).  When compared to those who attended at least once, those who were recommended but never attended were inclined to come from more disadvantaged locations (23.6% vs.19.9 %t from the most disadvantaged quintile=0.06. There appears to be a linear relationship between deprivation quintile and the proportion of patients who continued treatment for more than six months. Specifically, the six-month follow-up was completed by 46.7% of patients in the least deprived areas and 36.3% of those in the most deprived areas, suggesting a disparity in treatment completion rates.   According to Index of Multiple Deprivation (IMD) quintile, there was no discernible difference in weight loss among individuals who finished the whole six months (Steele et al., 2017)
Of the completers 14.3% were from the most deprived quintile compared to 30.6% in the least however, again it is recognised that quintile 3 performs below quintile 1 (most deprived) at 12.2% (Moffat et al., 2018). 
The catchment area for Prihartadi* et al (2020)Tier 3 service is in the fourth local authority district with the highest proportion of deprived neighbourhoods in England. The health inequalities associated overweight, and obesity are becoming apparent within all the above-mentioned service evaluations, however, adherence and completion from most of the services are poor with those from less deprived quintiles least likely to attend prior assessment and both accessing and following up within the service. For there to be an improvement in attrition more follow up data on the reasoning behind “dropout” or non-attendance needs to be recorded. 
After conducting multivariate regression analysis, it was found that living in a less deprived area was associated with ≥6 months attendance, in addition to age. This finding is particularly significant with the link between deprivation and obesity, and the population in Aintree LOSS has high levels of deprivation (Steele et al., 2017).
[bookmark: _Toc133572670]Pharmacotherapy 
New non-surgical interventions such as drug treatments and low-energy liquid diets have been shown to promote significant weight loss, with the potential to modify obesity-related health issues. However, the use of specific drugs like Orlistat is not always stated in service evaluations, and separate data is needed for comparison. The use of Liraglutide at a dosage of 3.0mg daily in conjunction with diet and exercise has been shown to result in greater sustained weight loss, as demonstrated in a 3-year clinical trial (Le Roux et al., 2017). In comparison to service evaluations, Liraglutide treatment for 12 months resulted in a ≥5% weight loss in 63.3% of patients (Pi-Sunyer et al., 2015). While these drugs can be effective for weight loss, there is an equity issue to consider as not all patients may have access to them.
The relationship between pharmacotherapy uses and weight loss within the 8 service evaluations is unclear with only 3 recording the use of and/or option of Orlistat (Jennings et al., 2014; Logue et al., 2014; Steele et al., 2017).
[bookmark: _Toc133572671]Strengths and Weaknesses
The systematic review faced several limitations, including the heterogeneity of study designs and the absence of confirmatory studies. The duration and techniques needed to maintain weight loss were not conclusively studied, and there is a lack of information on the financial costs versus medical benefits of weight management interventions. These limitations resulted in a general understanding of appropriate weight loss management but made it challenging to rank the efficacy of weight loss programs based on their source, study design, diet composition, exercise type/intensity, or counselling techniques.
While undertaking this review it became clear that although there were 3 previous systematic reviews on tier 3 service evaluations there was a lack of transparency as well as conciseness with some of the evidence. 
[bookmark: _Toc133572672]Conclusion 
One limitation of the studies included in this review is that they have diverse study designs, which contributes to overall heterogeneity. Also, there are no confirmatory studies available. The optimal duration of interventions and techniques to maintain weight loss is still not clear, and the financial costs compared to medical benefits are not well-established. As a result, it is only possible to provide general guidelines for weight loss management and difficult to determine the efficacy of different weight loss programs based on factors such as their source (commercial or non-commercial), study design, diet composition or dietary counselling, exercise type/intensity, or counselling/behavioural/motivational techniques. The distinction between commercial and non-commercial weight loss programs is important because it can impact the types of services offered, the cost of participation, and the marketing strategies used to attract participants. This can, in turn, affect the effectiveness and sustainability of weight loss efforts, as well as the overall costs and benefits associated with weight loss programs.
The previous systematic reviews have identified a lack of recorded data and the need for follow-up to account for the intent to treat. The findings suggest that there is a need for improved evaluation methods, including more robust data collection and analysis.
Tier 3 weight management services have the potential to successfully treat people with obesity. The evidence within this systematic review concludes that a team intervention, personalising and supporting the patient provides promising results. Policy makers, clinical groups and local authorities have the potential to set a national framework of coherence within all localities, that includes continual follow up and support if there is to be a significant change.
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Appendix 1. Glossary abbreviations
BOCF – Baseline Carried Forward
BMI – Body Mass Index
CBT Cognitive Behavioural Therapy
CVD Cardiovascular Disease
EOR – Exercise on referral
GORD – Gastro – oesophageal Reflux Disease
LOCF – Last Observation Carried Forward
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