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Although intensive lifestyle interventions tend to be successful at initiating weight loss, maintaining weight loss after withdrawal of intervention is more challenging. Also, it is unclear to what degree behavioral changes in dietary intake and physical activity that were made during weight loss initiation persist after treatment discontinuation and account for the observed variability in weight loss maintenance. A primary barrier to optimizing lifestyle interventions for long-term sustained improvement is the current lack of a coherent theoretical and methodological foundation for operationalizing maintenance. Indeed, there is variability in how researchers define, measure, and evaluate maintenance of both weight regulatory behaviors and weight loss following intervention. This variability in operationalizing maintenance could have significant implications for designing and optimizing interventions to achieve long-term maintenance. A synthesis of the available evidence on post-intervention behavioral weight loss maintenance is needed to lay a foundation that future researchers can use to appropriately design and implement interventions that produce meaningful, sustained healthful improvements in weight.  

[bookmark: _Toc86264295]Objective

The aims of this systematic review are 

(1) to synthesize and understand ways in which researchers have defined, measured, and evaluated (operationalized) sustained/lasting/continual/long-term changes in diet or physical activity behavior and weight (maintenance) after intensive behavioral weight loss treatment.  

(2) to explore how particular operationalizations of maintenance are associated with variability in a clinical health outcome (weight), 

(3) to identify strategies/approaches/methods to improve interventions that facilitate durable/lasting changes in diet and activity behaviors and weight.

To this end, the proposed systematic review of diet and/or physical activity behavior intervention trials will answer the following questions:

1. Evaluate how weight loss maintenance is operationally defined and measured.
A. How are these definitions derived? (theory, data, pragmatic)
B. What components are included in definitions of weight loss maintenance? 
i. Does the clinical outcome (weight) component include dynamic as well as slice of time static parameters?
ii. Are energy balance behaviors (kcal intake, physical activity, energy expenditure) included in the definition of weight loss maintenance, and are they considered dynamically or statically?
iii. Are behavior change techniques (BCTs), process variables, adherence variables, or behavioral mediators included in defining weight loss maintenance (e.g., self-monitoring or goal attainment of weight, diet, physical activity) 
2. What relationship does maintenance of improved diet and physical activity have to maintenance of improved intermediate biomarkers and clinical endpoints?
A. How does this vary based on operational definition of maintenance? 
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· Adults (age >18) with overweight/obesity with or without comorbidities such as Cardiometabolic Disease, Diabetes, Cardiovascular Disease, Cancer; Arthritis 
· Population may be clinically healthy or ill.

Concept

The objective of behavioral obesity treatment is to produce sustained weight loss that is maintained after treatment ends.  However, the daily treatment targets of behavioral weight loss intervention are diet and activity behaviors that can be changed quickly over a matter of days, in contrast to weight, which changes more slowly once modifications in diet and activity behaviors have altered energy balance. Therefore, diet and physical activity changes are the leading indicators that clinicians can use to make decisions about whether durable behavior changes fostering negative energy balance have been acquired and are likely to be maintained.  Consequently, there is a need to relate the phenomenon of weight loss maintenance to durable changes in the energy balance behaviors that precede and produce it.  

Outcomes

Primary
· Weight loss after lifestyle intervention and maintenance of improved weight 
· Improved diet and/or physical activity behaviors after lifestyle interventions and maintenance of improved behavior.

Secondary
Relationships among weight loss maintenance and behavioral maintenance:
· Process variables (e.g., behavioral mediators, energy balance behaviors, BCTs: self-monitoring, goal setting, goal attainment, treatment adherence).
· clinical biomarkers or endpoints (e.g., weight loss, blood pressure, HbA1c).


Context, Intervention(s), Exposure(s)
· Study population is exposed to any intervention targeting diet and physical activity behaviors for weight loss or weight loss maintenance, regardless of the underlying goal for achieving weight loss (e.g., improved appearance, public health or treatment guideline adherence, cardiometabolic health, blood pressure management, diabetes management, healthier lifestyle, improved quality of life (QOL), etc.).
· Article needs to include an intervention phase that targeted improvement in diet/activity behaviors to achieve weight loss, followed by a maintenance phase during which behaviors were assessed.
· The article needs to operationalize/explain how maintenance (persistence of improvements) of diet/activity behaviors and weight loss were measured, defined, or operationalized.
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Study Designs
· Randomized, controlled trials (RCTs); Case-control; Cluster randomized; Non-randomized trials (e.g., single condition intervention).
· Weight, diet and/or activity behaviors need to be measured at baseline and at least once after the intervention initiation and after the intervention ends.
· [bookmark: _Hlk86218831]Maintenance of weight loss needs to be operationalized/measured.
· Maintenance of diet and/or activity needs to be operationalized/measured.

Participants
· Adults (18 years or older) with obesity or overweight.

Interventions
· The active intervention needs to target diet and activity behaviors for weight management (weight loss or weight gain prevention).

Setting

· There will be no restrictions based on intervention setting. If data are appropriate, we may evaluate the role of setting in secondary analyses. 

Language

· We will include articles reported in English language. 
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We search the following databases:
· MEDLINE (Ovid)
· Cochrane (Wiley)
· Embase (Elsevier)
· CINAHL Plus with Full Text (Ebsco)
· PsycINFO (Ebsco)
· IEEE
· ACM Library (Association for Computing Machinery)

[bookmark: _Toc86264304]Search strategy

We will work with a research librarian to develop a comprehensive search strategy in MEDLINE. The search strategy will incorporate text words and subject headings for diet and physical activity behaviors, obesity/overweight, weight loss, maintenance, post-intervention phase . We will search each database from inception to the present. We will not impose limits on year or language. We will exclude conference proceedings and abstracts, editorials, and commentaries. We will review the included studies for relevant citations.

[bookmark: _Toc86264305]Study Records

We will upload database results to EndNote. Duplicates will be removed in EndNote. Unique records will be uploaded to Rayyan for title/abstract and full text screening. 

Selection Process

Two review authors will independently review the abstract and title based on the eligibility criteria. Discrepancies will be resolved by a third reviewer. Records that pass the initial title/abstract screening will have their full text independently reviewed by two authors and assessed for eligibility. Any discrepancies will be resolved through consensus after discussion among all authors. Those records that are judged to meet eligibility criteria after the full-text review will be included in the final dataset.

The selection process will be formally tracked according to Cochrane guidelines (Higgins, 2019) using Rayyan software (Ouzzani et al., 2016). The selection process will also be reported in a Preferred Reporting for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram (Moher et al., 2009).

The study authors will do a pilot run on a limited sub-selection of records (e.g., 50 records). This pilot run will clarify issues with data selection and extraction protocols and ensure an adequate understanding among review authors. If changes will be made to the protocol based on this pilot run, the protocol will undergo a formal amendment (as outlined in the amendment section above) and any studies that were preliminarily reviewed will undergo full re-review with the updated protocols.

Data collection process

Data extraction will be conducted by at least two reviewers for each record included in the final dataset. We will use a standardized data extraction form, adapted from the template provided by the Cochrane Collaboration. The data to be extracted will include:
· Publication details (e.g., full author list, year published, etc.)
· Key study characteristics (e.g., design elements, location)
· Participant characteristics (e.g., age, sex, SES, race, ethnicity, health status)
· Intervention characteristics (e.g., duration, content/components)
· Primary/secondary outcomes at all available timepoints
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Qualitative/Narrative Synthesis

We will conduct a narrative synthesis on all available data, which will examine and contextualize the findings between and within studies according to the Centre for Reviews and Dissemination guidelines (Whitehead et al., 2013). This narrative synthesis will include a qualitative account of intervention designs, sample characteristics, methodological approach to operationalizing maintenance, theoretical bases for approach to operationalizing maintenance, methods for testing the intervention effect on maintenance, and a cross-study synthesis and comparison of different approaches to defining maintenance and their relative methodological and theoretical rigor.

Comparisons of Subgroups

We will compare outcomes by theoretically defined grouping variables that capture: (1) operational definitions of maintenance (e.g., public health guideline adherence vs. individualized, cross-sectional vs. longitudinal) and (2) sample characteristics (e.g., clinical characteristics, sociodemographic features), (3) intervention delivery modality (e.g., digital versus in-person versus hybrid) to elucidate factors that can explain heterogeneity. 

Ovid Medline 


1.	exp Diet/
2.	exp *Nutrition Therapy/
3.	exp Diet Therapy/
4.	exp "Diet, Food, and Nutrition"/
5.	exp Food Addiction/
6.	(appetite* or breakfast or caloric or calorie or calories or "carbonated beverages" or "carbonated drink" or dairy or diet* or dietary or dinner* or eat or eaten or eating or "energy balance" or "energy intake" or food* or fruit* or "glycaemic index" or "glycaemic load" or "glycemic index" or "glycemic load" or "kilojoule intake" or lunch* or meal or meals or meat or meats or nutrition* or overate or "over ate" or overconsumption or overeat* or overnourish* or over-nourish* or overnutrit* or over-nutrit* or "portion size*" or "saturated fat*" or "serving size*" or snack* or soda or sugar* or supper or dessert or "sweetened beverage*" or vegetable*).ti,ab.
7.	1 or 2 or 3 or 4 or 5 or 6
8.	exp Exercise/
9.	exp Physical Exertion/
10.	Recreation/
11.	exp Sports/
12.	exp Dancing/
13.	(aerobic* or aquatic* or "body movement" or "energy expenditure" or exercise or exercises or exercising or fitness or jogging or jumping or "leisure time" or "lifting weight*" or outdoor* or pedometer or "physical activit*" or "physical conditioning" or "physical exert*" or "physical inactivity" or "physical movement" or "resistance training" or running or sedentary or sport* or swim* or walking or "weight lift*" or "weight training").ti,ab.
14.	8 or 9 or 10 or 11 or 12 or 13
15.	7 and 14
16.	exp *"Treatment Adherence and Compliance"/ or exp *Patient Compliance/
17.	Health Behavior/ or exp Healthy Lifestyle/
18.	16 and 17
19.	(maintenance or maintainer*).ti,ab.
20.	((continu* or extended or lasting or longterm or long-term or ongoing or steady or stable or sustain*) adj2 (adher* or change or changes or compliance or improve* or maintain* or success*)).ti,ab.
21.	18 or 19 or 20
22.	exp Weight Loss/
23.	(weight adj3 (loss* or reduc* or decreas*)).ti,ab.
24.	22 or 23
25.	exp Overweight/
26.	(overweight or obese or obesity).ti,ab.
27.	25 or 26
28.	exp Follow-Up Studies/
29.	(follow-up or followup or postintervention or post-intervention or post-therapy or posttrial or post-trial or post-study or post-research).ti,ab.
30.	((after or following) adj2 (intervention* or therapy or trial* or study or studies)).ti,ab.
31.	28 or 29 or 30
32.	15 and 21 and 24 and 27 and 31
33.	32 not (letter or editorial or comment).pt. 
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