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ABSTRACT

 (
Wendy King, PhD
THE IMPACTS OF LIFESTYLE INTERVENTIONS IN BARIATRIC PATIENTS: A LITERATURE REVIEW
Sha Wu, MPH
University of Pittsburgh, 2015
)Background: The epidemic of obesity threatens the health of millions of people. When uncontrolled, obesity may progress to severe obesity (Body Mass Index ≥35 kg/m2). Bariatric surgery can induce substantial weight loss via gastric restriction and/or malabsorption and now is a viable treatment for severe obesity. The outcomes following surgery are variable. The long-term health of adults who have undergone bariatric surgery is influenced by how they reshape their lifestyles. Therefore, lifestyle modifications to diet, activity and related behaviors have great public health significance. This literature review summarizes findings from clinical studies on the effects of lifestyle interventions in bariatric surgery patients. 
Methods: A literature search was conducted in PubMed for English articles of clinical trials published between 1980 and 2015 that (1) enrolled adult (age ≥18 years) bariatric patients; (2) applied, either pre-operatively or post-operatively, a behavioral intervention aimed to improve patients’ diet, physical activity, or both that was delivered through counseling or educational sessions; (3) had a comparison group; (4) assessed any of the following outcomes: changes in weight, comorbidity status, cardiometabolic risk factors or targeted behaviors, such as physical activity.
[bookmark: _GoBack]Results: The search using key terms yielded a total of 5944 articles, among which 15 met the eligibility criteria. Four studies assessing pre-operative interventions suggested the effectiveness of interventions on increasing pre-operative physical activity level. Eleven studies (3 lifestyle, 3 diet and 5 activity) examined post-operative interventions. The three studies with post-operative lifestyle interventions found the interventions effective at improving weight loss. None of the 3 diet studies observed difference in the weight loss between groups. The five studies with activity intervention observed effectiveness of intervention on increasing post-operative physical activity.  The findings may not be valid due to their low quality.	Comment by King, Wendy: This does not match the text describing pre-op interventions.	Comment by King, Wendy: In the text you describe that post-op interventions are effective at increasing physical activity
Conclusions: There is moderate evidence suggesting the effectiveness of pre-operative or post-operative lifestyle interventions on increasing activity level and of post-operative lifestyle interventions on improving weight loss. Due to heterogeneity in the design of the included studies, this review cannot conclude on the overall impacts of lifestyle interventions in bariatric patients. Future studies with high quality are needed to provide more evidence in this area.
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[bookmark: _Toc434431504]Obesity
The epidemic of obesity, a chronic disorder primarily determined by excessive body weight (Body Mass Index (BMI) ≥ 30 kg/m2), threatens the health of  millions of people [1]. The prevalence of obesity worldwide has more than doubled over the past 30 years, rising from 4.8% to 9.8% in men and from 7.9% to 13.8% in women [2, 3]. In the U.S., more than half of the population is overweight or obese: the prevalence of overweight (BMI ≥ 25 kg/m2) in 2011-2012 was 71.7% (95% CI: 68.0%-74.2%) among adult men and 65.6% (95% CI: 61.8%-63.9%) among adult women [4]. In 2009-2010, the prevalence of obesity among U.S. adult men was 35.5% (95% CI: 31.9%-39.2%),  while among U.S. adult women, it is 35.8% (95% CI: 34.0%-37.7%) [5]. A total of 10 million Americans are living with severe obesity (BMI ≥ 35-40 kg/m2) [6]. Rapid urbanization, dramatic changes in living environment, increasingly sedentary lifestyle, large consumptions of animal fat, protein, fast food and bottled soft drink, and insufficient intakes of fiber altogether contribute to the change in the distribution of obesity prevalence [7, 8].
Obesity, as a disease, can be fatal. High BMI (≥25 kg/m2) is attributable to an estimated 216,000 deaths (95% CI: 188,000-237,000) in the U.S. in 2005 and is responsible for nearly 1 in 10 deaths [9]. The American Medical Association’s acknowledgement of obesity as a disease in 2013 marked the elevated awareness among medical professionals of the threat that obesity posees to the health of the nation [10]. Adiposity is linked to the development of a range of morbidities: cardiovascular diseases, hypertension, type 2 diabetes mellitus (T2DM), dyslipidemia, metabolic syndrome, reproductive disease, psychosocial problems, osteoarthritis and some types of cancer [11-19]. Obesity also is associated with social discrimination and an impaired quality of life. It has been shown that the impacts of obesity on the increase in the number of chronic conditions are significantly larger than the impacts of current or past smoking or problem drinking (p<0.001)[20].
Obesity can be costly. The annual medical expenditures on the treatments of obesity and its comorbidities in the U.S. were estimated to be US$147 billion in 2008 [21]. Excess medical expenditures spent on health care surrounding obesity are enormous: the increase in cost for in-patient and ambulatory care incurred by an individual with obesity is $395 per year [20]. This translates to a total increase of 44.24 billion, given that 111.9 million people in the U.S. are obese. Of serious concern is that the annual medical spending on an individual with obesity is estimated to be growing at a rate of  37.4 % [22].
To conquer the battle against obesity, a number of guidelines and strategies have been set forth. The successful treatment for obesity necessitates a multidisciplinary regimen encompassing a meal plan with low-calorie recipes, an exercise program to enhance physical activity, behavior modifications, pharmacologic medications and weight-loss operations. Among them, surgical approaches are scientifically proven to be the most effective method for adults with severe obesity, resulting in sustainable long-term weight loss and resolutions of obesity- attributed comorbidities [23].
[bookmark: _Toc434431505]bariatric surgery
Bariatric surgery refers to an array of surgical procedures that—by means of shrinking the size of the stomach and diverting food digestion stream in the intestine— can block food carriage, accelerate the induction of satiety and satiation, and impede nutrient absorption [24, 25]. They are often employed when obesity has progressed to a severe level with BMI reaching at least 35 to 40 kg/m2 and when other non-surgical interventions or treatments have failed. Emerging in the 1950s as jejuno-ileal bypass, bariatric surgery has evolved into many forms, including gastric stapling procedures, such as Roux-en-Y gastric bypass, different types of gastroplasty, such as sleeve gastrectomy, and malabsorptive procedure of biliopancreatic diversion [26].
[bookmark: _Toc434431506]TYPES OF BARIATRIC SURGERY
According to their respective mechanisms, bariatric surgery procedures can be categorized into three types: restrictive, mal-absorptive or mixed. Most widely applied techniques worldwide are Roux-en-y gastric bypass (RYGB) (46.6%), Sleeve gastrectomy (27.8%), laparoscopic adjustable gastric banding (LAGB) (17.8%), and biliopancreatic diversion with duodenal switch (2.2%) The application of LAGB is declining while the use of Gastrectomy Sleeve is on the rise [27]. All of these procedures are targeted at the reduction in the size of stomach, the induction of satiation while eating and the malabsorption of nutrients. Consequently, the intake of nutrients and energy are limited.
Roux-en-Y-gastric bypass, the gold standard of bariatric surgery, is a mixed laparoscopic procedure (Figure 1). First, a small stomach pouch is sectioned out through stapling the rest of the stomach off so that the size of the stomach was reduced. Second, the pouch is connected directly to the distal small intestine to bypass the rest part of stomach and the upper part of the small intestine. By this way, both food intake and nutrient absorption are restrained since the amount of food that the stomach can accept and the distance that food can pass in the small intestine, where nutrients are absorbed, are both reduced. Also the redirecting of the food pathway leads to favorable changes in gut hormones that can facilitate satiety and suppress appetite [28].

http://www.hopkinsmedicine.org/healthlibrary/test_procedures/gastroenterology/roux-en-y_gastric_bypass_weight-loss_surgery_135,65/
[bookmark: _Toc434431536]Figure 1.Roux-en-Y gastric bypass
Laparoscopic adjustable gastric banding is a solely restrictive procedure performed laparoscopically with the least invasive level and lowest mortality (Figure 2). Carried out through the placement of an inflatable silicone band-that can be adjusted by the filling or removal of saline to an attached subcutaneous port-around the upper part of the stomach, LAGB is reversible. With the compression of gastric cardia, satiety effect and the feeling of fullness are triggered after taking only a small amount of food. In this way, the craving for food is curbed [29].


http://www.hopkinsmedicine.org/healthlibrary/test_procedures/gastroenterology/laparoscopic_adjustable_gastric_banding_135,63/
[bookmark: _Toc434431537]Figure 2. AdjustableGastric Band Procedure

Sleeve gastrectomy, an irreversible restrictive laparoscopic procedure, is gaining wide popularity in North America (Figure 3). It is performed by resecting a large proportion of the stomach along its greater curvature. The remaining section of stomach, which is then stapled, resembles the shape of a “tube” or so called “sleeve” [30]. The effects of the surgery involves the restriction in the volume of food that can be consumed and the alteration in the gut hormones that can influence the sense of hunger and satiety [31].




http://alohasurgery.com/weight-loss-surgery-procedures/laparoscopic-vertical-sleeve-gastrectomy/
[bookmark: _Toc434431538]Figure 3.Sleeve gastrectomy
Biliopancreatic Diversion with Duodenal Switch (BPD/DS), as a modification to the biliopancreatic diversion, is an irreversible maladaptive procedure, comprising of three steps (Figure 4). Firstly, similar to the sleeve gastrectomy, a stomach resection is performed, creating a tubular stomach pouch; Secondly, this small stomach pouch is connected to the distal portion of small intestine with three-fourths of the small intestine divided and thus bypassed; Thirdly, the bypassed segment of small intestine, which produces most of enzymes needed for absorption, is reconnected to the distal portion of small intestine so that the digestive chemicals can mix with food course. The procedure results in a combined effect featuring the restriction of food intake due to the decrease in the size of stomach and the malabsorption owing to the shortened distance that food can move through in small intestine during the process of digestion [32].

http://www.mcqsurgery.com/bariatricsurgery.html
[bookmark: _Toc434431539]Figure 4.Duodenal Switch 
[bookmark: _Toc416376742][bookmark: _Toc434431507]OUTCOMES OF BARIATRIC SURGERY
Substantial weight loss is the primary outcome of bariatric surgery. According to a meta-analysis of 69 articles on the effectiveness of bariatric surgery in reducing weight, the overall reductions in BMI across studies, irrespective of surgical type, were 13.5 at year 1, 13.2 at year 2 and 9.2 at year 3 post-operatively [33]. These results translate to a more than 20% reduction from original BMI. When expressed in the form of %EWL (Percentage of excess weight loss= [(operative weight-follow-up weight)/operative excess weight] ×100, where excess weight =actual weight-ideal weight), a measure for gauging the magnitude of weight loss, the estimates remained high (41.6%) at year 5 post-operative [33].
The resolution of obesity-attributable comorbidities can also be achieved following bariatric surgery. In a meta-analysis involving 53 articles and 9243 patients, the synthesized data shows that after surgery hypertension was resolved in 61.7% of patients and obstructive sleep apnea was resolved in 85.7% of patients. Moreover, hyperlipidemia improved in 70% of patients [34]. However, the remission of type 2 diabetes is the most remarkable. Also from this meta-analysis, 92% patients in clinical trials and 86% patients in observational studies had alleviation in their diabetes, which is manifested in their discontinuation in the use of all diabetes-related medications and in the control of blood glucose levels within the normal range [34]. The surgical approach to treating diabetes has also been found to be a cost-effective: compared to traditional therapy, surgery enabled an average 9.3 years longer lifetime remission of diabetes and 1.2 additional quality-adjusted life-years per patient [35].
Outcomes achieved after operations such as weight loss and the remission of comorbidities may largely stem from changes in hormones. The gastrointestinal hormones— such as leptins from  fat tissue, cholecystokinin (CCK), glucagon-like peptide-l (GLP-1), peptide YY3–36 (PYY3–36) from the intestine, ghrelin from the stomach and insulin from the pancreas—signal the brain about eating behavior, food intake and energy balance and thus influence the sense of satiety through the interplay of the neuro-hormonal signaling network and gut-brain axis. The removal or repositioning of the stomach and the upper portion of intestine inevitably alter the secretion and distribution of these hormones, resulting in a re-balance in the energy homeostasis [36, 37].
Health-Related Quality of Life (HRQoL) post-surgical is superior to the pre-surgical status. Subsequent improvements in depression, sexual function and physical functions can be achieved [38-40]. A review of articles comparing quality of life before and after bariatric surgery identified consistent findings across studies regarding the improvements of HRQoL following surgery despite the heterogeneity in instruments used for taking relative measurements [41].
However, the outcomes of bariatric surgery can be highly variable, with 20-30% of patients experiencing the suboptimal weight loss [42]. Large pre-operative BMI, a history of sexual abuse and a history of depression are  correlated with  poorer weight loss following surgery [42, 43], whereas younger age, higher socio-economic status, higher self-esteem, better mental health,  prior success at preoperative weight loss,serious concern about obesity, positive attitudes towards surgically induced weight loss, and realistic expectations are associated with better post-surgery weight loss [44]. 	Comment by King, Wendy: Sha-this is what i suggested you do when we met Mon. Please confirm refs are in correct place.
[bookmark: _Toc434431508]RISKS AND COMPLICATIONS OF BARIATRIC SURGERY
Bariatric surgery can lead to a number of complications such as haemorrhage, dumping syndrome, diarrhea, intra-abdominal bleeding, obstruction, anastomotic leak, wound infection, respiratory failure, gallstones, emotional disorders and metabolic abnormalities [45, 46]. The problem of nutritional deficiency may also arise after surgery— particularly among patients who underwent mal-absorptive procedures, featuring low level of vitamins and calcium and justifying post-surgical nutrient supplementation [47].
Mortality rate and reoperation rate following bariatric surgery are low [33, 48, 49]. The longitudinal assessment of bariatric surgery found a 30-day mortality of 0.3% for 4,610 patients who underwent RYGB or LAGB, with only 4.3% experiencing adverse events within 30 days post-operative [50]. According to a meta-analysis, the reoperation rate is 6.95% (95%CI: 3.27%-12.04%) based on 23 clinical trials and 5.75% (95%CI: 6.7%-50%) based on 39 observational studies [33].
Causes of weight regain post-surgery are multi-factorial and patient-specific. A review of 16 studies on the predictors of weight regain concluded psychological, behavioral and metabolic factors, hormonal imbalance, and non-adherence to behavioral and nutritional recommendations all play a role in determining the degree and progress of post-operative weight regain [51].
[bookmark: _Toc434431509]LIFESTYLE INTERVENTIONs 
Comprehensive lifestyle interventions, which refer to a set of behavioral tools designed to help people modify their eating, activity and cognitive habits, should take precedence over other treatments for obesity [52]. As early as 2003, the US Preventive Services Task Force issued guidelines indicating that primary care clinicians should refer obese patients to intensive, multicomponent behavioral interventions [53, 54]. In 2011, the U.S. Centers for Medicare & Medicaid Services endorsed the prescription of intensive behavioral counseling with 14 face-to-face sessions over 6 months for obese treatment in primary care [55]. In 2014, the American College of Cardiology released their guideline, in which the provision of a high-intensity dietitian-led comprehensive lifestyle intervention, including low calorie diet, regular aerobic physical activity training sessions and behavioral strategies counseling to enhance engagement in diet and exercise, was specified [56].
[bookmark: _Toc434431510]TYPICAL STRUCTURE OF LIFESTYLE INTERVENTION
Lifestyle intervention, termed interchangeably as behavioral treatment, or behavioral therapy and lifestyle modification, was first introduced in 1967 [57]. Now it has evolved into a comprehensive package encompassing the following principal components: (1) goal-setting: interventionists help participants to specify the concrete elements of their daily exercise plan regarding what, when, where, how and for how long they need to engage in their behaviors; (2) skills development: interventionists instruct on the knowledge about healthy dietary and physical activity habits and help participants build the skills needed for the engagement in targeted behaviors; (3) self-monitoring and self-evaluation: participants are given homework assignments such as recording of food intakes and daily exercise; (4) review of progress: the records of food intake, physical activity and body weight are reviewed by the interventionists to identify both the improvements achieved and the efforts still need to be made; (5) problem-solving: interventionists help participants overcome the difficulties they faced during their behavioral modification process; (6) relapse prevention: interventionists provide follow-up contact to reinforce the skills taught and to facilitate the maintenance of achievements  [58-60].
A lifestyle modification program typically is provided at a study center to a group of participants or to an individual by a trained or registered interventionist such as a dietitian, a physician or a psychologist. The intervention sessions are delivered on a regular (e.g., weekly or monthly) basis over a time span of up to 6 months in the forms of face-to-face counseling and educational seminars. Each session usually lasts 60 to 90 minutes. Follow–up visits aimed to enhance maintenance of the behaviors and the reduced weight are idealy carried out biweekly or bimonthly over an additional period of 3-6 months  [61].
[bookmark: _Toc434431511]EFFICACY OF LIFESTYLE INTERVENTION
It has been shown that group treatment may be more cost-effective than individual care at reducing weight [62]. Multiple reviews have suggested that a comprehensive lifestyle modification program alone may help participants achieve an average weight loss of about 7 to 10 kg in 6 months (7% to 10% reduction of initial weight) [61, 63]. The weight loss can be maintained when follow-up sessions, in which the support are provided to the participants to improve the compliance with their behaviors, are offered [64]. According to a representative study, the participants who attended twice the monthly group maintenance sessions maintained 13.0 kg of their 13.2 kg end-of-treatment weight loss compared to those without the attendance who maintained only 5.7 kg of a 10.8 kg initial weight loss[65]. 
[bookmark: _Toc434431512]LIFESTYLE INTERVENTIONS FOR ENHANCING THE OUTCOMES OF BARIATRIC SURGERY
Despite the noticeable efficacy of lifestyle interventions in helping reducing weight, the outcomes from behavioral modifications vary considerably for each individual and some participants with severe obesity may be irresponsive to those interventions. When individuals with a body mass index above 35 kg/m2 had failed all other treatments for obesity, bariatric surgery should be considered.
However, we should also see that operations are not an “easy way out”: a small proportion of bariatric surgery patients have suboptimal weight loss or experience significant weight regain. Bariatric surgery should be viewed as a stage amid the long-term clinical care for obesity: from initial clinical evaluation, through extensive behavioral education, medical treatment and surgical procedures, to post-operative lifestyle management. Surgery approaches serve as a tool to help patients achieve lifestyle changes. For instance, bariatric surgery patients are recommended to adopt an active lifestyle to optimize long-term weight loss and other surgical outcomes [66]. Furthermore, the ultimate goal of any obesity treatment should be helping people with obesity reshape their unhealthy lifestyle since the weight loss maintenance largely relies on the active participation in high levels of exercise (burning more than 1,680 kcal/week) and temperate eating habits (consuming < 1,500 kcal/day) [67]. Thus, the combination of surgical approaches and behavioral modifications can be even powerful for helping people with obesity to achieve substantial long-term weight loss.  
Some health insurance companies mandate bariatric surgery candidates to participate in a 6-month physician supervised diet and activity program as a pre-requisite for surgery. But, there has been a lack of empirical support regarding the effectiveness of lifestyle interventions in bariatric surgery patients. Thus the goal of this systematic review is to determine whether lifestyle interventions impact the outcomes following bariatric surgery, with a focus on evidence gained from randomized clinical trials.
[bookmark: _Toc434431513]Public health significance
Determining whether lifestyle interventions improve the outcomes of bariatric surgery is an important step in understanding the optimal treatment of severe obesity, which now affects 10 million Americans. In addition, any interventions intended to nurture healthy lifestyles have great public health values, because many diseases besides obesity found their roots in problematic lifestyle. Thus, the promotion of a robust way of living will have profound impacts on the health of the nation. 
[bookmark: _Toc434431514]methods
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 (
(
"Exercise"[MeSH 
Terms] OR "exercise"[Title/Abstract]
)
 OR 
(
("physical"[Title/Abstract] AND activity"
 
[Title/Abstract]) OR "physical activity"[Title/Abstract]
) 
OR
(
"Diet"[MeSH Terms] OR "diet"[Title/Abstract]
)
 OR 
(
"eating"[MeSH Terms] OR "eating"[Title/Abstract] OR "eating behavior "[Title/Abstract]  OR "feeding behavior"[MeSH Terms] OR "feeding"[Title/Abstract]  AND "behavior"[Title/Abstract] OR "feeding behavior"[Title/Abstract] OR "eating"[Title/Abstract] AND "behavior"[Title/Abstract] OR "eating behavior"[Title/Abstract] 
)
 
OR 
(
"nutritional status"[MeSH Terms] OR ("nutritional"[Title/Abstract]  AND "status"[Title/Abstract]
)
 OR "nutritional status"[Title/Abstract]  OR "nutrition"[Title/Abstract]  OR "nutritional sciences"[MeSH Terms] OR ("nutritional"[Title/Abstract]  AND "sciences"[Title/Abstract]) OR "nutritional sciences"[Title/Abstract])  OR (“calorie” [Title/Abstract]
 )
 
OR
(
"life style"[MeSH Terms] OR ("life"[Title/Abstract] AND "style"[Title/Abstract]) OR "life style"[Title/Abstract] OR "lifestyle"[Title/Abstract])
)
 
OR 
(
"behavior” [Title/Abstract] OR "behavior"[Title/Abstract] OR "behavioral"[Title/Abstract] OR “intervention” OR "counselling"[Title/Abstract] OR "counseling"[MeSH Terms] OR "counseling"[Title/Abstract] OR “modification”
)
AND
(
("bariatric surgery"[MeSH Terms] OR ("bariatric"[Title/Abstract]   AND "surgery"[Title/Abstract]  ) OR "bariatric surgery"[Title/Abstract]  
) 
OR 
( 
"gastric bypass " [Title/Abstract]  OR ("gastric"[Title/Abstract]  AND "bypass"[Title/Abstract]  )  OR “gastric bypass"[MeSH Terms]
 )
 OR 
(
"gastrectomy"[MeSH Terms] OR  "sleeve gastrectomy"[Title/Abstract]
 )
 OR 
 ("
Gastroplasty"[Mesh Terms] OR “Gastroplasty” [Title/Abstract] 
 )
 OR  
(
"gas
tric banding ”[Title/Abstract]
)
 
OR 
(
"biliopancreatic diversion"[MeSH Terms] OR "biliopancreatic diversion"[ Title/abstract] OR “duodenal switch”[Title/abstract]
) 
OR 
(
“Weight Loss Surgery” [Title/Abstract]  OR “bariatric patients” [Title/Abstract]  OR “maladaptive surgery” [Title/Abstract]   OR “obesity surgery" [Title/Abstract] OR “Metab
olic surgery”[Title/Abstract]
 )
)This review complies with major requirements in the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) [68]. A search of relevant articles was performed independently in the PubMed database to identify English articles published between Jan, 1, 1980 and Jan, 01, 2015. Public health informationist Ms. Barbara L. Folb (MM, ML, MPH) and advisor Dr. Wendy C. King (PhD) were consulted for advice on the search strategy (Figure 5.). 
[bookmark: _Toc434431540]Figure 5. Key search terms
[bookmark: _Toc434431516]eligibility criteria 
The PICOTS elements (i.e., population, interventions, comparators, outcomes, timing and setting) were used to form the inclusion and exclusion criteria [69]. Studies are clinical trials that may or may not be randomized and must exhibit the following features: (1) A study population  of adult bariatric surgery patients; (2) An evaluation of behavioral intervention targeting at modifications to dietary intake and eating behaviors, physical activity, or both (i.e., aggregately known as lifestyle intervention);  (3) A comparison group that does not receive a behavioral modification intervention; (4) At least one of the following outcomes is assessed: change in weight (e.g., change in kg., change in BMI, % weight change, % excess weight loss), change in comorbidity status (e.g., diabetes, dyslipidemia), change in cardiometabolic risk factors (e.g., systolic blood pressure,  waist circumference),  or change in targeted behaviors (e.g., calories consumed, participation in moderate-to-vigorous physical activity). Changes can be measured from pre-intervention to post-intervention or from pre-surgery to post-surgery; (5) The intervention can occur pre-operatively, post-operatively or both; (6) The delivery method can be individual or group counseling or educational sessions by an interventionist (in-person or remote), with or without supervised activities; (7) a total sample size of 10 or more.
[bookmark: _Toc434431517]Study selection
Based on the eligibility criteria, all search results were screened independently. First, all case-reports, systematic reviews, meta-analyses, guidelines, animal studies, non-English articles, articles published earlier than Jan, 1st,1980 were ruled out electronically using filters in PubMed. Second, for the remaining articles, the abstracts were reviewed manually as per inclusion criteria and their references were extracted into a spreadsheet to note down inclusion/exclusion status and the reasons for the exclusions. Duplicates were removed. Third, full text of each remaining record was collected and screened thoroughly according to eligibility criteria.  The process is detailed in a flow chart. (Figure 6.)
[bookmark: _Toc434431518]Data extraction
The extraction of data was performed manually for specific information including (1) author, country, publication year, design and sample size per arm (2) subject characteristics at baseline (mean age, mean BMI, mean pre-surgical weight, gender and race) (3) description of lifestyle intervention (goal, method of delivery, number of sessions and interventional tools) (4) outcome of interest, data collection time points, length of follow-up, statistical analysis methods,  results and the directions of the findings. For results, summary statistics, p values and strength of correlations or associations were also reported.
The included articles were then classified into two groups depending on the timing of intervention: pre-operative or post-operative. The studies of each group were summarized in two tables with one describing study characteristics (Tables 2 and 4) and the other covering the findings (Tables 3 and 5). Each table was divided into three sections on the basis of types of the interventions: lifestyle/behavioral intervention or exercise alone or diet alone.

[bookmark: _Toc434431541]Figure 6. Flow chart of article selection process	Comment by King, Wendy: Get rid of “assessed” in last two boxes of figure.  Listed 4 times. Not needed.

[bookmark: _Toc416274075][bookmark: _Toc416365276][bookmark: _Toc416376750][bookmark: _Toc416274076][bookmark: _Toc416365277][bookmark: _Toc416376751][bookmark: _Toc416274077][bookmark: _Toc416365278][bookmark: _Toc416376752][bookmark: _Toc416274078][bookmark: _Toc416365279][bookmark: _Toc416376753][bookmark: _Toc416365281][bookmark: _Toc416376755][bookmark: _Toc416365282][bookmark: _Toc416376756][bookmark: _Toc434431519]Quality assessment AND STRENGTH OF EVIDENCE
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The quality assessment of the included studies is performed using a rating system established upon the evidence synthesis process in prior reviews of clinical trials [70, 71]. The following is a list of criteria for assessing the quality of included clinical trials (also shown in Table 1): (1) Are participants randomized? (2) Does a comparison group from the same population who did not receive any intervention exist? (3) Are the intervention group and comparison group similar at baseline regarding their characteristics? If not a randomized clinical trial, is the similarity statistically tested? If differences are identified, are they addressed in the subsequent analyses? (4) Are the interventionists trained and qualified? (5) Is retention reported per study group? Are the drop-out rates of both arms less than 20%? (6) Are the researchers/assessors blinded to the study assignment? (7) Did the length of post-operative follow-up reach one year? (8) Are sample size calculation stated in the article?  (9) Is the Intention-to-treat principle followed in statistical analyses? (10) Are the effects of group-by-time interactions evaluated in the analyses if the study has more than two time points for outcome assessment? 
A study is rated as having high quality if it scored positive on at least 6 out of the 10 items listed above, moderate quality if positive on 4-5 items and low quality if positive on less or equal to three items. If, for example, the description of study method in an article fails to provide a clear answer to question 6 about blinding, then it is viewed as not having been carried out. This is a negative trait, which is marked by a minus sign “-” in Table 1. However, on the contrary, if the answer is yes, then a positive point, which is marked by a plus sign “+”, is attributed to the article.
Due to the heterogeneity of the designs of the included studies, a meta-analysis is not feasible. The conclusion on the impacts of lifestyle interventions in bariatric surgery patients in this review is largely based on the strength of evidence, which is determined by the number of included studies with consistent positive findings.  The quality of evidence is graded into four levels: (1) high quality evidence: multiple high quality randomized clinical trials reported consistent positive results; (2) moderate quality evidence: one high quality randomized clinical trial and one or more low-quality randomized clinical trial reported consistent positive results; (3) limited evidence: included studies reported inconsistent results. (4) no evidence: included studies reported consistent negative results.

[bookmark: _Toc434431520]RESULTS
[bookmark: _Toc416365284][bookmark: _Toc416376758][bookmark: _Toc416365285][bookmark: _Toc416376759][bookmark: _Toc434431521]study selection
The initial search using the key search terms returned a total of 5994 articles. Among them, 5152 records that do not meet inclusion criteria were eliminated electronically by filters in PubMed. After a review of abstracts and full-text manuscripts, fifteen full-text papers, including 4 reporting on pre-operative interventions [72-75] and 11 reporting on post-operative interventions [76-86], were included in this review. Details of the selected articles are described in the Table 2 to Table 5. 
[bookmark: _Toc434431522]Characteristics of included studies
All included studies (n=15) were published between 2010 and 2015 with sample sizes varying from 15 to 316 and totaling in 2598. Thirteen trials are randomized clinical trials while the other two are non-randomized clinical trials. Ten were conducted in the United States. Across the trials, a majority of the participants were women. Age ranged from 28 to 60 years old and pre-operative BMI from 35 and 60 kg/m2 (Table 2 and table 4).
Among the studies that employed pre-operative interventions, 3 provided lifestyle program [73-75] and 1 offered an exercise program [72] (Table 2). In contrast, among the studies that applied post-operative interventions, 3 studies provided lifestyle program [76-78], 3 administered a diet program [83-85] and 5 implemented an exercise program [79-82, 86] (Table 4). The trials differed in the time span of the tested interventions: the length of programs across studies varied from 6 weeks to 6 months and the duration of each intervention session, from 15 minutes to 3 hours. 
The most frequently reported outcome of interest was weight change, which is present in 11 studies in the forms of change in kg, or reduction in BMI, or the percentage of excess weight loss, or the percentage of subjects who lost at least 5% of initial weight. The secondary outcome, the change in daily physical activity level, is documented in 8 studies. Other outcomes included changes in dietary components, improvements in cardiometabolic measurements and the improvements in muscle functions and strength.
[bookmark: _Toc434431523]quality assessment 
Nine of the 15 included studies (3 pre-operative and 6 post-operative) can be rated as having relatively high quality based on the specified criterion set forth previously for assessing the quality of studies (Table. 1) [72, 73, 75-78, 80, 83, 85,]. Thirteen out of the 15 studies employed an adequate randomization process [72-81, 83, 85, 86] and the other 2 studies are non-randomized clinical trials [82, 84]. Thirteen of the 15 studies had similar baseline characteristics between groups [72-78, 80-83, 85, 86], while the other 2 differed in either the pre-operative weight or the prevalence of diabetes at randomization [80, 84], and the potential effects of these imbalances were not accounted for in the subsequent analyses. The interventionists involved in all studies were well qualified dietitians, physicians or psychiatrists. However, the included studies all somewhat suffer from problems that could impair their internal validity such as low retention rate, the lack of blinded effect measurement and non-compliance with the “Intention-to-treat” principle in statistical analysis. Among the 14 studies that reported on retention, only four had drop-out rates of less than 20% [72, 76, 80, 82].  Only 2 studies mentioned blinded effect measurement [80, 85]. Only 8 studies followed the “Intention-to-treat” principle. The risk of observer bias runs high for these studies because the non-blinded assessors of outcomes may generate biased effect sizes in favor of the intervention group, or to the contrary, the conscientious non-blinded assessors may overcompensate for the potential bias. The evaluation of group-by-time interaction was involved in four studies [74, 79, 82, 83]. This application of the mixed effect model, though not necessary for the statistical analysis of every study, allows the trends in the weight changes among participants to be examined and is a positive attribute.
Furthermore, some additional aspects of study design can also weaken the internal validity of the included studies. Although all studies engaged a control group or a comparison group that came from the same patient population as the intervention group, only 7 studies sufficiently justified their sample size [72, 73, 77, 78, 80, 81, 86] and only 7 studies had post-operative follow up longer than 1 year [75-69, 78, 83-85]. If the sample size is not large enough, the studies may be underpowered to detect clinically meaningful differences. Since obesity is a chronic condition and patients need some time to reach rebalance in metabolism after the maladaptation induced by surgeries, the reliable post-operative assessments of the outcomes and relapse requires long term follow-up, which can also minimize the possibility of bias towards overestimation of the intervention effectiveness. 
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[bookmark: _Toc434431531]Table 1. Quality Assessment of Included Clinical Trials testing lifestyle, dietary or physical activity interventions in bariatric surgery patients
	Pro/post
intervention
	Author, Country,
Design
	
Randomization
	Comparison group
	Similarity at Baseline
	Qualification of
interventionist
	Retention
	
Blinding
	Follow-up
	Sample size
analysis
	Intention-to-treat
	
Interaction
	Overall
quality

	Pre-operative
intervention
	Kalarchian
et al,[74]
2013,

	+
	+
	+
	+
	-
	NR
	-
	NR
	NR
	+
	Moderate

	
	Lier
et al,[75]
2011,

	+
	+
	+
	+
	-
	NR
	+
	NR
	+
	N/A
	High

	
	Parikh
et al,[73]
2012,

	+
	+
	+
	+
	-
	NR
	-
	+
	+
	N/A
	High

	
	Bond
et al,[72]
2014,

	+
	+
	+
	+
	+
	NR
	-
	+
	+
	N/A
	High

	Post-operative
Intervention
	Kalarchian,
et al,[76]
2011,

	+
	+
	+
	+
	+
	NR
	+
	NR
	NR
	NR
	High

	
	Nijamkin
et al,[77]
2011,

	+
	+
	+
	+
	-
	NR
	+
	+
	+
	NR
	High

	
	Papalazarou,
et al,[78]
2010,

	+
	+
	+
	+
	NR
	NR
	+
	+
	NR
	NR
	High

	
	Sarwer,
et al,[83]
2012,

	+
	+
	+
	+
	-
	NR
	+
	-
(under-powered)
	+
	+
	High

	
	Singhal,
et al,[84]
2012,

	-

	+
	-
(differed in in pre-op weight and BMI)
	+
	-
	NR
	+
	NR
	N/A
	NR
	Low

	
	Swenson,
et al,[85]
2012,

	+
	+

	+
	+
	-
	+
	+
	-
(under-powered) 
	+
	NR
	High

	
	Castello
et al,[86]
2010,

	+
	+
	+
	+
	-
	NR
	-
	+
	NR
	N/A
	Moderate

	
	Coen
et al,[80]
2015,

	+                                                                                                                                                                                                                                                                                                                                                                                                                                       
	+
	+
	+
	+
	+
	 -
	+
	+
	N/A
	High

	
	Shah,
Et al,[79]
2011,

	+
	+
	-
(Differed in prevalence of diabetes
	+
	-
	NR
	-
	NR
	+
	+
	Moderate

	
	Simões
et al,[81]
2012,

	+
	+
	+
	+
	-
	NR
	-
	+
	NR
	N/A
	Moderate

	
	Stegen,
et al,[82]
2009,

	-

	+
	NR
	+
	+
	NR
	-
	NR
	NR
	+
	Moderate

	N/A=Not applicable; NR=Not reported;  “-”=No and “+”= Yes. (1) The column “Randomization” indicates whether the participants were randomized. (2) The column “Comparison group” indicates whether comparison group came from the same population as the intervention group. (3) The column “Similarity at Baseline” indicates whether intervention and control groups are similar at baseline regarding their characteristics and the similarity is tested. If differences are identified, they are addressed in following analyses. (4)  The column “Qualification of interventionist” indicates the interventionists are trained and educated dietitians, psychologists and physicians. (5) The column “Retention” indicates whether the drop-out rates for both arms are less than 20%. (6) The column “Blinding” indicates whether researchers/assessors are blinded to the study assignment. (7) The column “follow-up” indicates whether the length of post-surgical follow-up is longer than 1 year.  (8) The column “sample size analysis” indicates whether the concerns about sample size and power are properly addressed in the study. (9) The column “Intention-to-treat principle” indicates whether the Intention-to-treat principle is followed.  (10) The column “Interaction” indicates whether the effect of group by time interactions is evaluated in the analyses if the study has a longitudinal design and multiple outcome assessments.
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[bookmark: _Toc416274085][bookmark: _Toc416365290][bookmark: _Toc416376764][bookmark: _Toc416274086][bookmark: _Toc416365291][bookmark: _Toc416376765][bookmark: _Toc434431524]findings regarding the impacts of preoperative lifestyle interventions in bariatric patients
Four experimental studies assessed the impacts of preoperative behavioral interventions in bariatric surgery patients [72-75]. Among those trials, three prescribed lifestyle interventions that addressed diet and/or physical activity [73-75] (Table 2). However, the findings from these 3 studies are not consistent. For example, Kalarchian et al.[74], involving a 6-month long behavioral strategy instructional intervention program, reported that the intervention was a significant predictor of weight loss before surgery in a multivariate model with an intervention effect (β=4.93, t=5.2, p<0.0001) and resulted in a higher likelihood of losing at least 5% of initial weight (OR=4.98, p<0.0001).  But this study had moderate quality due to its low retention rate, short follow-up period, and the lack of blinded effect assessment, sample size calculation and the application of “Intention-to-treat” principle (Table 1). The other two studies, which had high quality [73, 75] (Table 1), found no difference in magnitude of weight loss between intervention group and control group (Table 3). 
The Bond et al [72], which is of high quality and evaluated the effect of a pre-operative physical activity intervention on increasing daily moderate-to-vigorous physical activity level, showed that the intervention group attained an increase in moderate-to-vigorous physical activity level compared to comparison group (an average increase of 21.0± 26.9 min/day in intervention group versus the insignificant change in the control group, p=.001). 
These four studies [72-75] differed in the number of intervention sessions and the length of the intervention programs (Table 2), making the synthesis and generalization of study results impossible. However, the Bond et al [72] suggests that the increase in pre-operative physical activity level can be achieved through preoperative physical activity intervention. 
	[bookmark: _Toc434431532]Table 2. Descriptions of pre-operative lifestyle interventions in bariatric patients


	Lifestyle intervention

	Author, Country, Design
	Sample Characteristics
	              Intervention description

	
	
	Control
	Goal
	Method of Delivery, # Sessions and Timing 
	Components of Behavioral Intervention


	Kalarchian et al,[74]
2013,
United States,
RCT


	Behavioral lifestyle 
intervention Group: (n=121 )
Usual care group: (n=119)
	Age, 45.2 ± 11yrs;
BMI,47.9 ±6.7 km/m2;
Women, 86.7%;
White, 82.9%;








	Routine pre-surgical care-
	-To reduce calorie intake through diet
-To intensify energy expenditure through physical activity.
-To instill goals regarding pre-op weight loss (5% of initial body weight or 1-2 pounds per week).

	8 weekly face-to-face sessions of 1 hour each followed by 16 weeks of alternating face-to-face sessions and telephone coaching which lasted 15-20 mins;
-Pre-op 6 months intervention

	Behavioral strategies (e.g., prescription of exercise program, assistance in self-monitoring, problem-solving on factors related post-op weight control , goal setting for limiting energy intake, developing daily action plan, process reviewing and skills reinforcing ) 


	Lier
et al,[75]
2011,
Norway,
RCT

	Counseling group
 (n=49)

Control Group (n=48)


Reference Group (n=44)
	Age, 43.5 ± 11.1yrs;
BMI,45.5 ±4.3 km/m2;
Women, 74%;
White, not reported;
Age, 42.4 ± 9.1yrs;
BMI,45.1 ±5.9km/m2;
Women, 67%;
White, not reported;
Age, 39.8 ± 10.7yrs;
BMI,44.8 ±5.6 km/m2;
Women, 80%;
White, not reported;

	Treatment as usual: one pre-op and one post-op educational seminar covering surgery info, dietary strategies and beneficial behaviors 
	-To help improve weight loss and adherence to treatment guidelines post-op
	-6 weekly in-person pre-op group sessions of 3 hours each -3 post-op group sessions (at month 6, year 1 and year 2)

	Behavioral-cognitive treatment program plus  mindfulness training (e.g. self-monitoring of  daily food intake and exercise, problem solving skills, mindfulness training on stress reduction, and education about bariatric surgery and appropriate lifestyle change)
A successful bariatric case was also shared in one session.
.

	Parikh
et al,[73]
2012,
United
States,
Pilot RCT

	Medically supervised weight management 
MSWM
(n=29)
Usual care
(n=26)
	Age, 44.1± 12.1yrs;
BMI,46.3±5.5km/m2;
Women, 90%;
White, 4%;

 (
A
ge,
) 46.2 ± 12.7yrs;
BMI,44.7 ±7.1km/m2;
Women, 77%;
White, 8%;

	Standard pre-surgical care: session(s) with nutritionist for dietary management and a 2-week preoperative liquid protein diet treatment
	-To investigate if the participation in a medically supervised weight management program can help improve post-op outcomes  
	The intervention was given either individually or in group
,including:
-1 initial visit for medical evaluation and
-5 monthly individual or group follow-up visits with instructions and counseling 

	Medically supervised weight management (e.g. behavioral counseling, goal-setting and review of participants’ active medical issues, current medications, current dietary and physical activity level.
For group intervention, only education on dietary, physical activity and behavior modification strategies were provided.




	 (
Table 2 Continued
)Exercise 

	Author, Country, Design
	Sample Characteristics
	Control
	                                                      Intervention description

	
	
	
	 Goal
	Method of Delivery, # Sessions and Timing
	Components of Exercise therapy

	Bond
et al,[72]
2014,
United States,
RCT


	Pre-op physical activity intervention group:
(n=40)
Standard pre-surgical care group:
(n=35)

	Age, 44.2 ± 9.2yrs;
BMI,45.6 ±7.0km/m2;
Women, 85.0%;
White, 77.5%;


Age, 48.1 ± 8.1yrs;
BMI,44.4 ±5.8km/m2;
Women, 88.6%;
White, 80.0%





	Standard pre-surgical care: attended pre-op clinical visits and received standard pre-op care 
	-To increase participation in moderate intensity physical activity by 150 min/week
-To examine the feasibility of the intervention 

	6 weekly individual face to face sessions of 30-45 mins each initiated on avg. 4.5 months pre-op (interval between assessment and surgery is on avg. 90.0±64.5 days pre-op).

	Behavioral and cognitive strategies and instructions (e.g., self-monitoring on progress, problem-solving, goal setting for exercise, skills building, developing daily action plan to increase PA and homework assignments on the application of the strategies to achieve goals)
-Pedometer and diary used for self-monitoring 
-Discussion on the fulfillment of goals


	




































	
	












	
	






































	
	



	

[bookmark: _Toc434431533]Table 3. Findings of the studies examining the impact of pre-operative lifestyle interventions in bariatric patients 

	Behavioral lifestyle intervention

	Author, country design
	Outcomes

	Months of follow-up & Outcome evaluation
Time point
	Analysis Methods
	Results
	Findings

	Kalarchian 
et al, [74]
2013,
United states,
RCT


	-Pre-op WL from pre to post-intervention 
-Pre-op WL of at least 5% of initial body weight
	-Data collected preoperatively at baseline and at 6 months when intervention ended.
	-Longitudinal model with fixed terms 
-Multivariate linear regression models 
-A similar multivariate logistic regression model 
	-Significant condition by time interaction: LIFESTYLE group achieved on average 4.98 kg more WL than USUAL CARE group from baseline to 6 months [8.3 ±7.8 kg vs. 3.3 ±5.5 kg; F(1,182) = 23.6, p < 0.0001];
-In a linear regression model, the comparison of percent WL between LIFESTYLE group vs. USUAL CARE group is [6.3% ± 5.8% vs. 2.5% ± 4.0%; t (1,182) = 5.01, p < 0.0001];
-53.4% of LIFESTYLE group vs.21.0% of USUAL CARE group lost at least 5% of initial body weight.
-
	-Group was a significant predictor of weight loss in multivariate model. There was a significant intervention effect (β = 4.93, t = 5.2, p <0.0001);
-In logistic models, lifestyle group was more likely to lose at least 5% of initial weight than usual care group (OR=4.98, p<0.0001)

	Lier 
et al, [75]
2011,
Norway,
RCT


	-Post-op WL 
-50%EWL
-PA (average of 30 minutes each day) 
-Meals each day (5-7)
-Recommended vitamins per day
-Attendance to follow-up assessment
	-Data collected at pre-op baseline  and one year after surgery 
	-Two way contingency table analysis was used to compare the differences between groups in Ca-V such as adherence to recommended behaviors after surgery.
-One way ANOVA 
	-Weight loss 46.1±9.9kg in treatment group vs.42.9± 12.7kg in control group vs. 44.5±9.9 kg in reference group, p=0.540);
-The percentages of group members who lost 50% EWL (91% in treatment group vs. 85% in control group vs. 86% in reference group, p=0.774);
- The percentages of group members attained daily exercise at a volume of 30 minutes (31% in treatment group vs.42% in control group vs. 39% in reference group, p=0.654);
-The percentages of group members took 5-7 meals each day (70% in treatment group vs. 81% in control group vs. 71% in reference group, p=0.580);
-The percentages of group members took the recommended vitamins each day (87% in treatment group vs.86% in control group vs. 88% in reference group, p=0.981);
- The attendance at the follow-up assessment higher in preoperative treatment group than in the Control group and the Reference group (90%, 70% and 68%, respectively, p=0.047)

	-No difference between groups was observed in weight loss, physical activity, dietary habits and adherence to recommended behaviors one year after surgery.
-Attendance at the follow-up assessment was higher in treatment group





























		Parikh et al, [73]
2012,
United states,
Pilot RCT

	



	-Body mass index (BMI)
-Medication adherence
-Eating behavior change
-Patient activation/health beliefs
-physical activity
	-Data collected at pre-op baseline before intervention, at 6 months after intervention (pre-surgery) and at 6 months after surgery.
	-T-tests 
-“Intention-to-treat” and “completed as” principles were followed;
-Fisher’s exact tests.
	-Compared with the decrease in the activity level from baseline to 6th month post-operative in the USUAL-CARE group (-46%), MSWM group showed a significant increase in physical activity level (+10%) from baseline to 6th month post-operative (p=0.031) in “completed as” analysis ;

	-No difference between MSWM group and USUAL CARE group was observed regarding the changes in mean BMI, medication adherence, eating behavior, patient activation score, and physical activity level from baseline to either 6 months  pre-op or 6 months  post-op;
-Positive effect of MSWM on post-op physical activity level.


	Exercise 
	
	
	
	
	

	Bond et al, [72]
2014,
United 
states 
RCT

	-Pre-op Increase in daily bout-related and total moderate-to-vigorous PA (MVPA) minutes; 
-Pre-op Increase in number of daily steps 
	-Data collected at baseline and at the end of the 6-week intervention period(pre-op)
	- ANCOVA 
- Intention-To-Treat 
	-The Bout-related MVPA in the PAI group increased from baseline to post-intervention an average of 16.6±20.7 min/d during follow-up versus no change in the SC group (p=0.001);
-The total MVPA in the PAI group increased an average of 21.0± 26.9 min/d versus no change in the SC group(p=.001);
-The daily steps in the PAI group increased an averages of 2027.6±1886.9 steps/d compared to the average change of 202.7±1374.3 steps/d in SC group (p<0.001).
	-The physical activity intervention is effective at increasing  moderate-to-vigorous physical activity level and daily steps compared to usual care group

	RCT=Randomized controlled trial; UCT=uncontrolled clinical trial; Pre-op=Pre-operative; Post-op=Post-operative; OP=operation time; WL=weight loss; BW=Body weight; BP=Blood pressure; BMI=Body mass index; HLOS=Hospital length of stay; %EWL=Percentage of  excess weight loss; Con-V=Continuous variables; 


 (
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[bookmark: _Toc434431525]findings regarding post-operative lifestyle interventions in bariatric surgery 
Nine randomized clinical trials [76-81, 83, 85, 86] and 2 non-randomized clinical trials [82, 84] investigated the effects of post-operative lifestyle interventions in bariatric surgery patients. Among those studies, three assessed lifestyle interventions (all of high quality) [76-78], three[83-85] evaluated dietary counseling sessions ( 2 of high quality[83,84] and 1 of low quality[76]) and five examined exercise training programs [79-82,86] (1 of high quality[80] and 1 of low quality [82]) ( Table 1). 
Of the three studies [76-78] that employed lifestyle interventions and addressed diet and physical activity, two [77, 78] found the intervention effective at improving weight loss and physical activity (Table 5). For example, Papalazarou et al. [78] reported that the intervention group was the only factor that was statistically associated with weight loss and physical activity level after intervention. Nijamkin et al. [77] reported greater percentage excess weight loss, BMI reduction, increase in physical activity and increase in mean protein intake in the intervention group compared with the control group. Provided that 2 out of these 3 high-quality studies that assessed post-operative lifestyle intervention had positive findings, there is moderate evidence to suggest the benefits of post-operative lifestyle interventions. 
None of the three studies [83-85] that administered post-operative dietary interventions reported a difference in the outcomes of weight loss between groups (Table 5). For example, Sarwer et al [83] that applied post-operative dietary counseling sessions (e.g. education about the importance of adherence to healthy diet and proper daily energy and food intake) and used repeated measures mixed effects models to test for differences in the trajectory of changes in weight over the follow-up period of 24 months between groups, found no significant difference between groups in the trends of percentage of change in weight.  These results imply that interventions targeted at dietary changes alone may not be effective in improving weight loss after surgery.
All of the five trials [79-82, 86] that contained exercise training programs reported favorable findings (Table 5). For example, Castello et al. [86] and Simões et al.[81] reported significant improvements in heart rate variability indexes and walking distance in 6 minute walk test in the intervention group only. Coen et al.[80] found a significant improvement in glucose effectiveness in the intervention group only. Shah et al. [79] observed an increase in maximal oxygen consumption relative to weight in thee intervention group only.  Stegen et al. [82] observed the deterioration in muscle strength in the control group only compared to insignificant decrease in the intervention group. But due to the low quality of most of these studies (Table 1) (only Coen et al. [80] had high quality), the heterogeneity in the reported outcomes and the short follow up periods, (the longest being 6 months after intervention), no conclusion on the effects of post-operative exercise training programs alone can be consolidated. 	Comment by King, Wendy: This should be in abstract results.
Overall, the evidence to date hints on the beneficial impacts of comprehensive post-operative lifestyle interventions as well as exercise interventions in bariatric surgery patients.
	[bookmark: _Toc434431534]Table 4. Descriptions of post-operative lifestyle interventions in bariatric patients

	Lifestyle intervention

	Author, (Country), Design
	
Sample Characteristics


	                                   Intervention Description


	
	
	Control

	Goals
	Method of delivery &
#sessions and timing
	Components of Behavioral intervention

	Kalarchian,
et al,[76]
2011,
United
states,
RCT,
	Behavioral
intervention group
n=18


Control group
N=18
	Age, 51.0 ± 7.6yrs;
BMI,54.3 ±8.8km/m2;
Women, 83.3%;
White,77.8%;
Pre-op weight,
150.5±32.9 kg
Age, 53.9± 6.6yrs;
BMI,52.1 ±8.8km/m2;
Women, 94.4%;
White, 72.2%
Pre-op weight, 139.8±26.1 kg
	Not reported


	-To maintain a balanced diet while controlling energy intake to 1200-1400 calories
-To enhance energy expenditure through physical activity.
-To help achieve weight loss (5-10% of the initial body weight or 1-2 lb/wk)

	12 weekly face-to-face group counseling sessions of 1hr each followed by 5 biweekly telephone coaching sessions of 15-20 mins each, spanning about 6 months on avg. 6.6 years post-op since surgery 

	Behavioral and cognitive strategies (e.g., self-monitoring of  exercise and food intake journals and homework, problem-solving, goal setting for lifestyle change, developing daily action plan PA, and skills-strengthening) 
-Energy intake restricted to1200–1400 calories per day while maintaining a balanced diet in line with post-op dietary guidelines
-Exercise program prescribed based on their choice of activity with an emphasis on increasing daily lifestyle activities.


	Nijamkin
et al,[77]
2011,
United 
States,
RCT
	Comprehensive nutrition and lifestyle educational intervention
N=72


Non-comprehensive 
approach
comparison group
N=72
	Age, 44.2± 12.6yrs;
BMI,49.98 ±8.48 km/m2;
Women, 86.1%;
White, NR
Pre-op weight, 131.01±28.01 kg

Age, 44.8± 14.4yrs;
BMI,36.51 ±7.03 km/m2;
Women, 80.6%;
White, NR
Pre-op weight, 136.47±35.39 kg
	Brief, printed lifestyle guidelines 
handouts 





	-To Investigate if a comprehensive nutrition education and behavior modification intervention improves weight loss and physical activity in Hispanic American bariatric patients following Roux-en-Y-gastric bypass surgery
-To promote practical behavior-modification strategies and to enhance adherence to lifelong vitamins and minerals taking.

	6 biweekly in-person group educational counseling sessions of 90 minutes each for 6 weeks starting at months 6 after surgery including frequent contact with a registered dietitian

	Behavioral modification strategies:
-Session1 included guide on daily meal planning , diet maintenance such as nutrition recommendations, and also tips for controlling nutrition intakes through limiting portion size, nurturing new eating habits and using an exchange list for weight management;
-Session 2 addressed how to help patients start exercise program 
-Session 3 to 6 offered emotional support on stress relief without food, self-motivation, relapse prevention and problem-solving
-Daily energy intake restricted to 1000–1400 calories per day while maintaining a balanced diet in line with post-op dietary guidelines


	Papalazarou,
et at,[78]
2010,
Greece,
RCT
	Lifestyle intervention
(LS) group
N=72
Usual care(UC) group
N=72
	Age, 32.7± 1.6 yrs;
BMI,48.5 ±2.1 km/m2;
Women, 100%;

Age, 33.4± 2.0yrs;
BMI,49.8 ±1.6 km/m2;
Women, 100%;

	Not reported



	 -To help control patients’ body weight through lifestyle modifications
	12 weekly in-person individual sessions with a dietitian during the first 3 months postoperatively, 6 biweekly sessions during the next 3 months, 6 monthly during the following 6 months, 4 during the second post-op year and 2 during the third post-op year with each lasting for 40 minutes.(Total number of sessions=30) 

	Each session included three parts: nutrition education, dietary intake and physical activity. Patient-centered collaborative approach plus Behavior modification techniques (e.g., self-monitoring, self-evaluation,  problem-solving, goal-setting, reinforcement, self-motivation, stimulus control and relapse prevention) 
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	Author, (Country), Design
	Sample Characteristics

	                                                                              Intervention Description

	
	
	Control 
	Goals 
	Method of delivery & #Sessions and timing
	Components of Diet therapy

	Sarwer,
et at,[83]
2012,
United
States,
RCT
	N=84 post-op patients
Dietary counseling 
(DC) group
N=41

Standard post-op (SP)group
N=43
	Age, 42.0 ± 9.9 yrs;
BMI,51.64±9.2 km/m2;
Women, 63.1%;
White, 60.0%;
Pre-op weight
152.7±33.7                                                                 kg

	Standard post-op care
	-To help patients transition through the 4 phrases of the post-op diet;
-To foster heathy diet habits such as increasing protein intake, reducing the intake of sugar and fat 
-To prevent overeating, vomiting and dumping;

	8 biweekly in-person counseling sessions or phone interviews with dietitians of 15 minutes each given during the first 4 months post-op

	Post-op dietary counseling sessions (e.g., education about the importance of adherence to healthy diet, proper daily energy and food intake, and daily nutrition needs)
Patients were encouraged to self-monitor their daily food intake. 


	Singhal,
et at,[84]
2012,
United
Kingdom,
Observational
	Dietician-led management program
N=316


Surgeon/nurse specialist follow-up program
N=1019
	Age, 44.8 ± 10.2 yrs;
BMI,52.8±8.9km/m2;
Women, NR;
White, NR;
Pre-op weight
147.4±30.2kg;
Age, 41.9 ± 9.9 yrs;
BMI,41.7±5.2km/m2;
Women, NR;
White, NR;
Pre-op weight
113.8±18.7kg;

	Surgeon-led group: Standard post-op care 

	-To compare the effects of a dietician-led management group  against a surgeon-led follow-up group on a large number of post-op bariatric patients;
	In-person counseling sessions or phone interviews with  dietitians

	Dietician-led follow-up protocol

	Swenson,
et at,[85]
2012,
United
States,
RCT
	Low-carbohydrate/
high-protein diet teaching
N=19

Low-fat control diet
N=13
	Age, 41.7 ± 9.8 yrs;
BMI,50.7±8.7 km/m2;
Women, 94.7%;
White, 78.9 %;
Pre-op weight
197.5±85kg
Age, 39.7 ± 7.6 yrs;
BMI,46.3±9.4 km/m2;
Women, 84.6%;
White, 92.3 %;
Pre-op weight
166.5±71kg

	-The standard university of Virginia post-op diet 
-Instructions on dietary plan
and low-fat cooking
techniques



	-To evaluate the effect of a low-carbohydrate/high protein diet on promoting weight reduction among post-op bariatric patients


	-2 weeks of strict phase of diet with minimal carbohydrate intake, high protein intake and moderate fat intake after recovery from surgery; 
-At 1 to 2 pre-op visits, or
at post-op clinic visits at 1, 3, 6, and 12 months, all patients received in-person individual one-on-one counseling sessions with a nutritionist
	-Low carbohydrate/high-protein diet consisting of minimal carbohydrate intake, high protein intake and moderate fat intake; Diet instructions centered around different types of fats, avoidance of saturated fat, emphasis on the use of mono-and polyunsaturated fats and promotion of high protein/low carbohydrate diets;


	Exercise 

	 (
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)Author, (Country), Design

	Sample Characteristics

	                                                                              Intervention Description

	
	
	Control
	Goals
	Method of delivery & #sessions and timing
	Components of Exercise therapy

	Castello
et al,[86]
2010,
Brazil,
RCT

	Training group
N=11



Control group
N=10

	Age, 38 ± 4yrs;
BMI,45.64 ±1.51 km/m2;
Women 100%;
Pre-op Weight, 117 ±4.kg
Age, 36± 4yrs;
BMI,44.46 ±0.96 km/m2;
Women 100%;
Pre-op Weight 117± 6kg
	Control: Non
	-To investigate whether a 12-week aerobic exercise program improves heart rate variability (HRV) and functional capacity after gastric bypass surgery in a female cohort.

	36 in-person individual aerobic exercise training sessions of 1 hour each after surgery spanning 12 weeks

	Only TG group underwent an aerobic exercise training program on a treadmill beginning 1 month after GBS including
-initial 5 min of stretching
-5 min of warm up
-40 min of exercise on treadmill
-1 min of recovery
-10 min of stretching and diaphragmatic breathing

	Coen
et al,[80]
2015,
United 
states,
RCT

	Semi-supervised moderate exercise protocol(EX)
n=66

Health education control(CON)
n=62
	Age, 41.3 ± 9.7yrs;
BMI,38.8 ±6.1 km/m2;
Women 89.39%;
White,81.81%;
Pre-intervention Weight, 107.3 ±19.9kg

Age, 41.9 ± 10.3yrs;
BMI,38.3 ±6.9 km/m2;
Women 87.09%;
White 83.87%;
Pre-intervention Weight, 105.7±25.1kg

	Control: 6 monthly educational 
lectures, discussions and instructions covering topics including medication use, nutrition and upper-body stretching


	-To evaluate whether exercise and post-op weight loss would improve S1 and other cardiometabolic factors in a group of patients who recently underwent RYGB surgery 
	3 to 5 semi- supervised exercise sessions per week among which at least 1 was under direct supervision (started on avg. 75±64.5 days after surgery).

	During the first 4 weeks, the amount exercise reached 10-15 min per session at an intensity level of 60% to 70% of their maximal heart rate. During the following months till the end of the program, participants advanced to a minimum exercise volume of 120 min/wk. Physical activities included stationary cycling or treadmill walking at home. Also received the same health education sessions as controls.


	Shah,
Et at,[79]
2011,
United
States,
RCT

	High-volume Exercise Program(HVEP)
N=21
Control group
N=12
	Age, 47.3 ± 10.0yrs;
BMI,42.4 ±6.9 km/m2;
Women,90%;
White 43%;


Age, 53.9 ± 8.8yrs;
BMI,41.0 ±3.7 km/m2;
Women,92%;
White 75%;
	Individual 
dietary counseling on dietary guidelines
plus behavioral therapy






	 -To evaluate whether a high-volume exercise program is effective at limiting weight regain in post-bariatric surgery patients
-To expend ≥2,000 kcal/week in moderate-intensity aerobic exercise at
60-70% of maximal oxygen consumption 
(VO2 max)
-To improve diet and prevent nutritional deficiencies
	-Semi-supervised intervention exercise sessions 5 days/week with at least one completed at the fitness center; the exercise and heart rate diary are reviewed every 2 weeks;
-6 biweekly Individual  behavioral therapy counseling in-person or by phone

	-Exercise interventions: Instructions on gradually achieving the goal in moderate-intensity aerobic exercise at 60-70% of maximal oxygen consumption; Once achieved, patients were asked to elevate their exercise intensity. Exercise and heart rate self-monitoring were also required;
-Diet intervention: dietary guidelines for post-op bariatric patients plus individual dietary counseling advice on limitation on energy intake to about 1,200-1,500 kcal/day, on limitation on food intake and on modification to eating habits; 
-Behavioral cognitive strategies including goal-setting, self-monitoring, problem-solving and relapse prevention, stimulus control, eating behavior recommendations and stress management.

	 (
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)Simões
et al,[81]
2012,
United 
states,
RCT

	Trained group(TG) 
n=9


Control group
(CG)
n=10


Eutrophic group(EG)
n=12
	Age, 32.0 ± 4.0yrs;
BMI,45.5±1.7 km/m2;
Women 100%;
Pre-op Weight, 115.0 ±6.9kg
Age, 31.0 ± 2.0 yrs;
BMI, 43.6±1km/m2;
Women 100%;
Pre-op Weight, 113.0 ±4.7kg
Age, 25.0 ± 0.6 yrs;
BMI,21.8 ±0.6 km/m2;
Women 100%;
Pre-op Weight, 60.0±8.4kg

	CG: no physical activity requirement
EG: only in one evaluation 
	-To examine whether  a transition from resting to 6MWT alters HR kinetics  response in women with severe obesity compared to eutrophic group
-To determine if the 12-week aerobic post-op exercise training program improved the heart rate kinetics and heart rate variability 
	TG: 36 sessions of 1 hour each on alternate days for 12 weeks starting 1 month after surgery;

	TG: aerobic training program including 
- 5 mins of the upper and lower limbs stretching, diaphragmatic breathing , and proper standing and sitting posture awareness;
- 5 mins of warm-up on a treadmill at a rate of 3 km/h;
-40 min of exercise on treadmill with changing speed and inclination as per the behavior of HR;
-1 min recovery;
-10 min of the same stretching and diaphragmatic breathing as initial.


	Stegen,
et al,[82]
2009,
Belgium,
RCT


	Gastric bypass without exercise
N=7


Gastric bypass with exercise
(GB+E)
N=8
	Age, 43.1 ± 5.6yrs;
BMI,40.4 ±8.1 km/m2;
Women 57.14%;
Pre-op Weight, 126.5 ±24.7kg
Age, 39.9 ± 9.9yrs;
BMI,45.3 ±2.7 km/m2;
Women 87.5 %;
Pre-op Weight, 130.8 ±17.8 kg

	 No participation in exercise program
	-To evaluate the effect of gastric bypass surgery on physical fitness in terms of muscle strength, and aerobic and functional capacity
-To investigate the feasibility of an post-op exercise program 
	36 individual supervised exercise sessions of 75 min each spanning 12 weeks and starting 1 month after surgery

	Gastric bypass with exercise: Every training session comprised of 10 min of cardiovascular warming up, 25 min of strength training, 30 min of endurance training and 10 min of cooling-down period.
-Strength exercises conducted with stack-weight equipment with a gradually increasing intensity;
-Endurance training including cycling (10min), walking (10min) and stepping (10min) with a gradually increasing intensity.

	[bookmark: _Toc434431535]Table 5. Findings of the studies examining the impact of post-operative lifestyle interventions in bariatric patients 


	Behavioral intervention

	Author, (country) and design
	Outcomes/
Target behavior

	Months of follow-up & Outcome evaluation
Time point
	Analysis Methods
	Results
	Findings

	Kalarchian,
et al,[76]
2011,
United states,
RCT,
	-%EWL
	Data collected at baseline(pre-intervention) and 6 months (post-intervention) and 12 months  (follow-up)
	-Mixed effect models used for examination of the percentage of EWL 
-Spearman’s correlation coefficients 
	-%EWL in intervention group > in control group at 6 months (6.6% ± 3.4% versus 1.6% ±3.1%, p =0.29) and at 12 months (5.8% ± 3.5% versus .9% ± 3.2%, p = 0.32).
-The patient who are more depressive (p=0.005) and had less weight regain (p=0.05) in intervention group had greater %EWL.
	-The number of group sessions attended was unrelated to %EWL in the intervention group;
-Age, gender, race, years since surgery, and surgery type were unrelated to %EWL in either group;


	 (
Table 5 Continued
)Nijamkin
et al,[77]
2011,
United 
States,
RCT
	-%EWL
- BMI reductions
-Changes in PA over time
-Protein intake
-Depression
	-Data collected at the baseline and at month 6 and month 12 after surgery
	-t-test
- χ2 test
-Wilcoxon signed rank
-Mann-Whitney U test
-ITT
	-%EWL at 1 year post-op in intervention group > in Comparison group (80 % vs 64% from preoperative excess weight; p<0.001);
-BMI reduction in intervention group> in comparison group (6.48± 4.37 vs 3.63± 3.41, p<0.001);
-Intensity of  PA in intervention group >in comparison group (+14 min/wk vs -4 min/wk; p<0.001);
-Significant increase in mean time and intensity of exercise from 6 to 12 months post-op in intervention group but not in comparison group(p=0.019 and p<0.001, respectively);
-The mean intake of protein in the intervention group>in comparison group (p=0.02).
-% of those depressed subjects who had symptoms relieved at 12 months post-op among in intervention group > in comparison group
( 24% vs. 6%, p<0.001)
	- %EWL, BMI reduction, increase in PA, increase in mean protein intake and percentage of subjects with relieved depression symptoms in intervention group > in comparison group;
-The intervention is effective at improving weight loss and physical activity between 6 months and 12 months post-op.

	Papalazarou,
et al,[78]
2010,
Greece,
RCT
	-%EWL
-Dietary habits
-Eating behavior changes
-PA level
	Data collected at baseline and at 12 months, 24 months and 36 months after surgery
	-One-way Repeated measures ANOVA
-Levene’s test used to test for quality of variances between groups.
-Bonferroni criterion used for post hoc comparisons between groups
-Multiple repeated measures ANOVA for fixed effects) 
	-%EWL at 12 months, 24 months and 36 months in LS group > in UC group (76.4 ±4.1% vs. 57.5 ±4.1%), (74.4 ±4.6% vs. 52.2 ±4.6%) and (74.4 ±4.6% vs. 52.2 ±4.6%);
-The scores for total DEBQ and Restraint eating and external eating scales in LS group <in UC group (p<0.001);
-Fruit and vegetable daily intakes (increase) in LS group < in UC group (p<0.05);
-Sweet consumption(decrease) in LS group < in US group (p=0.07);
-PA level in LS group > in UC group (p=0.001)


	-Group was the only statistically significant factor associated with either weight loss or %EWL at 12, 24 and 36 months while controlling for age, marital status, PA level and total DEBQ in multivariate analysis showed that


	Dietary
	
	

	Sarwer,
et al,[83]
2012,
United
States,
RCT
	





	-Percentage of change in weight
-Macronutrient intakes
-Eating behavior
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Data collected at baseline and 2, 4, 6, 12, 18, and 24 months after surgery
	-Repeated measures mixed effects models used to test for changes in the primary and the secondary outcomes
-ITT principles were followed.
	-WL in intervention group> in control group especially during the first 4 months of the study; (20.7%±1.1% vs.18.5%±1.1% at month 4; 26.1%± 1.5% vs. 23.5% ± 1.5% at month 6; 32.3% ± 2.0% vs. 32.4% ± 2.0% at month 12; 33.5% ± 2.5% vs. 34.7% ± 2.5% at month 18 and 32.4% ± 2.4% vs. 33.6% ± 2.5% at month 24, respectively.)
-Mean consumption of calories, sweets and fat in intervention group < in control group, (p=NS);
- Mean protein consumption in intervention group > in control group, (p=NS)


	-No significant difference in the trajectory of changes in outcomes by groups.(The interaction term of time and treatment group p =.08)

	Singhal,
et al,[84]
2012,
United
Kingdom,
Observational

	-Excess percent BMI loss







	Data collected at baseline and 3, 6, 12, and 24 months after surgery
	- Mann–Whitney U test
	-Excess percent BMI loss in dietitian-led group <in surgeon-led group (21.8 ± 10.9 vs. 26.7 ± 13.8, p <0.01 at 3 months; 29.1 ± 18.7 vs. 36.1 ± 20.4,  p< 0.01 at 6 months; 34 ± 17.2 vs. 40.3 ± 22.3, p=0.055; 38 ± 22.5 vs. 51.3 ± 26.6, p=0.056)
	 -No significant difference in excess BMI loss between groups was found at 12 months and 24 months post-op.

	 (
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)Swenson,
et al,[85]
2012,
United
States,
RCT

	-Reduction
 in BMI
-%EWL








	Data collected at pre-op baseline and at 3,6,12 months after surgery.
	-Wilcoxon matched-pairs signed-ranks test used for the comparison of changes in body composition and exercise within diet groups 
	- Reduction in BMI at 12 months in low fat diet group <in low carbohydrate group (-14.0 ±5.5% vs. -17.0 ±4.5%; p= 0.15);
 –%EWL at 12 months in low-fat diet group >in low carbohydrate group 60.3 ± 15.3% vs. low carbohydrate, 59.6±13.0%; p = 0.96).
	-No statistical differences were observed in BMI and excess body weight lost over time between the two diet groups

	Exercise
	

	Castello
Et al,[86]
2010,
Brazil,
RCT 

	-Anthropometric variables
-Heart Rate
-R-R intervals
-6-min walk test (6MWT)





	-Data collected at 1 week before surgery and 4 months after surgery
	- The Kolmogorov-Smirnov test for examining data distribution
-unpaired student t test for comparison of the differences between the TG and CG.

	- Post-op axillary, xiphoid, hip, waist and thigh circumferences in TG group significantly lower than in CG group (p<0.05);
- Significant improvement in all indexes of heart rate variability(e.g. SDNN, RMSSD,NN50,pNN50,SD1 and SD2) in only TG group (p<0.05); And the post-op indexes in TG are significantly higher than the post-op indexes in CG group(p<0.05)
- Increase in 6MWT distance in only TG group (p<0.05)

	-Significant differences between groups in the post-op indexes of heart rate variability were found and only TG group improved significantly in all of these indexes (e.g. SDNN, RMSSD, NN50, pNN50, SD1 and SD2).

	Coen
et al,[80]
2015,
United
 states,
RCT

	-S1(insulin sensitivity)
-SG
-BMI,
-Waist circumference
-Total and depot-specific fat mass 
-Subcutaneous and visceral fat depot
-SBP,DBP
-Cholesterol (total, LDL and HDL)
-Triglycerides
-VO2 peak





	Data collected before and after the 6-month interventions
	44 out of 66 in EX group and 
-The multiple imputation (MI) method with Markov chain Monte Carlo (MCMC) algorithms used for missing data
-The general linear mixed model with repeated measures;
-ITT and PP principles were both followed in analyses
	-In PP analysis, a significantly greater improvement in S1 in the EX group(who performed more than 120 min/wk of exercise in the final 3 months) compared to in the CON group (EX vs. CON; +2.69 vs. +1.57, min–1/μU/ml, p = 0.019);
-In ITT analysis, a main effect of surgery/time (p<0.001) and greater improvement in SG in the EX group (EX vs. CON; +0.0063 vs. +0.0023 min–1, p = 0.009). In PP analysis, the exercise effect was also significant (EX vs. CON; +0.0071 vs. +0.0023 min–1, p = 0.011).
-Reductions in BP, cholesterol, triglycerides, total and depot-specific fat mass, subcutaneous and visceral fat depot were similar in both groups.
-VO2 peak significantly improved in EX group compared with CON group (p<0.01).
	-Significant effect of regular post-op exercise on glucose effectiveness (The ability of glucose per se to elicit glucose uptake).
-Significant improvement in VO2 peak
in intervention group;
- No significant differences between groups were observed in BMI, waist circumference, total and depot-specific fat mass, loss of subcutaneous and visceral fat depots, and proportionate weight loss between fat depots, in in analyses with either ITT or PP approach.

	 (
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)Shah,
Et al,[79]
2011,
United
States,
RCT

	-Maximal oxygen consumption relative to weight
-Changes in weight,
-Reported time spent and energy expended during moderate physical activity
-Energy intake 
-Health-related quality of life
- resting energy expenditure 
(REE)
-fasting lipids and glucose, and fasting and postprandial insulin concentrations




	-Data collected at baseline before intervention, at 6 weeks during the intervention and at the end of the intervention at 12 weeks
	-Mixed effect model
For repeated measures
-ITT analyses
	-The maximal oxygen consumption relative to weight significantly improved in intervention group (p=0.001) with a group-by-week interaction (p = 0.009) vs. no change in control group; 
-The number of steps/day increased significantly in intervention group (p<0.0001) with a group-by-week interaction (p=0.03) vs. no change in control group;
-The reported time spent and energy expenditure during moderate physical activity increased by more than three times in intervention group (p<0.0001) with a group-by-week interaction (p=0.02) vs. no change in control group.
-Change in body weight similar in both groups; 
-Energy intake decreased significantly in intervention group(p=0.02) vs. no change in the control group (p=0.07);
-Improvement in intervention group in quality of life indexes such as emotional well-being only(p=0.001),energy levels (p=0.0002) and metal quality of life total score (p=0.006) vs. no change in control group



	-Significant improvements in only intervention group in  maximal oxygen consumption relative to weight, the number of steps/day and the energy expenditure during moderate physical activity;
-No difference was observed in changes in weight, energy and macronutrient intake, resting energy expenditure (REE), fasting lipids and glucose, and fasting and postprandial insulin concentrations between the two groups.


	Simões
et al,[81]
2012,
United 
states,
RCT

	-Walking distance
-Heart rate variability 
-Heart rate 
Kinetics




	Data collected at 1 week before surgery and 4 months after surgery
	-One way ANOVA for between groups. If significant, Tukey-Kramer post hoc used to identify differences.
-Pearson correlation analysis for BMI (kg/m2) and walking distance relationship.
	-A significant increase in walking distance only in TG group at 4 months post-op compared to pre-op ( 515.0 ±41.0 post-op vs.470.0±23.9 pre-op, p<0.05);
-Significant increases in Heart rate variability only in TG group at 4 months post-op compared to pre-op: mean HR 124 ± 5.9 post-op vs 132.3 ± 6.0 pre-op, p<0.05; SD1 9.6 ± 3.0 post-op vs 3.8 ± 0.7 pre-op, p<0.05; RMSSD 5.1 ± 0.3 post-op vs 2.9 ± 0.3 pre-op, p<0.05);
-SD1 after surgery at 4 months post-op significantly higher in TG group compared to CG group (9.6± 3.0 in TG group vs.3.1± 0.2 in CG group).
-Reduction in Heart rate kinetics index MRT in only TG group at 4 months post-op compared with pre-op (36.5±5.6 post-op vs. 64.1 ± 8.8 pre-op, p<0.05)
	-Only TG showed substantial within-group (1 week before vs. 4 months after surgery) improvements in all of the following indexes: HRV indexes (RMSSD, Mean HR and SD1), walking distance, faster time constant and mean response time of HR amid 6MWT following training sessions (p<0.05)

	Stegen,
et al,[82]
2009,
United 
states,
RCT

	-Muscle strength
-Functional and 
aerobic capacity







	Data collected before and 4 months after surgery
	-Repeated-measures ANOVA to evaluate interaction and time effects

	-The decrease in Static muscle strength (handgrip strength kg) in non-exercise group  was significant (95.9±24.9 pre-op vs. 78.7±22.2 post-op, p=0.043) vs. not significant in exercise group (76.5±30.3 pre-op vs. 67.6±20.2 post-op, p=0.131);
-The improvement in 6-min walk test, a measure of functional capacity, is significant in exercise group (485.9±28.8 pre-op vs. 537.9±40.6 post-op, p=0.002) vs. not significant in non-exercise group(475.2±58.8 pre-op vs. 505.2±86.8 post-op, p=0.330)

	-Differences in the decrease in static muscle strength and in improvement in 6-min walk test between groups were found suggesting the effectiveness of an intensive exercise program on preventing the deterioration in muscle strength and physical function following surgery. 

	HR=Heart rate; SDNN= standard deviation of all N-N normal intervals, RMSSD= square root of the difference in the sum of squares between R-R intervals on the record, divided by the determined time minus one; NN50= the number of R-R intervals differing by more than 50 ms; pNN50 (%)= percentual of R-R intervals differing by more than 50 ms; SD1=standard deviation of instantaneous R-R interval variability; SD2= standard deviation of long term continuous R-R interval variability; 6MWT=6-min walk test; BP= blood pressure, S1=Insulin sensitivity; SG=glucose effectiveness; ITT=intention to treat, PP=per protocol, ↑=increase, ↓=decrease; DEBQ= Dutch Eating Behavior Questionnaire; HRV= heart rate variability; EG= eutrophic group; TG= trained group; CG= control group; BL= baseline; Amp= amplitude; τ= time constant; MRT= mean response time (τ + TD); RCT=Randomized controlled trial; UCT=uncontrolled clinical trial; Pre-op=Pre-operative; Post-op=Post-operative; OP=operation time; WL=weight loss; BW=Body weight; BP=Blood pressure; BMI=Body mass index; HLOS=Hospital length of stay; %EWL=Percentage of excess weight loss; Con-V=Continuous variables;
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[bookmark: _Toc434431527]strengths and limitations of this review 
This is the first review that appraises the existing evidence regarding the effects of lifestyle interventions in bariatric patients. The focus on randomized clinical trials allows the assessment of evidence to be less influenced by the imbalance between the study groups.  This review conducted a systematic search and summarization of related literature with references only to original studies in electronic databases.
Due to the limited number of studies and the heterogeneity in the assessed interventions and the outcomes measurements of the included studies, meta-analysis or systematic comparisons across studies were not performed. Also, this review reported mainly on the effects of lifestyle interventions on primary health outcomes such as weight loss and physical activity; the effects on some secondary outcomes such as the incidence of cancer and gallstones, length of hospitalization and operative time were not evaluated. Furthermore, the possibility of publication bias and investigator bias cannot be ruled out.
[bookmark: _Toc416274116][bookmark: _Toc416365321][bookmark: _Toc416376795][bookmark: _Toc434431528]implications for research
This review highlights the need for future high quality research that employs adequate methodological justifications, including appropriate statistical tools for data analysis with sufficient power, and has longer follow-up. The studies that specifically targeted physical activity should examine the relationship between the intervention and weight loss, in addition to evaluating the changes in physical activity. Furthermore, in order for the study findings to be more generalizable, future research should be conducted in diverse bariatric surgery populations with larger sample sizes. Finally, the assessment of cost-efficacy and adverse effects should be incorporated into further studies to inform health professionals and policy makers on decision making.

[bookmark: _Toc434431529]conclusions
Due to the heterogeneity in the design and outcomes measurements of the included studies, this review cannot provide a consolidated conclusion regarding the overall impact of lifestyle interventions in bariatric surgery patients. But there is moderate evidence suggesting the benefits of post-operative lifestyle interventions, whereas intervening on dietary modification alone does not appear to be as effective as comprehensive lifestyle intervention. There is also moderate evidence that pre-operative and post-operative exercise programs have positive effects on fitness, strength and activity-related outcomes. However, it is unclear whether they improve surgery induced weight loss or weight loss maintenance. 	Comment by King, Wendy: Add if agree.  Seems like this is what you say above.
Owing to the limited evidence on the effects of pre-operative intervention, this review cannot provide conclusion regarding whether intervention are more effective in the pre-or post-operative time frame.
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