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Abstract 
Background: The number of people with obesity continues to increase. Bariatric surgery is the most effective treatment for severe obesity. However, this surgery also has disadvantages, such as an increased risk of excessive loss of fat-free mass, lean body mass, and muscle mass compared to other weight-loss interventions. 
Methods: Pubmed and Cochrane Library database including articles in English, Dutch, French, and German were used. 
Results: from the 3,609 retrieved references, 20 articles were selected. Compared with the control group, physical exercise improved body mass index (5 of 13 articles), weight loss (7 of 17 articles), functional capacity (2 of 5 articles), muscle strength (1 of 1 article), fat-free mass (3 of 5 articles), cardio-respiratory endurance (4 of 6 articles), and quality of life (2 of 4 articles), in obese patients undergoing BS. 
Conclusion: Current data is suggestive of positive effects of exercise on body mass index, weight loss, functional capacity, muscle strength, fat-free mass, cardio-respiratory endurance, and quality of life in obese patients undergoing bariatric surgery. However, our conclusions are limited because of the heterogeneity of programs and short studies. Further research is needed to determine the most effective physical exercise program in peri-bariatric surgery. 
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Key points: 
• Bariatric surgery has disadvantages, such as an increased risk of excessive loss of fat-free mass, lean body mass, and muscle mass compared to other weight loss interventions. 
• It seems like only on the long term a significant intergroup difference between the control and the intervention group, would appear in weight loss, body mass index, fat-free mass, and lean body mass. 
• Current data is suggestive of positive effects of exercise on body mass index, weight loss, functional capacity, muscle strength, fat-free mass, cardio-respiratory endurance, and quality of life in obese patients undergoing bariatric surgery. 







1. Introduction 
Bariatric surgery (BS) is one of the main treatments against obesity since it allows significant weight loss, as well as an improvement in related comorbidities [1]. This surgery also has disadvantages, such as an increased risk of excessive loss of fat-free mass (FFM), lean body mass (LBM), and muscle mass compared to other weight loss interventions [2-4]. Loss of strength and increasing muscular fatigue may negatively affect the capacity to perform activities of daily living (ADL). This reduced ability to perform ADL can be detrimental to the quality of one’s postoperative life [5]. Another disadvantage of BS is weight gain observed for some patients after the surgery, generally between 12 to 24 months [6, 7]. 
Cross-sectional and prospective studies indicate that after weight loss, weight maintenance is improved with physical activity (PA) >250 min week (-1). However, no evidence from well-designed randomized controlled trials exists to judge the effectiveness of PA for the prevention of weight regain after weight loss [8]. Moreover, both muscle training (MT) and aerobic training demonstrated benefits. Indeed, MT increased strength and decreased muscle atrophy in obese adults during calorie restriction for weight loss [9, 10]. However, in these studies, patients weren’t undergoing bariatric surgery. Whereas aerobic training has been associated with a reduced risk of all-cause mortality [11]. 
The objective of this systematic review was to summarize the effects of different physical exercise programs on various health variables (weight loss, BMI, cardio-respiratory endurance, functional capacity, muscle strength, body composition, and quality of life) in obese patients in peri-operative bariatric surgery. 
2. Methods 
2.1. Research strategy 
This review was recorded on the PROSPERO database (https://www.crd.york.ac.uk/PROSPERO/; registration number CRD42021236925). This systematic review included randomized controlled trials (RCTs) and quasi-experimental studies. 
A systematic literature search, based upon the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, was performed using two databases: PubMed and the Cochrane Library (https://www.cochranelibrary.com). The selected keywords were as followed: exercise, exercise therapy, training, physical exercise, fitness, strength training, aerobic, concurrent strength, endurance training, concurrent training, exercise therapy, physical training, strength exercise, resistance training, resistance exercise, rehabilitation, progressive resistive, resistance aerobic, endurance training, bariatric surgery, gastric bypass, gastrectomy, sleeve gastrectomy, gastrojejunostomy, gastrojejunostomies and duodenal–jejunal bypass. 
The final research equation has been supplemented (supplementary file 1). 
2.2. Inclusion and exclusion criteria 
This systematic review included studies that recruited adult subjects with a body mass index (BMI) > 30 and scheduled to undergo or already have undergone bariatric surgery (BS). The chosen articles are RCTs (randomized controlled trials) or quasi-experimental, comparing the effects of an exercise program to the usual care, either before or after the surgery. Observational studies, meta-analyses, systematic reviews, and case studies were not included. Studies needed to report at least one of the following parameters as an outcome: BMI, weight loss, muscle strength, LBM, FFM, cardio-respiratory endurance, quality of life or functional capacity. The exercise program had to be precisely described in the manuscript otherwise, they were excluded. We set only the language filter (publications only in English, Dutch, French, and German), but without date restriction. 

2.3. Study selection 

The results of the literature search are summarized in the PRISMA flowchart (Figure 1). Eligible studies were identified independently by two reviewers and reviewed against selection criteria (GS and GR). A third reviewer was involved in case of discrepancies (GC). 

2.4. Data extraction and analysis 

Data were extracted by the lead author (GS). Characteristics of studies (authors, year, country), patient data (sex, age, and type of BS), characteristics of the intervention (setting, length, duration per session, frequency, type, volume, progression) and outcome data (BMI, weight loss, muscle strength, LBM, FFM, cardio-respiratory endurance and functional capacity) were extracted. When studies reported their data only in graphical form, they were converted into metric data. 
2.5. Risk of bias 
The methodological quality of the selected studies was assessed using the PEDro checklist. The word PEDro stands for Physiotherapy Evidence Database with Remote Optics. This scale was chosen because it allows to evaluate randomized controlled trials. The PEDro scale is made up of 11 methodological elements specific to RCTs. The first item relates to external validity, items 2 to 9 assess internal validity, and items 10 and 11 assess whether the statistical data are fully reported. Each item is scored as a “yes” or a “no” and is worth 1 and 0 points, respectively. The total score of the PEDro scale corresponds to the number of “yes” responses from elements 2 to 11, ie a total score expressed on 10 points. The first item is not included in the sum of the PEDro scale total score, because it is the only item related to external validity. The studies were scored by the lead author (GS). 
3. Results 
3.1. Selection of the studies 
The PRISMA flowchart displaying the study selection process is shown in Figure 1.
In the two databases, 3,609 results were obtained using the search equation. After the complete process of reading the full texts, 20 articles were retrieved according to the exclusion criteria. 
3.2. Quality of the studies 
Scores of the PEDro scale are shown in Table 1. None of the articles selected met criteria 5 (all subjects were blind) and 6 (all therapists who administered the treatment were blind) from the PEDro scale. In addition, it was rare to have validated criterion 7 [12]. Finally, it can be noted that only 35% of the articles validated criterion 8. The median value of the PEDro scale was 5/10 (4.0-6.0), which means that 50% of the articles have a ‘fair’ internal validity. 
3.3. Settings 
The studies were mainly performed in the United States: 11 studies out of the 20 articles. Then there were three studies in Denmark [13-15]. Several studies were ancillary [12-23, 25, 26]. All articles were less than ten years old. 

3.4. Participants 

The characteristics of the subjects included in this systematic review are highlighted in Table 2. There was a total of 507 participants, 233 participants in the control group (CG) and 274 participants in the intervention group (IG). The sample sizes of these studies are relatively small ranging from 8 to 66 participants. Bypass was the main surgical procedure (60%), before sleeve (5%); one person in the CG and two in the IG had a gastric band; 76 in the CG and 98 in the IG did not provide information on the type of intervention undergone. The mean age was 42.9 (12.0) years and 42.1 (10.9) years in the CG and the IG, respectively. Most of the studies carried out were gender-mixed, even if we can notice a clear majority of women (84.7% of women). However, two studies recruited only women [22, 24]. And three studies did not provide information on the gender distribution [21, 25, 26]. 
The BMI of the control group ranged from 32.7 (7.1) to 46.6 (7.1) kg/m2. While for the intervention group, it ranged from 32.7 (6.3) to 48.1 (6.7) kg/m2. Patients from thirteen studies had an average BMI of class III at inclusion (BMI> 40), six studies of class II (BMI between 35 and 40), and two studies of class I (BMI between 30 and 35). One study did not mention the mean BMI at the start of the study [24]. Regarding the weight loss at the end of the study, the results were very heterogeneous varying from a weight gain of 1.0 (1.4) kg to a loss of - 35.5 (2.0) kg in the CG and from 1.2 (41.6) kg to - 45.9 (3.0) kg for the IG. The muscle strength was only reported in one study [24]. Fat-Free Mass (FFM) values ranged from 52.5 (7.5) kg to 59.4 (14.9) kg for CG and 52.8 (10.7) kg to 62.4 (10.2) kg for the IG. For lean body mass (LBM), the values varied from 50.1 (10.1) kg to 53.4 (46.6-60.1) kg for the CG and from 50.3 (7.5) kg at 54.9 (6.1) kg for the IG. The functional exercise capacity assessed by the 6 Minutes Walking Test (6MWT) ranged from 450 (24) m to 492.6 (21.1) m for the CG and from 470 (23.9) m to 477.9 (22.9) m for the IG. For a 42-year-old woman, weighing 100kg and measuring 1m65, achieving less than 662m indicates little mobility and poor health, since it is the expected value. The level of VO2 max (ml/min/kg) was reported in 35% of the studies and was between 17.6 (1.4) and 17.96 (3.74) ml/kg/min for the CG and between 17.4 (3.3) and 17.84 (3.13) ml/min/kg for the IG (only for the values entered in ml/min/kg). 

3.5. Intervention 
The protocols are detailed in Table 3. Only three of the twenty articles focused on the period before the bariatric surgery (pre-rehabilitation) [16, 17, 22]. One study started the intervention at eight weeks post-BS, which is the closest post-surgery study [24]. Conversely, a single study started the intervention only from the 12th-month post-BS [27]. Most studies started the intervention at 3-4 months after surgery. The shortest program duration was 6 weeks, but it was a preoperative study. Conversely, the longest program duration was 1 year (6 months of programs and 6 months of maintenance). The majority of studies were semi-supervised and 30% have all sessions supervised. 
Regarding the frequency of exercise program sessions, 22.5% of studies offered two sessions a week, 27.5% had three sessions per week, 25% had three to five sessions per week, 10% included daily sessions and 5% had at least five sessions per week. The studies presented an endurance training program alone (45%), or a combined training program (45%): muscle training (MT) and cardio-respiratory endurance (CR). Only two studies exclusively proposed muscle training [5,24]. About intensity in MT, 30% of the studies based it on one maximum repetition (1-RM), 30% on the borg scale (B), 30% on patient capacity, and one article did not mention any information about it [28]. Concerning articles evaluating endurance, 11% based it on resting heart rate, 17% on patient capacity, 44% on maximum heart rate (HRmax), 22% on the borg scale (B), 5% on cardio-respiratory endurance (VO2max). Five articles offered either intermittent or continuous training [12, 18-21]. The other articles did not indicate the type of training. Stretching was performed in four studies [24-26, 29]. Two studies used diaphragmatic breathing (DB) and postural control (PC) in addition to exercise and one study took into account the Valsalva maneuver [5]. Adherence to treatment in the intervention group (IG) was highly variable. In a study proposing muscle training (MT), there is no “dropout” [24]. Conversely, a study had 43% of adherence when the subjects had a combined program, dietician counseling, and groups therapy [23]. Concerning nutrition, three articles indicated to propose a protein supplementation [13, 28, 30]. Seven mentioned dietary guidance without specifying if there was a protein supplementation [5, 18-20, 23, 27, 29]. Ten articles did not specify any information about specific nutrition management. 
3.6. Effects of physical exercise on BMI (Body Mass Index) 

The effects of exercise on BMI are shown in Table 4. Of the 20 studies, 19 of them measured BMI. Seven articles report a significant intragroup reduction for CG and IG. Only 13 articles measured the intergroup differences. Five articles found a significant difference between IG and CG [13-15, 23, 27]. Only one of them had a protein supplementation [13]. In a couple of articles there is no significant intergroup difference at 12 months, but only at 24 months [13-15]. It seems therefore that the difference between CG and IG would only appear in the long term. 

3.7. Effects of physical exercise on weight loss (kg) 

The effects of exercise on weight loss are shown in Table 4. Weight was mentioned in eighteen articles. Seventeen articles calculated the intergroup value, seven of them showed a significant intergroup difference [13-15, 17, 21, 27, 28]. Two of them, had a protein supplementation [13, 28]. Concerning the different obesity classes, one article had patients with a BMI of class I [13], two articles had patients with a BMI of class II [21, 27], and four articles had patients with a BMI of class III [14, 15, 17, 28]. Ten articles showed no intergroup differences, one article had patients with a BMI of class I [5], three articles had patients with a BMI of class II [12, 19, 20], and five articles had patients with a BMI of class III [16, 18, 25, 26, 30]. One study did not mention the mean BMI at the start of the study [24].
Of the ten articles that calculated the intragroup value, nine determined a significant change at some point in the program for both groups. We can notice that depending on the studies, weight loss can be very different. Ranging from a weight gain of 1.2 kg for the IG to a loss of - 45.9 kg, and a weight gain for the CG of 2.9 kg to a loss of - 35.5 kg. 
One article is interesting because it is the only study that compares the amount of exercise done per week: Low-Ex (practice less than 54 (8) min of PE per week), Middle-EX (practice 129 (4) min PE per week) and High-EX (practice 286 (40) min PE per week) [21]. The group that loses the most weight was the High-EX with 45.9 kg, then the Low-EX with 44.3 (2.3), afterward the Middle-EX with 36.2 (1.9), and finally the CG with 35.5 (2.0) [21]. There was a significant difference between the High-EX group and the Low-EX and Middle-EX group. However, the Low-EX group lost more weight than the Middle-EX group. There would therefore be no quantity dependence between the amount of PE per week and weight loss. But since there is only one article that deals with the amount of exercise per week, it is too soon to make any conclusions. The combined group aerobic-strength (AS) and the endurance group aerobic (A) showed no difference, but the two exercise programs demonstrated a significant difference compared to conventional management in bariatric surgery. Only two articles studied muscle training (MT) and they both showed no significant intergroup difference in weight loss [5, 24]. One study found a not significant intragroup weight gain for the CG (from 12-24 months post-surgery to 12-24 weeks after the intervention since the intervention) [27]. Conversely, the IG keeps losing weight (not significatively) [27]. The intergroup difference between the CG and the IG is significant [27]. During a BS, it is possible that physical training would protect against long-term weight gain. 
3.8. Effects of physical exercise on functional capacity (6MWT) 
The effects of exercise on functional capacity are shown in Table 4. The ‘6 minutes walking test’ (6MWT) was evaluated in 25% of the articles. Of these five studies, one did not provide information about change over time [22]. But all studies investigated intergroup differences. About the intragroup value, four articles found a significant difference, and two only for the IG. The changes were varying from 30.45 m (8.8) to 49.7 m (22.9). Concerning the intergroup value, two articles out of five found a significant difference [22, 23]. None of them reported having protein supplementation. Both groups included patients with a BMI of class III. In a single study the mean increase was 89 m for the IG but only 33 m for the CG (at 9 months post-BS) [23]. Both increases were intragroup significant, even for the CG. The intergroup difference between CG and IG was significant [23]. 
3.9. Effects of physical exercise on muscle strength 
The effects of exercise on muscle strength are shown in Table 4. Only one study focused on muscle strength [24]. This article did neither specify the class of obesity, nor protein supplementation. There was a significant intergroup difference for muscle strength measured by leg press and leg extension. Oppositely to CG, a significant increase in muscle strength was observed in the IG over time. 
3.10. Effects of physical exercise on LBM (lean body mass) 
The effects of exercise on LBM are shown in Table 4. Five of the twenty articles measured lean body mass (LBM). Of the five studies that calculated the intergroup difference, none of them found a significant intergroup difference. Four articles calculated the intragroup change. Three of them found a significant change in both the CG and the IG. One article did not find a significant intragroup loss for the IG [12]. 
3.11. Effects of physical exercise on Fat-Free Mass (FFM) 
The effects of exercise on FFM are shown in Table 4. Seven scientific articles studied FFM; two of which did not mention the data at the end of the intervention. Three articles found a significant intergroup difference [23, 27, 28]. One article had subjects that have a mean class II of obesity [27], and two articles had subjects with a class III of obesity [23, 28]. Only one of these articles had a supplementation in protein [28]. Furthermore, an article found a significant difference, but only between the AS (aerobic-strength) group and the CG, but no difference between the CG and the A (aerobic) groups [28]. It seems possible that only combined training provides significant improvement against loss of FFM following BS. But since no other article compares the AS and A groups, definitive conclusions cannot be made. Another interesting fact is that in one article, the significant intergroup difference only appears at 24 weeks after the start of the study [27]. At 12 weeks after the start of the study, there is no significant intergroup difference [27]. It seems that the significant effects only appear in the long term. More research on this subject needs to be made. 
3.12. Effects of physical exercise on cardio-respiratory endurance (CR) 
The effects of exercise on CR are shown in Table 4. Among the articles, seven studies measured the level of CR endurance. Only one of them did not provide any information on the evolution over time [18]. Three articles showed a significant intragroup difference for the CG and the IG [12, 19, 20]. The VO2max could increase because VO2max is expressed as the amount of oxygen processed per minute per kilogram of body weight (mlO2/min/kg). If the weight decreases, the value of VO2max increases. Thus, the absolute value could be more interesting (ml/min) than the relative value in this condition, because it does not take into account the weight. 
Three articles that have opted for absolute values (without the influence of weight), showed that the CG underwent an alteration of CR endurance [12, 19, 20]. This alteration is intragroup significant in one of those studies [20]. BS may cause a decrease in VO2max. Many studies showed that the significant intragroup increase is only for the IG [5, 12, 19, 20, 30]. Of the six articles that calculated the intergroup value, four articles found a significant intergroup difference in favor of the IG [12, 19-21]. None of them reported having protein supplementation. All those articles involved patients with class II obesity [5, 12]. 
3.13. Effects of physical exercise on Quality of Life (QoL) 
Four studies assessed the quality of life (QoL), three of which opted for a generic questionnaire, the SF-36 (Short-Form Health Survey 36). A single article studied QoL using two scales: SF-36 and IWQoL-L (Impact of Weight on Quality of Life-Light) [30]. This study included a high protein diet [30]. 
The effects of exercise on QoL from the SF-36 questionnaire are shown in Table 4. All articles calculated intra- and intergroup differences [14, 16, 30]. Two articles found no significant intergroup difference, except for the domain of general health (GH) [14, 30], both recruited patients with a class III of obesity. Conversely, one study found a significant intergroup difference for all domains, except for the role-emotional (RE) [16], also with patients with a class III of obesity. Concerning intragroup differences, two observed a significant difference but only for the IG [16, 30]. 
The effects of exercise on QoL from the IWQoL-L questionnaire are shown in Table 4. One study was the only one that used this questionnaire to assess QoL [30]. There were no significant intergroup differences. 
The effects of exercise on QoL from the Laval questionnaire are shown in Table 4. Concerning the Laval questionnaire, regarding the intergroup difference, there is no significant difference identified [23]. Regarding the intragroup value, for every criterion, there is a significant intragroup increase for both groups. 
3.14. Effects of exercise on metabolic changes and co-morbid conditions
Eight articles measured BP (blood pressure), two of them showed a significant effect of BS i.e., a difference in SBP (systolic blood pressure) [26], and SBP + DBP (diastolic blood pressure) [19]. Three studies showed an improvement but only for the IG, a significant decrease in DBP [13, 26] and in SBP [27]. Another article showed that SBP and DBP tended to increase in the CG without a significant intergroup difference [30].  
Concerning the mean and resting HR (heart rate), five studies examined these outcomes [13, 22, 23, 25, 26]. None of them showed any intergroup difference. One study examined its effects on cardiovascular markers and found that PE resulted in significantly increased fibrinolytic activity, and reduced PAI:Ag (plasminogen activator inhibitor antigen). However, PE had no effects on markers of thrombin generation, fibrin clot properties, F1+2 (prothrombin fragment 1+2), D-dimer and fibrogin [15]. 
Two studies investigated the perception of dyspnea [25, 26]. One article found a significant reduction for perceived dyspnea in both groups [26], and another found that the reduction only occurred in the IG, with a significant intergroup difference [25]. Only one article focused on FVC (forced vital capacity) and found that a significant increase only occurred in the IG [25], in which subjects had an aerobic type of exercise program. Only one article studied leg exertion symptoms [26], and it found a significant reduction in both groups without any intergroup difference. The PE type of training was aerobic [26]. Three studies analyzed the effects of exercise on blood lipids [13, 19, 30]. One article found a significant reduction in both groups (total, LDL, HDL cholesterol and triglycerides) [19] and one study found that HDL cholesterol significantly increased in the IG compared with CG [13]. One article also found a tendency of an increase in HDL cholesterol in the IG [30]. 
Concerning insulin, different markers have been measured: SI (insulin sensitivity), AIRg (acute insulin response), Di (disposition index), HOMA-IR (homeostatic model assessment of insulin resistance) and SPISE (single point insulin sensitivity estimator). Five articles studied SI, two of them found a significant intergroup difference in favor of the IG [12, 19] and one found a tendency in favor of the IG [20]. Another article found that both groups significantly improved [21], and another one found no intra- or intergroup difference [13]. Concerning AIRg and Di, two studies focused on it, both articles showed an improvement over time in all groups [20, 21]. SPISE has been studied in a single article and this article did not find any intergroup difference [13]. HOMA-IR has been evaluated in three studies and none of them found an intergroup difference [12, 13, 21]. Two studies evaluated glucose effectiveness, one of them found a greater value in the IG [20], and one found that both groups improved over the time [21]. As conclusion, BS improved a lot of comorbidities and it seems like exercise tends to have a beneficiary impact on certain parameters.
4. Discussion 

This systematic review investigated the effects of a physical program before or after bariatric surgery (BS) in obese people. Bariatric surgery is a generic term for any operation performed on the gastrointestinal tract, it causes weight loss by restricting the amount of food the stomach can hold, causing malabsorption of nutrients, or by a combination of both gastric restriction and malabsorption. In this review, there were studies done with patients undergoing by-pass, biliopancreatic diversion, gastric sleeve, and gastroplasty (gastric band). But there were no studies done with patients undergoing bile-pancreatic diversion. 
The median value of the PEDro scale was 5/10 (4.0-6.0). The authors report that total PEDro scores of 4-5 ‘fair’, 6-8 ‘good’, and 9-10 ‘excellent’, it is important to note that these classifications have not been validated [31]. However, most articles lost 3 points because they haven’t validated subjects, therapists, and assessor’s blinding criteria. In a study that evaluates the effects of PE, it is almost impossible to validate those criteria. Indeed, subjects and therapists always know which person is in the PE group or in the CG. Therefore, making better quality studies in the future is going to be very complicated. On the plus side, a study has shown that when comparing RCTs with quasi-experimental RCT, RCTs are less likely to show an intergroup difference [32]. Therefore, when a RCT shows a significant intergroup difference, the likelihood of this being true is greater than with quasi-experimental studies. 
Current data is suggestive of positive effects of exercise on BMI (5 of 13 articles), weight loss (7 of 17 articles), functional capacity (2 of 5 articles), muscle strength (1 of 1 article), fat-free mass (3 of 5 articles), cardio-respiratory endurance (4 of 6 articles), quality of life (2 of 4 articles), and comorbidities, in obese patients undergoing bariatric surgery. However, given the heterogeneous results of the included studies, it seems premature to draw robust conclusions regarding the optimal physical program before and/or after BS. This heterogeneity may be explained by the choice of PE program, as only two studies investigated MT, while it seemed promising for the prevention of loss of FFM and LBM. 
Only five studies found a significant intergroup difference for BMI and seven for weight loss. Thus, a beneficial effect on weight loss and BMI is plausible but still speculative. Protein supplementation might improve weight loss. Indeed, two out of the three articles that specified a high protein intake also found a significant intergroup difference in weight loss [13, 28]. However, because only 3 studies specified a protein supplementation, it is hazardous to draw any conclusions. A systematic review showed that the practice of PA (physical activity) in peri-BS has a positive impact on anthropometric data but not systematically [33]. Another systematic review found that increased exercise after BS is correlated with further weight loss [34]. However, the majority of studies published in this review relied on subjective measures of self-reported PA. Discrepancies may be explained by the short term of these studies. Indeed, it seems possible that the practice of PE is an asset in losing BMI and weight loss in the long run [13-15, 27]. Another explanation is that the practice of PE causes muscle gain and muscle is heavier than fat. 
About functional capacity, two out of five articles found a significant intergroup difference. One study showed an improvement for both groups [35]. But after further analysis, the increase in 6MWT is mainly attributed to the IG, thanks to the increase of muscle strength of the quadriceps. An explanation, according to one article, about the reason why both groups improved their functional capacity is that BS makes walking less exhausting [36]. Weight loss makes it possible to carry a less heavy load. This decreases the perceived exertion and the heart rate at the end of the test. 
A single study is the only one that studies muscle strength [24]. Furthermore, it found a significant intergroup difference. This article did not specify any nutrition information, so there are no details about if its subjects had a supplementation in proteins or not and if did help in muscle strengthening. During BS, there is a calorie restriction, which contributes to weight loss but lean body mass as well. This allows significant weight loss. One article has shown that physical training maintains muscle mass, in a decrease of total body fat [37]. 
Concerning body composition, 5 articles measured LBM and FFM. Of these articles, three of them found a significant intergroup difference for FFM and none for LBM. Therefore, it is too soon to draw any conclusions about the effects of PE on LBM and FFM. BS causes rapid, excessive weight loss and insufficient protein intake, which causes a loss of 30-35% FFM at 6 months post-surgery [38]. An article explained that the reduction in FFM, in obese people, should not exceed 22% of the total amount of weight loss [39]. As it involves resting metabolic rate, regulation of body temperature, and functional capacity. The decreased consumption and absorption of nutrients caused by BS may partly explain the loss of FFM for both groups. The calorie restriction may cause the production of inadequate amino acids to support the growth of additional muscle tissue. Two articles recommended a daily intake of more than 60g per day of protein, for BS patients, to help preserve lean body mass (LBM) [40, 41]. One article specified supplementing their patients with a daily 60g of protein supplementation and this article did not find any intergroup difference concerning LBM [30]. However, one article supplemented its patients with a high protein diet and did find a significant intergroup difference concerning FFM [28]. It is not clear if the protein supplements help in the preservation of FFM and LBM. In the future, it would be interesting to study the effect of protein supplementation. The type of training could be another factor that explains the lack of significant difference. The majority of the articles were about endurance training (45%). This type of training improves the oxidative capacity of the muscle and therefore prohibits the protection of muscle mass [35]. And two articles have shown that bodybuilding also increases strength, and attenuates muscle atrophy, in obese adults undergoing calorie restriction for weight loss [9,10]. However, in these studies, patients weren’t undergoing bariatric surgery. 
About cardio-respiratory endurance, out of 6 articles that measured intergroup values, 4 of them found a significant difference. Our findings are in line with previous studies. A cross-sectional study shows that VO2max (relative to body weight) increased by 20% in non-bariatric, severely obese subjects after three weeks of endurance training [42]. Therefore, a short duration (3 weeks) of PE training allows an increase in VO2max. Aerobic training has been associated with a reduced risk of all-cause mortality [11]. 
Regarding QoL, two out of four studies found a significant difference. After BS, patients might experience QoL deterioration in the long run [43, 44]. This deterioration may be due to weight gain. It has been shown that PA (physical activity) after BS is associated with improved mental health [45]. According to some articles, the non-significant results may be explained by small group sizes [14, 16, 30]. 
As for the comorbidities and metabolic changes, it seems BS had a beneficiary impact in BP (2 of 8 articles), dyspnea (1 of 2 articles), leg exertion symptoms (1 of 1 article), blood lipids (1 of 3 articles), SI (1 of 5 articles), AIRg (2 of 2 articles), and Di (2 of 2 articles). However, it appeared that adding PE helped even more as there is an improvement only in the IG in BP (3 of 8 articles), fibrinolytic activity (1 of 1 article), PAI:Ag (1 of 1 article), dyspnea (1 of 2 articles), FVC (1 of 1 article), blood lipids (1 of 3 articles), SI (2 of 5 articles), and glucose effectiveness (1 of 2 articles). One article suggested that aerobic is the type of exercise that improves comorbidities such as blood pressure [26]. The hypothesis is that aerobic exercise improves vasodilatation of the skeletal muscle and therefore decreases peripheral vascular resistance [56]. However, because 18 out of the 20 articles were either aerobic or a combined type of program, there is not enough comparison to verify that statement in our study. Nonetheless, it is already known that aerobic training improves health and reduces the risk of all-cause mortality [11]. It appeared that BS on its own improves comorbidities and it seems that PE has promising results in the cure of comorbidities. 
 The different classes of obesity had no impact on the different outcomes. In the future, it would be interesting to make groups depending on their BMI class. Therefore, the comparison between groups would be easier. 

4.3. Limitations and future directions 

Some limitations need to be addressed. The first limit is the heterogeneity of protocols, on the duration of intervention, on the training methods, on the different measurement units for the same variable (ml/min, ml/kg/min, ml/FFMkg/min) and on the different measures of exercise intensity (HRmax, VO2max, borg scale, etc.) which complicates the comparison between articles. Secondly, few articles [13, 28, 30] indicated protein supplementation, and ten articles did not specify any information about specific nutrition management. Seven studies specified that subjects had dietary counseling sessions, which is very vague and does not inform if patients had a high protein diet or not. Because of this lack of information, no interpretation can be made on the efficacy of protein supplementation and on weight loss. Thirdly, is the choice of exercise program. Most of the articles (45%) chose an aerobic program. But since this type of training improves the oxidative capacity of the muscle, it does not protect weight loss [35]. However, the main default of BS is the loss of muscle mass. Another limit is that the majority of studies have studied the postoperative effects. To extrapolate to preoperative studies is then difficult. Moreover, some studies have not found or reported accurate information on their data, and other articles have reported their data, only in graphical form. It was therefore necessary to convert them into metric data. 
This work also has some strengths. It combined many important criteria, all of which influence good health (weight loss, BMI, functional capacity, muscle strength, LBM, FFM, CR endurance, and quality of life). It also evaluated the impact of physical exercise on comorbidities while taking into account the different types of PE on the comorbidities. The majority of the studies (except one) are recent randomized controlled trials, so they have a higher level of scientific evidence. And when a RCT shows a significant intergroup difference, the likelihood of this being true is greater than with quasi-experimental studies [32]. And the number of studies used is important (20 studies). This allows for a good level of comparison between the articles. It is the first systematic review known to suggest a physical exercise training program (pre-and post-BS). 
Current data is suggestive of positive effects of exercise on BMI, weight loss, functional capacity, muscle strength, fat-free mass, cardio-respiratory endurance, and quality of life in obese patients undergoing bariatric surgery. A possible explanation for the lack of significant evidence in weight loss, BMI, FFM, and LBM is the short term of the studies. Indeed, articles only found a significant intergroup difference in the long term [13-15, 27]. Also, it seems that PE has a beneficiary impact on certain comorbidities like BP, fibrinolytic activity, PAI:Ag, dyspnea, FVC, blood lipids, SI, and glucose effectiveness. 
In the future, it seems interesting to study the practice of MT during the first 6 months post-surgery, since the majority of weight loss and therefore of muscle mass, FFM, and LBM occur during this period [24]. And then, from the 6th-month post-BS, to study the effects of adding aerobic training to improve health and reduces the risk of all-cause mortality [11]. However, examining it with a certain amount of MT, until at least the first year, would be interesting because weight loss continues up to a year later [24]. Regarding the preoperative, it would be wise to analyze the effects of MT, to increase the LBM reserve. Several investigators found that a resistance training program in conjunction with a hypocaloric diet attenuates the loss of muscle mass in middle-aged and older men and women [47-49]. However, the effect of endurance training on muscle mass, during weight-loss therapy, is less clear [50-54]. Resistance training could prepare the body for the loss of strength and muscle mass following BS. 
Additionally, increasing protein intake (60g) before and after surgery suggests promising results [40, 41]. But more studies should investigate its effects on a deeper level. Ultimately, our conclusions are limited because of the large heterogeneity of programs, small sample sizes, and the lack of combined data on protein supplementation. Further research is needed to determine the most effective PE program in peri-BS. It would be interesting to study the effects of PE before and after bariatric surgery simultaneously. Finally, it would be interesting to study the effects of MT on FFM and LBM. 
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[6] Sjöström L, Lindroos AK, Peltonen M et al.; Swedish Obese Subjects Study Scientific Group. Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric surgery. N Engl J Med 2004;351:2683–2693. 

[7] Magro DO, Geloneze B, Delfini R, Pareja BC, Callejas F, Pareja JC. Long-term weight regain after gastric bypass: a 5-year prospective study. Obes Surg 2008; 18: 648–651

[8] DONNELLY, J. E., BLAIR, S. N., JAKICIC, J. M., MANORE, M. M., RANKIN, J. W., & SMITH, B. K. (2009). Appropriate Physical Activity Intervention Strategies for Weight Loss and Prevention of Weight Regain for Adults. Medicine & Science in Sports & Exercise, 41(2), 459– 471. doi:10.1249/mss.0b013e3181949333 

[9] Ballor, DL, Katch, VL, Becque, MD, and Marks, CR. Resistance weight training during caloric restriction enhances lean body weight maintenance. Am J Clin Nutr 47: 19–25, 1988

[10] Geliebter, A, Maher, MM, Gerace, L, Gutin, B, Hyemsfield, SB, and Hashim, SA. Effects of strength or aerobic training on body composition, resting metabolic rate, and peak oxygen consumption in obese dieting subjects. Am J Clin Nutr 66: 557–563, 1997

[11] Farrell SW, Braun L, Barlow CE, Cheng YJ, Blair SN. The relation of body mass index, cardiorespi- ratory fitness, and all-cause mortality in women. Obes Res. 2002;10(6):417–423. 
[image: page17image24267584][12] Nunez Lopez, Y. O., Coen, P. M., Goodpaster, B. H., & Seyhan, A. A. (2017). Gastric bypass surgery with exercise alters plasma microRNAs that predict improvements in cardiometabolic risk. International Journal of Obesity, 41(7), 1121–1130. doi:10.1038/ijo.2017.84 

[13] Mundbjerg, L. H., Stolberg, C. R., Cecere, S., Bladbjerg, E.-M., Funch-Jensen, P., Gram, B., & Juhl, C. B. (2018). Supervised Physical Training Improves Weight Loss After Roux-en-Y Gastric Bypass Surgery: A Randomized Controlled Trial. Obesity, 26(5), 828– 837. doi:10.1002/oby.22143 

[14] Stolberg, C. R., Mundbjerg, L. H., Bladbjerg, E.-M., Funch-Jensen, P., Gram, B., & Juhl, C. B. (2018). Physical training following gastric bypass: effects on physical activity and quality of life—a randomized controlled trial. Quality of Life Research. doi:10.1007/s11136-018-1938-9 

[15] Stolberg, C. R., Mundbjerg, L. H., Funch-Jensen, P., Gram, B., Juhl, C. B., & Bladbjerg, E.- M. (2018). Effects of gastric bypass followed by a randomized study of physical training on markers of coagulation activation, fibrin clot properties, and fibrinolysis. Surgery for Obesity and Related Diseases, 14(7), 918–926. doi:10.1016/j.soard.2018.03.022 

[16] Bond, D. S., Thomas, J. G., King, W. C., Vithiananthan, S., Trautvetter, J., Unick, J. L., ... Wing, R. R. (2015). Exercise improves quality of life in bariatric surgery candidates: Results from theBari-Activetrial. Obesity, 23(3), 536–542. doi:10.1002/oby.20988 

[17] Bond, D. S., Thomas, J. G., Vithiananthan, S., Unick, J., Webster, J., Roye, G. D., ... Sax, H. C. (2016). Intervention-related increases in preoperative physical activity are maintained 6- months after Bariatric surgery: results from the bari-active trial. International Journal of Obesity, 41(3), 467–470. doi:10.1038/ijo.2016.237 

[18] Carnero, E. A., Dubis, G. S., Hames, K. C., Jakicic, J. M., Houmard, J. A., Coen, P. M., & Goodpaster, B. H. (2017). Randomized trial reveals that physical activity and energy expenditure are associated with weight and body composition after RYGB. Obesity, 25(7), 1206– 1216. doi:10.1002/oby.21864 

[19] Coen, P. M., Menshikova, E. V., Distefano, G., Zheng, D., Tanner, C. J., Standley, R. A., ... Goodpaster, B. H. (2015). Exercise and Weight Loss Improve Muscle Mitochondrial Respiration, Lipid Partitioning, and Insulin Sensitivity After Gastric Bypass Surgery. Diabetes, 64(11), 3737– 3750. doi:10.2337/db15-0809 

[20] Coen, P. M., Tanner, C. J., Helbling, N. L., Dubis, G. S., Hames, K. C., Xie, H., ... Goodpaster, B. H. (2014). Clinical trial demonstrates exercise following bariatric surgery improves insulin sensitivity. Journal of Clinical Investigation, 125(1), 248– 257. doi:10.1172/jci78016 

[21] Woodlief, T. L., Carnero, E. A., Standley, R. A., Distefano, G., Anthony, S. J., Dubis, G. S., ... Goodpaster, B. H. (2015). Dose response of exercise training following roux-en-Y gastric bypass surgery: A randomized trial. Obesity, 23(12), 2454–2461. doi:10.1002/oby.21332 
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[55] Baillot, A., Mampuya, W. M., Comeau, E., Méziat-Burdin, A., & Langlois, M. F. (2013). Feasibility and Impacts of Supervised Exercise Training in Subjects with Obesity Awaiting Bariatric Surgery: a Pilot Study. Obesity Surgery, 23(7), 882–891. doi:10.1007/s11695-013-0875-5 

[56] Pescatello LS, Franklin BA, Fagard R, et al. American college of sports medicine position stand. Exercise and hypertension. Med Sci Sports Exerc. 2004;36:533–53.


















Ms# OBSU-D-21-00193R2




2
Table 1. Study Appraisal
	
	2nd criterion: random distribution of subjects
	3rd criterion:
secret summons 
	4th criterion: groups similar at baseline 
	5th criterion: blinded subjects 
	 6th criterion: blinded therapists
	 7th criterion: blinded moderator
	 8th criterion: at least 85% of subjects initially allocated to groups  
 
	9th criterion: « intention to treat »  
	10th criterion: between-group statistical comparison
	11th criterion: point measures and measures of variability
	Final score

	Aurélie Baillot et al., [22] 
	X
	X
	X
	0
	0
	0
	X
	X
	X
	X
	7/10

	Aurélie Baillot et al., [23] 
	X
	X
	X
	0
	0
	0
	0
	X
	X
	X
	6/10

	Bond, et al., [17]
	X
	X
	0
	0
	0
	0
	X
	X
	X
	X
	6/10

	Bond, et al., [16]
	X
	X
	0
	0
	0
	0
	0
	X
	0
	0
	3/10

	Carnero et al., [18]
	X
	0
	X
	0
	0
	0
	0
	0
	X
	X
	4/10

	Castello et al., [26]
	X
	X
	X
	0
	0
	0
	0
	0
	X
	X
	5/10

	Castello-Simões et al., [25]
	X
	X
	0
	0
	0
	0
	0
	0
	X
	X
	4/10

	Coen, Menshikova, et al., [19]
	X
	0
	0
	0
	0
	0
	X
	X
	X
	X
	5/10

	Coen, Tanner, et al., [20]
	X
	0
	X
	0
	0
	0
	0
	X
	X
	X
	5/10

	Coleman et al., [29]
	X
	X
	0
	0
	0
	0
	0
	X
	X
	X
	5/10

	Daniels et al., [24]
	0
	X
	X
	0
	0
	0
	X
	0
	X
	X
	5/10

	Hassannejad et al., [28]
	X
	0
	X
	0
	0
	0
	X
	0
	X
	X
	5/10

	Herring et al., [27]
	X
	X
	X
	0
	0
	0
	X
	X
	X
	X
	7/10

	Huck [5] 
	0
	0
	X
	0
	0
	0
	0
	0
	X
	X
	3/10

	Mundbjerg et al., [13]
	X
	X
	X
	0
	0
	0
	0
	X
	X
	X
	6/10

	Nunez Lopez et al., [12]
	X
	0
	X
	0
	0
	X
	X
	0
	X
	X
	6/10

	Shah et al., 2011 [30]
	X
	0
	X
	0
	0
	0
	0
	X
	X
	X
	5/10

	Stolberg, Mundbjerg, Bladbjerg, [14]
	X
	X
	0
	0
	0
	0
	0
	X
	X
	X
	5/10

	Stolberg, Mundbjerg, Funch-Jensen, et al., [15]
	X
	X
	X
	0
	0
	0
	0
	X
	X
	X
	6/10



Legend: X= 1 point; 0= 0 point. 





















Table 2. Characteristics of the studies included in the systematic review
	First author
	Type of BS
	Sample size
	Age (years)
	Gender
	BMI (kg/m2)
	Obesity classes
	Weight loss (kg)
	Outcomes

	Aurélie Baillot et al., [22]
	BS
	CG= 14
IG= 15
	CG= 43.3 (36.5-47.1)
IG= 41.1 (38.3-54.3)
	29 ♀ (♀100%)
	CG= 47.8 (40.3-54.0)
IG= 44.8 (42.1-53.0)
	Class III 
	NA

	6MWT (m)
CG= 458.0 (432.0-532.0) 
IG= 475.5 (412.0-520.0)

	Aurélie Baillot et al., [23] 
	CG= 62% by-pass; 38% sleeve
IG= 73% by-pass; 27% sleeve
	CG= 12
IG= 13
	CG= 41.1 (10.3)
IG= 44.5 (8.8)
	CG= 3 ♂ ; 9 ♀
(♀75%)
IG= 2♂ ; 11♀ (♀84.6%)
	CG= 47.8 (40.3-54.0)
IG= 44.8 (42.1-53.0)
	Class III

	NA
	FFM (kg)
From Baseline to 6 months post-BS
CG= - 5.8  3.7; IG= - 8.7  3.5 
At 9 months post-BS
CG= - 5.8  3.7; IG= - 10.5  4.1
At 12 months post-BS 
CG= - 6.6  3.9; IG= - 10.6  4.3 
6MWT(m) CG= 450; IG= 471
Since the data is only available in graphical form, it has been converted to metric data.

	Bond, et al., [17]
	BS
	CG= 35
IG= 40
	CG= 48.1 (8.1)
IG= 44.2 (9.2)
	CG= 4 ♂ ; 31 ♀ 
(♀88.6%)
IG= 6 ♂ ; 34 ♀ 
(♀ 85.0%)
	CG= 44.4  5.8
IG= 45.6  7.0
	Class III 
	CG= 0.1  2.3 
IG= - 0.1  2.4  
	NA


	Bond, et al., [16]
	BS
	CG= 30
IG= 33
	CG=48.1 (8.1)
IG= 44.2 (9.2)
	CG= ♀88.6%
IG= ♀85% 
	CG= 44.4 (5.8)
IG= 45.6 (7.0)
	Class III
	CG= 0.1  37.6 
IG= - 0.4  41.5 
	NA

	Carnero et al., [18]
	By-pass
	CG= 50
IG= 46
	CG= 41.7 (9.8)
IG= 39.4 (9.7)
	CG= 7 ♂ ; 43 ♀ (♀86%)
IG= 4 ♂ ; 42 ♀ (♀91.30%)
	CG= 44.4 (7.5)
IG= 45.8 (7.4)

	Class III
	CG= - 22.6  6.9 
IG= - 22.5  9.2 
	FFM (m) CG= 52.5 (7.5); IG= 52.8 (10.7) 
VO2max (mL/min/kg) CG= 17.96 (3.74)
IG= 17.84 (3.13) 

	Castello et al., [26]
	By-pass
	CG= 10
IG= 11
	CG= 36.0 (4.0)
IG= 38.0 (4.0)
	NS
	CG= 44.5 (1.0)
IG= 45.6 (1.5)
	Class III 
	CG= - 23 (8)  
IG= - 23 (11) 
	6MWT (m)
CG= 492.6 (21.1); IG= 477.9 (22.9)

	Castello-Simões et al., [25]
	By-pass
 
	CG= 10
IG= 9
	CG= 31,0 (2,0)
IG= 32,0 (4,0) 
	NS
	CG= 45,5 (1,7)
IG= 43,6 (1)
	Class III
	CG= - 24 (8,1) 
IG= - 23 (12) 
	6MWT (m)
CG= 453,0 (29,0) ; IG= 470,0 (23,9) 

	Coen, Menshikova, et al., [19]
	By-pass
	CG= 51
IG= 50
	CG= 42.1 (9.9)
IG= 41.6 (9.3)
	CG= 8 ♂ ; 43 ♀ (♀84.31%)
IG= 6 ♂ ; 44 ♀ (♀88%)
	CG= 38.1 (6.9)
IG= 38.8 (5.6)
	Class II
	CG= - 22.1  25.4 
IG= - 23.6  20.2 

	LBM (kg) CG=51.0 (10.3); IG= 50.3 (7.5) 
VO2max (mL/min/kg FFM)
CG= 18.4 (3.5); IG= 18.2 (3.4) 

	Coen, Tanner, et al., [20]
	By-pass
	CG= 62
IG= 66
	CG= 41.9 (10.3)
IG= 41.3 (9.7)
	CG= 8 ♂; 54 ♀ (♀87.1%)
IG= 7 ♂; 59 ♀ (♀89.4%)
	CG= 38.3 (6.9)
IG= 38.8 (6.1)
	Class II 
	CG= - 22 (32.59) 
IG= - 22.8 (26.23)  

	LBM (kg) CG= 50.1 (10.1); IG= 50.5 (7.7)
VO2max (ml/min) CG= 1948.72; IG= 2000
Since the data is only available in graphical form, it has been converted to metric data.

	Coleman et al., [29]
	CG= by-pass 68%; sleeve 24%; gastric band 4%
IG= by-pass 80.8 %; sleeve 15.4%; gastric band 3.8%
	CG= 25 
IG= 26
	CG= 46.6 (12.0)
IG= 52.0 (10.9)
	CG= 4 ♂ ; 21 ♀ (♀84%)
IG= 4 ♂ ; 22 ♀ (♀84.6%)
	Pre-BS
CG= 44.5  5.5
IG= 45.0  7.6
	Class III
	From 6 months post-BS to 12 months
CG= + 0.2  19.8 
IG= + 1.2  23 
From 6 months post-BS to 24 months
CG= - 3.8  19.8 
IG= - 1.8  23 
	6MWT (m) Baseline to 6 months
CG= 0.91  0.2
IG= 30.45  8.8 

	Daniels et al., [24]
	By-pass
	CG= 8
IG= 8
	NS 
	16 ♀ 
(♀100%)
	NS
	NS 
	CG= - 14.2 
IG= - 16.5  

	Muscular strength (N) CG Leg Press= 1311 (335) 
CG Leg Extension = 269 (53)
IG Leg Press= 1634 (344) 
IG Leg Extension= 325 (60)

	Hassannejad et al., [28]
	By-pass = 27
Sleeve= 33
	CG= 19
A=18
AS=18
	CG= 36.7 (6.2)
A=33.3 (8.4)
AS=35.4 (8.1)
	CG= 4 ♂ ; 16 ♀ (♀80%)
A= 5 ♂ ; 15 ♀ (♀75%)
AS= 6 ♂ ; 14 ♀ (♀70%)
	CG= 46.6 (7.1)
A= 48.1 (6.7)
AS= 43.0 (3.9)
	Class III
	CG= - 20 (25.0)  
A= - 25.1 (18.8) 
AS= - 24.9 (13.6) 
	FFM (kg) CG= 59.4 (14.9)
A= 61.8 (9.0)
AS= 62.4 (10.2)

	Herring et al., [27]
	By-pass
CG= 33%
IG= 33%
Sleeve
CG=67%
IG=58%
Gastric band CG= 0%
IG= 8%
	CG= 12 
IG= 12
	CG= 52.4 (8.1)
IG= 44.3 (7.9)
	CG= 1 ♂ ; 11♀ (♀91.7%) 
IG= 1 ♂ ; 11 ♀ (♀91.7%) 
	CG= 39.4  4.3
IG= 38.2  6.1
	Class II
	Baseline to 12 weeks
CG= 1.0  1.4 
IG= - 2.4  3.4 
Baseline to 24 weeks
CG= 2.9  2.9 
IG= - 2.7  5.4 
	FFM (kg)
CG= 58.1  12.4 
IG= 61.2  9.3


	Huck [5]
	By-pass, gastric band or gastroplasty
	CG= 8
IG= 7
	CG= 44.0 (9.7)
IG= 53.6 (8.2)
	CG= 2 ♂ ; 6 ♀ (♀75%)
IG= 1♂ ; 6 ♀ (♀85.71%)
	CG= 32.7 (4.2)
IG= 37.7 (6.3)
	CG = class I 
IG = class II 
	CG= - 5.6 (5.3) 
IG= - 8.8 (6.2) 

	From beginning intervention to 12 weeks 
FFM (kg) CG= - 1.5 (2.6); IG= - 1.8 (2.1)
VO2max (mL/kg/min) CG= 0.46 (0.97)
IG= 0.91 (0.81)

	Mundbjerg et al., [13]

	By-pass
	CG= 28
IG= 32
	CG= 42.4 (9.0)
IG= 42.3 (9.4)
	CG= 7 ♂ ; 21 ♀ (♀75%)
IG= 11 ♂ ; 21 ♀ (♀75%)
	CG= 34.1 (5.4)
IG= 33.3 (6.2)
	Class I 
	From 6 months post-BS to 12 months
CG = - 6.5 (19.3) 
IG= - 8.1 (18) 
From 6 months post-BS to 2 years 
CG= - 4.4 (19.7) 
IG= - 8.2 (19.2) 
	NS

	Nunez Lopez et al., [12]
	By-pass
	CG= 11
IG= 11
	CG= 38.5 (30.3-46.6)
IG= 43.0 (36.7-49.3)
	CG= 2 ♂ ; 9 ♀ (♀81.81%)
IG= 2 ♂ ; 9 ♀ (♀81.81%)
	CG= 40.8 (36.8-44.7)
IG= 39.5 (36.31-42.8)
	CG = class III
IG = class II
	CG= -27.7 (25.4-29.9) 
IG= 25 (23.1-27) 

	FFM (kg) CG= 56.2 (49.3-63.2)
IG= 54.7 (49.4-60.0)
LBM (kg) CG= 53.4 (46.6-60.1)
IG= 51.9 (46.9-56.9) 
VO2max (mL/min/kg FFM)
CG= 18.5 (16.7-20.3); IG= 20.5 (18.5-22.6) 

	Shah et al., 2011 [30]
	By-pass
	CG= 12
IG= 21
	CG= 53.9 (8.8)
IG= 47.3 (10.0)
	CG= 11 ♀ (♀92%)
IG= 19 ♀ (♀90%)
	CG= 41.0 (3.7)
IG= 42.4 (6.9)
	Class III
	From Baseline to 6 weeks 
CG= - 1.8 (8.7)
IG= - 2.1 (16.6) 
From Baseline to 12 weeks 
CG= - 4.7 (8.7)
IG= - 4.2 (16.6) 
	LBM (kg) CG= 51.1 (6.7); IG= 54.9 (6.1)
VO2max (mL/kg/min) 
CG= 17.6 (1.4); IG= 17.4 (3.3) 

	Stolberg, Mundbjerg, Bladbjerg, [14]
	By-pass
	CG= 28
IG= 32
	CG= 42.3 (9.4)
IG= 42.4 (9.0)
	CG= 7 ♂ ; 21♀ (♀75%)
IG= 11♂ ; 21♀ (♀75%)
	CG= 34.1 (5.4)
IG= 33.3 (6.2)
	Class III
	NS

	NS

	Stolberg, Mundbjerg, Funch-Jensen, et al., [15]
	By-pass
	CG= 28
IG=32
	CG= 42.8 (9.4)
IG= 43.0 (9.4)

	CG= 7♂ ; 21♀ (♀75%)
IG= 11♂ ; 21 ♀ (♀65.6%)
	CG= 34.1 (5.4)
IG= 33.3 (6.2)
	Class III
	From 6 months to 12 months post-BS CG= - 6.5 (19.3)
IG= - 8.1 (18) 
From 6 months to 24 months post-BS CG= - 4.4 (19.7)
IG= - 8.2 (19.2)  
	NA

	Woodlief et al., [21]
	By-pass
	CG= 42
Low-EX= 18
Middle-EX= 19
High-EX= 19
	CG= 43 (2)
Low-EX= 39 (2)
Middle-EX= 43 (2)
High-EX= 41 (2)
	NS
	CG= 38.5 (0.9)
Low-EX= 38.9 (1.6)
Middle-EX= 37.8 (1.5)
High-EX= 39.7 (1.4)
	Class II 
	CG= - 35.5 (2.0) 
Low-EX= - 44.3 (2.3) 
Middle-EX= - 36.2 (1.9) 
High-EX= - 45.9 (3.0) 
	FFM (kg) CG= 52.95 (1.30) 
Low-EX= 50.79 (1.94) 
Middle-EX= 52.24 (1.94) 
High-EX= 56.44 (2.00)



Legend: NA= not assessed; NS= not specified; CG= control group; IG= intervention group; 6MWT= 6-minute walking test; FFM= fat-free mass; BS= bariatric surgery; ♀= women; ♂= man; LBM= lean body mass; Low-EX= 54  8 min/week; Middle-EX= 129  4 min/week; High-EX= 286 40 min/week; VO2max= cardio-respiratory endurance; N= newton; Class 1= BMI of 30 to < 35; Class 2= BMI of 35 to < 40; Class 3= BMI of 40 or higher. 






Table 3. Intervention protocols of the various studies are classified in alphabetical order
	Articles
	Study characteristics 
	Nutrition characteristics
	Training characteristics 
	Endurance training
	Muscle training
	Adherence

	Aurélie Baillot et al., [22] 
	D: 12 weeks
L: hospital
S: SE or alone at home
Pre/post-BS: at least 9 to 12 months before BS
	NS
	D: 80 min 
F: 3x/week
St: NS
WU: 10 min of St
Bonus: HR monitor 
R: 10 min
	T: speedwalk, walk, ergocyle-arm, elliptical trainer + 30 min of dance, badminton, ball games + 1x aquagym session/months
D: 30 min ; V: NR ; : RHR
	T: 3 mini-circuits (UB, LB and trunk) each associated with 3 exercises 
D: 20 to 30 min
I:  with ease of performance
P: see [55] + exercises at home 
	CG= 93,33%
IG= 53,33%

	Aurélie Baillot et al., [23] 
	Pre-post BS:1-year post-BS  see [22] 
	Counseling sessions with a dietitian. 
	 see [22]
	 see [22]
	 see [22]
	CG= 80%
IG= 43,3%

	Bond, et al., [17]
	D: 6 weeks
L: walking (pedometer)
S: 1st author
Pre/post-BS:1 to 3 months before BS

	NS 
	D: 30 min, then 40 min, then 45min
F: 7x/week
St + WU: NS
Bonus: 30 to 45 min of counseling with 1st author
R: NS
	T: walking; I: NS
P: week 1: monitoring daily steps 
week 2:  10 min/day of walking and 1000 steps/day.  
last week:  5 min/day of walking + 1000 steps/day.
	 NS
	CG= 92,1%
IG= 95,2%

	Bond, et al., [16]
	 see [17]
	NS 
	 see [17]
	 see [17]
	 see [17]
	CG= 79%
IG= 78,6%

	Carnero et al., [18]
	D: 6 months
L: see [20] 
S: see [20]
Pre/post-BS: 76,7  24,7day post BS
	Health education sessions include nutrition advice.
	  see [20]
	 see [20]
	 see [20]
	CG= 80,65%
IG= 69,69%

	Castello et al., [26]
	D: 12 weeks
L: NS
S: physiotherapists
Pre/post-BS: 1-month post-BS until 4 months. 
	NS 
	D: +/- 1h (40min of speedwalk)
F: 3x/week
WU: 5 min speedwalk at 3km/h.
St: 5min UB + LB. 
Bonus: DB + PC 
R: 1min at 3km/h and 10 min of St and DB 
	T: speedwalk 
I: 4 steps 10 min each
1. 1.) maintain 50% HRmax
2. 2.) reach 60% HRmax
3. 3.) reach 70% HRmax
4. 4.) maintain 70% HRmax
P: speed or tilt 
	NS
	CG= 62,5%
IG= 68,75%

	Castello-Simões et al., [25]
	 see [26]
Pre/post-BS: 12 weeks post- BS. 
	NS 
	 see [26]

	 see [26]

	NS
	CG= 66,67% 
IG= 56,25%

	Coen, Menshikova, et al., [19]
	 see [20]

	Health education sessions include nutrition advice.
	 see [20]

	 see [20]

	 see [20]

	CG= 100%
IG= 100%


	Coen, Tanner, et al., [20]
	D: 6 months
L: NS
S: at least 1 session/week
Pre/post-BS: 1 to 3 months post BS
	Health education sessions include nutrition advice.
	D: at least 30min/day (intermittence or continue).
F: 3 to 5x/week
St + WU: NS
Bonus: NS
R: NS
	T: bike, speedwalk, walking
I: 60 to 70% HRmax
P: first 4 weeks same  (10 to 15min) then for 3 months minimum 120h/week
	NS
	CG= 90,32%
IG= 66,67%

	Coleman et al., [29]
	D: 6 months + 6 of following (12 months in total)
L: at home or gym
S: semi-supervised 
Pre/post-BS: 6 to 24 months post-BS
	Phone calls which included guidance about dietary changes. 
	D: 150 min/week
F: 2x/week supervised + at home (< 3x/week).
WU: NS 
St: standing up or sitting
Bonus: pedometer 
R: NS
	T: aerobic
I: depending on capacity 
P:  F or  
	T: functional
V: NS
I: depending on capacity
P:  F or  
	CG= 92%
IG= 76,92%

	Daniels et al., [24]
	D: 12 weeks
L: NS
S: NS
Pre/post-BS: +/- 8 weeks post-BS
	NS 
	D:  +/- 60 to 80 min (50 to 60 min of MT)
F: 3x/ week
WU + St: 5 to 10 min of dynamic St
Bonus: NS
R: NS
	NS

	T: high  
Period 1.) D: 2 weeks; V: 8 to 10 exercises; 10-15 rep; I: 50 à 60% 1-RM
Period 2.) D: S2 à S7; V: same; I: 70-80% 1-RM
Period 3.) D: S7 à S12; V: same but 8-12 rep; I: >80% 1-RM
	CG= 100%
IG= 100%

	Hassannejad et al., [28]
	D: 12 weeks
L: NS
S: NS
Pre/post-BS: 12 weeks post-BS

	Each subject was educated about having standard high-protein diet (600-800 cal for the first 4 weeks, 800-1000cal for weeks 4 to 8, and 1000-1200 cal for weeks 8 to 12). All trainings and assessments were done by a trained nutritionist.  
	D: NS
F: NS
WU + St: NS
Bonus: Booklet of MT exercises 
R: NS
	A + AS: 
T: walking 
P: 1 to 4 weeks: 150 min/week; I: ↑ speed 
week 5 till 12: 150 à 200 min/week; F: 3-5x/week; I: 12 to 14 on Borg scale 
	Only AS: 
T: MT shoulder and hips
D: 20 to 30 min + walking 
	CG= 95%
A= 90%
AS= 90%

	Herring et al., [27]
	D: 12 weeks
L: hospital
S: by sports educator
Pre/post-BS: 12 to 24 months post-BS
	A diet information sheet was provided based on standard postoperative advice given to patients after surgery. 
	D: 60 min
F: 3x/week
WU: > 5 min then gradually 5 min; St: NS; Bonus: NS; R: NS
	T: mild I aerobic
I: 64 to 77% HRmax
P: NS
	T: 4 exercises (trunk and LB)
V: 3x12 rep, 30 to 60 sec of rest 
I: middle  (60% 1-RM) 
P: NS
	CG= 83,33%
IG= 91,67%

	Huck [5] 
	D: 12 weeks
L: hall 
S: sports educator
Pre/post-BS: having BS the year before 

	Follow-up visits with a registered dietician. 
	D: 60min (45min MT)
F: 2x/week (6weeks) to 3x/week (6weeks)
WU: 10 min; St: NS
Bonus: 1x/week water aerobics + valsalva maneuver 
R: 5 min of St
	NS
	T: machines, dumbbells, elastic bands, water resistance
V: 8 to 12 rep 
I: 60% of 1-RM, then 75% of 1-RM
60 sec of rest between each set. 
P: 3 phases: 1.) week 0 to week 2
2.) week 3 to week 7
3.) week 8 to week 12
	CG= 100%
IG= 84%

	Mundbjerg et al., [13]

	 see [14]

	Standard dietary recommendations with focus on sufficient protein and vitamin intake were given equally to IG and CG. No dietary registration was performed. 
	 see [14]

	 see [14]

	 see [14]

	CG= 71,43%
IG= 68,75%

	Nunez Lopez et al., [12]
	 see [20]

	NS 
	 see [20]

	 see [20]

	 see [20]

	CG=100%
IG= 100%

	Shah et al., 2011 [30]
	D: 12 weeks
L: fitness center
S:  semi-supervised
Pre/post-BS: 3 months post- BS
	Followed the dietary guidelines developed for post-BS patients by the American Society for Metabolic and BS and other groups. The instructions were provided through individual dietary counseling. They were asked to limit their energy intake to about 1,200-1,500kcal/day, consume > 60g of protein per day to preserve LBM, and take vitamins and minerals supplements. 
	D: NS
F: > 5x/week 
WU + St: NS
Bonus: nutrition 
R: NS
	T: speedwalk, cycle ergometer, rower, walking
I: 60-70% VO2max
P:  with ease
	NA
	CG= 66,67%
IG= 76,19%

	Stolberg, Mundbjerg, Bladbjerg, [14]
	D: 26 weeks
L: gym 
S: semi-supervised 
Pre/post-BS: 6 months post-BS
	NS 
	D: 40 min 
F: 2x/week
WU + St: NS
Bonus: NS
R: NS
	T: mild I 
: of  on borg scale 
	T: mild I MT
Divided in 3 periods 
1.) week 1 till week 8 
2.) week 9 till week18 
3.) week 19 till week 26 
:  of  on Borg scale
	CG= 71,43% 
IG= 68,75%

	Stolberg, Mundbjerg, Funch-Jensen, et al., [15]
	 see [14]

	NS 
	 see [14]

	 see [14]

	 see [14]

	CG= 85,71%
IG= 68,75%

	Woodlief et al., [21]
	D: 6 months
L: NS
S: semi-supervised
Pre/post-BS:1 to 3 months post-BS
	NS 
	D: 3 groups (Low-EX; Middle-EX; High-EX). 
F: 3 to 5x/week
WU + St: NS; Bonus: NS; R: NS
	NS
	NS
	CG= 67,41%
IG= 84,84%



D= duration; L= location; S= supervised; F= frequency; St= stretching; WU= warm-up; NS= not specified; HR= heart rate; HRmax= maximum heart rate; NA= not assessed; SE= sports educator; R= recovery; DB= diaphragmatic breathing; PC= postural control; BS = bariatric surgery; A= aerobic; AS= aerobic-strength; T= type; = intensity;  P= progression; V= volume; MT= muscle training; Low-EX= 54  8 min/week; Middle-EX= 129  4 min/week; High-EX= 286 40 min/week; VO2max= cardio-respiratory endurance; N= newton; RHR= reserve heart rate; UB= upper-body; LB= lower-body; cal= calories. 





















Table 4. Effects of physical exercise on different outcomes of the various studies classified in alphabetical order. 
	Article 
	Weight & BMI 
	Body composition 
	Metabolic & comorbidities aspects 
	Other Outcomes 

	Aurélie Baillot et al., [22]
	BMI (kg/m2)
At baseline CG= 47.8 (40.3-54.0)
IG= 44.8 (42.1-53.0) 
IG vs CG: p= 0.75
Exact data at end of the intervention is not available.
	NA
	• BP: IG vs CG: p>0.05
• resting HR: IG vs CG: p>0.05 
	6MWT (m)
From 1 week to 12 weeks (before BS)
CG= - 20.0 (- 57.8 to 1.8)
IG= + 7.5 (- 4.8 to 19.5)
IG vs CG: p= 0.013

	Aurélie Baillot et al., [23]
	BMI (kg/m2)
Study start at 9 months post-BS
CG= - 12.8 5.0 (NS)
IG= - 17.8 7.0 (NS)
Study start at 12 months post-BS 
CG= - 13.5 5.3 (NS)
IG= - 16.8 4.4 (NS)
IG vs CG: p= 0.05
	FFM (kg) 
6 months post-BS
CG= - 5.8 ± 3.7
IG= - 8.7 ± 3.5 
9 months post-BS
CG= - 5.8 ± 3.7
IG= - 10.5 ± 4.1
12 months post-BS
CG= - 6.6 ± 3.9
IG= - 10.6 ± 4.3
IG vs CG: p= 0.03
	• BP: IG vs CG: p>0.05
• resting HR: IG vs CG: p>0.05 
	6MWT (m)
From the start of the intervention to 9 months post-BS
CG= 155.54 to 188.89  21.29% (NS)
IG= 177.78 to 266.67  71.61% (NS)
IG vs CG: p= 0.04
From the start of the intervention to 12 months post-BS
CG= 155.54 to 200  29.03% (NS)
IG= 177.78 to 277.78  56.5% (NS)
IG vs CG: p= 0.05
Since the data is only available in graphical form, it has been converted to metric data.
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	Bond, et al., [16]
	BMI (kg/m2)
Results after 6 weeks of study 
CG= 44.4 (5.8); IG= 45.6 (7.0)
Exact data at the end of the intervention is not available.

Weight loss (kg)
6 weeks of study
CG= 0.1 (2.3) (NS)
IG= - 0.1 (2.4) (NS)
IG vs CG: p= 0.93
	NA
	NS 
	SF-36
Results from the start of the intervention till 6 weeks later
Since the data is only available in graphical form, it has been converted into metric data. 
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	Bond, et al., [17]
	BMI (kg/m2)
6 weeks of interventions
CG= 44.4 (5.8); IG= 45.6 (7.0)
Exact data at the end of the intervention is not available.

Weight loss (kg)
Weight at the start of the procedure CG= 125.7 (21.0)
IG= 114.9 (18.9)
IG vs CG: p= 0.02 
	NA
	NS
	NA

	Carnero et al., [18]
	BMI (kg/m2)
From 76.724.7 days post-BS to 6 months after the start of the study
CG= 44.4 ± 7.5 to 38.5 ± 7.2  - 13.29% (p<0.05)
IG= 45.8 ± 7.4 to 39.3 ± 6.3  - 14.19% (p <0.05)

Weight loss (kg)
From 76.7 ± 24.7 days to 6 months after the start of the study
CG= - 22.6 (6.9) (p <0.05)
IG= - 22.5 (9.2) (p <0.05)
IG vs CG: p >0.05 
	FFM (kg) 
From 76.7 ± 24.7 days post-BS to 6 months after the start of the study
CG= 52.5 (7.5)
IG= 52.8 (10.7)
The exact data at the end of the intervention is not available.
	NS
	VO2max
From 76.7 ± 24.7 days post-BS to 6 months since the start of the study
Note 1: the following data is in mL / min / kg 
CG= 17.96 (3.74)
IG= 17.84 (3.13) 
The exact data at the end of the intervention is not available.
Note 2: the following data is in mL / min
CG= 1890 (340) 
IG= 1863 (480) 
The exact data at the end of the intervention is not available.

	Castello et al., [26]
	BMI (kg/m2)
From 1 week before BS to 4 months post-BS
CG= 44.46 (0.96) to 35.71 (0.92)  - 19.68% (p < 0.05) 
IG= 45.64 (1.51) to 36.82 (1.28)  - 19.33% (p < 0.05) 
IG vs CG: p >0.05

Weight loss (kg)
From 1 week before BS to 4 months post-BS
CG= - 23 ± 8 (p <0.05)
IG= -23 ± 11 (p <0.05)
IG vs CG: p >0.05
	LBM (kg)
From 1 week before BS to 4 months post-BS
CG= 67.0 ± 1.7 to 60.0 ± 1.6  - 10.45% (p <0.05) 
IG= 63.0 ± 3.4 to 58.0 ± 2.9  - 7.94% (p <0.05)
IG vs CG: p >0.05 
	• SBP decreased significantly in both groups. Only the IG significantly reduced DBP after the aerobic training program. 
• Both groups significantly reduced perception of dyspnea and leg exertion symptom. No significant difference between group.  
	6 MWT (m)
1 week before BS to 4 months post-BS
CG= 492.6 ± 21.1 to 509.0 ± 12.5  + 3.46% (p >0.05)
IG= 477.9 ± 22.9 to 527 ± 17.7  + 10.48% (p <0.05)
IG vs CG: p >0.05 

	Castello-Simões et al., [25]
	BMI (kg/m2)
Study starts before BS and finishes 4 weeks post-BS
CG= 45.5  1.7 to 34.2  1.1  - 24.44% (p <0.05)
IG= 43.6  1 to 36.5  1.3 - 16.28% (p<0.05)
IG vs CG: p >0.05 

Weight loss (kg)
Before BS to 4 months after BS
CG= - 24 ± 8.1 (p <0.05)
IG= - 23 ± 12 (p <0.05)
IG vs CG: p >0.05
	NA
	• A significant increase in FVC occurred in the IG. 
• Significant reduction in perceived dyspnea scores only in IG. 
• Following BS there was a significant decrease in mean HR in CG + IG. 

	6MWT (m)
Before BS to 4 months after BS
CG= 492.6 ± 21.1 to 509.0 ± 12.5  + 3.46% (NS)
IG= 477.9 ± 22.9 to 527.6 ± 17.7  + 10.48% (p <0.05)
IG vs CG: p >0.05

	Coen, Menshikova, et al., [19]
	BMI (kg/m2)
1-3 months post-BS to 6 months since the start of the study
CG= 38.1 (6.9) to 30.3 (5.8)  - 20.47% (p <0.05)
IG= 38.8 (5.6) to 30.4 (5.4)  - 21.65% (p <0.05)
IG vs CG: p= 0.690

Weight loss (kg)
1-3 months post-BS to 6 months since the start of the study
CG= - 22.1 ± 47.3 (p <0.05)
IG= - 23.6 ± 37.2 (p <0.05)
IG vs CG: p= 0.710
	LBM (kg) 
1-3 months post-BS to 6 months since the start of the study
CG= 51.0 (10.3) to 50.1 (10.7)  - 1.96% (p <0.05)
IG= 50.3 (7.5) to 49.6 (7.3)  - 2% (p <0.05)
IG vs CG: p= 0.930

	• Changes in SBP and DBP, blood lipids (total, LDL, and HDL cholesterol and triglycerides) were reduced to a similar degree in IG and CG. 
• IG had a significantly greater improvement in SI than the CG. 

	VO2max
1-3 months post-BS to 6 months since the start of the study
Note 1: the following data is in mL / min / kg FFM (Fat-Free mass)
CG= 18.4 (3.5) to 22.2 (5.0)  20.65% (p <0.05)
IG= 18.2 (3.4) to 24.6 (6.6)  35.16% (p <0.05)
IG vs CG: p= 0.027
Note 2: the following data is in mL / min
CG= 1,935.3 (468.1) to 1,859.8 (552.2)  - 3.9% (NS) 
IG= 1955.3 (429.3) to 2068.7 (609.2)  5.8% (p <0.05)
IG vs CG: p= 0.120

	Coen, Tanner, et al., [20]
	BMI (kg/m2)
1-3 months post-BS to 6 months since the start of the study
CG= 38.3 (6.9) to 30.2 (5.6)  - 21.15% (p <0.05) 
IG= 38.8 (6.1) to 30.6 (5.9)  - 21.13% (p <0.05)
IG vs CG: p= 0.72

Weight loss (kg)
1-3 months post-BS to 6 months after the start of the study
CG= - 22 (32.59) (p <0.05)
IG= - 22.8 (26.23) (p <0.05)
IG vs CG: p= 0.63
	LBM (kg) 
1-3 months post-BS to 6 months since the start of the study
CG= 50.1 (10.1) to 49.2 (10.2)  - 2% (p <0.05)
IG= 50.5 (7.7) to 49.4 (7.0)  - 2% (p <0.05)
IG vs CG: p= 0.78
	• SI tended to improve in the IG compared to CG, but this was not statistically different (p= 0.18). 
• SG was greater in the IG vs CG (p= 0.009). 
• Improvement with BS for the CG + IG in AIRg and Di, but there was no additional improvement with exercise. 


	VO2max (ml / min)
From 1-3 months post-surgery to 6 months since the start of the study
CG= 1948.72 to 1794.87  - 7.91% (p <0.05)
IG= 2000 to 2051.28  2.55% (p <0.05)
Since the data is only available in graphical form, it has been converted to metric data.
IG vs CG: p <0.01

	Coleman et al., [29]
	BMI (kg/m2)
Start of the study 6 months post-BS: CG= 44.5 (5.5)
IG= 45.0 (7.6)
The exact data at the end of the intervention is not available.

Weight loss (kg)
From 6 months post-BS to 12 months post-BS
CG= + 0.2 ± 41.6 (NS)
IG= + 1.2 ± 41.6 (NS)
From 6 months post-BS to 24 months post-BS
CG= - 3.8 ± 44 (NS)
IG= - 1.8 ± 44 (NS)
	NA
	NS
	6MWT (m)
Baseline to 6 months
CG= + 0.91 ± 0.2 (p= 0.92)
IG= + 30.45 ± 8.8 (p= 0.001)
IG vs CG: p >0.05 
Maintenance phase (6 months to 12 months) 
IG vs CG: p >0.05

	Daniels et al., [24]
	Weight loss (kg)
From 8 weeks post-BS to 20 weeks post-BS
CG= - 14.2 
IG= - 16.5 kg
IG vs CG: p= 0.398
	Muscular strength (Newton) 
From 8 weeks post-BS to 12 weeks since the start of the study
CG Leg Press= 1311 (335) to 1263 (379)  - 3.66% (p >0.05)
IG Leg Press= 1634 (344) to 2228 (424)  36.35% (p <0.001)
CG Leg Extension= 269 (53) to 262 (55)  - 2.6% (p >0.05)
IG Leg Extension= 325 (60) to 383 (64)  17.85% (p= 0.006)
leg-press IG vs CG:  p <0.001
leg-extension IG vs CG: p <0.001
	NS
	NA

	Hassannejad et al., [28]
	BMI (kg/m2)
Study begins before BS and finishes 12 weeks post-BS
CG= 46.6 (7.1) to 38.1 (7.4)  - 17.39% (NS)
A= 48.1 (6.7) to 38.6 (6.4)  - 20.83% (NS)
AS= 43.0 (3.9) to 34.2 (3.4)  - 20.93% (NS)
IG vs CG: p >0.05 

Weight loss (kg)
Before BS to 12 weeks post-BS
A= - 25.1 (26.31) kg (NS)
AS= - 24.9 (16.70) kg (NS)
CG= - 20 (33.77) kg (NS)
A vs CG: p <0.05 
CG vs AS: p <0.05
	FFM (kg) 
From Baseline to 12 weeks post-BS
CG= 59.4 (14.9) to 50.5 (10.3)  - 15.25% (NS)
A= 61.8 (9.0) to 53.7 (8.5)  - 13.11% (NS)
AS= 62.4 (10.2) to 55.5 (8.9)  - 11.29% (NS)
A vs CG: p >0.05 
AS vs CG: p= 0.03
	NS 
	NA

	Herring et al., [27]
	BMI (kg/m2)
Start of study at 12-24 months post-BS and finishes 12 weeks after start of study 
CG= 39.4 (4.3) to 39.8 (5.5)  1.02% (NS)
IG= 38.2 (6.1) to 37.3 (4.9)  
- 2.36% (NS)
IG vs CG: p= 0.003
Start of study at 12-24 months post-BS at 24 weeks after start of study
CG= 39.4 (4.3) to 40.4 (5.3)  2.54% (NS)
IG= 38.2 (6.1) to 37.2 (4.1)  - 2.62% (NS)
IG vs CG: p= 0.004

Weight loss (kg)
From 12-24 months post-BS to 12 weeks after the start of the study
CG= 1.0 ± 1.4 (NS)
IG= - 2.4 ± 3.4 (NS)
IG vs CG: p= 0.003
From 12-24 months post-BS to 24 weeks after the start of the study
CG= 2.9 ± 2.9 (NS)
IG= - 2.7 ± 5.4 (NS)
IG vs CG: p= 0.004
	FFM (kg) 
From 12-24 months post-BS to 12 weeks after the start of the study
CG= 58.1 (12.4) to 58.3 (1.3)  0% (NS)
IG= 61.2 (9.3) to 59.9 (1.4)  - 3.28% (NS)
IG vs CG: p= 0.391
From 12-24 months post-BS to 24 weeks after the start of the study
CG= 58.1 (12.4) to 58.9 (1.8)  0% (NS)
IG= 61.2 (9.3) to 60.4 (1.7)  - 1.64% (NS)
IG vs CG: p= 0.034
	• SBP was significantly lower in IG at 12 weeks (p= 0.012) and 24 weeks (p= 0.012). 

	NA

	Huck [5]
	BMI (kg/m2)
12 weeks of intervention
CG= 32.7 (4.2) to 30.8 (2.3)  - 6.25% (p< 0.05)
IG= 37.7 (6.3) to 34.4 (4)  - 8.11% (p< 0.05)
IG vs CG: p= 0.220

Weight loss (kg)
12 weeks of intervention
CG= - 5.6 ± 5.3 (p <0.05)
IG= - 8.8 ± 6.2 (p <0.05)
IG vs CG: p= 0.286
	FFM (kg) 
12 weeks of study
CG= - 1.5 ± 2.6 (NS)
IG= - 1.8 ± 2.1 (NS)
IG vs CG: p= 0.810
	• No significant changes in resting HR or resting BP. 
 
	VO2max (mL / kg / min)
12 weeks of study
CG= 0.46 ± 0.97 (NS)
IG= 0.91 ± 0.81 (p<0.05)
IG vs CG: p >0.05

	Mundbjerg et al., [13]
	BMI (kg/m2)
From 6 months post-BS to 12 months after the start of the study
CG= 34.1 (5.4) to 31.8 (5.0)  - 8.82% (NS)
IG= 33.3 (6.2) to 30.6 (5.7)  - 9.09% (NS)
IG vs CG: p= 0.257
From 6 months post-BS to 24 months after the start of the study
CG= 34.1 (5.4) to 32.6 (5.2)  - 5.88% (NS)
IG= 33.3 (6.2) to (30.1)  - 9.09% (NS)
IG vs CG: p= 0.015

Weight loss (kg)
From 6 months post-BS to 12 months post-BS
CG= - 6.5 ± 37.5 (NS)
IG= - 8.1 ± 36 (NS)
IG vs CG: p= 0.158
From 6 months post-BS to 24 months post-BS
CG= - 4.4 ± 39 (NS)
IG= - 8.2 ± 37.2 (NS)
IG vs CG: p= 0.042
	NA
	12 months post-op: 
• No between group difference were observed for: DBP, SBP, and HR. 
• HDL cholesterol significantly increased in IG compared with CG (p= 0.035). 
• SPISE: IG vs CG = p > 0.05
• HOMA-IR: IG vs CG = p > 0.05

24 months post-op: 
• systolic BP: IG vs CG = p > 0.05
• HR: IG vs CG = p > 0.05
• DBP lower in IG: IG vs CG (p = 0.034) 


	NA

	Nunez Lopez et al., [12]
	BMI (kg/m2)
1-3 months post-BS to 6 months after the start of the study
CG= 40.8 (36.8-44.7) to 30.6 (27.8 - 33.4)  - 25% (p <0.001) 
IG= 39.5 (36.31-42.8) to 30.2 (27.5-33.0)  - 23.54% (p <0.001) 
IG vs CG: p= 0.432

Weight loss (kg)
1-3 months post-BS to 6 months after the start of the study
CG= - 27.7 (25.4-29.9) (p <0.001)
IG= - 25 (23.1-27) (p <0.001)
IG vs CG: p= 0.443
	LBM (kg)
1-3 months post-BS to 6 months after the start of the study
CG= 53.4 (46.6-60.1) to 51.9 (44.5-59.2)  - 3.77% (p <0.05)
IG= 51.9 (46.9-56.9) to 50.6 (45.3-55.8)  - 1.96% (NS)
IG vs CG: p= 0.87

FFM (kg) 
1-3 months post-BS to 6 months after the start of the study
CG= 56.2 (49.3-63.2) to 54.7 (47.1-62.2)  - 3.57% (p <0.10)
IG= 54.7 (49.4-60.0) to 53.3 (47.7-58.9)  - 1.85% (NS)
IG vs CG: p= 0.703
	1-3 months post-BS to 6 months after the start of the study: 
• SI significant improvement in IG compared to CG, IG vs CG: p= 0.011. 
• HOMA-IR improvement in both group




	VO2max
1-3 months post-BS to 6 months after the start of the study
Note 1: the following data is in mL / min / kg FFM (Fat-Free mass)
CG= 18.5 (16.7-20.3) to 24.4 (21.6 - 27.2)  31.89% (p <0.05)
IG= 20.5 (18.5-22.6) to 29.8 (25.6-34.0)  45.37% (p <0.05)
IG vs CG: p= 0.063
Note 2: the following data is in mL / min
CG= 2100 (1700-2400) towards 2100 (1700-2400)  0% (NS)
IG= 2200 (2000-2400) towards 2400 (2000-28000)  9.09% (p <0.05)
IG vs CG: p <0.05

	Shah et al., [30]
	BMI (kg/m2)
Baseline
CG= 41.0 (3.7)
IG= 42.4 (6.9)
The exact data at the end of the intervention is not available.

Weight loss (kg)
From Baseline to 6 weeks
CG= - 1.8 (8.7) (NS)
IG= - 2.1 (16.6) (NS)
From Baseline to 12 weeks
CG= - 4.7 (8.7) (p <0.001)
IG= - 4.2 (16.6) (p <0.001)
IG vs CG: p= 0.46
	LBM (kg) 
6 weeks since the start of the study
CG= 51.1 (6.7) towards NS
IG= 54.9 (6.1) towards NS
IG vs CG: p= 0.94
12 weeks since the start of the study
CG= 51.1 (6.7) to 50.4 (5.5)  - 1.96% (NS)
IG= 54.9 (6.1) to 54.3 (6.2)  0% (NS)
IG vs CG: p= 0.94
	• HDL cholesterol tended to increase by 3mg/dl in IG. 
• SBP and DBP tended to increase by 2-3mmH in the CG 
	VO2max (mL / kg / min)
12 weeks since the start of the study
CG= 17.6 (1.4) towards 17.1 (1.7)  0% (NS)
IG= 17.4 (3.3) towards 19.2 (4.2)  10% (p= 0.001)
IG vs CG: p >0.05 

SF-36 since the start 
[image: A picture containing text, receipt

Description automatically generated]

IWQoL-L
[image: Table

Description automatically generated]

	Stolberg, Mundbjerg, Bladbjerg, et al., [14]
	BMI (kg/m2)
From 6 months post-BS to 26 weeks after the start of the study 
CG= 34.1 (5.4)
IG= 33.3 (6.2)
The exact data at the end of the intervention is available in another article [15].  
	NA
	• All patients had one of these comorbidities pre-BS: type 2 diabetes, arterial hypertension, obstructive sleep apnea, osteoarthritis and polycystic ovarian syndrome. 

	SF-36
From 6 months post-surgery to 12 months
· IG increase: PCS: (2.6 ± 1.4); BP (0.8 ± 2.0); GH (2.6 ± 1.4); VT (2.8 ± 2.4); SF (0.9 ± 1.4); RE (1.9 ± 1.9); RLP (1.5 ± 1.2); EWB (1.5 ± 2.0)
· CG increase: PF(- 0.3 ± 1.0) and % MCS (- 0.4 ± 2.6)
IG vs CG: p >0.05 
except for PF (IG vs CG: p= 0.071) and for GH (IG vs CG: p= 0.058)
From 6 months post-surgery to 24 months
· IG increase: BP (2.8 ± 2.7); GH (3.4 ± 1.7); VT (2.2 ± 2.3); SF (1.5 ± 1.8); RE (1.9 ± 1.9); RLP (1.8 ± 1.5); EWB (0.5 ± 2.4)
· CG increase: PF (- 0.5 ± 1.1); PCS (- 0.1 ± 2.0); MCS (- 0.4 ± 2.6) and MH (- 0.5 ± 2.7) 
IG vs CG: p >0.05 except for GH (IG vs CG: p= 0.041)

	Stolberg, Mundbjerg, Funch-Jensen, et al., [15]
	BMI (kg/m2)
From 6 months post-BS to 12 months post-BS
CG= 34.1 (5.4) to 31.8 (5.0)  - 8.82% (NS)
IG= 33.3 (6.2) to 30.6 (5.7)  - 9.09% (NS)
From 6 months post-BS to 24 months post-BS
CG= 34.1 (5.4) to 32.6 (5.2)  - 5.88% (NS)
IG= 33.3 (6.2) to 30.1 (5.8)  - 9.09% (NS)
IG vs CG: p <0.05

Weight loss (kg)
From 6 months to 12 months post-BS
CG= - 6.5 (26.53) (NS)
IG= - 8.1 (27.58) (NS)
From 6 months to 24 months post-BS
CG= - 4.4 (25.46) (NS)
IG= - 8.2 (26.32) (NS)
IG vs CG: p <0.05
	NA
	• PA resulted in significantly increased fibrinolytic activity (p<0.01). 
• PA significantly reduced PAI:Ag at the 24 months examination (p<0.05). 
• PA no effects on markers of thrombin generation, fibrin clot properties, F1+2, D-dimer and fibrogin. 
	NA

	Woodlief et al., [21]
	BMI (kg/m2)
1-3 months post-BS
CG= 38.5 (0.9)
Low-EX= 38.9 (1.6)
Middle-EX= 37.8 (1.5)
High-EX= 39.7 (1.4)
The exact data at the end of the intervention is not available.

Weight loss (kg)
From 1-3 months post-BS to the end of the study
CG= - 35.5 (2.0)
Low-EX= - 44.3 (2.3)
Middle-EX= - 36.2 (1.9)
High-EX= - 45.9 (3.0)
Low-EX vs CG: p <0.05
Middle-EX vs Low-EX: p <0.05
Middle-EX vs High-EX: p <0.05
High-EX vs CG: p <0.05
	FFM (kg) 
1-3 months post-BS
CG= 52.95 (1.30)
Low-EX= 50.79 (1.94)
Middle-EX= 52, 24 (1.94)
High-EX= 56.44 (2.00)
The exact data at the end of the intervention is not available.
	• SI significantly improved in each group pre- to postintervention. 
CG vs high-EX and CG vs middle-EX: p<0.05
• DI significantly improved from pre- to postintervention in all groups, CG vs middle-EX and CG vs high-EX: p<0.05
• AIRg, SG, and HOMA-IR improved over time (data not shown), but there was no dose response to increased minutes per week of exercise.


	VO2max (mL / kg FFM / min)
From 1-3 months post-BS to the end of the study
CG= - 2.15 
Low-EX= NS
Middle-EX= NS
High-EX= + 4.70 
IG vs CG: p= 0.0002


Legend: NA= not assessed; BMI= body mass index (kg/m2); AS = aerobic-strength group; A= aerobic; FDR= false discovery rate; CG= control group; IG= intervention group;  NS= not specified; BS= bariatric surgery; Low-EX= 54  8 min/week; Middle-EX= 129  4 min/week;  High-EX= 286 40 min/week; 6MWT = 6 minutes walking test; FFM = fat-free mass; PF= physical function; RP= role-physical; BP= bodily pain; GH= general health; VT= vitality; SF= social functioning; RE= role-emotional; MH= mental health; PCS= physical component summary; MCS= mental component summary; RLP= role limitation physical; EWB= emotional wellbeing; RLE= role limitation emotional; SF= social functioning; E= energy; PQOLS= physical quality of life summation; MQOLS= mental quality of life summation; IWQoL-L= impact of weight on quality of life; SE= self-esteem; SL= sexual life; PD= public distress; WDA= work or daily activities; TS= total score; WRQoL= weight-related quality of life; S= symptoms; A/M= activity / mobility; PH/C= personal hygiene/clothing; EM= emotions; SI= social interactions; SL= sexual life; VO2max= cardio-respiratory endurance; SF-36= Short-Form Health Survey 36; HR= heart-rate; PA= physical activity; BP= blood pressure; SBP= systolic blood pressure; DBP= diastolic blood pressure; FVC= forced vital capacity; LDL= low density lipoprotein; HDL= high density lipoprotein; SI=  insulin sensitivity; CL= cardiolipin; AIRg= acute insulin response; Di= disposition index; HOMA-IR= homeostatic model assessment of insulin resistance; LT= long term; PAI:Ag= plasminogen activator inhibitor antigen; F1+2= prothrombin fragment 1+2; SG= glucose effectiveness; SPISE= single point insulin sensitivity estimator. 
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