EFFECTS of COGNITIVE BEHAVİORAL THERAPY on BODY MASS INDEX, EMOTIONAL EATING and MINDFUL EATING of POST-BARIATRIC SURGERY PATIENTS: A RANDOMIZED CONTROLLED TRIAL
Bariatric surgery is one of the most effective treatments of obesity, but some patients regain weight post-operatively. Continuum of disordered eating behaviors and emotional eating are among the main predictors of weight regain. The purpose of this study was to investigate the effects of cognitive behavioral therapy (CBT) on the Body Mass Index (BMI), emotional eating and mindful eating of post-bariatric surgery patients. We also aimed to find out the best time for application of CBT post-surgically. The study was designed as a randomized control trial. A total of 60 post-bariatric surgery patients were randomized into two groups: (1) 30 patients received only nutritional education (ONE group); (2) 30 patients received CBT + Nutritional education (CBT + NE group). Acute treatment phase consisted of 5 one in two week sessions, maintenance phase consisted of 3 monthly sessions, and a follow-up session was made at the end of 1 year. Patients were further divided into 3 subgroups: (1) The patients who had surgery more than 2 years ago, (2) The patients who had surgery 1-2 years ago, (3) The patients who had surgery 6 months-1 year ago. All patients were evaluated for BMI, and Emotional Eating Scale (EES) and Mindful Eating Questionnaire (MEQ) were applied at baseline (1st session), after the acute phase (5th session), at last session of maintenance phase (8th session), and at 1-year follow-up. BMI of both groups decreased significantly at the end of acute and maintenance phase, but mean BMI of ONE group increased at the end of 1st year follow-up, while CBT group preserved the weight loss. EES decreased significantly for both groups at the end of maintenance phase, but increased for ONE-1 group at the end of 1 year follow up, while all sub-groups of CBT preserved the decrease of mean EES scores at the 1st year follow-up. For ONE group, there is an increase in MEQ scores and this increase begins as early as 5th session, especially for ONE-3 sub-group (mean scores of MEQ increase from 97.5 to 121.25, p= 0.022), but this increase is not statistically significant for ONE group at the 8th session and 1 year follow-up (p=0.072). For NE + CBT group, the increase in MEQ scores begins as early as at the 5th session for NE + CBT-1 (mean scores of MEQ increase from 93.3 to 107.1) and NE + CBT-3 (mean scores of MEQ increase from 86 to 97.14), and remains statistically significant even at 1-year follow-up (p=0.000). CBT is effective for continuum of weight loss, decrease of emotional eating and increase of mindful eating of post-bariatric patients, and these beneficial effects of CBT are preserved at the end of 1 year.
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[bookmark: _GoBack]INTRODUCTION
Obesity, defined as a body mass index of > 30kg/m2, is a growing and expensive problem today, and could be considered an epidemic (globesity). 1,2 According to the most recent estimations from the World Health Organization, more than 1.9 billion adults are overweight worldwide (including 650 million who are obese). This prevalence increased three-fold from 1975 to 2016. 3 Since obesity can cause many serious medical complications (such as; cardiovascular diseases, hypertension, hypercholesterolemia, type-2 diabetes, obstructive sleep apnea syndrome, some types of cancer ect.), it may be considered as one of the major public health problems of the world. For this reason, many efforts have been carried out to find solutions to treat it. Since it is a complex disease with multifactorial etiology (including a genetic component, individual, familial, behavioral, cultural, and environmental factors) 4,5, there is consensus that its treatment should be multi-disciplinary. A biopsychosocial approach including dietetic, nutritional, physical, behavioral, psychological, and if necessary pharmacological and surgical treatment methods are recommended.  
Psychological problems can cause obesity and vice versa is also true. Stressful life events, mood problems, anxiety, low self-esteem, affect regulation problems, some personality traits, and eating disorders have been found to be closely related with obesity. 6,7,8,9,10,11 Psychotherapies for obesity typically address these issues, and among them, Cognitive Behavioral Therapy (CBT) has been found to be the most effective one. 12,13,14,15,16,17 CBT typically helps patients develop a stable “weight-control mind-set” by teaching them techniques to reduce dysfunctional behaviors (such as low level of activity, disordered eating patterns such as emotional eating ect.), focuses on dysfunctional cognitive processes (such as sabotaging thoughts which increase calorie intake), modifies unrealistic weight goals and negative perceptions of body image, and improves psychological skills for effective weight loss (such as the client’s ability to self-monitor, stimulus control, behavioral modification strategies such as chewing slowly, taking time to enjoy food, and increasing awareness of the pleasure associated with taste and food. 1,18,19,5
As mentioned above, a multidisciplinary approach for treatment of obesity is necessary, and CBT can be easily combined with other treatment modalities for obesity. Among the other treatments for obesity, bariatric surgery is one of the most effective ones, resulting in substantial long-term weight loss up to 20 to 35% of initial body weight and decreased morbidity and mortality. 20,21,22,23 However, research has shown that 20% of patients experience only minor weight loss 1 year after surgery 24,25 and 33% of patients experience minor weight loss 10 years after surgery. 26 Additionally, 30- 50 % of patients experience weight regain within 2 years after surgery. 27,28,29  Studies have been carried out to find significant predictors for less post-operative weight loss and/or weight regain, and post-operative dysfunctional eating behaviors (such as; binge-eating, loss of control over eating, emotional eating ect) 30,31,32,33,34,35,36,37,38,39,40, as well as psychological problems (such as; depression and anxiety) 41,23,42,43,37,38,44 have been found to be mostly related to unsuccessful surgical outcomes.
Previous studies have reported the beneficial effects of adding CBT during pre and post- operative periods to bariatric surgery 45,46,47,48, but in our opinion, they do not answer an important question: what is the best time for adding CBT to surgical treatment? In addition to this, the effect of adding CBT on mindful eating, has not been well studied. In this study, we aimed to find answers to these to important issues. For this purpose, we designed a randomized, controlled study with post-bariatric surgery patients, who had the operation at different times, and evaluated the effect of adding CBT on weight loss, emotional eating, and mindful eating patterns of these patients. We had two hypotheses: (1) The time of CBT application to bariatric surgery patients would have different effects on weight loss and disordered eating patterns; (2) CBT would cause significant weight loss, decrease in emotional eating, and increase of mindful eating for these patients.  

METHOD and MATERIALS
Settings and Sample
        This study was conducted at Diet and Nutrition Outpatient Clinic of Yeditepe University Hospital during September 2017- April 2019. Majority of our sample consisted of patients who had bariatric surgery (sleeve gastrectomy) at General Surgery Department of the same hospital, while a minority of patients were reached by personal social media accounts. A total of 262 patients had bariatric surgery during the last two years in this hospital, and one of the authors (M.Ö.) called these patients by telephone and asked to participate in this study. 80 of them agreed to come to face-to-face appointment, and among them 50 individuals actually came to their appointment. One of these patients were excluded from this study since she was willing to continue with her own dietician. 11 patients who had sleeve gastrectomy operation during the last 2 years were reached by their personal social media accounts (facebook, instagram, twitter) by one of the authors (M.Ö.), and were asked to participate in the study, and all of them agreed to come to face-to-face appointment. At the end, a total of 60 patients were included in the study.    
	During the initial interview, the purpose and the design of the study was told to participants, and a written and oral consent were taken from them. For this research, “Ethics Committee Approval” dated 30/03/2015 from B.08.6.YÖK.2.ÜS.0.05.0.06 / 2016/48 from Üsküdar University Clinical Research Ethics Committee has been obtained. In addition, the necessary permissions were obtained for the study to be conducted at Yeditepe University Hospital.
	60 participants were randomly assigned into two groups. The groups were age, sex, and Body Mass Index (BMI) matched. The first group (only nutritional education group-ONE group) consisted of 30 participants and these participants received only nutritional education as the treatment procedure (described in detail in the next sub-title and summarized in Table 1). The second group (nutritional education + cognitive behavioral therapy- NE + CBT group) consisted of 30 participants, and they received nutritional education plus Cognitive Behavioral Therapy techniques especially designed for weight loss. All of the sessions for both groups were conducted by one of the authors (M.Ö.), who is a dietician and clinical psychologist. Both groups were further divided into 3 sub-groups according to the time that has passed after the surgery, each consisting 10 participants. The first sub-group (ONE-1 and NE+CBT-1) includes participants who had surgery at 2 or more years before the study. The second sub-group (ONE-2 and NE+CBT-2) includes participants who had surgery at 1 to 2 years before the study. The third sub-group (ONE-3 and NE+CBT-3) includes participants who had surgery at 6 months to 1 year before the study. A summary of contents of the sessions, as well as the sub-groups of both groups can be seen in Table 1.    
Study design
	A total of 9 sessions were conducted for each group. The first 5 sessions are referred as Acute Treatment Phase, and these sessions were conducted once in two weeks. The next 3 sessions are referred as Maintenance Phase, and these sessions were conducted once a month. The last session is referred as Follow up, and it was conducted at 1 year after the first session of the Acute Treatment Phase.  The duration of the sessions was half an hour each for Group-ONE, and 1 hour each for Group NE + CBT. 
Measurement and Scales
	At the beginning of each session, participants were weighed with Inbody 770. Height was evaluated only at the first session (in order to calculate BMI for each participant) with Seca. The Emotional Eating Scale (EES) and the Mindful Eating Questionnaire (MEQ) were applied to the participants in the 1st, 5th and 8th sessions and at the end of the 1st year (9th session). 
	Emotional Eating Scale: This is a self-report scale and consists of 27 Likert-type questions. 49 It evaluates the occurrence of eating behavior when faced with stressful situations, in order to cope with negative feelings, as well as the ability to self-control when faced with a food clue or trigger. Its Cronbach alpha value was reported as 0.959 for Turkish population.
	Mindful Eating Questionnaire: This is a self-report questionnaire and consists of 28 Likert-type questions. 50 It is developed in order to evaluate the mindful eating patterns of individuals; such as having knowledge about healthy diet, focusing on what you are eating, intuitive eating ect. It has 7 sub-scales titled Eating without Thinking, Emotional Eating, Control of Eating, Eating Discipline, Mindfulness, Interference (influence from external factors), and Conscious Nutrition. Its Cronbach alpha value was reported as 0.733 for Turkish population. 51
Statistical analysis
The data were analyzed using SPSS 25.0 (Statistical Packages of Social Sciences) program. The suitability of the data to normal distribution was evaluated with the Kolmogorov-Smirnov test. Explanatory statistics are shown as mean ± standard deviation for continuous variables, as frequency and percentage for categorical variables. Two independent samples t test were used to compare data of two independent groups that shows normal distribution. Mann-Whitney U test was used to compare the data that did not conform to the normal distribution. For the analysis of the difference between categorical variables, chi-square test and Fisher's exact probability test were performed according. Kruskal-Wallis test was used to compare variables that did not fit the normal distribution of more than two groups, and Mann-Whitney U test was performed for binary comparisons (post-hoc). The results were interpreted by making Bonferroni correction. A p value less than 0.05 was considered as significant. In comparison of categorical variables between groups, Chi-square test or Fisher exact probability test were used. Friedman test was performed to evaluate whether there is a difference in the changes of the groups over time. Binary comparisons of the measurements with significant difference were made by Wilcoxon test and p values ​​were interpreted by Bonferroni correction.

RESULTS
[bookmark: _Hlk42346682]Mean age ± standard deviation of ONE-group is 37.5 ± 9.98, and NE + CBT group is 36.9 6.08 ± 8.10 (p= 0.799). Mean BMI ± standard deviation of ONE-group is 46.08 ± 7.78, and NE + CBT group is 46.20 ± 5.93 (p= 0.945). For both groups, half of the group were males and half were females. Comparison of mean scores of both groups and all sub-groups with regard to BMI, EES and MEQ at the 1st, 5th, 8th sessions and at 1 year follow up is shown in Table 2. Statistical analysis for the change of BMI, EES and MEQ at the 1st, 5th, 8th sessions and 1 year follow up can be seen in Table 3.  
With regard to BMI; for ONE group there is no statistically significant difference between sub-groups at baseline, while for NE + CBT group the mean BMI for 1st group is higher than 2nd and 3rd groups (34.29, 29.13, and 29.43, respectively, p= 0.005). This statistically significance continues until the 1-year follow-up within the sub-groups of NE + CBT group. Decrease in BMI of both groups is statistically significant during the acute phase of treatment: for ONE group the mean for BMI drops from 26.60 to 25.51 during the acute phase and p value is 0.016, while for NE + CBT group the mean of BMI drops from 31.15 to 19.63 during the acute phase and the p value is 0.000. The mean BMI is of ONE group is significantly lower at the end of 5th and 8th session than NE + CBT group (p values are 0.025 and 0.01 respectively). The mean BMI of ONE group increases when baseline mean BMI and mean BMI at 1-year follow-up is compared (26.60 and 27.03, respectively, p= 1), while for NE + CBT group the mean BMI at the baseline is significantly higher than at the 1 year follow-up session (31.15 and 29.73 respectively, p= 0.037).    
With regard to EES scores; there is no statistically significant differences between two groups and withing sub-groups according to mean scores at baseline. For ONE group; mean EES scores begins to decrease as early as the 5th session but this decrease becomes significant at the eight session (p=0.37). Yet, this significant decrease in EES scores is preserved at the 1-year follow-up for ONE-2 (80.4 to 78.8) and ONE-3 (60 to 45) subgroups, while the mean EES scores ONE-1 subgroup slightly increases (42.33 to 43) at 1-year follow-up. For NE + CBT group; for all sub-groups mean EES scores begins to decrease during the acute phase treatment (p=0.001), and all sub-groups preserve this decrease at 1-year follow-up (p=0.000). There is no statistically significant difference between mean EES scores of ONE group and NE + CBT group during both acute and maintenance phase.
With regard to MEQ scores; there is no statistically significant difference between two groups and within sub-groups according to mean scores at baseline. For ONE group, there is an increase in MEQ scores and this increase begins as early as 5th session, especially for ONE-3 sub-group (mean scores of MEQ increase from 97.5 to 121.25, p= 0.022), but this increase is not statistically significant for ONE group at the 8th session and 1 year follow-up (p=0.072). For NE + CBT group, the increase in MEQ scores begins as early as at the 5th session for NE + CBT-1 (mean scores of MEQ increase from 93.3 to 107.1) and NE + CBT-3 (mean scores of MEQ increase from 86 to 97.14), and remains statistically significant even at 1-year follow-up (p=0.000). 
DISCUSSION
Our first hypothesis was partly confirmed by our results. We had hypothesized that the time of CBT application to bariatric surgery patients would have different effects on weight loss and disordered eating patterns, but as can be seen in Table 2, the mean scores from EES and MEQ does not significantly differ between sub-groups of NE + CBT group. In fact, emotional eating decreases and mindful eating increases for all sub-groups, which shows that CBT was effective with regard to disordered eating patterns of these patients, and these beneficial results are preserved at 1-year follow-up. Only the mean BMI differs significantly between subgroups of NE + CBT group: The baseline BMI of the first subgroup (NE + CBT-1; the patients who had surgery at least 2 years before the study) is higher than the other two sub-groups. Interestingly, at the end of 1st year, the first and third sub-groups preserve the beneficial effect of CBT with regard to weight loss, while the second sub-group gains some weight. These results may show that time of application of CBT does not cause a significant difference with regard to beneficial effects on BMI. This was actually a bit surprise for the authors, since the author who contacted the patients (M.Ö.) by telephone had a personal observation. The patients who had the surgery 6th month-1 year before was not generally eager to participate in the study (They would generally say “Why should I participate in the study? I am losing enough weight anyway”). The patients who had the surgery 1st-2nd year before would generally say “Okay, that can be a good idea”. But the patients who had surgery at more than 2 years before the study were generally more eager to participate in the study; they would generally say “Please help me, I am regaining the weight”. Because of this personal observation, we expected that the first sub-group would benefit more from CBT since they were more motivated for the therapy, but our expectation was not met. 
To our knowledge, this is the first study to investigate the best time for application of CBT after the bariatric surgery. There are some studies conducted with bariatric surgery candidates, and they report that CBT significantly reduces dysfunctional eating behaviors, affective symptoms, and body weight before surgery. 52,53,13,46 But one study shows that presurgical CBT was not associated with better long-term outcomes, with regard to breaking of the interrelationship between eating behaviors, negative mood, and dysfunctional cognitions. 54 Another study compared the effect of applying CBT and nutritional support prior to bariatric surgery and both groups had comparable outcomes with regard to BMI, depression and anxiety levels, and disordered eating behaviors even at 1st year follow up, but the beneficial effects of CBT began earlier. 46 In a preoperative pilot RCT, a 6-week telephone-based CBT intervention was compared with standard preoperative care (routine clinic visits and information meetings), and CBT group experienced statistically significant improvements with large effect sizes in eating behaviors and psychological well-being. 53 Effects of applying CBT post-operatively have also been studied. In a pilot study with 17 patients, post-operative application of 8-week CBT significantly improved well-being and decreased psychological symptoms and distress, but unfortunately the time of application is stated as only at least 3 months after surgery. 55 In another postoperative study, 28 post bariatric surgery patient who had regained weight (the time of application is only stated as “mean time since surgery was 4 years”) received 6 week group behavioral intervention utilizing techniques of CBT and dialectical behavioral therapy, and this intervention resulted with loss of weight, improvement of depressive symptoms, decrease in grazing patterns and subjective binge eating episodes. 56 Comparison the effects of applying CBT pre and post operatively on weight loss, mood symptoms, and disordered eating behavior would be an interesting area to study.          
Our second hypothesis was confirmed by our results. We had hypothesized that CBT would cause significant weight loss, decrease in emotional eating, and increase of mindful eating. Our control group was the patients who received only nutritional education. A comparison of the results of CBT and control group can be seen in Table 3. With regard to decrease in BMI; the control group has significantly better results than CBT group at the end of acute treatment phase and maintenance phase. But at the 1st year follow up, the control group has regained weight, while CBT group preserves the weight. This result shows that for these groups of patients, CBT had longer beneficial effects with regard to BMI than only nutritional education. A recent meta-analysis has summarized the results of 12 RCT (a total of 6805 obese or over-weight patients) in order to investigate the effects of CBT on weight loss. The control groups consisted of behavioral interventions, stimulus control, self-monitor, increase of physical activity, nutritional education and waiting list. CBT had significant better effects with regard to weight loss and emotional eating, but interestingly, there were no statistically significant difference between CBT and control groups with regard to decrease in depressive symptoms. 57 
With regard to emotional eating; the results are similar between control group and CBT groups. The emotional eating in both groups begin to decrease as soon as during the acute treatment phase, and they preserve this beneficial effect at the end of first year. Emotional eating has been described as “the tendency to eat in response to emotional distress and during stressful life situations” 58 and has been associated with a variety of problematic eating behaviors, including binge-eating, grazing, uncontrolled eating and snack eating in both pre and post-operative bariatric surgery patients. 59,60 It has been regarded as one of the main reasons for weight regain after bariatric surgery 59,31,32,33,34,35,36,37,38,39,40, thus every treatment should focus on decreasing the emotional eating after bariatric surgery. For both our groups of patients in our study, both CBT and nutritional education seems to decrease emotional eating. 
With regard to mindful eating; there is no statistically significant change in control group, while CBT increases mindful eating significantly. Besides, this beneficial effect of CBT on mindful eating begins as early as during the acute phase and lasts even at one-year follow-up. Mindful eating movement emphasizes being aware of the present moment when one is eating, paying attention to the effect that food has on the senses and taking into account the physical and emotional sensations in response to eating process. 61,62 Mindful eating techniques include promoting the conscious choice of food, developing awareness of the differences between physical hunger and psychological hunger, noticing the satiety signs and eating healthily as response to all those signals. Mindful eating has been shown to reduce binge-episodes 63,64, decrease emotional eating 64, increased food-related self-efficacy and cognitive control with respect to eating behavior 65,66, and caused significant weight and glycemic control in patients with diabetes. 67 These results may show that mindful eating helps to develop a healthier relationship with food, so it is important to address mindful eating in every weight loss program. Our results show that CBT has a significant effect on increasing mindful eating.  
Despite these important results, our study has some major limitations. The first one is that; our study sample was small and comes mainly from one center. The second limitation is that; the acute treatment phase lasted for only five sessions, and we only had one follow-up sessions. A recently developed personalized cognitive behavioral therapy for obesity (CBT-OB) protocol includes a Phase 1- acute treatment phase with 16 sessions which lasts about 24 weeks, and a Phase 2- maintenance phase with 12 sessions which lasts 48 weeks. 19 Future studies comparing the effect of adding CBT to pre and post-surgical patients would be an interesting area to study. 
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