
"This is the peer reviewed version of the following article: Spirou, D, Raman, J, Smith, E. Psychological 
outcomes following surgical and endoscopic bariatric procedures: A systematic review. Obesity Reviews. 
2020; 21:e12998., which has been published in final form at  https://doi.org/10.1111/obr.12998. This article 
may be used for non-commercial purposes in accordance with Wiley Terms and Conditions for Self-
Archiving."



PSYCHOLOGICAL OUTCOMES AFTER BARIATRIC PROCEDURES                          1 

Psychological outcomes following surgical and endoscopic bariatric procedures: A 

systematic review  

 

Dean Spirou1  

 Jayanthi Raman1 

Evelyn Smith2, 3 

 

1 Discipline of Clinical Psychology, Graduate School of Health, University of Technology Sydney, NSW, 

Australia. Email: spirou.dean@gmail.com; jayanthi.raman@uts.edu.au 

2 School of Social Sciences and Psychology, Western Sydney University, NSW, Australia. Email: 

evelyn.smith@westernsydney.edu.au 

3 Translational Health Research Institute, Western Sydney University, NSW, Australia 

 

Key words: Bariatric surgery, endoscopic procedures, psychological outcomes 

 

Running title: Psychological outcomes after bariatric procedures                   

 

Corresponding author: Dean Spirou 

Institution: University of Technology  

Institutional Address: 100 Broadway, Ultimo 2007, NSW, Australia 

Department: Discipline of Clinical Psychology, Graduate School of Health  

E: spirou.dean@gmail.com  

W: gsh.uts.edu.au  

 

Conflicts of Interest Statement: The authors have no competing interests.  

 

mailto:dean.spirou@student.uts.edu.au
http://gsh.uts.edu.au/


PSYCHOLOGICAL OUTCOMES AFTER BARIATRIC PROCEDURES                          2 

Abstract 

Obesity is a leading global epidemic. Bariatric surgery is the only treatment demonstrating 

substantial long-term weight loss and medical benefits. However, there is limited research on 

the psychological outcomes following surgery. Therefore, the primary aim of this study was 

to systematically review depression, anxiety, and binge eating outcomes at different time 

points following bariatric surgery and identify whether bariatric surgery significantly reduces 

psychological symptoms over time. These outcomes were also examined among endoscopic 

bariatric procedures as a secondary aim. Forty-eight studies met inclusion criteria. Findings 

suggested that most patients experience a short-term reduction in anxiety and depression 

symptoms from pre-surgery. However, over time, these symptoms increase and may even 

return to pre-surgery levels. Furthermore, while binge eating was uncommon after surgery, 

other disordered eating patterns may emerge. Binge eating may also re-start over time as the 

stomach enlarges again. Overall, the complex psychological difficulties faced by individuals 

with obesity continue after surgery and may contribute to longer-term weight recidivism. 

More comprehensive and standardised psychological assessment procedures, including 

clinical interviews and longer-term follow up, may provide insight into the psychological 

mechanisms maintaining weight management issues, and may serve as a starting point for 

improving the long-term success of patients with obesity.  
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Psychological outcomes following surgical and endoscopic bariatric procedures: A 

systematic review 

 Obesity, commonly defined as an excessive accumulation of adipose tissue, is one of 

the largest preventable and treatable public health concerns.1 Obesity has significant 

economic, social, and health implications and affects individuals and families worldwide.1,2 

Obesity weight loss treatments have included lifestyle/behavioural interventions, 

pharmacological interventions, surgical interventions, and endoscopic bariatric procedures.2 

Generally, a multifactorial approach to treating obesity is most effective, which includes 

combining treatment approaches. Individually, lifestyle/behavioural interventions have been 

shown to produce short-term reductions in weight,3,4 while newer pharmacological 

approaches have received increasing support for their efficacy.5 More recently, endoscopic 

bariatric procedures have also shown promising metabolic outcomes.6 Endoscopic bariatric 

procedures emerged as a viable non-surgical alternative to bariatric surgery.6 Although in its 

infancy, endoscopic procedures appear to be more economical and have less adverse side 

effects, health risks, and mortality compared to bariatric surgery.6 These procedures can be 

categorised into restrictive-type, malabsorptive, endoscopic gastroplasty techniques, and 

evolving endoscopic techniques.6 However, bariatric surgery (metabolic surgery) is the only 

treatment demonstrating long-term effectiveness in achieving significant weight loss and 

medical benefits (e.g., remission of type-2 diabetes, metabolic syndrome, hypertension, sleep 

apnoea).7-10 Bariatric surgery restricts the intake of food or the body’s ability to absorb food, 

or both.8 While several types of bariatric surgery have been utilised since its inception, the 

most commonly used today is gastric bypass and sleeve gastrectomy (i.e., gastric sleeve).8 

Surgery is typically performed laparoscopically, while open procedures are rarely used in 

modern practice.  
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Obesity is associated with several health complications such as type-2 diabetes, 

hypertension, cardiovascular disease, cancer, and musculoskeletal disorders.1,2 These health 

complications impinge on one’s quality of life and may affect important areas of functioning. 

Along with numerous metabolic complications, individuals with obesity experience 

significant psychological difficulties. The most prevalent psychological difficulty 

experienced by individuals with obesity is depression.11,12,13 Research has shown that 

individuals with obesity have a 55% greater chance of developing depression and individuals 

with depression have a 58% greater chance of developing obesity.14 Furthermore, 45% of 

bariatric surgery candidates present with a depressive disorder,15 while 56% have experienced 

a depressive disorder throughout their life.16 Higher lifetime prevalence rates have been 

reported among women presenting for surgery, with up to 60% experiencing a depressive 

disorder across the lifetime.17 Research also indicates that bariatric surgery patients are at a 

significantly greater risk of attempting and dying by suicide following surgery, and are four 

times more likely to die by suicide than the general community.18-21 Therefore, given the 

association between depression and obesity, and the increased risk of suicide, there is an 

urgent need to further understand the role of depression in weight loss management. 

Furthermore, individuals with obesity have a significantly greater risk of developing 

an anxiety disorder compared to normal-weight counterparts.22 The prevalence of anxiety 

disorders among bariatric surgery candidates ranges from 15 to 25%, with some studies 

reporting that up to 87% of individuals present with moderate to severe anxiety symptoms.23-

27 Although the link between anxiety and obesity is unclear, severe anxiety has been 

associated with increased intake of high-fat food, which is implicated in weight gain and 

obesity.28 Anxiety has been linked to activation of the hypothalamic-pituitary-adrenal axis, 

which is the body’s stress response.29 Prolonged dysregulation of the hypothalamic-pituitary-

adrenal axis, and in turn chronic stress, contributes to increased appetite and cravings for 
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highly-fat and sugar dense foods, factors which have been found to contribute to weight gain 

and obesity.30-32 Similarly, emotional eating, which is a coping response to negative emotions 

and stress, has been related to weight gain.33 Therefore, in response to anxiety and stress, 

individuals may self-regulate through unhelpful eating patterns and behaviour, which 

inadvertently contribute to weight gain.  

An unhelpful eating behaviour common among individuals with obesity is binge 

eating. Binge eating refers to (1) eating a quantity of food that is relatively larger than what 

most people would consume under similar conditions, and (2) a feeling of being unable to 

stop or control what or how much is being eaten during that period.34 In addition, binge 

eating disorder (BED) is characterised by recurrent episodes of binge eating over a three-

month period along with associated symptoms (e.g., feeling disgusted with oneself, 

depressed, or very guilt afterward) and marked distress.34 Binge eating is highly prevalent 

among bariatric surgery candidates and has been shown to range from 6 to 35%, with some 

studies reporting prevalence rates as high as 50%.27,35-40 Binge eating symptoms have been 

associated with weight regain, reduced weight loss, higher body mass index (BMI), poorer 

mental health, and persistent eating difficulties following bariatric surgery.36,41-44 The impact 

of binge eating on psychological and medical difficulties pre-and post-surgery is noteworthy 

and highlights the need for further investigating this behaviour among bariatric surgery 

patients.  

While the medical benefits of bariatric surgery have been well established,7-10 the 

psychological outcomes following surgery are less studied and less understood. Furthermore, 

the extent to which bariatric surgery alleviates psychological difficulties in individuals with 

obesity remains unanswered. This is an important clinical question for the field of obesity 

given the high co-occurrence of psychological difficulties and the impact of psychological 

factors on weight loss, weight regain, and weight maintenance.14,22,41  
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Previous research has shown mixed psychological outcomes following bariatric 

surgery. Although most patients show reduced psychological symptoms, a significant portion 

experience persisting psychological concerns, and in some cases worsening mental health.45-

50 Methodological limitations such as a lack of structured clinical interviews or short follow 

up periods may account for some of this variance. Past research has highlighted the need for 

systematically examining psychological outcomes through longer-term follow up studies to 

investigate the sustained effects of obesity treatment once short-term benefits have begun to 

wane.46,47,49,50 Furthermore, as a systematic review in this area has not been conducted for 

over 16 years, the current systematic review provides an important update for the field of 

obesity. 

The present review examined research over the past 16 years, and to our knowledge, 

is the first review to systematically examine depression, anxiety, and binge eating symptoms 

based on follow up period in bariatric surgery and endoscopic bariatric procedure patients. 

This review extends previous research by investigating longer-term follow up periods and 

including all post-treatment time points. The primary aim of this study was to systematically 

review depression, anxiety, and binge eating outcomes at different time points (i.e., 6, 12, 24, 

36, 48, and 60 months) following bariatric surgery, and to identify whether bariatric surgery 

significantly reduces psychological symptoms over time. These outcomes were also 

examined among endoscopic bariatric procedures as a secondary aim of the study. 

Method 

Protocol and registration 

The current systematic review was completed according to the preferred reporting 

items for systematic reviews (PRISMA) guidelines51 and was registered with the PROSPERO 

international prospective register of systematic reviews (CRD42018092816; available from; 

http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018092816).   
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Eligibility criteria 

  Population. Eligible studies contained participants 18 years or older who underwent 

surgical or endoscopic bariatric procedures for weight loss.  

Intervention. Eligible studies contained medically acceptable surgical or endoscopic 

bariatric procedures. While some procedures are not routinely performed any longer in 

developed countries, they may be utilised in other parts of the world for research or clinical 

purposes, and were therefore included to highlight the variability in practice and to examine 

whether any of these procedures had an opposite effect on outcomes. Studies that combined 

procedures were included, while studies that contained participants with re-operations were 

excluded. 

Outcome. Depression, anxiety, and binge eating were the primary psychological 

variables investigated in this review. These variables were chosen because they are the most 

prevalent psychological difficulties among bariatric surgery candidates.35,45 Outcomes of 

interest were changes in depression, anxiety, and binge eating symptoms (means, standard 

deviations) or clinical diagnosis (percentages or number) following surgical or endoscopic 

bariatric procedures. Eating behaviour other than binge eating was excluded from this review.  

Eligible studies contained both pre-and post-treatment data and a minimum 1 month 

follow up period. Studies were not excluded for short follow up period to capture all post-

treatment functioning. Eligible studies contained standardised measures, clinical interviews, 

and/or structured diagnostic interviews of psychological functioning, including the Beck 

Depression Inventory (BDI),52 Beck Depression Inventory-II (BDI-II),53 Patient Health 

Questionnaire (PHQ),54 Hospital Anxiety Depression Scale (HADS),55 Beck Anxiety 

Inventory (BAI),56 State-Trait Anxiety Inventory (STAI),57 Binge Eating Scale (BES),58 

Binge Scale Questionnaire (BSQ),59 Eating Disorder Examination Questionnaire (EDE-Q),60 

Questionnaire on Eating and Weight Patterns (QEWP),61 Structured Clinical Interview for 
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Diagnostic and Statistical Manual of Mental Disorders-fourth edition (SCID),62 Eating 

Disorder Examination (EDE),63 and Mini International Neuropsychiatric Interview (MINI).64 

The BDI/II, HADS, and BES were included as they are validated measures of psychological 

symptoms in bariatric surgery candidates and individuals with obesity.65-67 The EDE, SCID, 

and MINI were included as they are “gold standard” clinical diagnostic measures, while the 

PHQ-9, STAI, BSQ, and QEWP were included due to their commonality. Variations of 

eligible assessment measures such as cross-culturally validated, or internationally translated 

versions were also included. Studies not explicitly reporting on diagnosis or symptoms were 

not included in the review. All other measures were excluded from analyses. 

Comparison. Eligible studies included any form of active (e.g., conventional 

treatment, behavioural/lifestyle intervention, alternative intervention), or inactive control 

(e.g., participants awaiting weight loss intervention). Studies without a comparison group 

such as case series designs were also included.  

Study design. Observational designs such as cross-sectional studies, prospective 

longitudinal studies, and case-control studies were eligible. Experimental, quasi-

experimental, and non-randomised designs were also included. Meta-analyses, study 

protocols, case studies, and other reviews were excluded. Studies with small sample sizes (n 

<20) were also excluded. Furthermore, this review focused on international and domestic 

studies published from 2002 onwards, in English peer-reviewed journals. Studies published 

prior to 2002 were excluded from this review because Bocchieri et al.46 and Herpetz et al.47 

comprehensively reviewed the literature from 1974 to 2000 and 1980 to 2002, respectively. 

Information sources and search strategy 

A systematic search of the electronic databases PsycINFO, PubMed, EMBASE 

(Ovid), Web of Science, and Scopus was performed. This search covered studies published 

from January 1st, 2002 to August 22nd, 2018, which was the date these databases were last 
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searched. Other than the dates of coverage, no other search limits were imposed. The 

electronic search strategy focused on a title, abstract, and keyword search in each database 

(see Table 1 for search terms) and contained three topics: (1) type of bariatric surgery; (2) 

type of endoscopic bariatric procedure; and (3) psychological construct (depression, anxiety, 

binge eating). Database searches were complemented by hand-searching the reference lists of 

included studies, where additional studies were sourced.  

 

Table 1 Search terms 

 

Study selection  

Three authors (DS, ES, JR) independently completed the study selection process. 

Initially, the studies identified through database searching and additional sources were 

screened for duplicates, which were subsequently removed. The title and abstracts of the 

remaining studies were screened, and non-relevant studies were excluded. The full text of the 

remaining studies was assessed for eligibility. Disagreements regarding study eligibility were 

resolved through structured discussion among all three authors. The final studies included in 

the review (n = 48) were agreed upon by all the authors.  

Risk of bias assessment 

For each included study, two authors (DS, JR) independently completed the quality 

assessment tool for observational cohort and cross-sectional studies (see Supplementary 

Material 1).68 This 14-item tool is designed to measure the risk of selection bias, information 

bias, measurement bias, or confounding variables within each study. Each author evaluated 

studies according to these criteria and provided an overall rating for each study. 

Disagreements regarding study quality were resolved through consensus between authors 

with the potential of further assistance from the third author (ES), if necessary.  
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Data extraction 

For each study that met inclusion criteria, one author (DS) extracted important 

information into tables, which were developed specifically for this review (see 

Supplementary Material 2). The extracted information included sample characteristics (i.e., 

sample size, mean age of sample, gender distribution, follow up period, dropout rate), study 

design, inclusion/exclusion criteria, type of surgery, outcome measure, and outcomes. A 

second author (ES) reviewed data extraction tables for completeness and accuracy.  

Data synthesis & analysis 

A qualitative synthesis of the outcomes of depression, anxiety, and binge eating 

following surgical and endoscopic bariatric procedures were presented in this systematic 

review. Due to insufficient studies at each follow up period, a meta-analysis was not feasible. 

Demographic and study characteristics of the included studies were synthesised and 

presented in tables. Depression (Table 2), anxiety (Table 3), and binge eating (Table 4) 

outcomes were analysed and presented individually. Psychological symptoms (means, 

standard deviations) and clinical diagnoses (percentages or number) were reported as having 

significantly (p = < 0.05) reduced, increased, or not significantly changed (p = > 0.05) and 

having stayed the same over time (i.e., symptoms persisting). To assist with the interpretation 

and analysis of results, each psychological construct was organised according to follow up 

period and presented in figures (see Figure 1 for depression, Figure 2 for anxiety, and Figure 

3 for binge eating). Some studies measured outcomes over a period (e.g., 6 to 12 months) and 

were therefore categorised according to their final follow up. Studies that did not naturally fit 

into a category were rounded to the nearest category (e.g., 38 months follow up rounded to 

36-month category) or next appropriate category. Studies with follow up data at 60 months or 

more were grouped together. Some studies reported a significant reduction in symptoms 

across one time point (e.g., pre-surgery to 6 months post-surgery) but a significant increase in 
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symptoms across another (e.g., 6 months post-surgery to 12 months post-surgery), while 

other studies reported a significant reduction on one measure or intervention, but not another. 

These studies were reported multiple times within a category to reflect all outcomes.  

 

Table 2 Characteristics of depression studies by follow up period 

 

Table 3 Characteristics of anxiety studies by follow up period 

 

Table 4 Characteristics of binge eating studies by follow up period 

 

Figure 1 Depression  

 

Figure 2 Anxiety 

 

Figure 3 Binge eating 

 

Results 

Study selection 

A flowchart of the study selection process is presented in Figure 4. A total of 1501 

title and abstracts and 114 full text articles were reviewed. Of these, 1387 studies were 

excluded based on title and abstract and a further 66 studies were excluded following full text 

examination. As a result, a total of 48 studies were included in this systematic review. 

  

Figure 4 PRISMA flowchart of the study selection process. 
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Study characteristics 

 The 48 studies that met inclusion criteria were mostly observational cohort studies. 

Thirty-nine studies reported on depression, 23 reported on anxiety, and 19 reported on binge 

eating. Some studies reported on all three outcomes. Only two studies reported on endoscopic 

bariatric procedures, highlighting an urgent area of research and an important aim of this 

review.69,70 Therefore, results were discussed with reference to bariatric surgery and were not 

reflective of endoscopic bariatric procedures. On average, samples were primarily composed 

of females (80%) and the mean age prior to surgery was 41.7 years. Most studies adhered to 

recommended BMI criteria.2 Sample sizes ranged from 20 to 2146 participants and the 

average dropout rate post-surgery was 30%. The median follow up time after surgery was 12 

months and the range was one to 120 months. Fifteen different types of bariatric surgery 

methods were utilised, the most common being gastric bypass surgery (40%) followed by 

laparoscopic adjustable gastric banding (28%) and sleeve gastrectomy (15%). Thirty-eight 

studies utilised questionnaires to assess psychological outcomes, 10 studies used structured 

diagnostic interviews or clinical interviews, and one study used a combination of both 

questionnaires and interviews. Depression and binge eating outcomes were assessed through 

seven different assessment measures, while anxiety outcomes were assessed through five 

different assessment measures (see Table 5 for measures).  

 

Table 5 Assessment measures 

 

Risk of bias assessment 

 According to the quality assessment tool for observational cohort and cross-sectional 

studies,68 there were 30 studies rated as “good”, 18 studies rated as “fair”, and zero studies 

rated as “poor”. Agreement between authors (DS, JR) was determined to be good (81%). As 
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expected, the risk of bias within and across studies was low, which was likely due to the pre-

selected inclusion and exclusion criteria. The most common cause of bias was self-report 

measures, high dropout rates, and inadequate follow up regarding both the frequency and the 

length.  

Depression outcomes 

1-6 months. There were 13 studies that measured depression outcomes at or prior to 

six months post-treatment. One study71 found a reduction in symptoms at one-month follow 

up; however, this was not found in another study at two months follow up,72 despite both 

studies using Roux-en-Y gastric bypass (RYGB). Ten studies reported on depression 

symptoms or changes in clinical diagnosis at six months post-surgery, and two after 

endoscopic bariatric procedures. Eleven out of these 12 studies reported a reduction in 

depression symptoms from pre-treatment.11,39,69,70,72-78 One study compared laparoscopic 

sleeve gastrectomy (LSG) with laparoscopic greater curvature plication (LGCP) and found a 

reduction only with LSG.77 One study found that pre-surgery depression symptoms stayed the 

same at six month follow up.26 This was the only study to use a clinical diagnosis and 

structured clinical assessment (a more reliable assessment of depression) instead of 

questionnaires. Furthermore, the only two studies on endoscopic bariatric procedures found a 

significant reduction in depression symptoms at three70 and six months follow up.69,70  

 Seven studies conducted RYGB 11,71,72,73,78 or gastric bypass (GBY),26,75 four used 

LSG39,76,77 or sleeve gastrectomy (SG),11 and two used laparoscopic adjustable gastric 

banding (LAGB).11,72 Other studies used LGCP,77 duodenal switch (DS),74 biliopancreatic 

diversion with duodenal switch (BDP/DS),11 or intragastric balloon.69,70 Apart from the 

documented differences above, there were no other differences in depression outcomes. 

12 months. There were 19 studies that collected their follow-up data at around 12 

months post-surgery. Seventeen out of these 19 studies reported a reduction in depression 
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symptoms from pre surgery,11,12,23-25,37,74,75,77,79-86 but two studies found that depression 

symptoms remained the same from six month follow up.71,72 One of these studies collected 

their data between six to 10 months post-surgery and found that pre-surgery depression 

symptoms reduced from 78% to 44%.23 Two of these studies used clinical assessments and 

found an overall reduction of people with depression,24,86 whereas one did not.25 However, 

the study that did not find a reduction using a clinical assessment, did find a reduction in 

symptoms on a questionnaire.25  

Twelve studies conducted RYGB11,25,71,72,83,85 or GYB24,75,79,80,82,86 and seven used 

LAGB.11,12,37,72,84-86 Other studies used LSG or SG, LGCP, BPD, DS, vertical gastroplasty 

(VG), and gastric banding (GB). These procedures were not very commonly used, and they 

reflected similar findings; except for LGCP,77 which did not find a reduction in depression 

symptoms. Several studies used more than one procedure,11,24,72,77,81,83,85,86 but only one 

examined the differences between procedures.85 There were no other differences in 

depression outcomes. 

24 months. There were nine studies that collected their follow up data at around 24 

months post-surgery. Eight out of these nine studies reported a reduction in depression 

symptoms from pre surgery,11,12,35,81,82,86-88 but one study found that pre-surgery depression 

symptoms remained the same at 24 month follow up.27 Two of these studies used clinical 

assessments and found an overall reduction of people with depression,35,86 whereas one did 

not.27 

Six studies conducted RYGB11,27,87,88 or GBY82,86 and six used LAGB.11,12,27,35,86,87 

Other studies used SG, BPD/DS, VG, and GB, but these were not very commonly used, and 

they found similar outcomes to other surgery options. There were no other differences in 

depression outcomes. 
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36 months. There were seven studies that collected their follow up data at around 36 

months post-surgery. Six out of these seven studies reported a reduction in depression 

symptoms from pre surgery,11,12,24,86,89,90 but one study found that pre-surgery depression 

symptoms remained the same at 36 month follow up.27 One of these studies used a clinical 

assessment and found an overall reduction of people with depression,86 whereas another did 

not.27 One study found a significant increase in depression symptoms from 12 to 36 months 

post-surgery, despite showing a reduction from pre-surgery.11 Furthermore, one study found 

that those who undertook surgery (GB group) had a greater reduction in depression 

symptoms compared to those who received non-surgical intervention.89 

Five studies conducted RYGB11,27,90 or GBY,24,86 five used LAGB,11,12,27,86,90 two 

used SG,11,86 and two used GB.24,89 One study used multiple procedures (e.g., RYBG, LAGB, 

SG, GBY BDP/DS) and was the only study to find a significant increase in depression 

symptoms.11 There were no other differences in depression outcomes. 

48 months. There were six studies that collected their follow up data at around 48 

months post-surgery. Five out of these six studies reported a reduction in depression 

symptoms from pre-surgery,12,40,88,91,92 but one study found that depression symptoms 

returned to pre-surgery levels, after having reduced at earlier time-points.86 One study used a 

clinical diagnosis and structured clinical assessment instead of questionnaires, and this was 

the only study to find depression symptoms return to pre-surgery levels.86 One study found 

that those who undertook surgery (GB group) had a greater reduction in depression 

symptoms compared to those who received non-surgical intervention.91 Furthermore, one 

study measured outcomes from 24 to 59 months post-surgery and found a reduction in 

depression symptoms from pre-surgery.88 



PSYCHOLOGICAL OUTCOMES AFTER BARIATRIC PROCEDURES                          16 

Two studies conducted LAGB,12,86 two used GB,91,92 two used RYGB88 or GBY,86 

two used LSG48 or SG,86 and one study used VG.92 There were no other differences in 

depression outcomes. 

≥ 60 months. There were seven studies that collected their follow up data at or after 

60 months post-surgery. Five out of these seven studies reported a reduction in depression 

symptoms from pre-surgery.13,66,88,91,93 However, one study found that depression symptoms 

returned to pre-surgery levels, after having reduced at earlier time-points,86 while another 

study found that pre-surgery depression symptoms remained the same at 60 month follow 

up.36 These two studies were the only ones to use a clinical diagnosis and structured clinical 

assessment instead of questionnaires.36,86 One study found a reduction in depression 

symptoms from pre-surgery, but a significant increase in depression symptoms from 12 to 60 

months post-surgery.88 One study found that those who undertook surgery (GB group) had a 

greater reduction in depression symptoms at 60 and 72 months follow up compared to those 

who received non-surgical intervention.91 Similarly, one study found that those in the surgical 

group (GB) had a greater reduction in depression symptoms at 67 and 86 month follow up 

compared to those in the non-surgical group.13 Only one study measured depression 

symptoms at 120 months follow up and found a reduction from pre-surgery.66 Some studies 

measured multiple time-points beyond 60 months post-surgery, but they reflected similar 

outcomes to their findings at 60 months.13,86,91 

Three studies conducted RYGB88 or GBY,66,86 three used GB,13,66,91 two used 

LAGB,36,86 one used BPD/DS,93 and one study used vertical banded gastroplasty (VBG).66 

There were no other differences in depression outcomes. 

Overall depression outcomes. Overall, these findings suggest that pre-surgery 

depression diagnosis or depression symptoms reduce for most individuals at six, 12, and 24 

months after bariatric surgery. However, at 36, 48, and 60 months follow up, depression 
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symptoms increase after having reduced at earlier time-points and may even return to pre-

surgery levels. This is more consistently found when depression is assessed by a 

psychologist, rather than by self-report.  

Anxiety outcomes 

1-6 months. There were six studies that measured anxiety outcomes at or prior to six 

months post-treatment. Five out of these six studies reported a reduction in anxiety symptoms 

from pre-surgery,39,69,74,76,77 but one study found that pre-surgery generalised anxiety disorder 

stayed the same at six months follow up.26 This was the only study to use a clinical diagnosis 

and structured clinical assessment instead of questionnaires.26 One study compared LSG with 

LGCP and found a reduction only with LSG at three and six months follow up.77 

Furthermore, the only study on endoscopic bariatric procedures found a significant reduction 

in anxiety symptoms at six months follow up.69 

Three studies conducted LSG,39,76,77 one used LGCP,77 one used GBY,26 one used 

IB,69 and one study used DS.74 Other than LGCP, all procedures reflected similar findings. 

There were no other differences in anxiety outcomes. 

12 months. There were nine studies that collected their follow up data at around 12 

months post-surgery. Seven out of these nine studies reported a reduction in anxiety 

symptoms from pre-surgery,23,25,74,77,81,82,85 but two studies found that pre-surgery anxiety 

symptoms stayed the same at 12 month follow up.24,83 One study collected their data between 

six to 10 months post-surgery and found that pre-surgery anxiety symptoms reduced from 

87% to 57%.23 One study used a clinical assessment and found an overall reduction of people 

with an anxiety disorder,25 whereas another did not.24 However, the study that found a 

reduction using a clinical assessment, did not find a reduction in symptoms on an anxiety 

questionnaire.25 



PSYCHOLOGICAL OUTCOMES AFTER BARIATRIC PROCEDURES                          18 

Five studies conducted RYGB25,83,85 or GBY,24,82 two used GB,24,81 two used 

BPD,83,85 and two used LSG77 or SG.83 Other studies used  LAGB,85 DS,74 VG,81 and LGCP.77 

These procedures were not very commonly used, and they reflected similar findings; except 

for LGCP,77 which did not find a reduction in anxiety symptoms. Several studies used more 

than one procedure,24,77,81 83,85 but only one examined the differences between procedures.85 

There were no other differences in anxiety outcomes. 

  24 months. There were five studies that collected their follow up data at around 24 

months post-surgery. Three out of these five studies reported a reduction in anxiety 

symptoms from pre-surgery.35,82,88 However, one study found that anxiety symptoms returned 

to pre-surgery levels, after having reduced at an earlier time-point,81 while another study 

found that pre-surgery anxiety symptoms remained the same at 24 months follow up.27 

Furthermore, one of these studies used a clinical assessment and found an overall reduction of 

people with an anxiety disorder,35 whereas another did not.27 

Three studies conducted RYGB27,88 or GBY,82 two used LAGB,27,35 and one study 

used a combination of VG and GB.81 There were no other differences in anxiety outcomes.  

36 months. There were four studies that collected their follow up data at around 36 

months post-surgery. Two out of these four studies reported a reduction in anxiety symptoms 

from pre-surgery,27,89 but two studies found that pre-surgery anxiety symptoms stayed the 

same at 36 months follow up.24,90 One of these studies used a clinical assessment and found 

an overall reduction of people with an anxiety disorder,27 whereas another did not.24 One 

study found that those who undertook surgery (GB group) had a greater reduction in anxiety 

symptoms compared to those who received non-surgical intervention.89 

Three studies conducted RYGB27,90 or GBY,24 two used LAGB,27,90 and two used 

GB.24,89 There were no other differences in anxiety outcomes. 
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48 months. There were four studies that collected their follow up data at around 48 

months post-surgery. Two out of these four studies reported a reduction in anxiety symptoms 

from pre-surgery,88,89 but two studies found that pre-surgery anxiety symptoms stayed the 

same at 48 months follow up, or returned to pre-surgery levels, after having reduced at an 

earlier time-point.92,94 One of these studies compared a surgical (BPD) and non-surgical 

group and found that pre-surgery state and trait anxiety remained the same at 48 months 

follow up.94 One study found that those who undertook surgery (GB group) had a greater 

reduction in anxiety symptoms compared to those who received non-surgical intervention.89 

Furthermore, one study measured outcomes from 24 to 59 months post-surgery and found a 

reduction in anxiety symptoms from pre-surgery.88 

Two studies conducted GB,89,92 one used RYGB,88 one used BPD,94 and one study 

used VG.92 There were no other differences in anxiety outcomes. 

≥ 60 months. There were four studies that collected their follow up data at or after 60 

months post-surgery. Two out of these four studies reported a reduction in anxiety symptoms 

from pre-surgery.66,91 but two studies found that pre-surgery anxiety symptoms stayed the 

same at 60 months follow up, or returned to pre-surgery levels, after having reduced at an 

earlier time-point.88,93 One of these studies found a significant increase in anxiety symptoms 

from 23 to 60 months post-surgery and from 24-59 to 60 months post-surgery, despite having 

reduced from pre-surgery to 23 months.88 One study found that those who undertook surgery 

(GB group) had a greater reduction in depression symptoms at 60 and 72 months follow up 

compared to those who received non-surgical intervention.91 Only one study measured 

anxiety symptoms at 120 months follow up and found a reduction from pre-surgery.66 

Two studies conducted RYGB88 or GBY,66 two used GB,66,91 one used BPD/DS,93 

and one study used VBG.66 There were no other differences in anxiety outcomes. 
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Overall anxiety outcomes. Overall, 48% of studies (11 out of 23 studies) found that 

pre-surgery anxiety diagnosis or anxiety symptoms remained the same at follow up or 

increased after having reduced at earlier time-points. Furthermore, these findings suggest that 

at six, 12, and 24 months after bariatric surgery, anxiety symptoms reduce for most bariatric 

surgery patients. However, at 36, 48, and 60 months follow up, anxiety symptoms may 

increase after having reduced at earlier time-points and may even return to pre-surgery levels.  

Binge eating outcomes  

1-6 months. There were three studies that measured binge eating outcomes at six 

months post-surgery. Two out of these three studies reported a reduction in binge eating 

symptoms from pre-surgery.95,96 The third study used a clinical assessment and found that 

pre-surgery BED reduced from 35% to 0%, however this study did not indicate whether this 

was a statistically significant reduction.39  

One study conducted RYGB,95 one used LSG,39 and one used a combination of SG 

and GBY.96 There were no other differences in binge eating outcomes.  

12 months. There were seven studies that measured binge eating outcomes at 12 

months post-surgery. Five out of these seven studies reported a reduction in binge eating 

symptoms from pre-surgery,37,44,79,85,97 but two studies did not report whether changes were 

statistically significant.80,98 One study used a clinical assessment and found that pre-surgery 

BED reduced from 100% to 8%, however this study did not indicate whether this was a 

statistically significant reduction.98 Similarly, one study found that pre-surgery BED and 

weekly binge eating reduced from 10% and 24% to 0% and 0.7% respectively; however, this 

study did not indicate whether this was a statistically significant reduction.80 

Six studies conducted RYGB44,85,97,98 or GBY,79,80 three used LAGB,37,85,98 one used 

SG,97 and one study used BPD.85 Only one study examined the differences between 

procedures.85 There were no other differences in binge eating outcomes.  
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24 months. There were six studies that collected their follow up data at around 24 

months post-surgery. Three out of these six studies reported a reduction in binge eating 

symptoms from pre-surgery,43,88,97 but three studies did not report whether changes were 

statistically significant, despite all finding a decrease in BED from pre to post-surgery.27,35,99 

All three of these studies also used a clinical diagnosis and clinical assessment.27,35,99  

Furthermore, one study measured outcomes from eight to 24 months post-surgery and found 

a reduction in binge eating symptoms from pre-surgery.43 

Four studies conducted RYGB,27,88,97,99 four used LAGB,27,35,43,99 and one study used 

SG.97 There were no other differences in binge eating outcomes. 

36 months. There were four studies that collected their follow up data at around 36 

months post-surgery. Two out of these four studies reported a reduction in binge eating 

symptoms from pre-surgery,90,97 but two studies using clinical assessments did not report 

whether changes were statistically significant,27,38 One study measured outcomes from 18 to 

35 months post-surgery and found that pre-surgery BED reduced from 29% to 3%, however 

this study did not indicate whether this was a statistically significant reduction.38 Similarly, 

one study found that pre-surgery BED reduced from 6% to 3%, however this study did not 

indicate whether this was a statistically significant reduction.27 

Four studies conducted RYGB,27,38,90,97 two used LAGB,27,90 and one study used 

SG.97 There were no other differences in binge eating outcomes. 

48 months. There were two studies that collected their follow up data at around 48 

months post-surgery. One study measured outcomes from 24 to 59 months post-surgery and 

found a reduction in binge eating symptoms from pre-surgery.88 The other study used a 

clinical assessment and found that pre-surgery BED reduced from 13% to 2%, however this 

study did not indicate whether this was a statistically significant reduction.40 
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One study used RYGB,88 while the other used LSG.40 There were no other differences 

in binge eating outcomes. 

≥ 60 months. There were three studies that collected their follow up data at or after 

60 months post-surgery. One study measured outcomes from 25 to 68 months post-surgery 

and found a reduction in binge eating symptoms from pre-surgery.43 One study found that 

binge eating symptoms returned to pre-surgery levels, after having reduced at earlier time-

points, and that binge eating symptoms significantly increased from 23 to 60 months post-

surgery.88 The final study used a clinical assessment and found that pre-surgery BED stayed 

the same at 60 months follow up. 

Two studies used LAGB36,43 and one study used RYGB.88 There were no other 

differences in binge eating outcomes.  

Overall binge eating outcomes. Overall, these findings suggest that pre-surgery BED 

diagnosis or binge eating symptoms reduce for most individuals after bariatric surgery. 

However, at longer-timer follow up, binge eating may re-start again and may even return to 

pre-surgery levels. Furthermore, it is unclear whether more bariatric surgery patients 

experience ongoing binge eating concerns as several studies did not explicitly indicate 

whether changes in binge eating were statistically significant.  

Discussion 

The current systematic review investigated the psychological functioning of 

individuals with obesity following surgical and endoscopic bariatric procedures. To our 

knowledge, this is the most recent systematic review of this area, since Herpetz et al.47 in 

2003. Furthermore, this was the first review to systematically stratify depression, anxiety, and 

binge eating outcomes by follow up period in bariatric surgery and endoscopic bariatric 

procedure patients.  
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Depression 

Overall, the impact of bariatric surgery on depression varied across studies. The 

findings of this review suggest that pre-surgery depression diagnosis or depression symptoms 

reduce for most individuals at six, 12, and 24 months after bariatric surgery. However, from 

36 month follow up and onwards, depression symptoms increase after having reduced at 

earlier time-points and may even return to pre-surgery levels. 

These findings support the notion of a postoperative “psychological honeymoon 

period”, where significant weight loss due to surgery temporarily negates the impact of 

depression, only to re-emerge once the surgical benefits wane.24,90,100 One explanation for this 

effect is that weight re-gain often occurs several years after surgery, which is a factor 

associated with increasing depression symptoms.66 However, the direction of this relationship 

is still unclear. An alternative explanation is that with the significant reduction in weight, 

individuals increase physical activity and exercise and re-engage in pleasurable experiences, 

thereby improving their mood. In addition, the positive feelings and helpful thoughts 

associated with weight loss may motivate the patient to live in line with their values and 

further elevate their mood.101 However, once weight loss plateaus or weight re-gain occurs, 

the individual disengages with pleasurable and valued activities and underlying core beliefs 

resurface, re-eliciting depression. Similarly, significant weight loss may impact depression on 

a biological level. Research suggests that individuals with obesity and depression both show 

activation of the inflammatory response system as well as higher levels of proinflammatory 

cytokines (e.g., interleukin-6, tumor necrosis factor-α) compared to matched controls.102,103 

Weight loss induced by diet, physical exercise, and surgical interventions has been shown to 

decrease pro-inflammatory markers and increase anti-inflammatory markers in obesity,104,105 

factors which have been linked to a reduction in depression symptoms.106,107 Thus, surgically-

induced weight loss not only improves medical complications, but it also decreases 
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inflammation in the body, which may play a role in reducing depression symptoms for 

bariatric surgery patients. Furthermore, patient expectations of treatment may also contribute 

to depression symptomology. For example, some individuals may not achieve their goal 

weight, or if they do, it does not shift their negative self-perception as expected. Others may 

have had an experience incongruent with their expectations, such as unanticipated medical 

complications. Unmet or unrealistic expectations of weight loss, or an unshifted negative self-

perception following treatment may be related to increasing depression symptoms over time. 

Therefore, whether due to a biological vulnerability to depression, re-emerging core beliefs, 

or reverting to old ways of thinking and behaving, many individuals experience significant 

mood difficulties following surgery.  

Anxiety 

The impact of bariatric surgery on anxiety also varied across studies. In this review, 

48% of studies found that pre-surgery anxiety diagnosis or anxiety symptoms remained the 

same at follow up or increased after having initially reduced. This review also found that 

most bariatric surgery patients experience a short-term reduction in anxiety symptoms, but 

over time, anxiety symptoms increase and may even return to pre-surgery levels. One 

explanation for these findings is that unlike depression, treatment for anxiety involves 

exposing the patient to the anxiety-provoking stimuli, rather than re-engaging with 

pleasurable and valued activities.108 Therefore, anxiety disorders are less affected by bariatric 

surgery because underlying cognitive and behavioural factors that maintain anxiety, are not 

directly targeted. Alternatively, these findings may be a result of the unspecific assessment 

and reporting of anxiety outcomes in the literature. Studies that reported on changes in 

diagnoses commonly clustered anxiety disorders together (e.g., post-traumatic stress disorder, 

generalised anxiety disorder, social phobia) therefore not accounting for variations among 

disorders. Additionally, self-report questionnaires, which were the most common assessment 
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method used, may be ineffective in differentiating the physiological experience of anxiety 

from the physiological sensations of obesity, further confounding outcomes. However, 

regardless of whether results are due to inadequate assessment methods or the greater 

resistance of anxiety to bariatric surgery, half of patients experience persisting anxiety 

concerns following surgery. 

Binge eating  

In contrast, the impact of bariatric surgery on binge eating demonstrated a more 

consistent pattern. The findings of this review suggest that pre-surgery binge eating 

symptoms or clinical diagnosis reduce for most individuals after bariatric surgery but may re-

start again at longer-term follow up. This is unsurprising given that bariatric surgery 

anatomically restricts the capacity to objectively binge eat or overeat. As objective binge 

episodes are required to diagnose BED, most individuals will not meet diagnostic criteria 

post-surgery. However, it is unclear whether more bariatric surgery patients experience 

persisting binge eating difficulties as several studies did not explicitly indicate whether 

changes in binge eating were statistically significant. Nevertheless, many researchers argue 

that new disordered eating behaviours develop or exacerbate post-surgery such as grazing, 

loss of control eating, and vomiting.38,99,109,110 Grazing is the repetitive and unplanned 

consumption of smaller quantities of food across time, without the sense of loss of control.110 

Research suggests that grazing behaviour and loss of control eating, which may persist or 

worsen post-surgery, is associated with less weight loss, weight regain, and elevated 

psychological difficulties.37,38,40,42,99,110-112 In addition, vomiting is linked to several medical 

complications including gastroesophageal reflux disease, cardiac arrhythmias, and electrolyte 

abnormalities.113 Vomiting may also be the result of overeating or attempts to binge eat.47,109 

Therefore, while individuals may be physiologically unable to objectively binge eat, many 
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may develop postoperative disordered eating behaviour which may be equally harmful and 

require equal investigation.  

Effect of procedure-type on psychological outcomes 

This review also investigated the impact of procedure-type on psychological 

outcomes. The three most common procedures identified in this review (GBY, LAGB, SG) 

did not demonstrate significantly different psychological outcomes. While these results may 

have been biased by the small number of studies in each group, there is limited theoretical 

and empirical evidence to suggest that depression and anxiety varies according to procedure-

type.86 However, some studies have shown that post-surgery depression and anxiety 

symptoms differ based on the procedure used11,77 but it is unclear why these differences 

occurred. One explanation may be related to differences in weight loss outcomes between 

groups, however these outcomes were not reported. Another explanation is that some 

surgeries induce more anxiety or fear than others due to their irreversible nature; however, 

this requires further investigation. In addition, previous research has found differences in 

weight loss and disordered eating behaviour based on procedure-type. For example, gastric 

bypass has been shown to produce greater weight loss than LAGB, and restrictive surgery 

procedures have shown a differential impact on post-surgery eating behaviour compared to 

malabsorptive procedures or combined procedure-types.47,114 Nonetheless, it remains unclear 

whether any bariatric procedures lead to long-term improvement of disordered eating 

behaviours.115 Interestingly, LAGB was the second most common procedure identified in this 

review and accounted for 28% of all procedures. The high frequency of LAGB reported in 

the literature is concerning, given that surgeons have moved away from this procedure in 

modern practice. This finding suggests that some parts of the world may be following 

outdated bariatric surgery procedures, which may put their patients at psychological and 

medical risk. Furthermore, findings from this review suggest that the type of assessment 
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method and the length of follow is more likely to account for the variation in psychological 

outcomes than the procedure-type used.   

Limitations of the current research 

The findings of this review should be interpreted with consideration due to the 

methodological limitations of the articles reviewed. Firstly, as past reviews have pointed 

out,46,47 it is not viable for an obesity surgery study to meet the criteria of a level one 

evidence category due to the ethical implications of random allocation to surgery. Therefore, 

most of the reviewed studies corresponded to a lower evidence category than is typically 

expected in a systematic review. Secondly, over 80% of bariatric surgery patients were 

women. Research suggests that compared to men, women present more frequently to weight 

loss treatment, experience greater levels and intensity of psychopathology (e.g., depression 

and body image disturbances), and suffer considerably more due to socio-cultural 

idealisations of thinness.116 Thirdly, 30% of bariatric surgery patients did not attend post-

surgery follow up consultations. Individuals that do not attend review appointments may have 

regained weight, experienced greater difficulties losing weight, or may have underlying and 

persisting psychological difficulties. Similarly, individuals who perceive themselves to be 

managing inadequately (psychologically or medically) may avoid review appointments due to 

shame or fear of negative evaluation from health professionals. It is also noteworthy that the 

psychosocial evaluation of most patients before surgery was partly required as a prerequisite 

for surgery and health insurance claims. As binge eating disorder was previously considered a 

contraindication for surgery, many bariatric surgery candidates may have underreported their 

concerns due to fears of ineligibility for surgery.117 Therefore, due to the high dropout rates, 

disproportionate presentation of women, inability to randomly allocate patients to surgery, 

and potential underreporting, the results of this review should be interpreted carefully. 
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Furthermore, a significant limitation identified in this review is the over-reliance on 

self-report instruments to assess psychological functioning. Less than one-third of studies 

used structured diagnostic interviews or clinical interviews to assess psychological 

symptoms. However, more than half of the depression and anxiety studies that used clinical 

assessments found that pre-surgery symptoms remained the same at follow up. These 

findings question the reliability of different assessment methods. For example, self-report 

measures may be ineffective in differentiating the physiological sensations of obesity from 

anxiety symptoms or may overlook whether anxious cognitions are exclusive to the 

experience of obesity. They may also fail to identify new disordered eating behaviour that 

occurs in lieu of binge eating such as grazing, loss of control eating, and vomiting. Similarly, 

individuals completing self-report measures may find it difficult to report on their binge 

eating habits due to a lack of insight or understanding. Alternatively, while underutilised, 

clinical interviews provide insight into the individual’s experience of treatment, including 

perceived support, expectations, and challenges. They are also more reliable at identifying 

new disordered eating patterns that emerge post-surgery as well as providing context to 

results on self-report measures. For example, they may identify that individuals report highly 

on a social anxiety measure because they fear negative evaluation specifically about their 

weight, shape, or appearance. Overall, clinical interviews provide a more in-depth 

understanding of the complexities of the patient, which may be vital for improving treatment 

outcomes for bariatric surgery patients. 

Another significant limitation identified in this review is the lack of long-term follow 

up studies. Most studies examined psychological outcomes at 12 months, while fewer studies 

assessed outcomes beyond 24 months. This is important to consider when interpreting the 

results of this review because different trends emerge depending on the length of follow up. 

For example, in depression, a pattern of reduced symptoms was typically observed six to 24 
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months following surgery, while an increase in symptoms was observed from 36 months and 

beyond. Not examining outcomes at longer-term follow up may misinform researchers and 

clinicians and lead to varied conclusions. This may be one factor contributing to mixed 

results in psychological functioning. Finally, this review was limited in the ability to draw 

conclusions on endoscopic bariatric procedures, as only two studies examined this treatment 

option.  

Implications and recommendations for future research and clinical practice 

As past research has highlighted, there is a greater need to focus on the psychological 

well-being of patients undergoing bariatric surgery.118 This review contributes to elucidating 

the relationship between bariatric surgery and longer-term psychological functioning. 

However, given the limitations in the literature and current findings, there are several areas 

that should be explored to advance the field. Firstly, there is a need for more comprehensive 

and standardised psychological assessment procedures among bariatric surgery candidates. 

This includes the use of clinical assessments, which should be a mandatory component of 

clinical practice. Clinical assessments should focus on identifying existing psychological 

difficulties in patients as well as persisting or newly developed disordered eating behaviour. 

For example, assessing for loss of control eating after surgery rather than binge eating, as 

binge eating may be difficult to quantify after surgery due to the restricted amount of food 

that is tolerated. The use of thorough psychological assessment procedures will lead to more 

informed conclusions about patient psychological functioning compared to self-report 

measures, which do not adequately capture psychological functioning among bariatric 

surgery patients. Similarly, clinical practice should prioritise the treatment of both the 

medical and psychological complications associated with obesity. Not only will this ensure a 

holistic approach to treatment, but evidence suggests that psychological support is a vital 
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adjunct to obesity treatment and contributes to greater weight loss and more sustainable 

outcomes compared to bariatric surgery alone.119,120 

Secondly, the findings of this review highlight the necessity of examining psychological 

outcomes beyond 36 months to adequately allow for psychological and physical (i.e., 

hormone) adjustment following bariatric surgery. Adopting a minimum follow up period will 

enable researchers and clinicians to examine the sustained effects of surgery and more 

accurately comment on the long-term psychological outcomes of surgical intervention. 

Additionally, future research should examine more complex and enduring psychological 

factors such as schema style, emotional coping strategies, and history of traumatic 

experiences. Understanding these more pervasive and enduring psychological factors may 

contribute to identifying subgroups of patients who have a profile more likely to impede the 

long-term success of treatment. Future research should also continue to investigate the 

psychological and medical predictors of obesity treatment outcomes to identify those 

vulnerable to persisting difficulties. Future reviews should focus on identifying specific 

cognitive, behavioural, and personality factors unique to bariatric surgery candidates as well 

as the role of executive deficits and other psychological maintaining factors in obesity. 

Finally, with the recent emergence of endoscopic bariatric procedures for individuals with 

obesity, future research should investigate the short and long-term impact of these procedures 

on psychological functioning.  

Summary  

This review was the first to systematically examine depression, anxiety, and binge 

eating symptoms following surgical and endoscopic bariatric procedures, and to report 

outcomes based on follow up period. Findings from this review suggest that pre-surgery 

depression and anxiety symptoms reduce for most individuals in the short-term; however, 

over time, symptoms may increase and may even return to pre-surgery levels. Changes in 
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anxiety symptoms also appear to be more resistant to bariatric surgery than depression 

symptoms. These findings are consistent with the notion of a psychological honeymoon 

period following surgery. Evidence from this review suggests that the psychological 

honeymoon period may last up to 36 months for bariatric surgery patients. In contrast, BED 

was rarely identified following surgery, potentially due to the anatomical restrictions of 

bariatric surgery procedures. However, other disordered eating patterns are found to emerge, 

and binge eating may re-start over time as the stomach enlarges again. Thus, BED findings 

may be oversimplified and may mislead researchers and clinicians. 

Conclusion 

Overall, findings from this review provide evidence that bariatric surgery does not 

sufficiently reduce psychological symptoms over time and that a significant number of 

individuals experience elevated psychological difficulties. Therefore, it is imperative that we 

begin to pay attention to the psychological mechanisms that may jeopardise successful long-

term weight management following bariatric surgery. More comprehensive and standardised 

psychological assessment procedures including clinical interviews and at minimum, 36 

months follow up, may provide significant insight into the underlying mechanisms that 

contribute to longer-term weight recidivism. This will serve as a starting point for 

psychological interventions to begin addressing the psychological mechanisms maintaining 

long-term weight management issues in patients with obesity. 
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Table 1 Search terms 

Bariatric surgery  Endoscopic bariatric 

procedure 

Psychological construct 

"adjustable gastric banding" 

OR 

"non-surgical intervention" 

OR 

“psychological consequences" 

OR 

"morbid obesity" OR "non-surgical procedure" OR "psychological functioning" OR 

"bariatric surgery" OR "endoluminal" OR "psychological outcomes" OR 

"surgical intervention" OR "laparoscopic" OR "psychopathology" OR 

"biliopancreatic diversion" OR "gastric balloon" OR "mental health" OR 

"gastric banding" OR "intragastric balloon" OR "depression" OR 

"duodenal switch" OR "endoscopic bariatric" OR "anxiety" OR 

"gastric sleeve" OR "endoscopic gastroplasty" "binge eating" OR 

"gastrectomy" OR  "binge eating disorder" 

"sleeve gastrectomy" OR   

"gastroplasty" OR   

"sleeve gastroplasty" OR   

"gastric bypass"   

Note. Search method included bariatric surgery terms OR endoscopic bariatric procedure terms AND 

psychological construct terms. 
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Table 2 Characteristics of depression studies by follow up period 

 

Study 

Sample 

size  

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in depression symptoms  

(reduced, increased, same) 

Dymek et al.71 80ᵈ 

60ᵉ 

93ᵉ 

83ᵉ 

90%ᵈ 

76%ᵉ 

73%ᵉ 

81%ᵉ 

38.7ᵈ 

39.2ᵉ 

40.8ᵉ 

40.9ᵉ 

NA RYGB BDI 1 

6 

12 

Pre. vs 1 month: reduced** 

1 vs 6 months: reduced** 

6 vs 12 months: same  

Faulconbridge et 

al.72 

36 

49ᵈ 

72% 

80%ᵈ 

47.0 

43.8ᵈ 

NA 

NA 

43%, 

41%ᵈ 

RYGB, LAGB BDI-II 2 

6 

12 

 2 months: same as baseline 

 6 months: reduced* 

12 months: same as 6 months 

(surgical vs lifestyle groupᵈ) 

Deliopoulou et 

al.70  

100 100% 35.7 NA 

NA 

IB BDI-II 3 

6 

Reduced** 

Reduced** 

Buzgova et al.77 68 66% 44.2 0%  

0% 

0% 

LSG, LGCP HADS 3 

6 

12 

LSG: 3**, 6**, 12* months, all reduced 

LGCP: 3, 6, 12 months, same as baseline 

Efferdinger et 

al.78  

45 76% 44.1 32% RYGB, SG BDI-II 6 Reduced** 

Erden et al.76 31 100% 41.4 24% LSG BDI 6 Reduced** 

Erden et al.39 51 65% 36.5 11% LSG BDI 6 Reduced** 

Green et al.73  65 74% 39.3 8% RYGB BDI 6 Reduced** 
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Table 2 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery  

type 

Outcome 

measure 

Follow up 

(months) 

Change in depression symptoms  

(reduced, increased, same) 

Guedes et al.69 50 NA 34.6 22% IB BDI, HADS 6 BDI: Reduced* 

HADS: Reduced* 

Matini et al.26 67 94% 36.8 5% GBY SCID 6 Pre. MDD: 24%   

Post. MDD: 15%, same as baseline 

Tae et al.23   32 100% 41.0 28% NA BDI 6-10 Severe/moderate (pre): 78%  

Severe/moderate (post) 44%, reduced* 

Andersen et al.74 50 56% 37.9 6% 

12% 

DS HADS 6  

12 

6 months: reduced** 

12 months: reduced** 

de Zwaan et al.24  107 70% 37.5 21% 

21% 

GB, GBY SCID 6-12  

24-36  

6-12 months: reduced* 

24-36 months: reduced** 

Ivezaj et al.75 107 87% 42.7 NA GBY BDI 6 

12 

6 months: reduced** 

12 months: reduced** 

Mitchell et al.11  2146 79% 46.0 16% 

20% 

32% 

34% 

RYBG, 

LAGB, SG, 

GBY BDP/DS  

BDI 6  

12 

24 

36 

6 months: reduced** 

12 months: reduced**  

24 months: reduced**  

36 months: reduced** 

12 months to 36 months: increased** 

Assimakopoulos 

et al.83  

59 100% 36.0ᵇ 2% BPD-LL, 

RYGB-LL/SG 

HADS 12 Reduced** 

Colles et al.37  129 80% 45.2 25% LAGB BDI 12 Reduced** 
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Table 2 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

 type 

Outcome 

measure 

Follow up 

(months) 

Change in depression symptoms  

(reduced, increased, same) 

Castellini et al.85 83 90% 45.3 8% LAGB, 

RYGB, BPD 

BDI  12 LAGB group: reduced* 

RYBG group: reduced* 

BPD group: reduced* 

Hayden et al.84 191 

67 

84% 

88% 

41.8 

40.0 

NA LAGB BDI scale  

(I, II, III) 

12 Background group: I, II, III, reduced** 

Elevated BDI group: I, II, III, reduced** 

Lier et al.25 127 74% 41.3 31% LRYGB MINI, SCID, 

BDI-II 

12 MDD diagnosis: same as baseline 

BDI symptoms: reduced** 

Malone et al.79 109 84% 45.0 49% GBY BDI 12 Non-BE group: reduced* 

Moderate BE group: reduced* 

Severe BE group: reduced* 

White et al.80 139 89% 42.4 2% GBY BDI 12 Reduced** 

Thonney et al.82 43 100% 39.2 NA GBY BDI-II, 

HADS 

12 

24 

12 months: BDI-II: reduced* 

24 months: BDI-II: reduced* 

12 months: HADS: reduced* 

24 months: HADS: reduced* 

Dixon et al.12  

 

487 85% 41.2 23% 

48% 

69% 

72% 

LAGB BDI 12 

24 

36 

48 

Reduced* 

Reduced* 

Reduced* 

Reduced* 
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Table 2 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery  

type 

Outcome 

measure 

Follow up 

(months) 

Change in depression symptoms  

(reduced, increased, same) 

Booth et al.86  3045, 

3045ᵈ 

79% 

83%ᵈ 

45.9 

44.3ᵈ 

0, 18, 37, 

54, 69, 81, 

88 (%) 

LAGB, GBY, 

SG 

Clinical 

diagnosis 

12, 24, 36, 

48, 60, 72, 

84 

12**, 24**, 36* months: all reduced* 

48, 60, 72, 84 months: same as baseline 

Burgmer et al.81,92 148 68% 38.8 20% 

31% 

32% 

VG, GB  HADS 14ª  

25ª  

50ª 

14 months: reduced** 

25 months: reduced** 

50 months: reduced** 

Ribeiro et al.88  281 83% 40.7 NA RYGB BDI 

 

23 

24-59 

60 

23 months: reduced** 

24-59 months: reduced** 

60 months: reduced* 

23 months to 60 months: increased* 

Hayden et al.35 204 82% 45.2 26% LAGB SCID 24  Pre. MDD diagnosis: 18% 

Post. MDD diagnosis: 6%, reduced* 

Kalarchian et al.27  165 81% 46.0ᵇ 

 

22% 

35% 

RYGB, LAGB SCID 24 

36 

Pre. MDD diagnosis: 7%  

24 months post: 7%, same as baseline 

36 months post: 9%, same as baseline 

Strain et al.87  105 72% 43.5 NA RYGB, 

BDP/DS 

LAGB, SG,  

BDI 25ª All groups reduced** 

Nickel et al.89,91 21 

29ᵈ 

100% 

100%ᵈ 

38.0 

39.5ᵈ 

12% GB HADS 36, 48, 

60, 72 

36*, 48*, 60*, 72* months: all reduced 

(GB group vs non-surgical groupᵈ) 
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Table 2 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in depression symptoms  

(reduced, increased, same) 

Buddeburg-Fisher 

et al.90 

94ᵉ 75%ᵉ 43.5ᵉ 29% LAGB, RYGB HADS 38 

 

Reduced** 

Mack et al.40   75 64% 45.2 NA LSG PHQ-9 48ª Reduced* 

Aasprang et al.93  50 56% 37.8 12%  BPD/DS HADS 60 Baseline to 60 months: reduced**  

12 months to 60 months: increased* 

Scholtz et al.36  29 97% 39.0 22% LAGB SCID 60 Pre. MDD diagnosis: 17% 

Post. MDD diagnosis: 28%, same as 

baseline 

Schowalter et al.13 248 

 

81% 38.5 40% 

28%ᵈ 

GB BDI 67ª 

86ªᵈ 

 

GB group: reduced** 

Non-surgery groupᵈ: same as baseline 

GB vs non-surgical group: reduced* 

Karlsson et al.66  655  

621  

NA 

58% 

47.0 

48.4 

23%, 

27% 

GB, VBG, 

GBY 

HADS 120 Surgical group: reduced**  

Conventional group: reduced* 

Note. Mean age (years) and female percentage (%) is preoperative value unless otherwise specified. All percentages (%) are rounded to one decimal place. Drop out was 

calculated as a percentage of the number of participants who underwent surgery and provided baseline data, relative to the number who underwent surgery and did not provide 

postoperative data. NA = data/information not available; Pre. = preoperative; Post. = postoperative; MDD = major depressive disorder; BDI = beck depression inventory; BDI-

II: beck depression inventory-II; HADS = hospital anxiety depression scale; PHQ-9 = patient health questionnaire-9; SCID = structured clinical interview for diagnostic and 

statistical manual of mental disorders-fourth edition; MINI = mini international neuropsychiatric interview; DS = duodenal switch; GB = gastric banding; VG = vertical 

gastroplasty; BPD = biliopancreatic diversion; BPD/DS = biliopancreatic diversion with duodenal switch; GBY = gastric bypass; LAGB = laparoscopic adjustable gastric 

banding; SG = sleeve gastrectomy; RYGB = Roux-en-Y gastric bypass; LSG = laparoscopic sleeve gastrectomy; LGCP: laparoscopic greater curvature plication; BPD-LL: 

biliopancreatic diversion with Roux-en-Y reconstruction; RYGB-LL: Roux-en-Y gastric bypass with long limb; VBG = vertical banded gastroplasty; IB = intragastric balloon.  

ªAverage value. ᵇMedian value. ᵈControl group data. ᵉPost-surgery data. 

* p < .05. ** p < .001. 
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Table 3 Characteristics of anxiety studies by follow up period 

 

Study 

Sample 

size  

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in anxiety symptoms  

(reduced, increased, same) 

Buzgova et al.77 68 66% 44.2 0%  

0% 

0% 

LSG, LGCP HADS 3 

6 

12 

LSG: 3**, 6**, 12* months, all reduced 

LGCP: 3, 6, 12 months, same as baseline 

Erden et al.76 31 100% 41.4 24% LSG BAI 6 Reduced** 

Erden et al.39 51 65% 36.5 11% LSG BAI 6 Reduced** 

Guedes et al.69 50 NA 34.6 22% IB HADS 6 Reduced* 

Matini et al.26  67 94% 36.8 5% GBY SCID 6 Pre. GAD: 25% 

Post. GAD: 36%, same as baseline 

Tae et al.23  32 100% 41.0 28% NA STAI 6-10 Severe/moderate (pre): 87%  

Severe/moderate (post): 57%, reduced*  

Andersen et al.74  50 56% 37.9 6% 

12% 

DS HADS 6 

12 

6 months: reduced** 

12 months: reduced** 

de Zwaan et al.24  107 70% 37.5 21% 

21% 

GB, GBY SCID 6-12  

24-36  

6-12 month: same as baseline 

24-36 months: same as baseline 

Assimakopoulos 

et al.83  

59 100% 36.0ᵇ 2% BPD-LL, 

RYGB-LL/SG 

HADS 12 Same as baseline 

Castellini et al.85  83 90% 45.3 8% LAGB, 

RYGB, BPD 

STAI 12 LAGB group: reduced* 

RYBG group: reduced* 

BPD group: reduced* 
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Table 3 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in anxiety symptoms  

(reduced, increased, same) 

Lier et al.25 127 74% 41.3 31% LRYGB MINI, SCID, 

BAI 

12 Anxiety disorder diagnosis: reduced* 

BAI symptoms: same as baseline 

Thonney et al.82  43 100% 39.2 NA GBY HADS 12 

24 

12 months: reduced* 

24 months: reduced* 

Burgmer et al.81,92 148 68% 38.8 20% 

31% 

32% 

VG, GB HADS 14ª  

25ª  

50ª 

14 months: reduced** 

25 months: same as baseline 

50 months: same as baseline 

Ribeiro et al.88 281 83% 40.7 NA RYGB BAI 23 

24-59 

60 

Pre. to 23 months: reduced** 

Pre. to 24-59 months: reduced* 

Pre. to 60 months: same as baseline 

23 months to 60 months: increased* 

24-59 months to 60 months: increased* 

Hayden et al.35 204 82% 45.2 26% LAGB SCID 24 Pre. anxiety disorder: 15% 

Post. anxiety disorder: 4%, reduced** 

Kalarchian et al.27 165 81% 46.0ᵇ 

 

22% 

35% 

RYGB, LAGB SCID 24 

36 

Pre. anxiety disorder diagnosis: 17%  

24 months post: 12%, same as baseline 

36 months post: 8%, reduced* 

Nickel et al.89,91 21 

29ᵈ 

100% 

100%ᵈ 

38.0 

39.5ᵈ 

12% GB HADS 36, 48, 

60, 72 

36*, 48*, 60*, 72* months: all reduced 

(GB group vs. non-surgical groupᵈ) 
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Table 3 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in anxiety symptoms  

(reduced, increased, same) 

Buddeburg-Fisher 

et al.90 

94ᵉ 75%ᵉ 43.5ᵉ 29% LAGB, RYGB HADS 38 

 

Same as baseline 

Mirijello et al.94  20 

26 

50ᵈ 

50% 

85% 

80%ᵈ 

44.0 

41.3 

35.5ᵈ 

13% BPD STAI 44ª State Anxiety: same as baseline 

Trait Anxiety: same as baseline 

(surgical group vs. non-surgical group) 

Aasprang et al.93 50 56% 37.8 12%  BPD/DS HADS 60 Same as baseline 

Karlsson et al.66 655  

621  

NA 

58% 

47.0 

48.4 

23% 

27% 

GB, VBG, 

GBY 

HADS 120 Surgical group: reduced**  

Conventional group: reduced** 

Note. Mean age (years) and female percentage (%) is preoperative value unless otherwise specified. All percentages (%) are rounded to one decimal place. Drop out was 

calculated as a percentage of the number of participants who underwent surgery and provided baseline data, relative to the number who underwent surgery and did not provide 

postoperative data. NA = data/information not available; Pre. = preoperative; Post. = postoperative; HADS = hospital anxiety depression scale; BAI: beck anxiety inventory; 

STAI = state-trait anxiety inventory; SCID = structured clinical interview for diagnostic and statistical manual of mental disorders-fourth edition; MINI = mini international 

neuropsychiatric interview; DS = duodenal switch; GB = gastric banding; VG = vertical gastroplasty; BPD = biliopancreatic diversion; BPD/DS = biliopancreatic diversion 

with duodenal switch; GBY = gastric bypass; LAGB = laparoscopic adjustable gastric banding; SG = sleeve gastrectomy; RYGB = Roux-en-Y gastric bypass; LRYGB = 

laparoscopic Roux-en-Y gastric bypass; LSG = laparoscopic sleeve gastrectomy; LGCP: laparoscopic greater curvature plication; BPD-LL: biliopancreatic diversion with 

Roux-en-Y reconstruction; RYGB-LL: Roux-en-Y gastric bypass with long limb; VBG = vertical banded gastroplasty; IB = intragastric balloon. 

ªAverage value. ᵇMedian value. ᵈControl group data. ᵉPost-surgery data. 

* p < .05. ** p < .001. 
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Table 4 Characteristics of binge eating studies by follow up period 

 

Study 

Sample 

size  

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in binge eating symptoms  

(reduced, increased, same) 

Boan et al.95 40 85% 41.0 NA RYGB BES 6 Reduced** 

Di Volo et al.96  27 78% 43.0 NA SG, GBY BSQ 6 Reduced* 

Erden et al.39  51 65% 36.5 11% LSG SCID 6 Pre. BED: 35% 

Post. BED: 0% (sig not indicated) 

Larsen et al.43  250 88% 39.6 NA LAGB BES 8-24 

25-68 

8-24 months: reduced* 

25-68 months: reduced* 

Castellini et al.85  83 90% 45.3 8% LAGB 

RYGB 

BPD 

BES  12 LAGB group: reduced* 

RYBG group: reduced** 

BPD group: reduced* 

Colles et al.37  129 80% 45.2 25% LAGB QEWP-R 12 Pre. BED: 14% 

Post. BED: 3%, reduced* 

Luiz et al.44 132 80% 38.3 NA RYGB BES 12 Reduced** 

Malone et al.79  109 84% 45.0 49% GBY BES 12 Non-BE group: reduced** 

Moderate BE group: reduced** 

Severe BE group: reduced** 

White et al.80  139 89% 42.4 2% GBY EDE-Q 12 Pre. BED: 10%; weekly BE: 24% 

Post. BED 0%; weekly BE: 0.7% 

(sig not indicated) 
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Table 4 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in binge eating symptoms  

(reduced, increased, same) 

Wadden et al.98 

and Chao et al.99 

59ᵈ 

36 

49ᵈ 

83%ᵈ 

72% 

80%ᵈ 

43.8ᵈ 

47.0 

43.8ᵈ 

36%ᵈ 

41% 

18%ᵈ 

RYGB, LAGB EDE 12 Pre. BED: 100% 

Post. BED: 8% (surgery), 14% (lifestyleᵈ) 

(sig not indicated) 

    55%ᵈ 

52% 

43%ᵈ 

  24 Pre. BED: 100% 

Post. BED: 13% (surgery), 14% (lifestyleᵈ) 

(sig not indicated) 

Nasirzadeh et al.97  844 81% 45.0 Overall: 

36% 

RYGB, SG BES 12 

24 

36 

12 months: reduced* 

24 months: reduced* 

36 months: reduced* 

de Zwaan et al.38  59 85% 44.5ᵉ 32% RYGB QEWP 

EDE 

18-35 Pre. BED: 29% 

Post. BED: 3% (sig not indicated) 

Ribeiro et al.88 281 83% 40.7 NA RYGB BES 23 

24-59 

60 

23 months: reduced** 

24-59 months: reduced** 

60 months: same as baseline 

23 months to 60 months: increased* 

Hayden et al.35  204 82% 45.2 26% LAGB SCID 24 Pre. BED: 14% 

Post. BED: 5% 

Kalarchian et al.27  165 81% 46.0ᵇ 

 

22% 

35% 

RYGB, LAGB SCID 24 

36 

Pre. BED: 6%  

24 months post: 1% (sig not indicated) 

36 months post: 3% (sig not indicated) 
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Table 4 (continued) 

 

Study 

Sample 

size 

Female  

(%) 

Mean age 

(years) 

Drop out 

(%) 

Surgery 

type 

Outcome 

measure 

Follow up 

(months) 

Change in binge eating symptoms  

(reduced, increased, same) 

Buddeburg-Fisher 

et al.90 

94ᵉ 75%ᵉ 43.5ᵉ 29% LAGB, RYGB BSQ 38 

 

Reduced** 

Mack et al.40  75 64% 45.2 NA LSG EDE 48ª Pre. BED: 13% 

Post. BED: 2% (sig not indicated) 

Scholtz et al.36   29 97% 39.0 22% LAGB EDE 60 Pre. BED: 17% 

Post. BED: 10%, same as baseline 

Note. Mean age (years) and female percentage (%) is preoperative value unless otherwise specified. All percentages (%) are rounded to one decimal place. Drop out was 

calculated as a percentage of the number of participants who underwent surgery and provided baseline data, relative to the number who underwent surgery and did not provide 

postoperative data. NA = data/information not available; Pre. = preoperative; Post. = postoperative; Sig not indicated = significant value was not reported in study; BED = 

binge eating disorder; BES = binge eating scale; BSQ = binge scale questionnaire; QEWP = questionnaire on eating and weight patterns; QEWP-R = questionnaire on eating 

and weight patterns-revised; EDE: eating disorder examination; EDE-Q: eating disorder examination questionnaire; SCID = structured clinical interview for diagnostic and 

statistical manual of mental disorders-fourth edition; BPD = biliopancreatic diversion; GBY = gastric bypass; LAGB = laparoscopic adjustable gastric banding; SG = sleeve 

gastrectomy; RYGB = Roux-en-Y gastric bypass; LSG = laparoscopic sleeve gastrectomy;  

ªAverage value. ᵇMedian value. ᵈControl group data. ᵉPost-surgery data. 

* p < .05. ** p < .001. 
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Table 5 Assessment measures  

Psychological outcome Assessment measure Number of studies 

Depression BDI 17 

 BDI-II 5 

 HADS 12 

 SCID 6 

 MINI 1 

 PHQ-9 1 

 Clinical diagnosis 1 

Anxiety HADS 12 

 BAI 4 

 SCID 5 

 STAI 3 

 MINI 1 

Binge Eating BES 7 

 BSQ 2 

 QEWP 1 

 QEWP-R 1 

 SCID 3 

 EDE-Q 1 

 EDE 5 

Note. BDI = beck depression inventory; BDI-II: beck depression inventory-II; HADS = hospital anxiety 

depression scale; PHQ-9 = patient health questionnaire-9; SCID = structured clinical interview for diagnostic and 

statistical manual of mental disorders-fourth edition; MINI = mini international neuropsychiatric interview; BAI: 

beck anxiety inventory; STAI = state-trait anxiety inventory; BES = binge eating scale; BSQ = binge scale 

questionnaire; QEWP = questionnaire on eating and weight patterns; QEWP-R = questionnaire on eating and 

weight patterns-revised; EDE: eating disorder examination; EDE-Q: eating disorder examination questionnaire 
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Figure 1 Summary of studies examining depression outcomes compared to baseline. Note: 

studies reporting a significant increase from one post-treatment timepoint to another were 

included in the figure. 
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Figure 2 Summary of studies examining anxiety outcomes compared to baseline. 
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Figure 3 Summary of studies examining binge eating outcomes compared to baseline. Note: 

some studies did not indicate whether changes from baseline were statistically significant.  
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Figure 4 PRISMA flowchart of the study selection process. 
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