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Abstract

Background

Bariatric surgery is the most effective treatment for obesity classes II and III. However,

some patients do not get the desired results or initially lose and then regain the lost weight.

Identifying these individuals early on and treating them adequately remains a challenge. As

binge eating directly affects food intake, the study of this symptom and its relation to bariatric

surgery and its results is increasing, because it appears to have an influence on the results

of surgery.

Objectives

This study aimed to see how binge eating changes, measured with the Binge Eating Scale,

interferes in the % excess weight loss one year after Roux-en-Y gastric bypass.

Methods

We conducted a cross-sectional study with 149 patients older than 18 years who were eval-

uated one year after undergoing Roux-en-Y gastric bypass. The variation in the intensity of

binge eating was measured with the pre- and postoperative Binge Eating Scale scores.

Results

The variation of one unit in the Binge Eating Scale implied an inverse variation of 0.41% of

% excess weight loss (p<0.05). The correlation coefficient between the variation of binge

eating and the % excess weight loss was -0.186 (p = 0.033). The correlation coefficient

between the binge eating symptoms one year after surgery and the % excess weight loss

was -0.353 (p<0.001).

Conclusions

There was a correlation between the variation of binge eating one year after gastric bypass

and the % excess weight loss. The correlation between binge eating and the % excess
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weight loss was greater after the surgery than it was at the preoperative stage. This study

provides new, valuable information on the intensity and variation of binge eating symptoms

one year after gastric bypass, which, to the best of our knowledge, have not been studied in

depth earlier.

Introduction

Bariatric surgery is the most effective treatment for the control of classes II and III obesity and

reduces mortality and controls related chronic diseases [1]. However, some patients either do

not lose, or lose and regain, part of the lost weight, and identifying the reasons for this is still a

major challenge [2]. This population, in comparison to individuals of normal weight, shows a

higher prevalence of psychiatric disorders, including binge eating disorder (BED) [3–6]. As

eating behavior directly affects any treatment for obesity, the study of this behavior and its

alterations has been increasing in recent years, since it may be related to the response to the

surgery [6,7].

New technologies such as functional magnetic resonance imaging have identified the brain

circuits related to eating behavior, mainly through the visual stimulus of palatable food, lead-

ing to the activation of these circuits [8]. Brain circuitry related to reward and attention, which

had been highly active preoperatively, diminished patients’ response to the same stimulus

shortly after bariatric surgery [9–11]. This is the reverse of what happens in diets where there

is significant caloric deprivation; the activation of these circuits increases. This also increases

the chances that these individuals will gain weight in the future [12,13].

Attempts to verify whether the presence of BED is a weight loss predictor have produced

controversial results [6]. It is known that after surgery, BED tends to interfere negatively with

reduction of the excess weight [14]. Patients with binge eating (BE) symptoms were found to

have lost less weight and have worse outcomes than patients without BE symptoms at two

years after surgery [15]. As noted by Gavin Meany et al., it is difficult to compare the results in

the literature because many methods are used to diagnose BE; these different methods produce

discrepancies in the results [6]. Evaluating the intensity of the symptoms from the lightest to

the most severe, without setting a cut-off point or a clinical criterion for the presence or

absence of BE, is a way to check its influence on the surgical outcome without going into the

issue of defining an objective or a clinical criterion. Studying by category whether or not BE

exists in the case being examined and determining its relationship with the surgical results

runs into the classification difficulties described above, given that BE manifests in the clinic as

being on a spectrum from a single, mild symptom to a very intense and varied presentation. In

addition, this marker is also less reliable clinically.

However, defining BE remains a major challenge. As the surgery imposes a restriction on

food intake, the feeling of loss of food control has been studied as an isolated BE element in

this population [16,17]. However, behavioral symptoms such as the amount ingested, the rate

of food intake, secretive eating, among others, are also part of the syndrome and cannot be for-

gotten in the study of BE, even in operated patients [18]. To our knowledge, no study has eval-

uated the intensity and variation of BE symptoms.

The main objective of our study is to see how the variation in intensity of BE—measured

using the Binge Eating Scale (BES)—interferes with the percentage of excess weight loss (%

EWL) one year after surgery. In addition, we propose to verify how the intensity of BE before

the surgery and one year after the procedure, as well as the presence of BED, relate to the %
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EWL. We found a correlation between the variations in BE one year after gastric bypass and

the %EWL. The correlation between intensity of binge eating and the %EWL was greater after

the surgery than it was at the preoperative stage.

Materials and Methods

Participants and design

We conducted a cross-sectional study of 149 individuals, all older than 18 years, who were

assessed one year after undergoing Roux-en-Y gastric bypass (RYGB) in a university hospital.

Demographic and clinical data were collected from the patients’ records, as well as from the

preoperative BES. At the one-year follow-up consultation and revision time, BES was re-

applied and the patient’s weight was verified. Of the 149 individuals, 17 were excluded from

the study: one woman for being pregnant (interference body mass index), 12 for loss of preop-

erative data (had no BES), and four due to incorrect reporting of BES in the postoperative eval-

uation. All patients underwent routine pre- and postoperative consultations and treatments.

All participants agreed to participate in the study and freely signed informed consent. The São

Lucas Hospital Ethics Committee at PUCRS (Pontifı́cia Universidade Católica do Rio Grande

do Sul) approved the study.

Measurement of the intensity of binge eating

The BES is a self-administered instrument developed by Gormally et al. to measure the severity

of BE [18] and was translated and adapted in Portuguese in 2001 [19]. It comprises a Likert

scale and a list of 16 items with 62 affirmatives; individuals select the answer that best repre-

sents their response. The final score is the sum of the points of each item and ranges from 0 to

46. The BES is a tested and reliable instrument for use with candidates for bariatric surgery

both before and after the procedure [20]. In addition to quantifying the intensity of BE, the

BES has been shown to be an effective instrument for screening patients with BED. BES values

above 17 suggest, with a sensitivity of 94% and a specificity of 76%, diagnostic of BED in candi-

dates for bariatric surgery [20].

The BES quantifies BE in its entirety. It contemplates two different factors of compulsion:

feelings/cognition and behavioral manifestations. Even if there is a change in the presentation

of BE after surgery (for example, more feeling or cognitive manifestations and fewer behavior

manifestations) the scale can detect and score these modifications. As previous studies in bar-

iatric populations have shown, assessing the BES separately in each of its factors [21] did not

alter the results; neither gain nor any difference was found.

Variation of the intensity of binge eating

To study the variation of the symptoms of BE, we measured the difference of the BES score

between the pre- and postoperative stages of the treatment. We called the result Delta BES

(Delta BES = postoperative BES score—preoperative BES score).

Statistical analysis

The data were typed into an Excel spreadsheet and then exported to the SPSS Inc., PASW Sta-

tistics for Windows, Version 18.0. (Chicago, IL, USA) for statistical analysis. The categorical

variables were described as frequency and percentage. Quantitative variables with symmetric

distribution were described using the average and the standard deviation. The categorical vari-

ables were compared using the Chi-square test or Fisher’s exact test. The quantitative variables

with symmetric distribution were compared between two categories with Student’s t test for
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independent samples. Variables with asymmetric distribution were compared using the Wil-

coxon test (for times) and the Mann-Whitney test (for groups). To evaluate the correlation

between quantitative variables, we used Spearman’s correlation coefficient. A significance level

of 0.05 was considered for the established comparisons.

Results

Characteristics of the sample

Our sample consisted of 132 individuals, with an average age of 38.27 years (standard devia-

tion 10.07), with 105 (79.5%) women. Their pre- and postoperative characteristics are pre-

sented in Table 1.

BE and %EWL

We found a significant relationship between the change in intensity of BE, measured using the

Delta BES one year after surgery, and %EWL. The variation of one unit in the BES implied an

inverse variation of 0.41% EWL (p<0.05) (95% confidence interval [CI] -0.79 to -0.02).

Fig 1 shows the distribution of patients according to the variation of the intensity of the BE,

the %EWL, and the correlation coefficient among these variables.

One hundred five (79.54%) subjects had BE symptoms that decreased; i.e., they had a nega-

tive Delta BES and an average %EWL of 75.46% (16.53%SD). The 18 (13.63%) subjects who

had increased intensity BE or a positive Delta BES had an average %EWL of 68.25 (16.18%

SD). Ten individuals maintained the same BES score.

Fig 2 shows the overall average %EWL of the study population and the subgroup averages

of progressively varying the intensity of BE larger than 1 and smaller than -1.

Fig 3 shows the intensity distribution of the BE symptoms before and one year after surgery

and the correlation coefficients with %EWL.

BED and %EWL

The 39 (29.54%) patients who presented with BES scores greater than 17 (probable diagnosis

of BED) before surgery had a %EWL average of 68.52% of versus a %EWL average of 76.28%

in those who did not have the disorder. Individuals with BED before surgery lost an average of

7.76% less excess weight after one year compared with those with no diagnosis (p<0.01) (95%

CI 13.5% to 2.02%). Of the individuals with BED, 82.1% did not have this diagnosis after sur-

gery (p<0.05) (95% CI 66.5% to 92.5%).

Table 1. Characteristics of the patients in our study.

Preoperative One year after surgery

Height 1.64 m (0.094m) -

Weight 131.16 Kg (28.29Kg) 86.08 Kg (19.15Kg)

BMI 48.31 Kg/m2 (7.92 Kg/m2) 31.74 Kg/m2 (5.70 Kg/m2)

BES Score 13.58 (7.21) 6.64 (6.44)

Excess weight 63.43 Kg (24.06Kg) -

%EWL - 73.99% (16.57%)

Delta BES - -6.94 (7.27)

Data are presented as means and standard deviations. BMI, body mass index; BES, binge eating scale; %

EWL, % of excess weight loss; Delta BES, BES at one year—preoperative BES.

doi:10.1371/journal.pone.0167577.t001
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Fig 1. Correlation between the variation of BE (Delta BES) and %EWL.

A Correlation coefficient between %EWL and Delta BES and the distribution of the entire sample. rs = -0.186 p = 0.033

B Correlation coefficient and distribution of patients who had a negative Delta BES. rs = -0.101 p = 0.306

C Correlation coefficient and distribution of patients who had a positive Delta BES. rs = -0.378 p = 0.122

%EWL, % of excess weight loss; Delta BES, BES at one year—preoperative BES; rs, correlation coefficient.

doi:10.1371/journal.pone.0167577.g001

Fig 2. %EWL according to the variation of BE (Delta BES), progressively—greater and lower than 0. %

EWL, % of excess weight loss; Delta BES, BES at one year—preoperative BES; General average of %

EWL = 73.99%.

doi:10.1371/journal.pone.0167577.g002
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The 10 (7.58%) individuals with a BES score greater than 17 (probable diagnosis of BED)

one year after surgery had an average %EWL of 62.15% against a %EWL average of 74.96% for

those who did not have the disorder. Individuals with BED one year after surgery lost an aver-

age of least 12.81% excess weight than those without the diagnosis (p<0.01) (95% CI -21.96 to

-3.65).

Of the 10 individuals who presented with a diagnosis of BED after one year, only three did

not have this diagnosis previously.

Discussion

There is a correlation between the variation of the intensity of BE symptoms one year after

RYGB and the %EWL. This is a new finding, as previous studies have evaluated how the pres-

ence of BE interferes with weight loss, but did not take into account its intensity or its variation

[6,22–24]. A variation of one point in the BES score one year after the procedure results in a

difference of 0.41%EWL.

As seen in Fig 2, the difference in %EWL between the groups with improved BE symptoms

and those whose BE symptoms worsened one year after surgery is evident. Groups of patients

with worsened BE symptoms lost less %EWL, even when the variation of the BES score was as

small as 1 or 2 points. It was also possible to observe a certain uniformity in the %EWL in the

groups that had a decrease in the intensity of BE symptoms, even when the variation increased.

This is different from that observed in the groups with worsening BE symptoms, who had a

tendency to show lower loss of %EWL as the variation increased until the group with a Delta

BES> 7 was reached. The general correlation coefficient of Delta BES with %EWL was -0.186,

but when we evaluated the group with a positive Delta BES separately, we found that this cor-

relation increased to -0.378. However, due to the small number of patients demonstrating an

increase in BE, this value was not statistically significant at p = 0.122. Although these data

Fig 3. Correlation between BES and %EWL in the preoperative stage and one year after surgery.

A BES score in the preoperative stage and its correlation with %EWL. rs = -0.124 p = 0.156

B BES score one year after surgery and its correlation with %EWL. rs = -0.353 p<0.001

%EWL, % of excess weight loss; Delta BES, BES at one year - preoperative BES; rs = correlation coefficient.

doi:10.1371/journal.pone.0167577.g003
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showed that the worsening of BE symptoms correlated more strongly with the %EWL, further

studies with a larger sample are necessary to confirm this finding.

The intensity of BE one year after surgery showed a significant correlation with the %EWL

(-3.53 correlation coefficient). This finding reinforces the conclusions of previous studies indi-

cating that poorer surgical results will be obtained when BE is present after the surgery

[17,24,25]. Furthermore, we found a correlation between the intensity of BE and %EWL, dif-

ferent from the studies cited above that correlate the presence of BE, BED, and the loss of con-

trol of eating but do not consider its intensity. That is, the higher the intensity of BE is one

year after surgery, the lower the %EWL will be. We found no correlation between the symp-

toms of BE before surgery and %EWL. This finding adds to a series of controversial results on

the subject, shown by Gavin Meany et al. in their review on the subject [6].

BED showed a prevalence of 29.54% before surgery and 7.58% after one year. These data

agree with the averages found in other studies that range between 14% and 55.5% before the

procedure and 3% and 37.5% after surgery [6]. Individuals with BED lost less weight than

those without the diagnosis both before and after surgery. However, this difference was more

marked when the diagnosis was present after the procedure.

Our work has the limitations of being uni-centered—the population consists of mostly of

Caucasian women, making it difficult to extrapolate the results to populations with different

characteristics. Evaluation of improvement or worsening of symptoms was not correlated with

the clinical treatment received by each individual. The diagnosis of BED accomplished with

BES tends to be overestimated because, although it is a very sensitive measurement, it is not

very specific [20]. Sallet et al. showed that after two years of surgery, the relationship between

BE and the surgical results can be seen more clearly [23]. Even though our work indicates a

trend, longer follow-up is needed to elucidate more clearly how the variation of the symptoms

of BE interfere with the %EWL.

Conclusion

Summarizing, the variation of BE intensity one year after RYGB interferes with the %EWL.

The increase of the intensity of the BE reduces the %EWL independently of the patients’ pre-

operative levels. There is also a correlation between the intensity of BE one year after surgery

and the %EWL. The stand-alone intensity of the BE in the preoperative stage is not a relevant

parameter for the %EWL after one year. The presence of a BED diagnosis interferes negatively

with the %EWL, both in the preoperative stage and one year after the surgery, but is more

intense when present after the procedure. This study provides new, valuable information on

the intensity and variation of BE symptoms one year after RYGB, which have not been studied

in depth before.

Supporting Information

S1 Dataset. Dataset of research.

(XLS)

S1 Checklist. STROBE checklist.

(DOCX)

Author Contributions

Conceptualization: LBL CLSB CCM.

Data curation: LBL LMD.

RYBG and BE

PLOS ONE | DOI:10.1371/journal.pone.0167577 December 19, 2016 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167577.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0167577.s002


Formal analysis: LBL LMD.

Investigation: LBL LMD LNB JTA KDM LSH.

Methodology: LBL CLSB CCM KDM.

Project administration: LBL JTA.

Resources: CLSB CCM.

Software: LMD KDM.

Supervision: CLSB CCM.

Validation: LBL LNB JTA.

Visualization: LBL LSH.

Writing – original draft: LBL CLSB CCM LSH.

Writing – review & editing: LBL CLSB LNB.

References

1. Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W, Fahrbach K, et al. Bariatric surgery: a sys-

tematic review and meta-analysis. JAMA. 2004 Oct 13; 292(14):1724–37. doi: 10.1001/jama.292.14.

1724 PMID: 15479938

2. Karmali S, Brar B, Shi X, Sharma AM, de Gara C, Birch DW. Weight Recidivism Post-Bariatric Surgery:

A Systematic Review. Obes Surg. 2013 Nov; 23(11):1922–33. doi: 10.1007/s11695-013-1070-4 PMID:

23996349

3. Petry NM, Barry D, Pietrzak RH, Wagner JA. Overweight and Obesity Are Associated With Psychiatric

Disorders: Results From the National Epidemiologic Survey on Alcohol and Related Conditions. Psy-

chosom Med. 2008 Apr 3; 70(3):288–97. doi: 10.1097/PSY.0b013e3181651651 PMID: 18378873

4. Simon GE, Von Korff M, Saunders K, Miglioretti DL, Crane PK, van Belle G, et al. Association between

obesity and psychiatric disorders in the US adult population. Arch Gen Psychiatry. American Medical

Association; 2006 Jul 1; 63(7):824–30.

5. Williams LJ, Pasco JA, Henry MJ, Jacka FN, Dodd S, Nicholson GC, et al. Lifetime psychiatric disorders

and body composition: a population-based study. J Affect Disord. 2009 Nov; 118(1–3):173–9. doi: 10.

1016/j.jad.2009.02.001 PMID: 19249106

6. Meany G, Conceição E, Mitchell JE. Binge Eating, Binge Eating Disorder and Loss of Control Eating:

Effects on Weight Outcomes after Bariatric Surgery. Eur Eat Disord Rev. 2014 Mar; 22(2):87–91. doi:

10.1002/erv.2273 PMID: 24347539

7. Livhits M, Mercado C, Yermilov I, Parikh JA, Dutson E, Mehran A, et al. Preoperative Predictors of

Weight Loss Following Bariatric Surgery: Systematic Review. Obes Surg. 2012 Jan; 22(1):70–89. doi:

10.1007/s11695-011-0472-4 PMID: 21833817

8. Berridge KC, Ho C-Y, Richard JM, DiFeliceantonio AG. The tempted brain eats: pleasure and desire cir-

cuits in obesity and eating disorders. Brain Res. 2010 Sep 2; 1350:43–64. doi: 10.1016/j.brainres.2010.

04.003 PMID: 20388498

9. Ochner CN, Stice E, Hutchins E, Afifi L, Geliebter A, Hirsch J, et al. Relation between changes in neural

responsivity and reductions in desire to eat high-calorie foods following gastric bypass surgery. Neuro-

science. 2012 May; 209:128–35. doi: 10.1016/j.neuroscience.2012.02.030 PMID: 22406414

10. Bruce AS, Bruce JM, Ness AR, Lepping RJ, Malley S, Hancock L, et al. A comparison of functional

brain changes associated with surgical versus behavioral weight loss. Obesity. 2014 Feb; 22(2):337–

43. doi: 10.1002/oby.20630 PMID: 24115765

11. Frank S, Wilms B, Veit R, Ernst B, Thurnheer M, Kullmann S, et al. Altered brain activity in severely

obese women may recover after Roux-en Y gastric bypass surgery. Int J Obes. 2014 Mar; 38(3):341–8.

12. Stice E, Burger K, Yokum S. Caloric deprivation increases responsivity of attention and reward brain

regions to intake, anticipated intake, and images of palatable foods. Neuroimage. 2013 Feb; 67:322–

30. doi: 10.1016/j.neuroimage.2012.11.028 PMID: 23201365

RYBG and BE

PLOS ONE | DOI:10.1371/journal.pone.0167577 December 19, 2016 8 / 9

http://dx.doi.org/10.1001/jama.292.14.1724
http://dx.doi.org/10.1001/jama.292.14.1724
http://www.ncbi.nlm.nih.gov/pubmed/15479938
http://dx.doi.org/10.1007/s11695-013-1070-4
http://www.ncbi.nlm.nih.gov/pubmed/23996349
http://dx.doi.org/10.1097/PSY.0b013e3181651651
http://www.ncbi.nlm.nih.gov/pubmed/18378873
http://dx.doi.org/10.1016/j.jad.2009.02.001
http://dx.doi.org/10.1016/j.jad.2009.02.001
http://www.ncbi.nlm.nih.gov/pubmed/19249106
http://dx.doi.org/10.1002/erv.2273
http://www.ncbi.nlm.nih.gov/pubmed/24347539
http://dx.doi.org/10.1007/s11695-011-0472-4
http://www.ncbi.nlm.nih.gov/pubmed/21833817
http://dx.doi.org/10.1016/j.brainres.2010.04.003
http://dx.doi.org/10.1016/j.brainres.2010.04.003
http://www.ncbi.nlm.nih.gov/pubmed/20388498
http://dx.doi.org/10.1016/j.neuroscience.2012.02.030
http://www.ncbi.nlm.nih.gov/pubmed/22406414
http://dx.doi.org/10.1002/oby.20630
http://www.ncbi.nlm.nih.gov/pubmed/24115765
http://dx.doi.org/10.1016/j.neuroimage.2012.11.028
http://www.ncbi.nlm.nih.gov/pubmed/23201365


13. Stice E, Yokum S, Bohon C, Marti N, Smolen A. Reward circuitry responsivity to food predicts future

increases in body mass: Moderating effects of DRD2 and DRD4. Neuroimage. 2010 May; 50(4):1618–

25. doi: 10.1016/j.neuroimage.2010.01.081 PMID: 20116437

14. Bocchieri-Ricciardi LE, Chen EY, Munoz D, Fischer S, Dymek-Valentine M, Alverdy JC, et al. Pre-sur-

gery binge eating status: effect on eating behavior and weight outcome after gastric bypass. Obes

Surg. 2006 Sep; 16(9):1198–204. doi: 10.1381/096089206778392194 PMID: 16989704

15. Beck NN, Mehlsen M, Støving RK. Psychological characteristics and associations with weight out-

comes two years after gastric bypass surgery: Postoperative eating disorder symptoms are associated

with weight loss outcomes. Eat Behav. 2012 Dec; 13(4):394–7. doi: 10.1016/j.eatbeh.2012.06.001

PMID: 23121796

16. White MA, Kalarchian MA, Masheb RM, Marcus MD, Grilo CM. Loss of Control Over Eating Predicts

Outcomes in Bariatric Surgery Patients. J Clin Psychiatry. 2010 Feb 15; 71(2):175–84. doi: 10.4088/

JCP.08m04328blu PMID: 19852902

17. Scholtz S, Bidlake L, Morgan J, Fiennes A, El-Etar A, Lacey JH, et al. Long-term outcomes following

laparoscopic adjustable gastric banding: Postoperative psychological sequelae predict outcome at 5-

year follow-up. Obes Surg. 2007 Sep; 17(9):1220–5. PMID: 18074498

18. Gormally J, Black S, Daston S, Rardin D. The assessment of binge eating severity among obese per-

sons. Addict Behav. 1982 Jan; 7(1):47–55. PMID: 7080884

19. Freitas S, Lopes CS, Coutinho W, Appolinario JC. Tradução e adaptação para o português da Escala
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