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Background: The laparoscopic sleeve gastrectomy (LSG) is one of the leading types of bariatric surgery.
Surgeons commonly choose this procedure according to the patient's eating habits; however, this doc-
trine has not yet been reliably verified.
Purpose: This study aimed to explore the effects of different eating habits prior to surgery on the success
of an LSG.
Methods: We conducted a cohort, observational, retrospective study at a private medical center. This
research included 300 patients who underwent LSGs at a private Medical Center between 2013 and 2014.
They were divided into groups according to their preoperative eating habits by the nutritionist on the
bariatric committee, and the one year post-surgery body weight data was obtained from the medical
records from our clinic.
Results: The mean excessive weight loss was 77%, with no significant difference between the groups one
year after undergoing the LSG. The body mass index among the patients, regardless of their pre-
operation eating habits, showed a reduction of 14.25 kg/m2 one year after the LSG. The younger pa-
tients had significantly greater excessive weight loss than those patients older than 50 years (81.13% vs.
72.44% and 14.95 kg/m2 vs. 11.73 kg/m2, respectively; p < 0.001).
Conclusions: Our results suggested that preoperative eating habits do not impact the short-term success
of an LSG. We are convinced that the long-term success of bariatric operations should be based on
multidisciplinary support to encourage patients to maintain healthy eating habits.
The study was registered in the National Institutes of Health web site with (ClinicalTrials.gov) the study
identifier NCT02733562.

© 2017 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The prevalence of obesity is increasing globally, with nearly half
a billion people worldwide now considered to be overweight or
obese. This obesity epidemic is related to dietary factors and
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sedentary lifestyles, as well as biological, genetic, and social factors
[1,2]. Obesity has significant comorbidities that are also associated
with substantial health care and social costs [1]. The main reason
for the development of obesity is flawed eating habits. Overweight
people usually present with a preference for sweet and fatty food,
and consume less healthy food [3e5].

Eating disorders are categorized as mental illnesses in which
there is an unhealthy relationship with food. People with eating
disorders often struggle with their body image, disrupting their
normal activities with unusual eating habits to alter their appear-
ance [6]. Moreover, eating disorders exhibit the highest mortality
rate of any mental illness. For women aged 15e24 years old, the
y Elsevier Ltd. All rights reserved.
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mortality rate of anorexia is 12 times higher than any other cause of
death [7]. Worldwide, almost 50% of people suffer from eating
disorders, and among these, only 10% are receiving treatment.
Interestingly, 10e15% of men suffer from bulimia nervosa and
anorexia nervosa [8].

There are several eating habits that can be considered to be
unhealthy, including binge eating, a preference for sweets, snack-
ing, and high volume consumption. Bad eating behaviors are crucial
factors in the development of obesity. Eating habits are usually
formed in early childhood, and parents play a very important role in
their development [9]. In general, obese patients have the tendency
to underestimate the calories they consume, and overestimate their
degree of physical activity [10].

Bariatric surgery is the most effective therapy available to treat
morbid obesity [11], and is a leadingway inmaintainingweight loss
[12] To date, the laparoscopic sleeve gastrectomy (LSG) is the most
common surgical procedure in the field of bariatric surgery [13,14].
The success rate of this procedure is high, and patients usually lose
up to 60% of their initial body weight [15,16].

Several studies have examined the binge eating disorder rate
among bariatric surgery candidates. A binge eating disorder is
characterized by the consumption of an objectively large amount of
food in a brief period of time, with patients reporting a subjective
loss of control during the overeating episode [17,18] it is common
for bariatric surgeons to believe that they must choose the type of
surgery based on the eating habits of the patient. Thus far, this
practice has not yet been reliably verified. Therefore, the conditions
which could lead to poor obesity surgery outcomes, such as binge
eating and a lowered energy metabolism, should be studied to
improve the patient selections and outcomes [19]. Although nu-
tritionists commonly screen for eating disorders, there is limited
empirical data and no consensus regarding the optimal manage-
ment of these patients [20]. Moreover, the effects of different eating
habits on the success rates of LSGs have not been examined;
therefore, the aim of this study was to evaluate the relationship
between these two parameters.

2. Methods

All of the patients in this study underwent LSGs from January
2013 through December 2014 as their first bariatric surgery. The
patients were categorized by the bariatric committee nutritionists
into four groups according to the patients' eating habits: binge
eaters, snack eaters, sweet eaters, and high volume eaters. Their
eating habits were characterized according to the Diagnostic and
Statistical Manual of Mental Disorders 5 (DSM-V). The patterns of
the eating types were determined during an interview conducted
by two nutritionists with the patient (30e40 min), which included
a questionnaire that evaluated the type, quality, quantity, and time
intervals of the patients' eating habits. Based on this interview, and
the patient's response, the nutritionists have been asked to cate-
gorize the participant, and thus triangulation and consensus were
achieved in order to limit potential bias. The following definitions
were used:

� Binge eating: A pattern of disordered eating that consists of
episodes of uncontrollable eating. It is sometimes a symptom of
binge eating disorder or compulsive overeating disorder [21].

� Snack eating: A pattern of disordered eating that consists of
eating a large quantity of food that contains a lot of sugar and fat,
and more than 150 kilocalories many times a day [22]. This
group also includes night eating syndrome.

� Sweet eating: A pattern of disordered eating that consists of
more than 50% carbohydrates, but less than 33% simple carbo-
hydrates [23].
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� High volume eating: An eating disorder that consists of the
compulsive, uncontrollable eating of a large quantity of food
over a short period of time [24].

The body weight data was obtained from the patients' medical
records until one year after surgery, together with a routine tele-
phone survey performed by the hospital as a follow-up control
(serving as confirmation). The excessive weight loss parameters
were calculated by subtracting the one year post-surgery body
weight from the initial body weight, with a BMI ¼ 25 as the ideal
body weight. The change in the BMI (DBMI) was calculated as the
BMI one year after surgery, minus the baseline BMI. In addition, the
change in eating habits, one year post-surgery was also determined
by two nutritionists during a 30e40 min interview conducted as a
routine follow-up meeting in our medical center.

The patients were recruited to the study at least one year
following their surgical procedure, and the follow-up range was
between 12 and 18 months. No loss of follow-up was reported. This
studywas approved by the instructional ethics committee (Helsinki
board), and the trial is registered on the National Institutes of
Health web site (ClinicalTrials.gov) with identifier NCT02733562.

2.1. Statistical analysis

All of the measured variables and derived parameters were
tabulated using descriptive statistics. For the categorical variables,
the summary tables provided the sample size and absolute and
relative frequencies. For the continuous variables, the summary
tables provided the sample size, arithmetic mean, standard devia-
tion, median, minimum and maximum values, and 95% confidence
intervals (CI) for the means of the variables. A paired t-test was
used to analyze the changes and relative changes (% change) in the
weights and BMIs at one year. A two-sample t-test was applied to
analyze the differences in the weight and BMI changes from the
baseline via the different parameters. An ANOVA model was
applied for testing the differences in the weight and BMI changes
from the baseline via the different parameters. Pearson correlation
coefficients were calculated to test the agreements between the
weight and BMI changes and the other quantitative measurements.

A linear regression model was applied for analyzing the changes
in the weight and BMI at one year, with adjustments for the age,
gender, baseline measurements, nutrition changes, concomitant
disease, and other lifestyle habits. Thesemodels were applied in the
following ways: a regression model including only the age, gender,
baseline measurements, and nutrition changes; a model including
the age, gender, baseline measurements, nutrition changes, and
eating pattern sum score; a model including the age, gender,
baseline measurements, nutrition changes, and eating pattern
items; and a model including all of the covariates. The stepwise
regression model included only those covariates that met the 0.15
statistical significance level.

All of the applied tests were two-tailed, and a p value of 5% or
less was considered to be statistically significant. The data was
analyzed using SAS® version 9.3 (SAS Institute, Cary, North Car-
olina). Graphpad prism version 6.0 was used to create artwork.

2.2. Technical aspects of the surgical procedure

LSGs were performed in all 300 patients as primary surgeries.
After the omental division of the great curvature, the stomach was
stapled vertically starting 3 cm above the pylorus, using 60 mm
cartridges and buttress material, completing the cut at the angle of
His. A 34 French bougie was inserted into the stomach for the
calibration of the sleeve gastrectomy. There were no postsurgical
complications in any of the patients.
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Fig. 1. Changes in excessive weight loss and BMI between groups. The excessive
weight loss values and BMI units were compared for each group before the surgical
procedure and one year following the surgery. All groups demonstrated a significant
decrease in excessive weight loss (A) and BMI (B) one year following the surgery
(p < 0.05). However, examination of the excessive weight one year following the
surgery demonstrated no change between the groups as all groups presented similar
BMI (p > 0.05).
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3. Results

3.1. Baseline characteristics of the study population

Of the 300 patient study population, the ratio of males to fe-
males was 1:2, and the average age was 41.65 ± 11.05 years old. The
average BMI was 42.02 kg/m2, and the mean excessive weight was
167.73%. There were no comorbidities in 115 of the patients (38%),
but 185 (62%) had at least one of the following diseases: depression,
hyperlipidemia, hypertension, or diabetes. We identified nine pa-
tients (3% of all patients) without any pathological eating patterns
assigned, 171 (57%) patients with one type of pathological eating
pattern, and 235 (78.3%) with more than one type of pathological
eating pattern. The descriptive statistics of the background vari-
ables and the related comorbidities are presented in Table 1.

3.2. Pre-surgery eating habits and weight loss one year post-
surgery

The comparison of the excessive weight values one year
following the surgery via the two-way ANOVA revealed a signifi-
cant decrease in the excessive weight [F(1,226) ¼ 84.16; p < 0.001]
and the BMI [F(3,1150) ¼ 8.233; p < 0.001] over time (Fig. 1). No
significant differences were found between the eating habit groups
(p¼ 0.36). Therewere no differences in starting weight/BMI among
the four eating groups. All of the groups showed similar results, in
that themean excessiveweight loss (calculated as the change in the
excessive weight at one year minus the excessive weight before the
operation) and BMI were not different between them (Fig. 1). We
also examined whether the presence of pathological eating habits
had an effect on the weight loss. Our findings demonstrated a
significant difference in only the binge group, since the patients
without binge eating habits lost more of their excessive weight and
BMI than those patients with binge eating habits (�37 vs.�33.3 kg,
p < 0.001; Table 2). No significant differences were found in any of
the other three eating groups (p > 0.05; Table 2).

Another interesting finding was related to the rate of surgery
success. Only two patients failed to lose any body weight (<25% of
the excess weight), while the other 298 patients presented a more
than 25% loss of their excessive weight. The two patients that were
categorized as failures presented the following eating habit pat-
terns: one was characterized as large volume intake only, and the
other was characterized as eating a combination of snacks, sweets,
and large volumes.

3.3. Weight loss one year post-surgery in the different age groups

We divided the subjects into three groups: young (between 18
and 30 years old), medium (between 31 and 50 years old), and adult
Table 1
Demographics of a cohort of 300 patients enrolled for the study (N ¼ number of
patients, STD ¼ standard deviation, Min ¼ minimum, Max ¼ maximum).

N Mean STD Min Median Max

Age 300 41.65 11.05 18.0 42 64
Height 300 1.66 m 0.08 1.45 1.65 1.93
Weight 300 117.38 19.23 86 170.0 114
BMI 300 42.02 5.03 33 41.5 72
Excessive weight 300 167.73% 20.17 124% 166.01 221%
Gender Female 66.66% Male 33.33%
Comorbidities
Diabetes 12%
Hypertension 21%
Hyperlipidemia 50%
Depression 9%
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(older than 50 years old). Using a one-way ANOVA, we revealed a
significant difference between the groups; the adult group lost
significantly less body weight than the young and medium groups
(86.12% for the young and 81.13% for the medium vs. 72.44% for the
adults; p < 0.05). The DBMI showed a similar effect; the young
DBMI was 14.95 kg/m2, the mediumwas 13.45 kg/m2, and the adult
was 11.73 kg/m2 (p < 0.05). The decreased loss of excessive body
weight and DBMI among the adult patients are presented in Fig. 2.
It is notable that the eating habits of the various age groups showed
no significant differences.

3.4. Changes in eating habits

During the one year follow-up, the patients met with a nutri-
tionist to help them create a balancedmenu. One of the goals of this
meeting was to change the eating habits of the patients. Our results
showed that 255 (85%) of the patients reported a change in their
eating habits (Fig. 3A). Interestingly, there was no difference in the
weight loss between the patients who changed their eating habits
and those who did not (Table 3A). The percent of patients who
changed their eating habits categorized by their pre-operative
eating habits are presented in Table 3B.

3.5. Pre-surgery comorbidities and weight loss one year post-
surgery

Those patients with no pre-surgery metabolic or psychiatric
related comorbidities lost a mean of 81.3% of their excessive weight
loss, while the patients who suffered from these comorbidities lost
an average of 74.8% of their excessive weight after one year. The
paired t-test between the two groups (with or without background
disease) revealed a significant effect from the background disease.
The patients with no background disease lost an average of 15.3 kg/
g habits affect weight loss one year following a sleeve gastrectomy?,
.002



Table 2
Summary statistics of weight changes by eating habits.

N Mean STD Min Median Max P-value
(Paired T-test)*

P-value
(T-test)**

Binge
0 258 �37.0 11.8 �116.0 �36.0 �9.0 <0.0001
1 42 �33.3 7.3 �50.0 �32.5 �14.0 <0.0001 0.0075
Snack
0 150 �36.8 12.6 �116.0 �36.0 �9.0 <0.0001
1 150 �36.1 10.0 �78.0 �35.0 �16.0 <0.0001 0.5888
Sweet
0 193 �36.6 12.2 �116.0 �35.0 �9.0 <0.0001
1 107 �36.1 9.6 �66.0 �36.0 �16.0 <0.0001 0.7056
Volume
0 70 �34.9 10.1 �66.0 �33.0 �16.0 <0.0001
1 230 �36.9 11.7 �116.0 �36.0 �9.0 <0.0001 0.2020
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m2 in their DBMI, while the patients who suffered from background
disease lost an average of 13.6 kg/m2 after one year (p < 0.05;
Fig. 3B).

3.6. Predicting the weight change at one year

Finally, we conducted a step-wise analysis to detect the pre-
dictors of the surgery outcomes and success. Our results showed
Fig. 2. Change in excessive weight loss (A) and BMI (B) between different age groups.
Young patients demonstrated a significantly higher reduction in their excessive weight
and BMI one year following the surgery. p < 0.05.

Please cite this article in press as: Susmallian S, et al., Do pre-surgery eatin
Clinical Nutrition ESPEN (2017), http://dx.doi.org/10.1016/j.clnesp.2017.02
the significant effects of the age and BMI before the operation as
predictors for the surgery success (p < 0.001; Table 4). None of the
other variables (gender, nutrition changes, eating habits sum,
concomitant diseases, smoking, and physical activity) resulted in a
significant effect (Table 4).

4. Discussion

In this study, we aimed to evaluate the effects of eating habits
prior to bariatric surgery on the success rate of the surgery. The
existing literature about the potential predictors of success after
Fig. 3. Changes in eating habits. A questionnaire examining changes in eating habits
was filled one year following the surgery during an interview performed by two
nutrionists as a routine procedure in out medical center. Percent of patients that re-
ported a change in eating habits on each group is presented.
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Table 3
Changes in eating habits. (A) Summary statistics of weight changes by change in eating habits. (B) The percent of patients who changed their eating habits categorized by their
pre-operative eating habits.

(A)

Change in eating habits N Mean STD Min Median Max P-value (Paired T-test)* P-value (T-test)**

No 44 �34.7 10.1 �55.0 �33.0 �18.0 <0.0001
Yes 255 �36.8 11.6 �116.0 �36.0 �9.0 <0.0001 0.2758

(B)

Nutrition change Binge Snack Sweet Volume

No change in eating habits 24% 14% 15% 16%
Change in eating habits 76% 86% 85% 84%

100% 100% 100% 100%
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bariatric surgery is far from conclusive [25]. First, we attempted to
determine differences in the excessive weight loss between the
different eating habit groups. However, all of the eating habit pat-
terns presented similar body weight losses. This finding is inter-
esting, since it may suggest that all patients are suitable for an LSG,
regardless of the eating pattern they present. This appreciation
strengthens the idea that a patient with pathological eating habits
may be a good candidate for a restrictive procedure, such as an LSG.

Although no differences were found between the different
eating habit groups, it is notable that all four groups showed sig-
nificant decreases in the excessiveweight, suggesting that an LSG is
indeed an effective tool to deal with morbid obesity. Our good re-
sults, demonstrating an average decrease in the excessive weight
percentage, also implied that the surgeries were performedwell, by
well-trained surgeons. Our results coincide with the short-term
results reported in the literature by others authors [26,27]. It
seems that the metabolic changes induced by bariatric surgery are
quite powerful in achieving weight loss, regardless of the patient's
eating behaviors. Many studies have shown changes in eating
habits following an LSG [16,26]; thus, our findings are reasonable
and logical.

A study performed by Peacock Results indicates that barriers to
nutrition among bariatric patients are highly complex and may
require a significant level of training and education to be addressed
adequately [28].

In order to evaluate the success of the operation, we calculated
the ideal weight for all of the patients, and examined each patient's
distance from the ideal. We selected a BMI ¼ 25 kg/m2 as the
standard for the ideal body weight. Then, we compared the pattern
of distribution among all of the eating habit groups (binge, sweet,
snack, and volume eating), and our results showed no differences in
the patterns of weight loss between the groups. This is a novel
finding, since, to the best of our knowledge, there is no evidence
relating the different eating habits to the weight loss pattern.

We agreewith Devlin that the pathological eating behaviors and
experiences are common pre-surgery and improve markedly
following surgery [29].
Table 4
Linear regression to predict BMI change at 1 year, adjusted for baseline BMI, age,
gender, nutrition changes, eating habits sum, concomitant diseases, smoking and
physical activity e stepwise analysis.

Summary of forward selection

Step Variable entered Label Number vars in Pr > F

1 BMI_BO BMI baseline 1 <0.0001
2 AGE 2 <0.0001
3 SMOKING 3 0.0160
4 HYPERLIP 4 0.0716
5 Diet_habits Nutrition habits change 5 0.0746
6 PHYSIC_ACT 6 0.1173
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Our findings may imply that there is no need for an intensive
questionnaire or committee to match the surgical procedure to the
patient; all of the patients, regardless of their pre-operative eating
habits, showed a similar weight loss pattern.

According to the Third International Summit, the weight loss
and improvement in diabetes appeared to be better with a sleeve
gastrectomy thanwith laparoscopic adjustable gastric banding, and
on par with a Roux-en-Y gastric bypass [30]. Himpens et al. [31]
reported the results of a long-term study of LSG patients, and it
appeared that, after 6 years, the mean excess weight loss exceeded
50%. We agree that this unfavorable evolution might have been
prevented in some of the patients by continued follow-up office
visits beyond the third year [31].

We are convinced that the long-term success of bariatric oper-
ations should be based on multidisciplinary support encouraging
the patient to maintain healthy eating habits.
5. Conclusions

Our study results support the hypothesis that eating habits have
no influence on weight loss up to one year after bariatric surgery. A
patient's preoperative eating habits should not influence the deci-
sion regarding the bariatric procedure selection. Nevertheless,
further large-scale studies and long-term follow-ups are necessary
for a better understanding of the effects of LSGs on the weight loss
and quality of life of morbidly obese patients.

Study's limitations exist in relation to questionnaires aiming to
determine the dietary habits of each person. These questionnaires
are not adequate and accurate enough and are lacking the
emotional influence, which cannot be objectively separated when
the patient's self-report methodology is being used.
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