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Abstract

Introduction: bariatric surgery is a favorable option for the treatment of obesity, resulting in long-term weight loss.

Objectives: to analyze whether feeding behavior, evaluated by caloric intake, dietary preferences and tolerance, can be considered as a deter-
minant factor for weight loss in obese patients submitted to Roux-en-Y gastric bypass (RYGB).

Methods: cross-sectional study of 105 patients with at least two years post-RYGB surgery with a preoperative body mass index (BMI) of > 35
kg/m2. Caloric intake was evaluated by 24-hour dietary recall and 3-day dietary intake record; dietary habits, by a qualitative dietary frequency
questionnaire; and food tolerance, with a validated questionnaire. Multiple logistic regression was used for statistical analysis.

Results: the majority of the 105 participants were female (84%). The mean age was 43.3 + 11.4 years in the success group (n = 64) and 43.4
+10.7 years in the failure group (n = 41). Preoperative BMI was not associated with the outcome. Mean caloric intake did not show significant
differences between groups: 24 hours recall, p = 0.27; 3-day record, p = 0.95. The frequency of weekly consumption of desserts was twice as
high in the success group. Only two patients in the success group presented daily vomiting.

Conclusion: the factors that determine the failure of weight loss have not yet been fully elucidated. Caloric intake was not a determining factor
of failure, and insufficient weight loss was more prevalent in patients who ceased to lose weight earlier.

Resumen
Introduccion: la cirugia baritrica es una opcion favorable para el tratamiento de la obesidad, resultando a largo plazo en pérdida de peso.

Objetivos: analizar si el comportamiento alimentario, evaluado por la ingesta caldrica, las preferencias y las tolerancias alimentarias, puede ser
considerado un factor determinante de los resultados de pérdida de peso en pacientes obesos sometidos a bypass gastrico en Y de Roux (BPGYR).

Métodos: se realizd un estudio de cohorte retrospectivo con 105 pacientes sometidos a cirugia de BPGYR, con indice de masa corporal (IMC)
preoperatorio > 35 kg/m?2 y, como minimo, dos afios de postoperatorio. La ingesta caldrica fue evaluada por el recordatorio alimentario de 24
horas y el registro alimentario de tres dias. Para la evaluacion de los habitos alimentarios se empled un cuestionario cualitativo de frecuencia
alimentaria y para la tolerancia alimentaria, un cuestionario validado.

Resultados: la mayoria de los participantes eran del sexo femenino (84%). La edad promedio fue de 43,30 + 11,39 afios en el grupo éxito y de
43,39 + 10,73 afios en el grupo sin éxito. EI IMC preoperatorio no presentd influencia sobre el resultado final. EI promedio de ingesta calérica no
mostro diferencia significativa entre los grupos estudiados (R 24 h, p = 0,27; registro del diario alimentario, p = 0,95). La frecuencia del consumo
semanal de dulces fue dos veces mayor en el grupo éxito. Apenas dos pacientes del grupo éxito presentaban vomitos diarios.

Conclusion: los factores que determinan la falta de éxito en la pérdida de peso atin no estan bien esclarecidos. La ingesta caldrica no fue un
factor determinante para no obtener éxito y la pérdida de peso insuficiente fue mas prevalente en los pacientes que dejaron de perder peso
mas temprano.
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INTRODUCTION

The growing epidemic of obesity is associated with an increased
demand for bariatric surgery to treat this condition. Currently,
Roux-en-Y gastric bypass (RYGB) surgery is one of the most
widely performed surgical techniques in the world (1). Bariatric
surgery is the most efficient treatment for obese patients, resulting
in long-term weight loss, and is associated with improvements in
health and quality of life in most patients (2,3).

Weight loss success following RYGB surgery occurs due to the
combination of restriction of the gastric corpus to a 15 to 30
ml pouch, malabsorption promoted by the derivation of the duo-
denum and the proximal jejunum, and the change in the basal
metabolic rate (4,5). Hormonal mechanisms are also involved in
weight loss, such as reduction of ghrelin secretion (an orexigen
hormone) and increased secretion of peptide YY and GLP-1 (glu-
cagon-like peptide-1), both being anorexigenic hormones (6,7).

A common definition of successful postoperative outcome is a
50% loss of excess weight, where excess weight is defined as
preoperative weight minus ideal weight. Maximum weight loss is
usually achieved between 12 and 24 months postoperatively (8).

Although most patients have successful weight loss after bar-
iatric surgery, a small group (20-30%) are unsuccessful in this
objective. In this subpopulation, weight recovery tends to begin
between 18 and 24 months postoperatively, leading to a decrease
or the reverse of improvements in comorbidities and to a decline
in quality of life (2).

The factors involved in weight recovery are still not very well
elucidated. The literature suggests that they may be related to
a higher preoperative body mass index (BMI), to gastric pouch
dilatation caused by increased volume intake, and to a sedentary
lifestyle (9,10). Another important factor, which may also be relat-
ed to the failure of weight loss, is the presence of inadequate food
habits, such as the high consumption of simple carbohydrates
and the low consumption of high protein foods, since patients
report more difficulty in ingesting this group of foods, and the
consumption of highly caloric liquids and snacks, which lead to a
progressive increase in caloric intake (11-13).

In view of the above, this study aims to analyze whether feeding
behavior, evaluated by caloric intake, and dietary preferences and
tolerances, can be considered as determinant factors of weight
loss results in obese patients submitted to RYGB surgery.

MATERIAL AND METHODS

This is a cross-sectional study with retrospective and pro-
spective data, approved by the Research Ethics Committee
of the Onofre Lopes University Hospital (HUOL) under number
30955114.1.0000.5292. Prior to inclusion into the study, all par-
ticipants signed the informed consent form.

The research was conducted with patients undergoing RYGB
laparoscopic surgery, from the Obesity Surgery and Related Dis-
eases Department (SCODE) at the HUOL, Federal University of Rio
Grande do Norte (UFRN), in the Northeast of Brazil. The patients
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were submitted to surgery according to the criteria established
by the Brazilian Ministry of Health.

Data collection was performed at the SCODE nutrition depart-
ment, in routine visits, from 2015 to 2016, and preoperative data,
weight, height, and preoperative BMI, as well as the minimum
BMI attained and its respective postoperative time, were collected
retrospectively from the patients’ charts.

One hundred and five patients of both sexes were included in
the study, aged between 18 and 70 years, and registered in the
SCODE, with preoperative BMI of > 35 kg/m?2 and at least two
years postoperative, operated between 2006 and 2014. After the
data collection, the patients were divided into two groups: the
success group (64 patients), who had > 50% of excess weight lost
(EWL), and the failure group (41 patients), who had < 50% EWL.
EWL was calculated by dividing the weight loss (kg) by weight
excess (preoperative weight minus ideal weight) and multiplying
the result by 100.

Participants were weighted on a digital scale and had their
height measured on a stadiometer (both from Filizola, S&o Paulo,
Brazil). Obesity was defined according to the World Health Orga-
nization (WHO) classification and based on BMI, defined as body
weight (kg) divided by the square of height (m).

Patients diagnosed with psychiatric illness, pregnant women,
patients with complications that could lead to food intolerance,
such as stenosis, and other surgical procedures that could lead
to weight loss were excluded from the study.

At the time of the consultation, a validated and structured
questionnaire was applied to assess the existence and degree
of food tolerance (12). Average calorie, micronutrients and diet
composition were calculated by the Avanutri (Trés Rios, RJ, Brazil)
software, and as an instrument for data collection for this analysis,
a 24-hour dietary recall was applied, where the patients reported
all food and drink consumed during the day before the interview,
with their respective home measurements. Also, for this analysis,
a three-day food record was applied, where participants were
advised to record all food and drink consumed and their respective
home measurements on three sheets of paper (one for each day),
with times and distribution of meals throughout the day. For the
analysis of macro and micronutrients, the use of supplements
was not considered.

For food preference evaluation, the qualitative food frequency
questionnaire (QFFQ) was applied. The participants reported the
average habitual frequency of consumption of each item, by its
respective unit of time (times/week). For this study, the frequency
of consumption of fruits, vegetables, fried foods, desserts and
simple carbohydrates (CHO) (bread, pasta, rice, biscuits, potatoes
and flour) was analyzed.

Practitioners of physical activity were those considered doing
a minimum of 150 minutes per week, according to the WHO
recommendation (14).

The Stata 11 program (Stata Corp., College Station, TX, USA)
was used for statistical analysis. The Student’s t-test was used to
compare demographic, anthropometric and nutritional variable aver-
ages. For food journal record analysis, the three day record average
was used. The Chi-square test was used to compare the proportion
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of subjects who practiced physical activity, and the Mann-Whitney
test was used to compare the weekly consumption amount of the
food groups. The significance level adopted was p < 0.05.

For multivariate analysis, a stepwise backward logistic regres-
sion model that included all variables that have shown some evi-
dence of association with the dependent variable in a univariate
analysis at the p < 0.15 level was used. The final model retained
only those variables significant at the p < 0.05 level. Results are
presented as odds ratios with 95% confidence intervals.

RESULTS

M. C. M. B. Furtado et al.

In multivariate analysis, the initial model included all the follow-
ing variables: postoperative time, final BMI, minimum BMI attained,
postoperative time of the minimum BMI, maximum EWL%, carbo-
hydrate (24-hour dietary recall) and B12 vitamin (24-hour dietary
recall). In the final model (Table IV), a lower final BMI was associated
with weight loss success (OR 0.264, p < 0.001). In subjects with
the same final BMI, a higher minimum BMI attained (OR 4.851, p <
0.001) and a higher maximum EWL% (OR 1.515, p < 0.001) were
associated with greater likelihood of weight loss success.

DISCUSSION

Of the total of 105 patients, 84% were female and 16% were
male. The mean age of the participants was 43.3 = 11.4 years in
the success group (n = 64), and 43.4 + 10.7 years in the failure
group (n = 41) (p > 0.99). The analysis showed no influence on
the final weight loss result of the mean preoperative BMI compar-
ison. The success group presented a mean of 48.8 + 8.36 kg/m?,
and the failure group 49.9 + 6.93 kg/m? (p = 0.47).

There was no statistically significant difference in mean postop-
erative time between the success group (47.9 + 25.0 months) and
the failure group (56.2 + 26.9 months) (p = 0.11). There was a sta-
tistical difference in relation to minimum BMI achieved by the groups
(p < 0.001), and in the period of time they achieved this minimum
BMI (p = 0.01), as the failure group demonstrated to cease losing
weight earlier than the success group, as we can observe in table |.

The analysis of mean caloric intake showed no significant dif-
ference between the groups (R24h, p = 0.27) (food journal record,
p =0.95) (Fig. 1), as well as in the diet composition (Table Il). The
frequency of weekly consumption of desserts was twice as high
in the success group as in the failure group (Table Ill).

The groups presented a good degree of food tolerance, the
success group with a score of 22.9 + 3.40 and the failure group
with 22.5 = 2.52, (p = 0.88). Only two patients in the success
group reported daily vomiting (Fig. 2).

Only 18 patients from the success group (34%) performed physical
exercise, and ten patients (32.3%) from the failure group (p = 0.87).

Weight regain among patients after bariatric surgery is already
a known fact among researchers. Some studies have shown that
it usually occurs after the second postoperative year (15).

p=0,95

1355,3

24-hour dietary recall 3 day dietary intake record

Calorie Consumption Assessment Method
# Success Group
Failure Group

Figure 1.

Comparison of caloric intake between groups. Failure group: patients with EWL <
50%. Success group: patients with EWL > 50%.

Table I. Characteristics of the study population

L. Failure group Success group
Characteristics p-value
n Mean = SD n Mean = SD
Aged 41 43.29 +10.73 64 4329 +11.39 1.00
Postoperative time 41 56.20 + 26.85 64 47.97 + 24.96 0.11
Preoperative BMI 4 49.94 + 6.63 64 48.83 + 8.36 0.47
Final BMI 4 40.09 = 5.91 64 31.81 +£4.59 < 0.001
Excess weight loss (%) 41 36.78 = 11.60 64 66.55 + 11.56 < 0.001
Minimum BMI attained 41 35.82 +5.78 64 30.49 + 4.46 < 0.001
Postoperative time of the minimum BMI 41 16.71 £10.54 64 2520 +18.13 0.01

BMI: body mass index. Failure group: patients with EWL < 50%. Success group: patients with EWL > 50%. Postoperative time. months. Data are presented as mean +

standard deviation.
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Table Il. Analysis of diet composition
Failure group Success group
p-value
n | Mean = SD n | Mean = SD
24-hour dietary recall
Macronutrient intake
Protein grams 38 63.45 + 26.62 64 65.70 + 32.69 0.72
Protein (% total kcal) 38 20 + 5.61 64 18.81 +5.85 0.32
Carbohydrate (% total kcal) 38 52.36 + 10.02 64 55.36 + 10.69 0.10
Lipid (% total kcal) 38 27.64 +9.08 64 25.29 + 8.67 0.20
Micronutrient intake
Iron (mg) 38 7.75+4.16 64 7.84 +4.31 0.92
Calcium (mg) 38 340.95 + 243.31 64 406.26 + 306.80 0.27
Vitamin B12-cyanocobalamin (mcg) 38 1.92 +2.45 64 6.03 +13.74 0.07
Folic acid (mcg) 38 64.49 + 45.85 64 70.70 + 59.56 0.58
Vitamin B1-thiamine (mg) 38 0.65 + 0.36 64 0.76 = 0.54 0.27
3 day dietary intake record
Macronutrient intake
Protein grams 29 74.93 + 28.47 39 69.53 +20.14 0.36
Protein (% total kcal) 29 2317 £ 51 39 21.79+£5.25 0.30
Carbohydrate (% total kcal 29 54,27 +22.39 39 52.06 = 9.0 0.58
Lipid (% total kcal) 29 26.30 £7.35 39 26.15+6.1 0.93
Micronutrient intake
Iron (mg) 29 8.41+3.72 39 8.66 + 2.97 0.76
Calcium (mg) 29 432.5 + 276.6 39 467.3 + 254.9 0.59
Vitamin B12-cyanocobalamin (mcg) 29 6.24 +13.63 39 9.3+19.87 0.48
Folic acid (mcg) 29 100.24 + 60.62 39 87.20 + 60.85 0.38
Vitamin B1-thiamine (mg) 29 0.797 + 0.383 39 0.870 + 0.458 0.46
Failure group: patients with EWL < 50%. Success group: patients with EWL > 50%. Data are presented as mean + standard deviation.
Table lll. Frequency of weekly consumption per food group
Failure group Success group p-value
n Mean = SD n Mean += SD
Fruits 31 571 +210 52 6.12 +1.89 0.33
Vegetables 31 5.65 +2.07 52 515+ 267 0.49
Fried foods 31 1.10+1.78 52 0.85+1.29 0.46
Sweets 31 1.03+1.60 52 2.02 +2.32 0.04
Simple CHO 31 6.03 = 1.64 52 575+ 2.21 0.54
Simple CHO: bread, pasta, rice, biscuits, potatoes and flour. Failure group: patients with EWL < 50%. Success group: patients with EWL > 50%.
Table IV. Patient factors associated with successful weight loss after RYGB
. Failure group Success group Multivariate analysis
Predictors of success
Mean = SD Mean = SD OR 95% CI p-value
Final BMI 40.1 £ 591 31.8+4.59 0.264 0.140 0.498 < 0.001
Minimum BMI attained 35.8+5.78 30.5 + 4.46 4.851 2.198 10.707 < 0.001
Maximum EWL% 53.4+14.9 722127 1.515 1.227 1.871 < 0.001

BMI: body mass index; EWL. excess weight loss; OR: odds-ratio; Cl: confidence interval. Failure group: patients with EWL < 50%. Success group: patients with EWL > 50%.
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Figure 2.

Occurrence of regurgitation and vomiting among participants. Failure group:

patients with EWL < 50%. Success group: patients with EWL > 50%.

The literature suggests that low postoperative dietary adher-
ence is increasingly and consistently identified as a predictor of
poor results of weight loss after surgery (16). However, our study
did not find the same result since there was no statistical differ-
ence in the average amount of calories consumed daily and diet
quality in the studied groups.

Wardé-Kamar et al. (17) performed a study with 69 patients with
a mean duration of 30 + 8 months postoperative of RYGB, and
observed a weight loss at the time of the study of 48 = 17 kg (4
to 114 kg), with a %EWL of 58 = 17%. It was also observed that
61% of the patients were successful in postoperative weight loss.
Diet composition analysis showed that 22 + 6% of the total calories
were protein, 44 + 11% were carbohydrates and 33 = 11%, fat.

In relation to carbohydrate consumption, we observed a higher
percentage of consumption than the Wardé-Kamar et al. study.
(17). However, there is still no consensus regarding the mac-
ronutrient standard to be followed for healthy weight loss after
bariatric surgery (18).

Comparing successful and unsuccessful weight loss patients,
one study found that patients with %EWL > 50% consumed fewer
calories than patients with %EWL < 50%, although this was not
significant (1,657 = 649 kcal vs 1,888 + 600 kcal , p = 0.24)
(17), corroborating our study.

Another study in patients with a mean of 4 + 1.43 years post-
operative reported that they had a daily calorie consumption of
1,885 + 412 kcal (16).

Sjostrom et al. (19) also suggest that energy intake may influ-
ence weight regain. They reported a mean daily intake of 2,900
kcal, 1,500, 1,700, 1,800, 1,900, 2,000 kcal/day: pre-surgery,
six months, one year, two years, three years, and between four
and ten years post-surgery, respectively.

Post-RYGB patients eat less and feel less hungry. These chang-
es may represent a superior efficacy in weight loss compared to
other surgical procedures. The exaggerated release of intestinal
hormones (PYY and GLP-1) post-RYGB has been suggested as a
potential mediator in changes in food preferences and weight loss.
Their anorexigenic properties are already being explored to treat
obesity (20). Changes in appetite are already evident a few days
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after surgery, since postprandial PYY and GLP-1 levels already
begin to increase two days after the operation, and they influence
appetite reduction, which explains the lower intake of calories and
the weight loss.

In patients with unsuccessful weight loss, postprandial PYY and
responses to GLP-1 are attenuated in comparison to patients with
good postoperative weight loss. Inhibition to respond to intestinal
hormones, including PYY and GLP-1, after gastric bypass results
in the return of appetite and increased food intake (20-22). This
fact may justify the increase in food intake and the weight regain
in many patients.

The literature suggests that preoperative BMI can be considered
as a predictor of failure of surgery (23). However, in our study, no
difference was observed between the groups in relation to initial
BMI, corroborating with a study by Shantavasinkul et al. (24), who
reported that preoperative BMI is not a predictor of postopera-
tive weight regain. This same study observed that patients who
ceased to lose weight earlier, on average one year postoperative-
ly, presented weight gain. Our study also found this association,
demonstrating that the patients in the failure group reached their
minimum weight with a mean of 16 months postoperative, long
before the patients in the success group, who reached minimum
weight with a mean of 25 months postoperative.

In our study, we found no difference between people who do
physical activity, and weight loss, even though it is an important
factor in maintaining weight loss. This finding is in agreement with
a study by Faria et al. (25), who observed that only 20% of the
sample practiced physical activity, and found no correlation with
weight loss. However, the use of different tools to evaluate physical
activity makes it difficult to compare studies. The literature reports
that higher levels of physical activity, which were not observed in
our study, may be effective in improving and maintaining weight
loss (26-28).

Patients undergoing bariatric surgery may present difficulties
in dietary adaptation after surgery (11,29). In a study conducted
by Pedrosa et al. (30), the occurrence of food intolerance in 205
patients submitted to RYGB was analyzed, and it was observed
that vomiting was the main symptom associated with food intoler-
ance. Valezi et al. (31) investigated the degree of food preference
and tolerance according to the gender of patients after bypass,
and observed that the only significant result was in relation to
fruit consumption, which was higher among women. In our study,
fruit and vegetables consumption was similar between groups,
with a mean weekly consumption of 5.71 = 2.10 in the failure
group and 6.12 = 1.89 in the success group (p = 0.33). A study
by Wardé-Kamar et al. (17) showed that fruit and vegetables
consumption reached approximately 180 kcal per day, which is
equivalent to two servings of fruit and 2-3 servings of vegetables
per day. This same group further reported a consumption of sug-
ary drinks which corresponded to 7% of total calories consumed.
In our study, the consumption of desserts was twice as high in
the success group, not presenting an association with the final
result of weight loss.

The elevated consumption of simple carbohydrates, and low
consumption of dietary sources of protein, can be associated to
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unsuccessful results, since this last group of foods is considered
to be difficult to ingest by the patients (11). In our study, patients
presented a good dietary score (32) and reports of daily vomit-
ing occurred in only 3% of the patients in the success group,
corroborating the study by Godoy et al. (32). Furthermore, in a
study conducted by Wardér-Kamar et al. (17), it was observed
that 62% of the patients had spontaneous vomiting and 27%
induced vomiting.

Dietary protein may influence some factors in the regulation of
body weight such as satiety (33), energy expenditure and body
composition (34). The patients in our study presented adequate
protein intake, being greater than the established in the guidelines
of the American Association of Clinical Endocrinologists, the Obe-
sity Society, and the American Society for Metabolic and Bariatric
Surgery that recommend at least 60 g of protein per day and up
to 1.5 g/kg of ideal weight per day (35).

In a systematic review by Ito et al. (36), four studies were found
where the patients had a protein intake lower than 60 g/day and
significant loss of lean mass. Another study, with patients with
a mean of 30 months postoperatively, reported a mean protein
intake of 1.7 g/kg of ideal weight/day (17). Raftopoulos et al.
(37) suggest an association between low protein intake and low
lean mass, and report that a daily intake of protein greater than
1 g/kg per day is feasible and may provide benefits in increasing
weight loss, reducing body fat and improving lean mass (37). This
corroborates the present study, which suggests that a greater
amount of daily calories originating from proteins may be related
to greater weight loss (25).

There is no data in the literature that accurately evaluates the
postoperative period of RYGB (38). This can underestimate the
amount of food consumed by this population, since patients do not
usually report their actual intake, which can imply a false result,
reaching a variation of 20% to 50% in the total calories consumed
(39) . Another limitation of the study was the non-standardization
of the RYGB surgical technique due to the improvement of surgical
technique over the years, change in size of the gastric pouch and
of intestinal deviation.

CONCLUSION

The factors that lead to failure in weight loss after RYGB are still
not well elucidated. Caloric intake, food tolerance and preoper-
ative BMI were not associated with poor results, and insufficient
weight loss was more prevalent in patients who ceased to lose
weight earlier.
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