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Abstract
The purpose of this study is to evaluate the food intolerance after banded Roux-en-Y gastric bypass (RYGB), correlating the data
of food ingestion.

Methods

This is an observational prospective study, which evaluated the individuals before and 3, 6, and 12 months after banded RYGB.
We performed an anthropometric evaluation and an assessment of the habitual food ingestion and applied a food tolerance
questionnaire.

Results

The study group was comprised of 75 individuals, 89% of them female, with a percentual weight loss of 29.73 +£6.79%. The
observed results were that food intolerance increased over time and 1 year after surgery, only 2.7% reported to ingest any type of
food, while the greatest difficulty was related to red meat (80%). Regarding vomits, after surgery, this proportion significantly
increased after 3, 6, and 12 months. Preoperatively, the mean protein ingestion was 98 g, which decreased to 50 g after 3 and
6 months and to 51 g after 12 months. As a conclusion, food intolerance significantly increased following banded RYGB, leading
to a crescent dissatisfaction regarding food and an increase in the vomits frequency.
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Introduction

Nutritional deficiencies of macronutrients and micronutrients
are common among patients who undergo bariatric techniques
which match several degrees of restriction with malabsorp-
tion, such as the Roux-en-Y gastric bypass (RYGB).
Deficiencies occur due to the malabsorptive traits of the tech-
nique as well as due to low ingestion and a tendency to avoid
some specific food due to intolerance [1].

Food intolerance is characterized by nausea, regurgita-
tion, and vomiting, and it is more common in the first
months after RYGB surgery, but tends to get better with
time [2], and after 12 months, its frequency becomes sim-
ilar to that observed in the general population [3]. There
are also some complications associated with the place-
ment of gastric bands, such as band erosion and/or migra-
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tion/slippage, nausea, vomiting, malnutrition, and dyspha-
gia for solids and liquids [4, 5]. The length of the band is
another factor to be considered, since a more frequent
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occurrence of vomiting is expected as the diameter of the
gastric lumen is reduced, as a result of compression by the
band [6]. Therefore, an excessive food restriction worsen
the patients’ quality of life and may increase the risk of
nutritional deficits, such as acute neuropathy due to the
deficiency of thiamine, excessive vomiting [7], and re-
duced intake of protein sources [8] such as red meat [9],
eggs, and dairy products [10], also leading to iron and
B12 vitamin deficiencies [1, 11], besides the reduction
of lean body mass [12].

Hence, it is essential to evaluate food tolerance, nutri-
tional status, and possible deficiencies among bariatric
individuals, even before surgery, as a way to avoid inap-
propriate associations of previous food intolerances with
the procedure itself. This study aims to evaluate food in-
tolerance after banded RYGB, correlating the data of food
ingestion.

Methods

This is an analytical observational prospective study be-
tween 2014 and 2016, in which the individuals were eval-
uated in four periods: 1 week prior to surgery and 3, 6,
and 12 months after it. All the procedures, including the
surgeries, were performed at the same tertiary university
hospital and were carried out by the same multidisciplin-
ary team. The protocol underwent evaluation, and it was
approved by the local Research Ethics Board under the
Unicamp/848.158 reference.

In each period of study, anthropometric evaluation, food
ingestion assessment by means of a 3-day diet recall
(3DDR), and application of the food intolerance question-
naire proposed by Suter et al. were performed. All patients
who undergo bariatric surgery at this institution take part in
a preoperative weight loss program, where they have to
achieve a minimal of 10% of preoperative weight loss
[13], which lasts 4 to 12 weeks, and it is comprehended by
weekly consultations carried out by a multidisciplinary
team. The individuals follow a hypocaloric alimentary plan
comprised of 1279 kcal, 198 g of carbohydrates (53% of the
total energy value (TEV)), 92 g of protein (25% of TEV),
36 g of lipids (22% of TEV), and 24 g of fibers, divided into
six daily meals, until the surgical procedure. A month before
the surgery, it was recommended the use of multivitamin
tablets and mineral supplement capsule on a daily basis.
Preoperatively, the individuals were instructed on the post-
operative diet, when there is a gradual progression of con-
sistency until reaching a general diet.

Bariatric surgery was indicated according to the NIH
consensus statement [14]. The inclusion criteria were age
above or equal to 18 and less than 65 years old, refractory
obesity for at least 2 years, body mass index > 40 kg/m? or >
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35 kg/m? associated with obesity-related comorbidities,
along with an agreement to take part in the study.

The exclusion criteria were vulnerable groups (mental-
ly ill, institutionalized, or aged below 18 years old), recent
or previous abuse of alcohol or illicit drugs, uncontrolled
mental disorders, and individuals who did not comply
with follow-up. Eighty-two individuals were recruited,
and seven of them were excluded due to non-compliance
with follow-up: three due to a postoperative gestation and
four that did not show up.

Surgical Procedure

The main features of the RYGB were a 30-mL gastric
pouch, a 100-cm biliopancreatic limb, a 150-cm alimentary
limb, and a common channel consisting of the remainder of
the small intestine; a minimum measurement of 150 cm for
the common limb was observed in order to avoid severe
malabsorption. An inelastic silicon band was fixed around
the gastric pouch approximately 2 cm above the
gastrojejunostomy, determining a 1.4-cm diameter of cir-
cumference. All the procedures were performed by the same
surgical team by means of an open approach.

Dietary Intake

Dietary intake was assessed by means of the 3DDR, in which
people registered in detail all the food that was consumed
during three days of the week: two working days and one of
the weekend, thus indicating the habitual food intake. The
consumption was quantitatively assessed through the overall
calorie intake, the percent and absolute macronutrient intake,
and the fiber absolute intake, calculated by means of the
DietBox system.

The daily recommendations of macronutrients and fibers
were evaluated through reference values of daily intake [15].
An individual consuming less than 85% of the recommended
by the dietary reference intake (DRI) was considered an inad-
equate nutrient intake [16].

Food Intolerance

The food tolerance questionnaire applied was the one pro-
posed by Suter et al. The whole questionnaire is evaluated
by means of an overall score that varies from 1 to 27 points:
the higher the score, the better the food tolerance is [3].
Besides, an extra questionnaire was applied to evaluate the
weekly intake frequency of specific types of food (red meat,
chicken, fish, eggs, milk, yogurt, fried food, candies, sparkling
beverage, pizza, and snacks) [3].
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Statistical Analysis

We used Friedman test, Wilcoxon test, McNemar test,
symmetry Bowker test, or Cochran test to compare the
variables within the evaluations, according to the type of
variable (continuous or categorical) and the number of
evaluations (two, three, or four). To compare the variables
between the groups, we used Mann-Whitney test,
Kruskal-Wallis test, chi-squared test, or Fisher’s exact
test, depending on the type of variable (continuous or
categorical) and the number of groups (two, three, or
more). To assess the connection between continuous var-
iables, the Spearman correlation coefficients were calcu-
lated and the level of significance adopted was 5% (p <
0.05). The statistical analyses were performed through the
software named SAS System for Windows (Statistical
Analysis System), 9.2 version.

Results

In the four moments of the study, 75 individuals were
followed up; 89% were female, and the mean age was
38+10.06 years old; the mean maximum weight achieved
during lifetime was 125.89 +20.99 kg, while the weight at
the admittance of treatment, before the 10% of preopera-
tive weight loss, was 116.11+20.15 kg. The complete
anthropometric description is detailed in Table 1.

There were significant decreases (p <0.05) of weight,
BMI, neck circumference (NC), and abdominal circum-
ference (AC) from the preoperative to 12 months after
the surgery.

Tables 2, 3, and 4 contain detailed results of the food
tolerance questionnaire assessed during the study.
Regarding the food tolerance questionnaire, 97.3% of

the individuals presented scores equal or above 24 before
the surgery; such scores were obtained by 16%, 16, and
13.3%, 3, 6, and 12 months after the surgery, respectively
(»<0.05). Thus, 2.67% of the individuals presented any
type of preoperative intolerance, whereas 84% presented
intolerance 3 and 6 months after the surgery, and 86.67%
after 12 months (p <0.05).

Evaluating the satisfaction associated with food, as assessed
by the first section of the questionnaire, 30.67% considered the
quality of alimentation excellent during preoperative period,
and after 12 months, it decreased to 20% (p <0.05).

Table 5 addresses the consumption frequency, in days per
week, of some food types. It also relates the percentage of the
people to the referred consumption frequency at 3, 6, and
12 months PO (not addressed in the food tolerance
questionnaire).

Results show that satisfaction score (p <0.05),
vomiting score (p <0.05), alimentary score (alimentary
sum score) (p <0.05), and overall food tolerance score
(»<0.05) at 3, 6, and 12 months had lower values, indi-
cating that these variables got worse. There was also a
decrease in red meat intake (p <0.05) after 12 months,
an increase in sparkling beverage intake (p <0.05) after
12 months, and candies (p <0.05) after 6 and 12 months.

Correlating the anthropometric data with food tolerance
scores, negative correlations were observed: the higher the
weight (r=—0.280; p<0.05) and BMI (»=—0.278; p<
0.05), the lower the alimentary satisfaction after 3 months.
Correlating anthropometric variables with food intake, it
was observed a positive correlation (r=0.235; p<0.05):
the higher the NC, the higher the frequency of candies
intake after 6 months.

Table 6 details the mean calorie intake of macronutri-
ents and fibers. It also shows that there were significantly
lower values after 3, 6, and 12 months for the calorie

Table 1 Study population

anthropometric measurements Variables Preoperative Postoperative

and comorbidity description in

the preoperative and 3 months 6 months 12 months

postoperative periods of 3, 6, and

12 months Weight (kg) 98.54+12.96 81.94+11.32 74.76 £10.73 69.10+10.40
BMI (kg/m?) 43.94+5.89 31.00+£2.79 28.29+2.80 26.15+2.92
% WL 14.44+6.73 16.83 +£3.88 24.10+4.75 29.73+6.79
AC (cm) 118.15+10.88 104.54+10.07 98.04+9.39 94.57+9.69
NC (cm) 37.32+3.19 35.07+2.78 34.18+2.81 33.37+2.77
Hypertension 35 (46.66%) 10 (13.33%) 9 (12%) 7 (9.33%)
Dyslipidemia 16 (21.33%) 2 (2.66%) 2 (2.66%) 1 (1.33%)
Diabetes (NID) 5 (6.66%) 0 0 0
Diabetes (ID) 2 (2.66%) 2 (2.66%) 2 (2.66%) 2 (2.66%)

% WL percentage of weight loss, AC abdominal circumference, NC neck circumference, N/D non-insulin depen-

dent, /D insulin dependent
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Table 2 Results of the

satisfaction of food tolerance Satisfaction score Preoperative Postoperative

questionnaire comparing the

preoperative and postoperative 3 months 6 months 12 months p value

periods of 3, 6, and 12 months
Satisfaction 5 (excellent) 23 (30.7%) 12 (16.0%) 11 (14.7%) 15 (20.0%) p<0.05%
Satisfaction 4 (good) 40 (53.3%) 37 (49.3%) 34 (45.3%) 29 (38.7%) p<0.05"
Satisfaction 3 (acceptable) 12 (16.0%) 17 (22.7%) 20 (26.7%) 19 (25.3%) p<0.05°
Satisfaction 2 (bad) 0 (0.0%) 9 (12.0%) 8 (10.7%) 10 (13.4%) p<0.05*
Satisfaction 1 (too bad) 0 (0.0%) 0 (0.0%) 2 (2.6%) 2 (2.6%) p<0.05*

p values represent differences between the four evaluations by Friedman and Wilcoxon tests for ordinal variables
and Cochran and McNemar tests for categorical variables

#p<0.05 pre vs 3, 6, and 12 months

intake (p <0.05), protein (p<0.05), fiber (»<0.05), and
cholesterol (p <0.05). The carbohydrate intake (in grams)
was lower after 3 and 6 months (p <0.05), and the carbo-
hydrate intake (in percentage), total sugar, and trans fat
were higher after 3, 6, and 12 months (p <0.05).

Table 7 presents the preoperative adequacy of macro-
nutrient and fiber intake in 12 months after the surgery.
In relation to the recommended consumption levels of
protein, carbohydrates, and lipids, the frequency of pro-
tein intake, in grams, below 85% of the recommended
was higher after 3, 6, and 12 months (p <0.05), whereas
the frequency of carbohydrate intake, in grams, below
85% of the recommended was lower after 3 and
6 months (p<0.05) and the frequencies of percentage
of carbohydrate and lipid intake below 85% of the rec-
ommended were lower after 3 months (p <0.05).

Discussion

This study showed an increase in food intolerance, along
with a decrease in eating satisfaction after banded RYGB.
The dissatisfaction is related to the difficulty and limited
food intake in terms of quality and quantity when com-
pared to the preoperative period; several patients reported
having a will to ingest preparations of lower nutritional
value. There was an increase in vomiting episodes
throughout time as previously reported [17], which can
be related to the presence of the gastric band.

There was an increase in carbonated beverage and can-
dy intake (6 and 12 months) after surgery. Also, the rela-
tionship between the NC values and the frequency of can-
dy intake shows that the higher the NC value, the higher
the frequency of candies’ intake at 6 months after the

Table 3 Results of the food

intake of food tolerance Food intake Preoperative Postoperative

questionnaire comparing the

preoperative and postoperative 3 months 6 months 12 months p value

periods of 3, 6, and 12 months
Eat any food 65 (86.7%) 4 (5.3%) 7 (9.3%) 2 (2.6%) p<0.05"
Red meat 71 (94.7%) 25(33.3%) 21 (28.0%) 15 (20.0%) p<0.05°
Chicken 75 (100.0%) 38 (50.7%) 33 (44.0%) 28 (37.3%) p<0.05°
Salad 73 (97.3%) 34 (45.3%) 36 (48.0%) 29 (38.7%) p<0.05°
Vegetables 73 (97.3%) 65 (86.7%) 65 (86.7%) 59 (78.7%) p<0.059
Bread 75 (100.0%) 37 (49.3%) 29 (38.7%) 42 (56.0%) p<0.05
Pasta 74 (98.7%) 44 (58.7%) 44 (58.7%) 44 (58.7%) p<0.05°
Rice 74 (98.7%) 33 (44.0%) 38 (50.7%) 38 (50.7%) p<0.05°
Fish 75 (100.0%) 50 (66.7%) 48 (64.0%) 45 (60.0%) p<0.05°

p values represent differences between the four evaluations by Friedman and Wilcoxon tests for ordinal variables
and Cochran and McNemar tests for categorical variables

#p<0.05 pre vs 3, 6, and 12 months and 6 vs 12 months

bp <0.05 pre vs 3, 6, and 12 months and 3 vs 12 months

€p<0.05 pre vs 3, 6, and 12 months
dpSO.OS pre vs 3, 6, and 12 months
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Table 4 Results of the vomit

episodes and total score of food Vomit episodes Preoperative Postoperative

tolerance questionnaire

comparing the preoperative and 3 months 6 months 12 months p value

postoperative periods of 3, 6, and

12 months Daily vomiting 0 (0.0)% 9 (12.0%) 8 (10.7%) 10 (13.3%) p<0.05"
Often (> 2x/week) 0(0.0)% 13 (17.3%) 11 (14.7%) 12 (16.0%) p<0.05"
Rarely 0(0.0)% 19 (25.3%) 28 (37.3%) 30 (40.0%) p<0.05"
Never 75 (100.0%) 34 (45.4%) 28 (37.3%) 23 (30.7%) p<0.05%
Score >24 73 (97.3%) 12 (16.0%) 12 (16.0%) 10 (13.3%) p<0.05°

p values represent differences between the four evaluations by Friedman and Wilcoxon tests for ordinal variables
and Cochran and McNemar tests for categorical variables

#p<0.05 pre vs 3, 6, and 12 months

surgery; on the other hand, a lower carbohydrate intake at
12 months PO was significantly correlated with lower NC
values. The enlargement of NC increases the chance of
developing insulin resistance [18], and a positive relation-
ship between NC and the serum levels of fasting blood
sugar has been reported [19], that is related to the in-
creased consumption of simple sugars present in candies.
It indicates that the increase in simple carbohydrate con-
sumption negatively interferes in the reduction of NC,
which is associated with enhanced risk factors related to
cardiovascular conditions [20].

The higher the weight and the BMI at 3 months post
surgery, the lower the eating satisfaction score was, mean-
ing that a lower body weight could have occurred due to
the patients’ adaptation to new eating standards, more
eating restrictions, and difficulties in the first months,

aside from the diminished consumption of fibers and an
increase of liquid form and/or pureed food, rich in carbo-
hydrates. In this study, there had not been a significant
correlation between the higher weight loss and the in-
creased eating intolerance, as also observed in Boerlage
et al. [21].

There had been a lower eating satisfaction score among
those with lower carbohydrate consumption, indicating
that the reduction of this macronutrient increases eating
dissatisfaction, considering that a low carbohydrate con-
sumption is related to a worsening of the mood [22]. The
food intolerance observed by the patients who presented a
lower protein intake at 12 months after the surgery may
suggest that, as a matter of fact, the difficulty in eating
and food intolerance may have influenced the patients’
protein intake [23].

Table 5 Consumption of some

foods per week in days at 3, 6, and Food/frequency Postoperative

12 months PO, not addressed in

the food tolerance questionnaire 3 months 6 months 12 months p value
Red meat/3 days 18 (24.0%) 28 (37.3%) 20 (26.7%) NS
Chicken/2 days 26 (34.7%) 22 (29.3%) 24 (32.0%) NS
Fish/0 day 38 (50.7%) 28 (37.3%) 31 (41.3%) NS
Egg/1 day 23 (28.0%) 23 (30.7%) 20 (26.7%) NS
Milk/7 days 55 (73.3%) 56 (74.7%) 51 (68.0%) NS
Yogurt/7 days 32 (42.7%) 35 (46.7%) 31 (41.3%) NS
Fried foods/0 day 54 (72.0%) 47 (62.7%) 45 (60.0%) NS
Sweets/7 days 5(6.7%) 16 21.3%) 25 (33.3%) p<0.05*
Carbonated beverage/0 day 68 (90.7%) 61 (81.3%) 59 (78.7%) p= 0.05°
Pizza/0 day 59 (78.7%) 54 (72.0%) 54 (72.0%) NS
Snack/0 day 66 (88.0%) 62 (82.7%) 69 (92.0%) NS

p values represent differences between the three evaluations by Cochran and McNemar tests for categorical

variables
NS not significant

#p<0.05 3 vs 6 and 12 months and 6 vs 12 months

°p<0.05 3 vs 6 months
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Table 6  Caloric, macronutrient, and fiber intake average preoperative and 3, 6, and 12 months postoperative (PO)

Nutrients intake Preoperative

Postoperative

3 months 6 months 12 months p value

Caloric intake (kcal) 1189.1£480.3 845.1+£274.5 884.1£228.4 1003.8 £323.2 p<0.05"
Protein intake (g) 98.07+43.99 50.18 +19.04 50.54+17.41 51.66+18.98 p<0.05°
Protein intake (%) 33.07+9.64 23.55+6.01 22.70+5.46 20.59+5.45 p<0.05*
Carbohydrate intake (g) 127.11+£60.43 106.63 +=40.96 109.44 £34.70 140.54 +128.37 p<0.05°
Carbohydrate intake (%) 42.34+9.10 49.81+8.87 49.33+8.94 50.47+9.65 p<0.05°
Lipid intake (g) 33.22+18.31 26.41+13.10 27.93+11.84 33.37+17.30 NS

Lipid intake (%) 24.59+7.52 26.65+7.65 27.97+8.46 28.95+£9.02 NS

Fiber (g) 15.80+£7.14 8.95+4.66 11.15+6.60 12.52+7.66 pSO.OSG1

p values represent differences between thefour evaluations by Friedman and Wilcoxon tests for continuous variables. Data are mean and standard

deviation

NS not significant

#p<0.05 pre vs 3, 6, and 12 months, 3 vs 12 months and 6 vs 12 months
bpSO.OS pre vs 3, 6, and 12 months

¢ p<0.05 pre vs 3 months, 3 vs 12 months and 6 vs 12 months

dpSO.OS pre vs 3, 6, and 12 months and 3 vs 6 and 12 months

The mean caloric intake observed in the current study
was similar to the one reported by Moize et al. [23]. The
low preoperative caloric intake, compared to other stud-
ies, occurred as the data has been acquired 1 week prior to
the surgery, when patients had been advised to follow a
hypocaloric plan to lose weight, thus not reflecting the
usual ingestion during the preoperative diet.

The mean protein intake was below the recommended
values, as found in the literature [6, 23, 24] considering that,
during a restrictive weight loss diet, it is recommended a
daily protein consumption between 60 g and 120 g [25].
There is an indication that the patients did not reach the
recommended protein intake up to 1 year after the proce-
dure, which can lead to a long-term protein malnutrition.

This study failed to approach the intake of leguminous
in the food intolerance additional questionnaire, for this
class of food reflects the protein intake from a vegetable
source. Moreover, since all of the individuals underwent
banded RYGB, the results observed shall not be automat-
ically extrapolated for individuals who underwent non-
banded bypass. Another point of concern is that diet is
hardly controllable in any situation and depends on sev-
eral psychological, behavioral, and individual patterns;
thus, it is not appropriate to consider all the changes ob-
served attributed to the surgical changes alone.
Nonetheless, the results were substantial and significant
enough to permit valuable conclusions in regard to the
influence of the surgery on food tolerance.

Table 7 Consumption adequacy
of macronutrients and fibers

before and 12 months after
surgery

Intake < 85% 86-99% >100% p value
Protein (g) preoperative 10 (13.3%) 4 (5.3%) 61 (81.4%) p<0.05%
Protein (g) 12 months postoperative 37 (49.3%) 14 (18.7%) 24 (32.0%) p<0.05%
Carbohydrate (%) preoperative 21 (28.0%) 29 (38.7%) 25 (33.3%) p<0.05%
Carbohydrate (%) 12 months postoperative 6 (8.0%) 16 (21.3%) 53 (70.7%) p<0.05%
Lipid (%) preoperative 14 (18.7%) 9 (12.0%) 52 (69.3%) p= 0.05°
Lipid (%) 12 months postoperative 5(6.7%) 6 (8.0%) 64 (85.3%) p <0.05°
Fiber (g) preoperative 61 (81.3%) 8 (10.7%) 6 (8.0%) p<0.05°
Fiber (g) 12 months postoperative 67 (89.4%) 4 (5.3%) 4 (5.3%) p<0.05°

p values represent differences between the four evaluations by Friedman and Wilcoxon tests for ordinal variables

4p<0.05 pre vs 3, 6, and 12 months

°»<0.05 pre vs 6 and 12 months
¢ p<0.05 pre vs 3 months
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Conclusion

Food intolerance significantly increased following banded
RYGB, leading to a crescent dissatisfaction in regard to food
and an increase in the vomiting frequency.
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