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Abstract

Objective To investigate the perception of hunger and satiety and its association with nutrient intake in women who regain weight
in the postoperative period after bariatric surgery.

Methods Cross-sectional study of adult women divided into three groups: weight regain (n = 20), stable weight (n = 20) (both at
least 24 months after Roux-en-Y gastric bypass surgery), and non-operated obesity (z =20). A visual analogue scale measured
hunger/satiety perception while fasting, immediately after finishing a test meal, and 180 min after finishing the test meal. The
incremental area above or under the curve was calculated. Food intake was analyzed by 3 days of food recall and adjusted for
intraindividual variation. To make between-group comparisons, Mann-Whitney, ANOVA, Kruskal-Wallis, and independent-
samples T tests and Pearson’s correlation were used.

Results There were no between-group differences in incremental areas of hunger/satiety, but protein intake was significantly
lower among patients who regained weight compared with those who had stable body weight (0.99 +0.23 g/kg body weight vs.
1.17+0.21 g/kg body weight, p = 0.047). In the group that regained weight, satiety was correlated positively with usual dietary
protein density (»=0.541; p =0.017) and negatively with usual carbohydrate intake (»=—10.663; p =0.002).

Conclusion Women who regained weight presented similar perceptions of hunger/satiety to those of patients without weight
regain and with non-operated obesity. In patients who regained weight postoperatively, satiety perception was correlated posi-

tively with usual dietary protein density and inversely with usual carbohydrate intake.
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Introduction

Despite the promising metabolic results of the surgical treat-
ment for obesity, especially the Roux-en-Y gastric bypass
(RYGB), maintaining the body weight achieved in the post-
operative stage has been a challenge, especially at 24 months
after surgery. There is a tendency after surgery towards a grad-
ual increase in food consumption [1], which when combined
with a sedentary lifestyle favors a positive energy balance and
therefore weight regain [2].

Other factors have also been associated with weight regain,
such as post-surgical period [3], poor dietary quality [3, 4],
and low commitment to clinical appointments [4]. However,
whether a low degree of appetite control leads to weight regain
is still unclear.

The perception of hunger can be stimulated by the smell of
food, mood, advertising, and food media, among others, in-
ducing desire to eat even in the absence of hunger [5]. In
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addition, it is not yet known whether the protein’s satiety
effect, as observed in subjects with and without excess weight
[6, 7], is also present in individuals who have undergone bar-
iatric surgery. Our hypothesis is that individuals with weight
regain after 24 months of RYGB have lower perception of
satiety and it is associated with lower protein density of the
diet. Therefore, the objective of this study was to investigate
perception of hunger and satiety and its association with nu-
trient intake in women who regain weight in the postoperative
period after RYGB.

Materials and Methods

We conducted a cross-sectional analytical study. The data col-
lection took place between July 2016 and December 2017
with women who underwent RY GB surgery at least 24 months
previously: the group with stable weight (n =20) presented
excess weight loss (%EWL) greater than 50% of their preop-
erative weight and weight oscillation lower than 10%. The
group with weight regain (n =20) had regained at least 10%
of body weight compared with the minimum value reached in
the postoperative period. The group with non-operated obesity
(n=20) was composed of women with severe obesity (body
mass index [BMI] greater than or equal to 40 kg/m?, or greater
than or equal to 35 kg/m* with associated comorbidities) who
had no recent weight oscillation and were not engaged in
weight loss treatment. Participants were recruited through so-
cial media, e-mail, and in private and public clinics.

We excluded patients with diabetes and those who became
pregnant during the postoperative period, since it influences
the evolution of their body weight/hormonal profile.

Body weight in kilograms (kg) (Inbody 720®) and height
in meters (Sanny®) were measured. For patients who
underwent surgery, total weight loss (%TWL) was calculated.
The participants answered a sociodemographic questionnaire
that contained questions regarding age and level of education.

We evaluated hunger/satiety perception using a visual ana-
logue scale (VAS) consisting of a 100-mm horizontal line, on
which the extremities represented the two maximum response
points (positive and negative). This is a validated method spe-
cially applied for subjective variables [8, 9]. We asked partici-
pants to mark a point on the line that represented their percep-
tion in response to each question. The distance between the
initial and marked points represented the level of perception
for each variable. The question “How hungry do you feel
now?” was applied to measure hunger (higher value: greater
hunger), while two other questions measured satiety: “Would
you like to eat something more?” and “How satisfied do you
feel now?” (higher value: lower desire to eat) [8]. The VAS was
applied at 3 time points: before (12 h fasting), immediately
after, and 180 min after consumption of the test meal. The
mixed test meal was composed of 200 mL of coconut water

and a chicken salad sandwich, which totaled approximately
270 keal (62% carbohydrate, 12% protein, and 26% lipid).

We used a 24-h dietary recall and two food records on
alternate days, covering 1 day of the weekend to evaluate
nutrient intake. The 5-step multiple-pass method was applied
for the 24-h dietary recall measurements [10]. The food sur-
veys were transformed from household measures to weights in
g using household measurement charts [11]. The data were
analyzed using the Nutrition Data System for Research
(NDSR) software (Nutrition Coordinating Center, University
of Minnesota, Minneapolis, USA) [12], a specialized program
for dietary analysis that provides information on ingredients,
foods, meals, and daily intake. The method of preparation,
type of oil used, added salt, whether visible skins and fats were
removed, and whether the food was consumed before or after
cooking are some of the criteria considered by the software.
Foods and recipes that did not exist in the database were
added, considering the food composition of the Brazilian
Food Composition Table [13] and food labels. Protein supple-
ments were added to the diet, when applicable.
Macronutrients and total energy intake were analyzed, as well
as the weight of the ingested foods, with descriptions as abso-
lute values and values adjusted per kg of current weight.

A total of 121 food intake recall/records were adjusted for
intraindividual variance to represent the patients’ long-term
intake (usual intake), as estimated by PC-side software (ver-
sion 1.02) developed by Iowa State University, USA [14]. The
Best Linear Unbiased Predictors (BLUPs) generated by PC-
Side corrected for day-to-day variability in macronutrient in-
take were used for between-group comparisons. The usual
protein density of the diet was calculated as [Usual protein
(g)/Usual energy (kcal)] x 1000 [15].

Mean and standard deviation (SD) or median and confidence
interval (CI) were used for descriptive results. We calculated the
incremental area above the curve (IAAC) for hunger percep-
tion, and incremental area under the curve (IAUC) for the sati-
ety questions [16]. For comparisons between groups, we ap-
plied Mann-Whitney, Kruskal-Wallis, one-way ANOVA, or in-
dependent sample 7 tests with Tukey post hoc tests. To analyze
the effects of time on the VAS and the group X time interaction,
two-way repeated-measure ANOVAs were performed.
Pearson’s correlation test was applied to investigate the relation-
ship between hunger/satiety perception and nutrient intake.

Results

Only one woman in the non-operated obesity group did not
take the VAS hunger/satiety test because of a methodological
error during its application. All of the patients were able to
consume the test meal. Regarding food intake data, 15 oper-
ated patients (6 from the stable weight group) and 3 non-
operated patients did not answer the questionnaires. In the
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weight regain group, the patients who did not complete the
food intake evaluation had a longer postoperative period than
those who provided intake data (109.3 +37.3 vs. 59.4+
13.1 months; p =0.001). There were no differences in terms
of the other variables considered (data not presented).

Table 1 presents the patients’ sociodemographic and clinical
characteristics. Among those who had RYGB, patients who
regained weight had a lower educational level and longer post-
surgical period. As expected, the weight-regain group presented
higher BMI and lower %TWL than the stable weight group did.

There was no significant between-group difference in the
patients’ hunger/satiety perception at each measured time ac-
cording to the VAS scale (Fig. 1). There were also no signif-
icant differences in incremental areas between the groups’
hunger/satiety perception (Table 2).

Surgery time did not present significant correlation with
hunger question (»=0.282, p =0.078) nor questions related
to the desire to eat (»=0.057, p=0.725) and satiety (r=
0.139, p=0.394).

Table 3 presents the energy and macronutrient intake re-
sults as absolute values and adjusted for body weight. Patients
who regained weight presented lower protein intake (g/kg
body weight) than the women who had RYGB and stable
weight (p = 0.047).

Regarding the correlation between hunger/satiety percep-
tion and nutrient intake, in total sample satiety perception was
correlated positively with usual dietary protein density (r=
0.437; p=10.004). Moreover, among patients who regained
weight, satiety was correlated in the same direction with usual
dietary protein density (»=0.541; p=0.017), and negatively
with usual carbohydrate intake (»=—0.663; p = 0.002).

Discussion
This study compared hunger/satiety perception in women in

the late postoperative period after bariatric surgery who pre-
sented weight regain with that in patients whose RYGB

surgery was successful and patients with non-operated obesi-
ty. The perception of hunger/satiety in response to consump-
tion of a test meal was not significantly different among
groups. This finding suggests that long-term weight regain
among patients who undergo RYGB surgery is not associated
with worsening of appetite perception. Even so, it may be
possible to increase the perception of satiety by modulating
nutrient intake in patients who regain weight.

As in other studies, patients who regained weight had a
longer postoperative period [3, 17], suggesting an adaptive
effect of surgery that needs to be explored further. The per-
ceptions of hunger and satiety are complementary, and al-
though they are not the only determinants of food consump-
tion, they influence the behavior of people with obesity [18]
and are influenced by the intake of specific nutrients [19].
However, this association has been studied little in patients
who undergo bariatric surgery, especially in the late postoper-
ative period.

Although the objective of this study was not to evaluate the
influence of eating disorders on the perception of hunger/sa-
tiety, the lack of control of these components may be associ-
ated with the onset of eating disorders in patients with obesity,
whether or not they have undergone bariatric surgery. The
presence of eating disorders may be negatively correlated with
weight loss [20, 21].

The test meal in the present study had a mixed composition
in terms of nutrients and energy supply, which simulated a
regular meal. Patients in the late postoperative period had a
larger gastric capacity [22], and accordingly, all of the patients
tolerated the test meal. Although other studies have evaluated
the effects of hormones and hunger after a liquid test meal
[23-25], a mixed regular meal seems to be a better way to
mimic the patients’ normal eating pattern after a long postop-
erative period [26].

During the first year post-RYGB, there seems to be a re-
duction in the level of appetite and cravings in the postprandial
period compared with that in the preoperative period [27].
This improvement in appetite control may be in response to

Table 1 Sociodemographic

characteristics, anthropometry, Stable weight Weight regain Non-operated obesity
and postoperative time according n=20 n=20 n=20
to study group (mean + SD)
Age (years)' 38.1+ 74 42.1 £ 10.7 39.4+9.6
Educational level (years)> 15.6+1.3 13.8 £2.4° 12.5+2.5%
BMI (kg/m?)’ 27.1+4.0 31.0 + 4.8° 422+33*
Preoperative BMI (kg/m?)* 417+ 6.5 413 +35 -
MwW* 66.8 £ 10.9 67.7 + 10.4 -
% TWL* 34.6 +2 24.4 £2° -
Postoperative period (months)* 52.3+£33.0 81.9 + 36.6° -

! One-way ANOVA; 2 Kruskal-Wallis; * Mann-Whitney; * Independent samples T test; BMI, body mass index;
MW, minimal weight after surgery; TWL, total weight loss; * p < 0.05, compared to stable weight group; ®p < 0.05,

compared to weight regain group

@ Springer



OBES SURG (2019) 29:958-963

961

How hungry do you feel?

o

100
S0
80
70
B0

| have never been more hungry

F
> 00

w swn
=

Visual Analogue Scale (mm)

20
10 S, -
5 I'mnot hungry at all ~
0 10 180
fasting mmediate postprandia
Time (min)

s+ @« Stable Weight
n=20

e (bese non-operated
n=19

- @u= \Neight Regain

n=20

| cannot eat another bite

10
:_1 I'm completely empty

fasting

Visual Analogue Scale (mm)

10

b

100
o0

Would you like to eat something more?

Nothing at all

(mm)

o Alot

0 10

fasting

180

mmediate postprandia

Visual Analogue Scal

Time (min)

@ O bese non-operated
n=19

se@ee Stable Weight

- @u= \Neight Regair
n=20 n=20

1=20

How satisfied do you feel?

mmediate postprandial

Time (min)

ess@-« Stable Weight Ll

n=20

1t Regain

— (b ese non-operated

n=19

Fig. 1 Visual Analogue Scale for hunger and satiety perception after test meal in women with stable weight, weight regain, and non-operated obesity.

Two-way ANOVA with repeated measures, p > 0.05

the increased production and secretion of intestinal hormones
with anorectic effects, such as Glucagon-like peptide-1 (GLP-
1) and Peptide YY (PYY), after RYGB [28]. However, main-
tenance of the hormonal profile during the late postoperative
period, the efficiency of these hormones in controlling appe-
tite, and its association with long-term weight maintenance are
unclear. The fact that patients with obesity presented the same
level of hunger/satiety perception whether or not they had
undergone RYGB suggests that the striking neuroendocrine
changes seen during the postoperative period suffered an
adaptive effect after time or could not sustain the same pattern
of appetite presented in the early postoperative period. Santo
et al. (2016) [29] observed that the secretion of intestinal hor-
mones, especially GLP-1, was lower among patients who
regained weight than in those with satisfactory weight loss.
However, in this study, the efficiency of GLP-1 at facilitating
appetite control was not assessed. More studies are necessary

to clarify the determining factors of appetite control in this
population.

Apart from hunger/satiety perception analysis, food con-
sumption evaluation in patients who undergo bariatric surgery
is fundamental. The balance of nutrient intake, especially the
adequacy of protein intake, is a key element of dietary
counseling for these patients [30]. It is noteworthy that al-
though the patients who regained weight did not present great-
er energy intake, their carbohydrate and protein intake were
higher and lower, respectively, compared with those of the
stable weight group. In order to analyze the protein intake,
the amount consumed must be corrected by corpulence, since
the protein requirement is established in grams per kilogram
of body weight [31].

Reid et al. (2016) [32] also observed larger carbohydrate
intake among patients who regained weight and that about
40% of the patients did not consume the minimum quantity

Table 2 Incremental area above

or under the curve on the hunger Stable weight Weight regain Non-operated obesity
or satiety Visual Analogue Scale n=20 n=20 n=19

in women with stable weight,

weight regain, and non-operated Hungry 363.0 (260.6-712.3) 423.0 (306.5-612.7) 254.0 (157.5-467.7)

obesity (median; CI) Desire to eat

Satiety

418.8 (287.3-755.8)
832.0 (598.7-1010)

688.5 (531.6-883.7)
806.5 (707.3-1087)

481.3 (278.2-716.0)
766.3 (509.5-913.0)

One-way ANOVA or Kruskal-Wallis: no differences found; Hungry: “How hungry do you feel now?”; Desire to
eat: “Would you like to eat something more?”; Satiety: “How satisfied do you feel now?”
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Table 3 Usual nutrient intake of

women with stable weight, Stable weight Weight regain Non-operated obesity

weight regain, and non-operated n=14 n=11 n=17

obesity (mean + SD)
Grams (g) of food 1333 + 111 1364 + 211.1 1528 + 218.8"
Energy (kcal) 1620 + 223.5 1685 + 307.6 1878 + 386.8
Energy/weight (kcal/kg) 23 +£44 21+52 18 +3.4%
Lipid (g) 58.7 + 12.7 60.0 £ 15.3 65.7 + 18
Carbohydrate (g) 191.0 +£ 23.2 1994 £31.3 225.8 +45.5%
Protein (g) 83.6 = 13.5 80.1 £13.7 91.2+12.7
Protein/weight (g/kg) 1.2+02 1.0 £0.2° 0.9 +0.1*
Usual protein density (g/1000 kcal) 494 +53 51.5+4.6 48.0 £4.8

One-way ANOVA;  p <0.05 compared to stable weight group

of protein recommended. Insufficient protein intake seems to
be related to greater loss of muscle mass in the postoperative
period [33], which may lead to reduction of resting energy
expenditure [34] and hinder body weight maintenance.

It is possible that energy intake was underreported, as is
common among patients with obesity [35], because the report-
ed levels of energy intake were incompatible with the excess
body weight presented by the patients, especially those who
had not undergone RYGB. Even after a postoperative period
of 10 years, patients’ food ingestion is expected to be 15 to
25% lower than that during the preoperative period [36].
Other studies have also not found differences between the
dietary intake of patients who undergo bariatric surgery and
regain weight or show insufficient weight loss compared with
their respective control groups [37, 38], reinforcing the com-
plexity of food intake assessment, especially in terms of meth-
odological difficulties.

An important result of our study was the positive correlation
between the usual dietary protein density and the perception of
satiety. Protein density represents the quantity of protein
ingested relative to the diet’s total energy, and considering that
it is the most difficult nutrient to digest, this dietary element
may produce greater satiety [39]. However, carbohydrates are
metabolized in 15-30 min in the gastrointestinal tract: as they
are quickly absorbed, they generate lower satiety [40]. These
data are consistent with our findings. In addition to preserving
lean mass [41], increasing protein intake can favor satiety and
therefore improve the patient’s adherence to the prescribed diet.

The limitations of this study are the use of a cross-sectional
method, which prevents causality evaluations, and the sample
loss related to the unavailability of food consumption data. In
addition, behavioral factors such as physical activity, anxiety
level, or eating disorders, which may influence the perception
of hunger/satiety, were not considered in this analysis. The
sampling of only women limits our ability to extrapolate the
results. The strong points of this analysis are its well-
conducted methodological procedures for both measurement
of hunger/satiety perception and evaluation of nutrient intake,
which considered intraindividual variance.

@ Springer

Conclusion

Women who regained weight during the late postoperative pe-
riod after RYGB presented perceptions of hunger/satiety equiv-
alent to those with stable body weight or non-operated obesity.
However, in patients who regained weight during the postoper-
ative period, satiety perception was correlated positively with
the diet’s usual protein density and inversely with usual carbo-
hydrate intake. These findings suggest that patients who regain
weight should increase the consumed protein-to-carbohydrate
ratio to improve satiety and control energy intake.
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