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INTRODUCTION

Bariatric surgery is the most effective treatment for obesity, inducing

a greater and more sustained weight loss compared with nonsurgical
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Abstract

Objective: The aim of this study was to compare changes in gastrointestinal hor-
mones and appetite ratings after a similar weight loss induced by a very low-energy
diet alone or in combination with sleeve gastrectomy (SG) or Roux-en-Y gastric
bypass (RYGB).

Methods: Patients with severe obesity scheduled for SG (n = 15) and RYGB (n = 14)
and 15 controls (very low-energy diet alone) were recruited. Body weight/composi-
tion, plasma concentrations of R-hydroxybutyric acid, acylated ghrelin, total gluca-
gon-like peptide-1, total peptide YY, cholecystokinin, and ratings of hunger, fullness,
desire to eat, and prospective food consumption were measured pre- and postpran-
dially, before and after 10 weeks of intervention.

Results: Changes in body weight/composition and level of ketosis were similar across
groups. In SG and RYGB, basal and postprandial acylated ghrelin declined, and post-
prandial glucagon-like peptide-1 increased, both significantly more compared with
controls. Postprandial peptide YY increased in all groups. Overall, postprandial hun-
ger decreased, and postprandial fullness increased. But ratings of desire to eat and
prospective food consumption were more favorable after both surgeries compared
with controls.

Conclusions: Weight loss with SG and RYGB leads to more favorable changes in gas-
trointestinal hormones compared with diet alone, although ratings of appetite were

reduced across all groups.

approaches [1]. It is hypothesized that bariatric surgery’s success can
be partially explained by beneficial changes in the secretion of gastro-
intestinal (GI) hormones, key regulators of eating behavior and

homeostatic appetite control [2].

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Obesity published by Wiley Periodicals LLC on behalf of The Obesity Society.

Obesity (Silver Spring). 2023;31:399-411.

www.obesityjournal.org 399


https://orcid.org/0000-0002-0458-3640
https://orcid.org/0000-0002-7217-5913
mailto:marthe.i.aukan@ntnu.no
http://creativecommons.org/licenses/by-nc/4.0/
www.obesityjournal.org
http://crossmark.crossref.org/dialog/?doi=10.1002%2Foby.23655&domain=pdf&date_stamp=2022-12-19

EFFECT OF DIET OR BARIATRIC SURGERY ON APPETITE

© |WILEY_JOI WO

Patients who have undergone sleeve gastrectomy (SG) report
feeling less hungry and more satiated than their nonsurgical coun-
terparts [3], and several studies have shown decreases in appetite
also following Roux-en-Y gastric bypass (RYGB) [4, 5]. Plasma con-
centrations of ghrelin, the only known orexigenic gut-derived sig-
nal, have consistently been shown to decline following SG [6, 7].
However, less consensus exists regarding the impact of RYGB on
ghrelin plasma concentrations, with some studies showing a
decrease [8], while others show no change [9]. The plasma concen-
trations of glucagon-like peptide-1 (GLP-1), peptide YY (PYY), and
cholecystokinin (CCK), collectively known as satiety peptides, have
been consistently reported to increase shortly after bariatric sur-
gery and to be sustained for up to 10 years postoperatively
[4, 10, 11].

Diet-induced weight loss, on the other hand, has consistently
been shown to lead to increased basal ghrelin plasma concentrations
and hunger ratings [12, 13]. Moreover, these changes seem to be sus-
tained at 1-year follow-up [13, 14], even with partial weight regain
[12]. However, the impact of diet-induced weight loss on the post-
prandial concentrations of satiety peptides and appetite ratings
remains controversial [12-14].

Few studies have compared how weight loss induced by diet ver-
sus bariatric surgery impacts the secretion of Gl hormones and subjec-
tive appetite ratings. RYGB, in combination with a low-calorie diet,
was reported to induce a greater weight loss along with decreased
motivation to eat and lower basal and postprandial total ghrelin con-
centrations, as well as greater postprandial concentrations of total
GLP-1, PYY3.34, and CCK, compared with dietary restriction alone
[15]. However, in another study, a 10-kg weight loss induced by
RYGB was reported to decrease total ghrelin plasma concentrations,
whereas the same magnitude of weight loss induced by dietary
restriction alone had the opposite effect [16]. Moreover, RYGB
resulted in more favorable changes in appetite ratings (hunger, satiety,
prospective food consumption [PFC], and cravings), despite no
changes in total GLP-1 or total PYY concentrations in the postprandial
state in either group [16].

Nutritional-induced ketosis has been shown to modulate the con-
centrations of Gl hormones, particularly ghrelin [17, 18], with the
increased drive to eat otherwise seen with diet-induced weight loss
being attenuated, or even absent, under ketogenic conditions [17,
19, 20]. Interestingly, it has been reported that patients who undergo
bariatric surgery develop mild ketosis shortly after surgery [21]. Stud-
ies comparing the impact of weight loss induced by diet alone versus
bariatric surgery on appetite are limited given that they have not con-
trolled for ketosis, the magnitude of weight loss, or the overall energy
deficit and macronutrient composition of the diet. A study controlling
for these variables would be useful for elucidating the mechanisms
behind the effectiveness of bariatric surgery. Therefore, the aim of
this study was to compare how a similar weight loss induced by a very
low-energy diet (VLED) alone, or VLED combined with SG or RYGB,
impacts Gl hormone plasma concentrations and subjective appetite

ratings.

Study Importance
What is already known?

e Bariatric surgery leads to substantial and sustained
weight loss, concomitant with beneficial changes in gas-
trointestinal (GI) hormones toward reduced hunger and
increased satiety.

e Very low-energy diets (VLED) are effective for weight
loss in the short term but are usually followed by an
increased drive to eat, and long-term weight loss mainte-

nance is poor.

What does this study add?

o When diet and weight loss are similar, bariatric surgery
(both Roux-en-Y gastric bypass and sleeve gastrectomy)
leads to a more favorable profile in the concentration of
Gl hormones, compared with diet-induced weight loss.

e However, an overall reduction in appetite ratings is seen
after both diet-induced weight loss and bariatric surgery,
likely because participants were under nutritional-
induced ketosis.

How might these results change the direction of
research or the focus of clinical practice?

e For patients with severe obesity who cannot, or choose
not to, undergo bariatric surgery, VLED seem to be a
good alternative, at least in the short term, to induce sig-
nificant weight loss concomitant with an overall reduc-
tion in appetite ratings like what is seen after bariatric
surgery.

e Long-term studies are needed to determine whether
these initial changes in Gl hormones and appetite ratings
modulate long-term weight loss outcomes after both
diet-induced weight loss and bariatric surgery.

METHODS
Study design

The Effect of Dlet-induced weight loss versus Sleeve gastrectomy and
Gastric bypass on Appetite (DISGAP) study is a three-arm, nonrando-
mized controlled trial, comparing how a similar weight loss induced by
VLED alone, or VLED in combination with SG or RYGB, impacts different
domains of appetite regulation. This paper reports the initial changes in
Gl hormones and appetite ratings after a similar weight loss achieved

across groups. An outline of the study can be seen in Figure 1.
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FIGURE 1 Study design. BL, baseline; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; VLED, very low-energy diet; W11, week 11;
WL, weight loss [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 Flow diagram of the study. RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy [Color figure can be viewed at

wileyonlinelibrary.com]
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Participants

Adults with severe obesity scheduled for SG or RYGB at two local
hospitals in the Central Norway Health Region were recruited for this
study. The control group (VLED intervention alone) was composed of
patients on a waiting list for bariatric surgery, patients who declined
or were not eligible for surgery, as well as individuals with severe obe-
sity from the local community (recruited through advertisements at
St. Olav’s University Hospital and the Norwegian University of Sci-
ence and Technology intranet). The control group was recruited aim-
ing to match the preoperative body mass index (BMlI), age, and sex of
the surgical groups. Recruitment and data collection took place
between September 2019 and January 2022. A flow diagram of the
study can be seen in Figure 2.

The study was approved by the regional ethics committee
(Regional etisk komite [REK], Ref: 2019/252), registered in
ClinicalTrials.gov (NCT04051190), and conducted according to the
guidelines laid down in the Declaration of Helsinki. All participants
provided written informed consent before enrolling in the study. Par-
ticipants had to be weight stable (self-reported) (< 2-kg body weight
change over the last 3 months) and not enrolled in any other obesity
treatment or behavioral program. Patients who had previously under-
gone bariatric surgery, were using medication known to affect metab-
olism or appetite, or had a current cancer diagnosis, substance abuse,
or a psychiatric diagnosis that precluded bariatric surgery (such as eat-

ing disorders) were excluded from the study.

Interventions
Surgical procedures

Bariatric surgeries were performed using standard laparoscopic proce-
dures. The SG involved dividing the gastrocolic ligament, initiating the
gastrectomy 4 cm proximal to the pylorus along the greater curvature,
and creating the sleeve along the lesser curvature using a 36-French
bougie. The RYGB procedure involved creating a small (~20-30 mL)
proximal gastric pouch and a stapled gastrojejunostomy. A 75- to
150-cm Roux-Y limb was constructed by transecting the jejunum 60
to 100 cm distal to the ligament of Treitz and performing a stapled
jejunostomy at this site.

Diet

All participants followed a formula-based VLED, using commercial
food packs (Lighter Life, Harlow), for 10 weeks under the guidance of
a registered dietitian. The average daily macronutrient composition of
the VLED was 750 kcal, and percent energy (E%) was 26 E% fat, 36 E%
carbohydrates, 5 E% fiber, and 33 E% protein. The products consisted of
shakes, soups, textured meals, porridge, and bars with approximately
150 kcal/product. Participants could choose any combination of five

products per day. They were encouraged to consume a maximum of

100 g of low-starch vegetables and 2.5 L of water daily. Alcohol con-
sumption was not allowed during the 10-week intervention. Noncaloric
beverages were allowed, in addition to a maximum of 500 mL of low-
energy drinks (< 3 kcal/100 mL).

Patients scheduled for SG and RYGB initiated the VLED 2 weeks
prior to surgery and continued for another 8 weeks afterward. The
surgical groups were instructed to consume only fluid food packs
the first weeks postoperatively, gradually increasing the texture of the
food. All participants were asked to fill out a self-reported food diary.
At weekly scheduled follow-ups, food diaries were discussed, side
effects recorded, body weight monitored, and acetoacetate (a ketone
body) measured in urine with ketostix (Bayer Ketostix 2880 Urine
Reagent Test Strip, Ascensia Diabetes Care), as a measure of dietary

compliance.

Physical activity

Participants were asked to maintain their physical activity (PA) levels
during the 10-week intervention. Compliance with this recommenda-
tion was assessed by asking participants to wear SenseWear arm-
bands (BodyMedia) for 7 days prior to baseline (BL) and on the last
week of the study (W10). Data were considered valid if participants
wore the device for > 4 days, including at least 1 weekend day, on
more than 95% (22.8 h/d) of the time [22]. Average steps per day, PA
levels, metabolic equivalents, and total PA duration were included in

the analysis.

Outcome variables

After an overnight fast (at least 10 hours), participants came to the
obesity outpatient clinic at St. Olav’s University Hospital on two occa-
sions: before start of the dietary intervention (BL) and after 10 weeks
(W11), to measure body weight and composition, plasma concentra-
tions of Gl hormones, and appetite ratings.

Air-displacement plethysmography (BodPod, COSMED) was used
to measure body weight, fat mass (FM), and fat free mass (FFM).

Blood samples were collected in 4-mL EDTA-coated tubes and
drawn at fasting, every 15 minutes for the first hour after a standard-
ized breakfast, and then at 30-minute intervals until 150 minutes. The
breakfast consisted of a 200-mL commercial low-glycemic drink
(Diben Drink, Fresenius Kabi Norge AS) (300 kcal, 42 E% fat, 35 E%
carbohydrates, 3 E% fiber, and 20 E% protein), and participants were
asked to drink it slowly over a 15-minute period, to avoid dumping
syndrome.

For acylated ghrelin (AG) and total PYY, 1 mL of whole blood
was transferred into a microtube and a 20-pL mixture of inhibitor
(10 pL of Pefabloc [Roche Diagnostic] + 10 uL of dipeptidyl-
peptidase IV inhibitor [Merck Millipore]) was added. For CCK and
total GLP-1, 500 KIU of aprotinin (DSM, Coatech AB) per milliliter of
whole blood was added to the EDTA tubes. Samples were then
centrifuged at 2106 relative centrifugal force (RCF) for 10 minutes
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at 18 °C and the plasma frozen at —80 °C until further analysis.
Plasma samples were analyzed for AG and total PYY using a Human
Metabolic Hormone Magnetic Bead Panel (HMHEMAG-34 K, Merck
KGaA). Cross-reactivity between antibodies and any of the other
analytes in this panel is nondetectable or negligible. CCK and total
GLP-1 were analyzed using “in-house” radioimmunoassay (RIA)
methods [23, 24]. Intra- and inter-assay coefficients of variation
were < 10% and < 20% for AG and total PYY; and < 5% and < 15%
for total GLP-1 and CCK, respectively. All the samples from the
same participant were analyzed in the same plate. The analyses of
AG and total PYY were performed by the same technician at
NTNU'’s lab. CCK and total GLP-1 were both analyzed at the Uni-
versity of Copenhagen, Denmark. A ketone body assay kit
(MAK134, Sigma-Aldrich) was used to measure R-hydroxybutyric
acid (RHB) plasma concentrations.

Appetite ratings (hunger, fullness, desire to eat [DTE], and PFC)
were assessed using a 10-cm visual analog scale [25] at fasting, imme-
diately after the standardized breakfast, and every 30 minutes for a
period of 2.5 hours.

Sample size calculation

Given that RYGB has been shown to induce a larger increase in GLP-1
area under the curve (AUC) compared with SG [6] and dietary restric-
tion alone [15], for this exploratory study, we hypothesized that bar-
iatric surgery would induce a two (SG) and three (RYGB) times larger
increase in total GLP-1 postprandial concentrations (AUC) compared
with diet-induced weight loss alone (~600 pmoL/mL x min) [13]. For
a power of 80%, a significance level of 0.05, and assuming a standard
deviation of 1000 min x pmol/L, and a within-group variance of
640,000 min x pmol/L, 45 participants would be required (15 in each
group).

Statistical analysis

The statistical analysis was carried out using SPSS Statistics, ver-
sion 27 (IBM Corp.). Residuals were checked for normality using
the Shapiro-Wilk test and visual inspection of QQ plots and histo-
grams and they did not deviate significantly from normality. Data
are presented as means + standard errors of the mean (SEM),
unless otherwise stated. All data (anthropometrics, Gl hormones,
appetite ratings, and RBHB) were analyzed using a linear mixed-
effects model with restricted maximum likelihood estimation,
including fixed effects for time, group, and their interaction. Bon-
ferroni correction was used for post hoc pairwise group compari-
sons. We were unable to collect blood samples from two
participants at BL (one control, one RYGB), and these were there-
fore excluded from the analysis of Gl hormones. Total and incre-
mental (or decremental) area under the curve (tAUC, iAUC, and
dAUC, respectively) for GI hormone concentrations and appetite

ratings was calculated using the trapezoid rule.

RESULTS
Participants

Table 1 shows mean characteristics of the groups at baseline and
week 11. A total of 44 participants completed BL and W11 assess-
ments (n = 15 VLED, n = 15 SG, and n = 14 RYGB). A main effect of
time was seen for all anthropometric variables (p < 0.001, for all). Post
hoc analysis showed no differences in any anthropometric variables
between groups at BL or W11 or in changes over time. Participants
lost on average 18.3 4+ 0.6 kg (16%), and BMI was reduced by
6.3+ 0.8 kg/m?, FM decreased by 13.5 + 0.5 kg (24%), and FFM
decreased by 4.8 + 0.3 kg (8%) (p < 0.001, for all). All participants
were in nutritional-induced ketosis at W11, with no significant differ-
ences in BHB plasma concentrations between groups. No changes
over time or differences between groups were seen for any of the PA

variables assessed (data not shown).

Gastrointestinal hormones

Mean basal and postprandial plasma concentrations of Gl hormones
at BL and W11 can be seen in Table 2, and the postprandial curves
over time can be seen in Figure 3A-D.

An overall reduction in basal and postprandial ghrelin
concentrations was seen

A main effect of time, group, and time x group interaction was seen
for basal AG concentrations (p < 0.001, for all). Post hoc analysis
showed that SG and RYGB experienced a decrease in basal AG con-
centrations (p < 0.001 and p = 0.13, respectively), whereas controls
showed no change over time and had higher basal concentrations
compared with SG and RYGB at W11 (p < 0.001, for both). A main
effect of time (p < 0.001, for both) and group (p = 0.002, and
p = 0.003, respectively) was also seen for AG tAUC and dAUC. Con-
trols had significantly greater postprandial concentrations (tAUC and
iAUC) at W11 compared with SG (p = 0.003, for both) and RYGB
(b =0.013 and p = 0.014).

There was an overall reduction in basal and
postprandial concentrations of total GLP-1

A main effect of time was seen for basal GLP-1 (p = 0.002) and a main
effect of time, group, and time x group interaction for GLP-1 tAUC
and iAUC (p < 0.001, for all). Post hoc analysis showed no differences
between groups in postprandial GLP-1 concentrations at BL. An
increase was seen for GLP-1 (tAUC and iAUC) after both surgical pro-
cedures (SG: p = 0.02, for both, RYGB: p < 0.001, for both), whereas
no changes were seen for controls. At W11, postprandial GLP-1
(tAUC and iAUC) had increased significantly more after both bariatric
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TABLE 1 Demographic and anthropometric variables by group at baseline and week 11

Main effects

Week 11

Baseline

RYGB Time Group Time x group interaction

SG

RYGB Control

SG

Control

14

15

15

14

15

15

NS

46.7 £ 2.5

61
1204 + 3.7¢

39.6 +24

79
117.6 + 3.6°

455+ 2.6

69

Age (y)

NS

Females, %

NS

NS

p < 0.001

101.6 + 3.7¢

98.6 + 3.6°
~19.0+ 1.0

98.1 + 3.9°
-173+ 1.0

1154 + 3.9°

Body weight (kg)
Weight loss (kg)
BMI (kg/m?)

FM (%)

FM (kg)

FFM (%)

-188 +1.0
35.0 +1.3°
42.7 4+ 1.4°
43.6 +2.4°
57.3 + 14
58.1 + 2.4°¢

NS

NS

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

341 +08°
430 +1.4°
424 +2.4°
57.0 + 1.4°
56.2 4 2.4°

33.7 £ 0.9°
41.04+1.5%
404 + 2.6%
59.1 +1.5°
57.8 £ 2.5°

41.6 +1.1°
47.0 + 1.4°
56.5 + 2.4°
53.0 + 14°
63.8 + 2.4°

402 +0.7°
47.9 +1.4°
56.5 + 2.4°
521+ 1.4°
61.1 +24°

39.7 £ 0.9°
46.6 +£1.5%
53.7 £ 2.6°
53.0 + 1.5°
61.7 + 2.6

NS

NS

NS

NS

NS

NS

THE

OBESITY
SOCIETY

NS

NS

FFM (kg)

NS

NS

0.14+0.2° 0.0 + 0.2 0.7 +£0.2° 1.1+0.2° 0.5 + 0.2

0.1 +0.2°

BHB (mM)

EFFECT OF DIET OR BARIATRIC SURGERY ON APPETITE

Note: Data presented as estimated marginal means £ SEM. Means sharing the same superscript letter denote significant changes over time (p < 0.001 for all).

Abbreviations: HB, beta-hydroxybutyric acid; FFM, fat free mass; FM, fat mass; NS, not significant; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy.

procedures compared with controls, and concentrations were greater
in RYGB compared with both SG and controls (p < 0.001, for all).

All groups experienced an increase in total PYY in the
postprandial state

No main effects were seen for basal PYY concentrations. A main
effect of time and time x group interaction was seen for PYY tAUC
(b = 0.005, and p = 0.034, respectively), and a main effect of time
was seen for PYY iAUC (p < 0.005). Post hoc analysis showed that all
groups experienced an increase in PYY tAUC and iAUC over time
(p = 0.008 and p = 0.005 for all). At W11, RYGB had greater PYY
tAUC compared with SG (p = 0.034).

An overall reduction in basal CCK was seen

A main effect of time and group was seen for basal CCK plasma con-
centrations (p < 0.001, for both). Post hoc analysis showed that con-
trols had higher basal CCK concentrations compared with SG
(b < 0.001) and RYGB (p = 0.003) at BL. Basal CCK concentrations
declined overall (p < 0.001), and at W11, no differences between
groups were seen. No main effects were seen for postprandial CCK

concentrations.

Appetite ratings

Mean scores for appetite ratings, fasting and postprandially, at BL and
W11 can be seen in Table 3. Postprandial curves over time can be

seen in Figure 4A-D.

An overall reduction in postprandial hunger and an
increase in postprandial fullness ratings were seen
across WL modalities

No main effects were seen for fasting hunger ratings. A main effect of time
was seen for postprandial (tAUC and dAUC) hunger ratings (p = 0.001 and
p = 0.032, respectively), with no differences between groups.

An overall increase in postprandial fullness ratings was seen at
W11, with a main effect of time for postprandial (tAUC) fullness
(p = 0.011).

Overall decreases in DTE in the fasting and
postprandial state were seen

A main effect of time (p = 0.005) was seen for fasting DTE, whereas a
main effect of time and group (p = 0.017 and p = 0.006, respectively)
was observed for DTE tAUC and a time x group interaction
(b = 0.035) for DTE dAUC. Post hoc analysis showed that DTE ratings
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FIGURE 3 Mean postprandial concentrations of gastrointestinal hormones at baseline (BL) and week 11 (W11). Dotted lines indicate
baseline concentrations, and solid lines indicate week 11 concentrations. AG, acylated ghrelin; CCK, cholecystokinin; GLP-1, glucagon-like peptide
1; PYY, peptide YY; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy [Color figure can be viewed at wileyonlinelibrary.com]

at W11 were lower in SG compared with controls (p = 0.029), and
postprandial ratings (tAUC) were lower in RYGB compared with con-
trols (p = 0.019).

An overall decrease in ratings of PFC, both fasting and
postprandially, was seen

A main effect of time and time x group interaction was seen for PFC
in the fasting state (p < 0.001, for both), and a main effect of time
(p < 0.001) and group (p = 0.028) was seen for PFC tAUC. Post hoc
analysis showed that RYGB presented with greater PFC ratings in
fasting at BL compared with controls (p = 0.017). At W11, SG and
RYGB had lower fasting (for both) and tAUC (RYGB) PFC ratings,
compared with controls (p <0.001 for both and p = 0.015,

respectively).

DISCUSSION

This study aimed to compare changes in Gl hormone concentrations

and subjective appetite ratings in individuals with severe obesity

achieving a similar weight loss with VLED alone or in combination
with SG or RYGB. It represents the first attempt to perform such com-
parisons when changes in body weight and composition, as well as
magnitude of nutritional-induced ketosis, are similar across groups.
SG and RYGB groups experienced a decrease in both basal and post-
prandial AG concentrations and an increase in postprandial total
GLP-1 concentrations. All groups experienced an increase in post-
prandial concentrations of total PYY. At W11, RYGB obtained the
greatest postprandial concentrations of both total GLP-1 and total
PYY. Postprandial CCK concentrations remained unchanged over time
for all groups. Overall, postprandial hunger decreased, and postpran-
dial fullness increased. Moreover, larger decreases in fasting and post-
prandial DTE and PFC were seen after both bariatric procedures, and
at W11, ratings tended to be overall lower in SG and RYGB compared
with controls.

It is generally accepted that individuals with obesity present with
lower basal and postprandial ghrelin concentrations compared with
individuals without obesity [26-28], and that diet-induced weight loss
leads to an increase in ghrelin concentrations [13, 15, 16]. In the pre-
sent study, controls showed no changes in AG concentrations, despite
substantial weight loss. Ketosis was shown to prevent the increase in

ghrelin plasma concentrations otherwise seen following diet-induced
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FIGURE 4 Mean postprandial ratings of appetite at baseline (BL) and week 11 (W11). Dotted lines indicate baseline ratings, and solid lines
indicate week 11 ratings. DTE, desire to eat; PFC, prospective food consumption; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; VAS,

visual analog scale [Color figure can be viewed at wileyonlinelibrary.com]

weight loss [17, 18, 20], which might explain these findings. The main
production site of ghrelin is the fundus of the stomach, which is
removed during the SG procedure. It is therefore not surprising that
the present, as well as several other studies [6, 7, 10], report a reduc-
tion in AG concentrations post SG. The present study also confirmed
previous findings that ghrelin decreases post RYGB [10, 15, 16, 29],
and that concentrations are lower when compared with dietary
restriction alone [15, 16]. However, not all are in agreement [4, 28],
and an increase in both total ghrelin and AG concentrations has also
been reported post RYGB [27]. These conflicting findings likely result
from differences in the surgical technique, namely the size of the
remaining pouch.

The impact of diet-induced weight loss on postprandial concen-
trations of the satiety peptides GLP-1 and PYY remains controversial
[12-14]. Based on previous literature, we hypothesized that WL with
SG and RYGB would induce a two- and threefold larger increase in
GLP-1 AUC compared with VLED alone [13]. The present study
showed no changes in postprandial total GLP-1 concentrations after
weight loss induced by VLED alone, whereas the magnitude of
increase seen after SG and RYGB was larger than hypothesized.
Although increased postprandial total PYY concentrations were seen
across all groups, the increases were larger following RYGB. Several

other studies report increased postprandial concentrations of both

GLP-1 and PYY following both surgical procedures and also demon-
strate that RYGB results in larger postprandial concentrations of these
gut hormones compared with SG (as well as controls) [6-8, 10, 11,
15, 28, 30]. Alterations in the plasma concentrations of these satiety
peptides post bariatric surgery may be due to accelerated gastric emp-
tying, caused by the surgical alterations of the stomach, leading to an
exaggerated secretion of satiety hormones after SG [6], and possibly
by faster nutrient contact with the distal gut due to anatomical short-
cuts following RYGB [31]. In addition, the anatomical rearrangement
that follows bariatric surgery, especially RYGB, seems to lead to the
proliferation of Gl hormone-secreting cells [32]. Postprandial GLP-1
concentrations at 1-year follow-up have been associated with greater
weight loss post RYGB [33], and increased postprandial responses of
both GLP-1 and PYY were shown to be sustained for up to 10 years
post bariatric surgery [4, 10, 11]. As a result, GLP-1 analogs have
become increasingly popular in the management of obesity by
increasing satiety and reducing food intake and body weight [34].
Interestingly, with the second-generation GLP-1 receptor agonists, it
is possible to obtain weight losses approaching those observed after
bariatric surgery [35].

Diet-induced weight loss has previously been shown to decrease
postprandial CCK concentrations in individuals with obesity but not

when participants are ketotic [36]. This is in line with the present
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findings showing no changes over time in postprandial CCK concen-
trations across groups under nutritional-induced ketosis. With RYGB,
the duodenum is excluded from contact with nutrients, which could
explain why an increased CCK response was not seen after this bariat-
ric procedure. However, previous literature on this issue is inconsis-
tent. Peterli et al. [10] reported an increase in postprandial CCK
response following SG but not RYGB. On the other hand, Schmidt
et al. [15] reported a marked increase in postprandial CCK, along with
GLP-1 and PYY response, post RYGB.

Despite supposedly less beneficial alterations in GI hormonal con-
centrations with weight loss induced by diet alone, an overall reduc-
tion in ratings of postprandial hunger, as well as an overall increase in
postprandial fullness, was seen in the present study. It has previously
been demonstrated that the expected increase in hunger that follows
weight loss is prevented and postprandial fullness sometimes
increased when participants are ketotic [20, 36]. Even though ketosis
has been associated with a greater weight loss 1 year post SG [37],
the impact of ketosis on appetite in the context of bariatric surgery is
underinvestigated [21, 37]. Moreover, SG reduced ratings of DTE in
the fasting state at W11, and both fasting and postprandial DTE rat-
ings were lower in SG and RYGB groups, respectively, compared with
controls. In addition, fasting and postprandial PFC ratings decreased
more so after bariatric surgery, and ratings were significantly lower
compared with controls at W11. Even though the association
between plasma concentrations of Gl hormones and subjective appe-
tite ratings is complex [38], the lower drive to eat seen across groups
in the present study is not unexpected, given that participants experi-
enced no changes (or even a decrease) in ghrelin concentrations as
well as increases in postprandial PYY and/or GLP-1 concentrations.

Several aspects may help explain the lack of alignment between
the plasma concentrations of Gl hormones and appetite feelings seen
in the present study. Subjective appetite ratings are likely to reflect
individual factors, such as learned behaviors throughout the life-span
[39]. Also, dumping syndrome is a common side effect of bariatric sur-
gery, especially post RYGB, that is suggested to alter the pleasantness
of foods, specifically foods rich in carbohydrates and fats [40]. The
nature of the dietary regime and the test meal used might also play a
role. Although the test meal was standardized for all participants on
both assessment days, the meal contained twice the number of calo-
ries compared with each of the food packs participants consumed
during the 10-week intervention period. Moreover, it is debatable to
what degree subjective hunger ratings can reflect actual physiological
needs. For example, although hunger ratings in the fasting state are
most likely a reflection of energy depletion, hunger ratings in the fed
state may also be impacted by the hedonic properties of food [41]. In
light of this, our group recently showed, in these same participants, an
overall reduction in hedonic hunger (measured postprandially) after
both diet-induced weight loss and bariatric surgery [42]. Emerging evi-
dence also has shown that Gl hormones also act in mesolimbic path-
ways [43], and as such, Gl hormones might play a role both in
homeostatic and hedonic appetite control. In our previous analysis
and compared with controls, additional favorable changes in food

reward (measured both pre- and postprandially) were seen both after

Ol A D . WILEYL *

SG and RYGB [42], and this might reflect the present findings of
favorable DTE and PFC ratings post bariatric surgery.

This study has several strengths. First, weight loss, diet composi-
tion, and ketosis level were similar across groups, allowing for the
identification of the impact of SG and RYGB alone on the outcome
variables. Second, sex distribution, age, baseline anthropometric vari-
ables, and PA levels were similar in all groups and therefore unlikely
to have affected the variables of interest. Finally, the significance level
was adjusted for multicomparisons, using Bonferroni adjustment.
However, this study also suffers from some limitations. First, with this
study design, we cannot establish a cause-effect relationship. Second,
we could not ensure that pre- and postintervention measurements
were taken in the same phase of menstrual cycle, as the intervention
period was 10 weeks. This is important, as phase of menstrual cycle is
known to impact on appetite [44]. However, the distribution was
likely to occur at random, so there is no strong indication that this
constitutes a major issue in our analysis. Third, although this study
obtained enough power to detect significant differences among
groups for the main outcome variable (GLP-1 AUC), we cannot rule
out the possibility that the study was underpowered to detect true
differences in the other variables. Fourth, even though the standardi-
zation of the diet and test meal is a strength, we cannot rule out that
some of the differences found among groups, especially bariatric
groups versus controls, is due to transitory changes in postoperative
physiology, including fluid shifts and changes in absorption and
metabolism. Also, because of the low-glycemic-index nature of the
test meal, its macronutrient composition was not in line with nutri-
tional guidelines. Fifth, a Milliplex kit was used to analyze AG and total
PYY, which is expected to result in less accurate measures than spe-
cific assays for each hormone. Last, but not least, stress is a potential
mediator of appetite and eating behavior [45]. Given that this study
was carried out under unusual circumstances (COVID-19 pandemic),
stress could have had some influence on both Gl hormone concentra-

tions and subjective appetite measures.

CONCLUSION

Changes in Gl hormones, which are involved in homeostatic appetite
regulation, following RYGB and SG seem to be more favorable com-
pared with when weight loss is induced by dietary restriction alone.
However, weight loss, independently of modality, seems to be associ-
ated with an overall appetite reduction. This might reflect the fact that
the magnitude of weight loss and the level of nutritional-induced
ketosis, as well as the dietary intervention, were similar across groups.
Larger studies with a longer duration are needed to determine
whether these initial changes in GI hormone concentration and sub-
jective appetite ratings modulate long-term weight loss outcomes
after both diet and bariatric surgery.O
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