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Gastric bypass surgery alters food
preferences through changes in the
perception of taste
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Practice Points

B Roux-en-Y gastric bypass (RYGB) modifies eating behavior. It decreases appetite and calorie

intake, decreases emotional eating and decreases the consumption of fat and sweet foods.

B RYGB modifies taste perception. It decreases the detection threshold for sweet taste,
decreases the appetitive behavior (wanting) for high-calorie foods and decreases the

preferences for high concentrations of sucrose and fat.

B Potential causes for RYGB-induced changes in taste perception include that
RYGB-induced gut hormone changes are known to impact taste perception,
RYGB-induced negative post-ingestive effects may induce conditioned taste aversion

and RYGB-induced gut nutrient changes may be involved in taste perception changes.

Roux-en-Y gastric bypass is one of the most effective treatments for morbid
obesity as it results in long-term weight loss and significant remission of obesity-related
comorbidities. Although it is successful in causing weight loss, the underlying mechanisms
are not completely understood. A significant decrease in calorie intake related to a shift in food
preferences towards lower-calorie-dense foods has been observed after the surgery. This
modification in ingestive behavior occurs through changes in the sensory and reward domain
of taste. Potential mediators of these taste modifications are the exaggerated levels of gut
hormones or altered gut nutrient sensing. Understanding the molecular mechanisms involved
in the Roux-en-Y gastric bypass-induced taste/food preference modifications would be crucial

for the development of ‘knifeless’ treatments.
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Obesity is a leading cause of death [101]. The
comorbidities of obesity include cardiovascular
disease, Type 2 diabetes mellitus, cancer, nonal-
coholic fatty liver disease, arthritis and infertil-
ity, among others [1-6]. Roux-en-Y gastric bypass
(RYGB) is one of the most effective treatments
for morbid obesity (7], resulting in long-term
weight loss maintenance, significant remission of
obesity-related comorbidities [8-10] and decreased
overall mortality [10].

RYGB results in five main anatomical
changes:

= Reduction of the stomach size (15-30 ml),
leaving a large stoma to allow food rapid
passage between the esophagus and midgut;

= Food bypassing the stomach and the first part
of the proximal small bowel;

= Altered bile flow through the same proximal
small bowel;

= Anastomosis of the midgut to the stomach,
allowing earlier contact of food with the distal
small bowel;

= Disruption of vagal fibers across the stomach,
while leaving the main branches of the vagus
intact.

Although the RYGB procedure is successful
in causing weight loss, the relevant mechanisms
are not completely understood. Even though
the procedure was originally designed to cause
restriction, the flow of food is accelerated from
the esophagus to the midgut through the large
gastro-jejunostomy [11]. Calorie malabsorption
does not play a physiologically significant role
as fecal fat and calorie loss is minimal, while
many patients actually report constipation after
RYGB [11.12]. Significant increase in energy
expenditure have been reported after RYGB in
animals [6,13-15] and in one study in humans [16]
but this change may be triggered by changes
in body composition. However, one study
has shown that diet-induced thermogenesis of
multiple meals results in an overall increase
in 24-h energy expenditure compared with a
group of patients that lost the same amount of
weight with a vertical-banded gastroplasty [16].
Significant decrease in calorie intake has also
been reported after the surgery in humans [17,18].
The decrease in total calorie intake is related
to reductions in hunger, increases in satiety,
changes in meal patterns, in addition to a shift

in food preferences towards lower-calorie-dense
foods [18-22].

Here, we review the changes in eating behav-
ior after RYGB, and focus on potential mecha-
nisms underlying this shift, including changes in
quantitative taste identification and taste inges-
tive motivation (reward). Finally, we explore
potential mediators underlying this mechanism,
such as gut hormones or nutrient sensing.

RYGB decreases appetite and calorie intake by
13-50% (17.19.23-26]. This decrease in calorie
intake varies depending on the time after sur-
gery, with the nadir at 6 months (~50%) which
then recovers progressively to a stable value of an
approximately 13% deficit 4—6 years after the
surgery [17]. 10 years after RYGB, patients eat
approximately 87% of calories eaten by a con-
trol weight-matched group [17]. Patients [20,27.28]
and animals [29] also eat smaller but more fre-
quent meals and snacks have been reported to
account for 37% of daily intake 18 months after
the surgery in humans [28). Eating rate decreases
to 65 and 72% of the preoperative value at 1 and
2 years after RYGB, respectively [20].

RYGB affects psychological aspects of eating
behavior by decreasing hunger and disinhibition
scores, as measured by the Three-factor Eat-
ing Questionnaire [2030]. RYGB also increases
cognitive restraint scores [20,30] but this effect
remains temporary and returns to preopera-
tive levels after 1-2 years [20]. RYGB affects
emotional eating by decreasing binge eating [30].

Mathes and Spector [31] reviewed all the studies
examining the effect of RYGB on macronutrient
diet composition by the use of food dietary recall
and diet record methods [19,23-26,32,33]. They cal-
culated and reported the change in percentage
calories from fat, carbohydrates and protein
from 1-36 months, and even up to 11 years
after surgery, and concluded that while there is
a trend for RYGB to reduce the proportion of
calories consumed from fat and carbohydrates,
more robust and long-term behavioral data are
needed to confirm these findings. Indeed, all
these studies were carried out in humans and
we cannot exclude the possibility that RYGB
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induced a change in macronutrient diet compo-
sition as a result of nutritional counseling given
after the surgery or by the underreporting and
intra-/inter-individual variability of the dietary
recall and diet record methods [34]. However, in
animal studies that are not influenced by social
desirability or nutritional counseling, RYGB
appears to strongly decrease the intake of calo-
ries derived from high-fat diet and to increase
the proportion of calories from low-fat foods
(13.21,29]. RYGB seems to decrease the consump-
tion of sweet snack foods, desserts and bever-
ages [19.23,25.26,33], although results are not always
consistent. There is no clear effect of RYGB on
the consumption of fruits and vegetables as the
results are contradictory [26,33,35,36]. It is difficult
to conclude whether the changes in food intake
observed after RYGB are due to the surgery or
related to the weight loss after surgery. A similar
amount of weight loss induced by gastric band-
ing and RYGB was shown to not induce the
same decrease in sweet intake [35], but the debate
is still controversial and further studies should be
carried out to assess the direct causality between
RYGB and changes in food selection.

In summary, there are some inconsisten-
cies in the results that make it difficult to get
a clear picture of the effect of RYGB on food
selection. However, RYGB appears to decrease
the consumption of fat and sweet foods. Nutri-
tional counseling, variability in eating habits,
differences in the type of patients recruited (e.g.,
BMI and gender), the surgery procedures (size
of gastric pouch, distal vs proximal), the times
after the surgery (from 1 month to 11 years) and
indirect methodologies used to measure eating
behavior may account for these inconsistencies.

Taste refers, in the strict sense of the word, to the
perceived gustatory sensation resulting from the
contact between a sapid stimulus and taste bud
receptors [37]. Gustatory sensation is categorized
into five basic tastes: sweet, bitter, sour, salty and
umami. Increasing evidence supports the exis-
tence of a taste of fat [38]. Taste is however gener-
ally confused with olfactory and somatosensory
sensations and it is commonly used to refer to
the result of three sensations experienced when
introducing a stimulus in the mouth: gustatory
(five basic tastes), olfactory (retro-nasal aroma
perception) and trigeminal (temperature, tex-
ture, astringency, pain and spicy/hot) (37]. These

sensations are difficult to dissociate as they are
all integrated in the CNS into a global sensory
image of the food and perceived according
to three dimensions: the nature of the sensa-
tion (qualitative dimension), the intensity of
the sensation (quantitative dimension) and
the reward induced by the sensation (hedonic
dimension) [39].

According to Spector, taste function has three
main utilities in ingestive behavior [40):

= Stimulus identification, which refers to sen-
sory processes that discriminate the quality
and intensity of an ingested stimulus;

= Ingestive motivation, which refers to cognitive
and emotional processes that leads to the deci-
sion to either ingest or reject the food stimulus;

= Digestive preparation, which refers to physi-
ological responses triggered by specific taste
stimuli that aid in digestion and assimilation

of food.

We have considered the mechanistic role of
each of these domains in contributing to the shift
in food preference after RYGB. Here we report
the effect of RYGB on the first two domains
(sensory and reward), because to our knowledge,
no reports are available on the effect of RYGB
on the taste digestive preparation (physiological
domain).

When asking patients whether their taste per-
ception has changed after RYGB, 82% of them
reported a change in the taste of food or bever-
ages after surgery [41]. This level of self-reported
taste changes is important, but the question
asked does not allow the nature of these taste
changes to be described (i.e., sensory or hedonic
domain of taste perception). No studies have
yet reported any effect of RYGB on qualitative
taste identification that is, gustatory distor-
tion perception (paragueusia). However, a few
studies have reported changes in the gustatory
intensity perception after the surgery, although
results are not consistent. Two studies reported
an increase in sweet taste sensitivity [42] and in
sweet but not bitter taste recognition ability
(43] in humans. Another study reported a trend
toward a better ability to detect and recognize
salty and sweet tastes after RYGB and a signifi-
cant change in bitter and acid recognition ability
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in humans [44]. RYGB thus seems to increase
sensitivity to sweet taste around the detection
threshold concentration range, but the results
are unclear for bitter, acid and salty perception.
It is, however, not known whether the sweet
taste intensity perception of foods/drinks (far
above-threshold concentrations) is perceived
more strongly after RYGB. The impact of RYGB
has not yet been studied for umami and fatty
tastes. As regards to olfactory perception, only
one study has reported that RYGB does not alter
smell identification [45].

Although strongly related to the homeostatic
control of food intake, ingestive motivation
is driven by sensory, cognitive and emotional
hedonic motivational processing [46]. In the fol-
lowing paragraphs, the effect of RYGB on taste
ingestive motivation will be approached through
the three closely related, but dissociable, com-
ponents of the psychological reward concept
defined by Berridge (i.c., appetitive behavior,
consummatory behavior and reinforcement,
which at times are colloquially referred to as
‘liking, wanting and learning’) [47].

Appetitive behavior is the process that brings
animals/humans to the food stimulus [48] and
can be measured by the progressive ratio task
that assesses how hard a subject will work to get
a specific food [40]. Visual analog scales (VAS)
can also assess the desire/wanting to eat a spe-
cific food in humans. A few studies assessed
the effect of RYGB on appetitive behavior in
humans and results seem consistent towards
a decrease in the appetitive behavior for high-
calorie foods (sweet/fat) after surgery. Indeed
using VAS, RYGB induces a selective decrease in
the desire to eat high-calorie foods, but not low-
calorie foods, in obese women [49]. This decrease
has been shown to be associated with signifi-
cant reductions in reward-related and inhibitory
mesolimbic neural responsivity to high-calorie
food pictures using brain functional neuroim-
aging techniques (functional MRI) [49]. Using
the Power of Food Scale questionnaire (measur-
ing the motivation to highly palatable foods),
RYGB leads to a reduction of the hedonic drive
to consume foods that would have been rated
as palatable presurgery (50]. A decrease in the
reward value for sweet and fat stimuli, but not
for vegetables, after RYGB has also been shown

using the progressive ratio task in humans
;51). In this study, the reduction of breakpoint
(‘reward’) correlated with the decrease in BMI
after surgery.

Consummatory behavior is the hedonic
response elicited by contact of the food stimu-
lus with taste receptors [48]. It can be measured
directly by taste reactivity test that assess oromo-
tor and somatic responses induced by food stimu-
lus when introduced into the oral cavity [31] or
indirectly by VAS that assesses the pleasure elic-
ited by the taste of food stimulus in humans. Two
studies reported on the effect of RYGB on con-
summatory behavior in humans. Using VAS, a
decrease in liking for the tasting of high-fat potato
chips was observed in obese patients after RYGB
(18]. Hedonic perception of sucrose solution with
different concentrations (on the just-about-right
scale) was however not altered after RYGB [42].
One study in animals using a taste reactivity test
has shown that rats exhibited more positive oro-
facial responses to low concentrations of sucrose
but fewer to high concentrations after RYGB sur-
gery [52]. However, although protocols used in
animals (e.g., common intake tests such as one or
two-bottles test), are not able to strictly dissociate
appetitive and consummatory behavior, the lit-
erature seems to indicate a decrease in preference
for high concentrations of sucrose [42,52-54] and
lipids [21.29,52]. Interestingly, RYGB in lean rats
does not modify preferences response for sucrose
;54]. One study has, however, shown that RYGB
increases the licking of sucrose and the appetitive
behavior in rats fed ad libitum with a standard
chow diet 55]. In this study, the increase of licking
for sucrose was observed for all the concentrations
indicating that RYGB induced a general increase
in licking that is not concentration-dependent.

Taste learning refers to the process that brings
animals/humans to develop a preference or aver-
sion for a specific taste in association with posi-
tive (nutrient feedback) or negative post-ingestive
consequences (visceral discomfort e.g., nausea,
vomiting) (56]. In this process, the alteration of
reward value of food by visceral response leads to
the development of either conditioned taste aver-
sions (CTAs) or conditioned taste preferences,
and guides the subject to either avoid or seek that
taste in the future, respectively (57]. In the case of
RYGB, the physiological/anatomical gut changes
induced by the operation may trigger visceral
discomfort after the ingestion of specific foods.
One of the most common visceral discomforts
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reported after RYGB is the ‘dumping syndrome’
that occurs after ingestion of high glycemic index
foods or fats [58,59]. Early dumping usually starts
10-30 min after the ingestion of specific foods
and is characterized by diverse symptoms such as
sweating, palpitation, dizziness, fatigue, nausea,
vomiting, bloating, cramping or diarrhea [58,59].
Although controversial, it may be caused, in part,
by rapid arrival of hyperosmolar chyme in the
jejunum, leading to fluid shifts from the blood
to the intestinal, in addition to increased small
bowel distension and contractions. Late dump-
ing generally starts 2 h after the ingestion of
specific foods and is characterized by weakness,
sweating, dizziness, palpitation and mental con-
fusion (58,59, probably as a result of reactive rela-
tive hypoglycemia triggered by high GLP-1 and
subsequent insulin secretion [60]. The etiology of
dumping syndrome after RYGB is not completely
understood and the number of patients develop-
ing this syndrome, as well as the frequency of
the symptoms, is not known, but approximately
50-75% of patients may experience dumping
syndrome after the surgery [28,61.62]. There are
no data showing that the decreased intake of
sweet or fatty foods after the surgery is directly
related to the negative post-ingestive effects of
the dumping syndrome, but a CTA for sweet and
fatty foods may take place without the patient
being aware. Olbers ez al. described that less than
5% of patients avoid sweet foods 1 year after
the surgery 36]. However, the authors reported
that almost a third of patients avoid fatty foods
after RYGB, due to unpleasant feelings after
their ingestion. Regarding animal studies, one
has shown that oral gavage with corn oil leads
to a modest but significant conditioned taste
aversion in rats [63]. Another study has shown
that lean rats that have undergone RYGB do not
decrease their preferences for sucrose as obese rats
do, suggesting that the physiological/anatomi-
cal gut changes induced by the operation did
not trigger CTA for sucrose [54]. It is, however,
not known whether animals experience dumping
syndrome after RYGB.

Further studies should be carried out by asso-
ciating a flavor with sucrose or fat (CS+) and
water (CS-) infusions directly into the jejunum
to measure the impact of RYGB on CTA in
animals and humans.

RYGB seems to modulate the mechanisms of
taste identification and the three components of
taste reward (i.e., appetitive, consummatory and

reinforcement toward less caloric foods). It is dif-
ficult to assess how much each of these mecha-
nisms contributes to the overall food choice
changes observed after the surgery, but there
may be a synergistic effect as they are closely
interrelated.

Several bariatric operations are used to treat obe-
sity and some appear equally efficient to RYGB
at achieving long-term weight loss. Comparing
the impact of the different surgeries on food
preferences and eating behavior can be a help-
ful approach to understanding the link between
the physiological changes induced by the surger-
ies and the potential mediators involved in the
modification of eating behavior. The majority of
studies have compared RYGB with vertical- or
horizontal-banded gastroplasty, both of which
are now obsolete. Unfortunately, few studies
have thus far made any comparison between
operations that are performed currently, such as
sleeve gastroectomy and gastric banding.

Comparison of food intake between adjust-
able gastric banding (AGB) and RYGB surger-
ies suggests that AGB does not induce the same
decrease in sweet intake that RYGB does [35].
Indeed, a food frequency questionnaire com-
pleted by patients after AGB suggests a reduction
in fruits and eggs but an increase in chocolate
compared with RYGB [3s]. Interestingly, only
46% of patients that had AGB reported a change
in the taste of foods after the surgery, against
82% for RYGB patients [41). Comparison of
food intake between vertical sleeve gastrectomy
(VSG) and RYGB surgeries have never been
reported in humans but leads to inconsistencies
in animal studies. Indeed, one study has shown
that VSG induces the same change in eating
behavior as RYGB that is, decrease in fat intake
and shift in preferences toward lower caloric
foods [64]. This decrease in fat intake after VSG
was confirmed by Chambers et a/. [65]. Another
study has, however, shown that VSG surgery
does not alter food preferences, while RYGB
induces a significant modification [13].

Gastric bypass surgery leads to physiologically
important changes in the plasma levels of gut

fsg

future science group

www.futuremedicine.com

475



Clinical Perspective | Meillon, Miras & le Roux

RYGB surgery

Weight loss

Figure 1. Potential factors contributing to decreased energy intake and weight loss after
Roux-en-Y gastric bypass. Dotted lines are not-proven cause—consequence relationships and
remain to be elucidated. Arrow indicated with an asterisk has been proven in animal studies only.

RYGB: Roux-en-Y gastric bypass.

hormones, which is an increase in anorexigenic
hormones such as GLP-1, PYY and insulin, as
well as attenuated orexigenic ghrelin [63-68].
There is increasing evidence from animal mod-
els suggesting that taste perception and food
preferences are modulated by hormones par-
ticipating in the control of energy homeosta-
sis. Indeed, leptin [69] and insulin [70] decrease
the gustatory perception of sweetness. GLP-1
receptor-knockout mice have a significant and
specific decrease in taste responses to sucralose
and sucrose sweeteners suggesting that GLP-1
enhances sweet taste sensitivity [71]. Peripheral
ghrelin injection increases the preference and
intake for sweet food [72]. In addition, high-fat
diet-induced obese rats prefer high sucrose and
oily solutions as compared with healthy rats and
this preference is reversible when obese rats lose
weight after caloric restriction diet but recov-
ered when leptin is administrated to the weight-
reduced rats [73]. These taste modulations may be
triggered by the presence of gut hormone recep-
tors such as GLP-1R and LEP-R (for leptin) that
have been shown to be expressed in taste buds or
intragemmal afferent taste nerve fibers in animal

models [69.71]. Brain imaging studies using
functional MRI suggest that gut hormones can
modulate the reward value of food. In healthy
subjects, infusion of anorexigenic hormones
such as GLP-1 and PYY reduces the neural sig-
nal response to visual food cues in brain regions
encoding reward value [74], whereas orexigenic
ghrelin infusion was shown to increase it [75].
A recent study has also shown that activation
of central GLP-1Rs in rats strongly decreased
food reward/motivation by interacting with
the mesolimbic system [76]. Pharmacological or
genetic studies aimed at blocking secretion or
action of gut hormones should be carried out
to assess whether gut hormones are involved in
the taste and food preferences changes induced

by RYGB.

Gut nutrient receptors have recently been found
to participate in digestive, metabolic and satiat-
ing effects that modulate nutrient utilization and
appetite [7778]. They also generate positive feed-
back signals that can participate in conditioned
flavor preferences [77]. This area of research is
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relatively new and several studies are aimed at
understanding the role of gut nutrient receptors
and their mechanisms of action in eating behav-
ior. Given that bariatric surgery increases the
concentration and the flow of nutrients into the
jejunum, it is possible that these signals activate
and modulate gut nutrient sensors and modifies
the eating behavior and taste preferences [78].

RYGB modifies food choices toward lower-
calorie foods. The underlying mechanisms of
this modification involve altered taste sensitiv-
ity and reward, resulting in lower energy intake
and weight loss. Understanding mechanisms
involved in the RYGB-induced taste/preference
modifications (Figure 1) would be crucial in the

Papers of special note have been highlighted as:

management of obesity through the develop-
ment of ‘knifeless’ treatments. Notably, com-
binatorial hormonal therapies should emerge
and bring strong hopes in the treatment of
overweight and obesity.

AD Miras is funded by the Medical Research Council
Research Training Fellowship G0902002. S Meillon is
[funded by the international mobility program Agreenskills.
The authors have no other relevant affiliations or financial
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter

or materials discussed in the manuscriptt apart from those

disclosed.

No writing assistance was utilized in the production of

this manuscript.

comorbidities. Nutr. Clin. Pract. 22(1),
22-28 (2007).

may explain superior long term weight loss
after Roux-en-Y Gastric Bypass compared to
vertical bandedgastroplasty. PLoS ONE 8(4),

e ofinterest 9  Smith BR, Schauer P, Nguyen NT. Surgical
. . approaches to the treatment of obesity: €60280 (2013).

mm  of considerable interest L . . P .

) bariatric surgery. Endocrinol. Metab. Clin. 17 Sjostrém L, Lindroos A-K, Peltonen M ez al.

1 Calle EE, Rodrlgu.ez G, Wal.ker—Thurmond.K, North. Am. 37(4), 943-964 (2008). Lifestyle, diabetes, and cardiovascular risk
Thun M]J. Overweight, obesity, and morrality 10 Sjsstrom L, Narbro K, Sjsstrom CD er . factors 10 years after bariatric surgery.
from cancer in a prospectively studied cohort ’ ’ ) N. Engl

F— R . Engl. ]. Med. 351(26), 2683-2693 (2004).
of U.S. adults. N. Engl. J. Med. 348(17), Effedc.tshofg)anatr:)c. surgt}i]yzn rlnort]{a;l;),/ " . .
16251638 (2003). swedish obese subjects. N. Engl. . Med. sn  Long-term study using an important cohort
o o 357(8), 741-752 (2007). of patients.

2 Dick TJ, Lesser IA, Leipsic JA, Mancini GB, 1 WaneG. A K. Pi / Accel J ) o .
Lear SA. The effect of obesity on the ang &, gefiofb > lZOt];fﬁ .d ccelerate: 18 Thirlby RC, Bahiraei F, Ran.dall J, Drewnoski
association between liver fat and carotid gastric emptying but no carbohydrate A. Effect of Roux-en-Y gastric bypass on

. . . malabsorption 1 year after gastric bypass satiety and food likes: the role of genetics.
atherosclerosis in a multi-ethnic cohort. (GBP). Obes. Sure. 22(8), 12631267 3
Atherosclerosis 226(1), 208-213 (2013). z;ggizr)y P OE ourg: ’ - J. Gastrointest. Surg. 10(2), 270-277 (2006).
3 McDonough C, Dunkley AJ, Aujla N ef aL. '. ' 19 Kenler HA, Brolin RE, Cody RP. Changes in
7 . 12 Odstrcil EA, Martinez JG, Santa Ana CA eating behavior after horizontal gastroplasty
The association between body mass index and o .
. . et al. The contribution of malabsorption to and Roux-en-Y gastric bypass. Am. J. Clin.
heath related quality of life: influence of he reduction i b o af 8 v
ethnicity on this relationship. Diabetes Obes. I ¢ rel' ui)“}‘zn n ﬂCtYenergy. absorpno;ll after Nut. 52(1), 87-92 (1990).
Metab. 15(4), 342-348 (2012). ]Oné_. 1mN to;;Ez;l_ﬂ)gZSt;i; ();E(’)ji)s) . 20 Laurenius A, Larsson I, Bueter M ez al.
. Clin. Nut. , 704 . . . .
4 Asghar O, Alam U, Hayac S et al. Obesity, o > Changes in eating behaviour and meal pattern
. . R . . 13 Saeidi N, Nestoridi E, Kucharczyk J ez al. following Roux-en-Y gastric bypass. /nt.
diabetes and atrial fibrillation; epidemiology, |l IR Y .
mechanisms and interventions. Curr. Card. b ceve gas;kc).ctc(;r.nfz an . loug:cn- gafstri J. Obes. 36(3), 348-355 (2012).
Rev. 8(4), 253-264 (2012). ypfass exhibit l_ eren};la ¢ ,eCtS 03 00 = Only study that assesses the change in meal
preferences, nutrient absorption and energy .

5  Obesity and reproduction: an educational expenditure in obese rats. Int. J. Obes. 36(11), patterns after Roux-en-Y gastric bypass
bulletin. The practice committee of the 1396-1402 (2012). (RYGB) in humans.
american society for reproductive medicine. . 21 Le Roux CW, Bueter M, Theis N ez al.

. . 14 Styl los N, Hi AG, Kaplan LM.
Fertil. Steril. 90(5 Suppl.), S21-S29 (2008). RZU?;F—);):;SgastricO[?;;Zss enhaiieznenergy Gastric bypass reduces fat intake and

6 Russolillo A, Iervolino S, Peluso R ez al. expenditure and extends lifespan in diet- preference. Am. J. Physiol. Regul. Integr.
Obesity and psoriatic arthritis: from induced obese rats. Obesity 17(10), Comp. Physiol. 301(4), R1057-R1066 (2011).
pathogenesis to clinical outcome and 1839-1847 (2009). 22 Thomas JR, Gizis F, Marcus E. Food
management. Rheumatology 52(1), 62—67 15 Lesari S, le Roux CW,. De Gactano A er al selections of Roux-en-Y gastric bypass patients
(2013). T ’ ’ . ' up to 2.5 years postsurgery. /. Am. Diet. Assoc.

wenty-four hour energy expenditure and

7 Buchwald H, Avidor Y, Braunwald E e al. skeletal muscle gene expression changes after 110(4), 608612 (2010).

Bariatric surgery: a systematic review and meta- bariatric surgery. J. Clin. Endocrinol. Metabol. ~ 23 Brolin RL, Robertson LB, Kenler HA, Cody
analysis. JAMA 292(14), 1724-1737 (2004). 98(2), €321—e327 (2013). RP. Weight loss and dietary intake after

8  Peluso L,Vanek VW. Efficacy of gastric bypass 4 Werling M, Olbers M, Findriks F ez al. vertical banded gastroplasty and Roux-en-Y
in the treatment of obesity-related Increased postprandial energy expenditure gastric bypass. Ann. Surg. 220(6), 782-790

(1994).
fsg future science group www.futuremedicine.com 477



Clinical Perspective | Meillon, Miras & le Roux

24 Coughlin K, Bell RM, Bivins BA, Wrobel S, gastric bypass and laparoscopic vertical 50  Ullrich J, Ernst B, Wilms B, Thurnheer M,

Griffen WO Jr. Preoperative and banded gastroplasty: a randomized clinical Schultes B. Roux-en Y gastric bypass surger

I3 & plasty g yPp gery
postoperative assessment of nutrient intakes in trial. Ann. Surg. 244(5), 715-722 (2006). reduces hedonic hunger and improves dietary
patients who have undergone gastric bypass 37 Chaudhari N, Roper SD. The cell biology of habits in severely obese subjects. Obes. Surg.
surgery. Arch. Surg. 118(7), 813—816 (1983). taste. J. Cell Biol. 190(3), 285-296 (2010). 1-6 (2012).

25 Kruseman M, Leimgruber A, Zumbach F, 38 Degrace-Passilly P, Besnard P. CD36 and 51  Miras AD, Jackson RN, Jackson SN et al.
Golay A. Dietary, weight, and psychological aste of fat. Curr. Opin Clin. Nutr. Metab. Gastric bypass surgery for obesity decreases
changes among patients with obesity, 8 years Care 15(2), 107-111 (2012). the reward value of a sweet-fat stimulus as
after gastric bypass. /. Am. Diet. Assoc. 110(4), L L & ) el assessed in a progressive ratio task. Am.
527-534 (2010). 39 Les caractéristiques e rep’onse sensorielle. ], Clin. Nutr. 96(3), 467473 (2012).

In: Manuel Méthodologique d'évaluation

26 Trostler N, Mann A, Zilberbush N, Avinoach Sensorielle. SSHA 2éme édition. MacLeod P 52 Shin AC, Zheng H, Pistell PJ, Berthoud HR.
E, Charuzi I. Weight loss and food intake (Ed.) Editions Lavoisicr, 7-9 (1998). Roux-en-Y gastric bypass surgery changes
18 months following vertical banded o . food reward in rats. Int. J. Obes. 35(5),

; 40 Spector AC. Linking gustatory neurobiology
gastroplasty or gastric bypass for severe o o 642-651 (2011).
obesity. Obes. Surg. 5(1), 39-51 (1995) to behavior in vertebrates. Neurosci. Biobehav. ]
Y- - UG ’ : Rev. 24(4), 391-416 (2000). 53 Tichansky DS, Glatt AR, Madan AK ez al.
27  Silver H, Torquati A, Jensen G, Richards W. . Decrease in sweet taste in rats after gastric
d 41 Tichansky DS, Boughter Jr JD, Madan AK &
Weight, dietary and physical activity T b Y ,f lg > R v ’ bypass surgery. Surg. Endosc. 25(4),
behaviors two years after gastric bypass. Obes. aste cbange & te; laparoscopfc do.ux—elx)ll— 1176-1181 (2011).
B gastric bypass and laparoscopic adjustable ) )
Surg. 16(7), 859-864 (20006). gastric banding, Surg. Obes. Relat. Dis. 2(4), 54 Hajnal A, Kovacs P, Ahmed T ez al. Gastric
28 Wardé-Kamar J, Rogers M, Flancbaum L, 440-444 (2006). bypass surgery alters behavioral and neural
Laferrere B. Calorie intake and meal patterns ) . taste functions for sweet taste in obese rats.
b 42 Bueter M, Miras AD, Chichger H ez /.
up to 4 years after Roux-en-Y gastric bypass A;le ervh . asab fc 8¢ . : Am. J. Physiol. Gastrointest. Liver Physiol.
surgery. Obes. Surg. 14(8), 1070-1079 terations of sucrose preference after Roux- 299(4), G967-G979 (2010).
2004 en-Y gastric bypass. Physiol. Behav. 104(5),
(2004). 709-721 (2011). 55 Mathes CM, Bueter M, Smith KR ez a/. Roux-

29  Zheng H, Shin AC, Lenard NR ¢z a/. Meal B C. Schaumb 7 Choban PS en-Y gastric bypass in rats increases sucrose
patterns, satiety, and food choice in a rat 3 legglej ’ ;{Zml?l urEJ ’ L chn > taste-related motivated behavior independent
model of Roux-en-Y gastric bypass surgery. e ves7tro ’ .ancf auE : a;ges m of pharmacological GLP-1-receptor
Am. J. Physiol. Regul. Integr. Comp. Physiol. gatlemsf mslt_e ?Culllty atter (;ux.—en— iastrlc modulation. Am. J. Physiol. Regul. Integr.
297(5), R1273-R1282 (2009). DYZ,S:S;::ZC;;; Zgzvf;g (T;‘;?)f' " Comp. Physiol. 302(6), R751-R767 (2012).

30 Kalarchian MA, Wilson GT, Brolin RE, s D. Buff cc G T 56 Touzani K, Sclafani A. Learned flavor
Bradley L. Effects of bariatric surgery on 4 Cn.lggsf ;1 u ig;(;n b) ol:v:;n J r;i ?Stc aversions and preferences. In: Encyclopedia of
binge eating and related psychopathology. ac‘“t?"; the morbidly 0 bese © ore4an alter Neuroscience. Squire LR (Ed.). Elsevier,

Eat. Weight Disord. 4(1), 1-5 (1999). gastric bypass surgery. Obes. Surg. 4(1), Amsterdam, The Netherlands, 395-399
¢ 24-28 (1994)

31  Mathes CM, Spector AC. Food selection and chardson B d deE. Sud (2009).
taste changes in humans after Roux-en-Y gastric 45 ilc arldslo)n T,hVan erwouGe ’ Sl; an R;i 57 Scott TR. Learning through the taste system.
bypass surgery: a direct-measures approach. cop oﬂ ’ 10me son f] - astne yi ass does Front. Syst. Neurosci. 5, 87 (2011).

Physiol. Behav, 107(4), 476483 (2012). not influence olfactory function in obese ) o

7 “) ( ) patients. Obes. Surg. 22(2), 283-286 (2012). 58 Hammer HF. Medical complications of
um  Exhaustive review and analysis of different 46 Shin AC. Zhene H. Berthoud HR. A bariatric surgery: focus on malabsorption and
s > t . . . .
studies about the impact of RYGB on food " N8 cro o dumping syndrome. Digest. Dis. 30(2),
. expanded view of energy homeostasis: neural

selection. . . - . 182-186 (2012).
integration of metabolic, cognitive, and o ) )

32 Bavaresco M, Paganini S, Lima T ez al. emotional drives to eat. Physiol. Behav. 97(5), 59 Ll'ng'J’ Irving M Th«:—:'rapeutlc value °_f
Nutritional course of patients submitted to 572-580 (2009). octreotide for patients with severe dumping
bariatric surgery. Obes. Surg. 20(6), 716-721 . . . syndrome — a review of randomised controlled
(2010). o erials. Postgrad. Med. J. 77(909), 441-442

33 Brown EK, Settle EA, Van Rij AM. Food ‘wanting), and learning, Curr. Opin. (2001).
intake patterns of gastric bypass patients. Pharmacol. 9(1), 65-73 (2009). 60 Ukleja A. Dumping syndrome:

J. Am. Diet. Assoc. 80(5), 437—443 (1982). 48 Craig W. Appetites and aversions as pathophysiology and treatment. Nuzr. Clin.

34 Livingstone MB, Black AE. Markers of the constituents of instincts. Proc. Natl Acad. Sci. Pract. 20(5), 517-525 (2005).
validity of reported energy intake. /. Nuzr. 3(12), 685-688 (1917). 61 Mallory G, Macgregor A, Rand C. The
133(3), $895-5920 (2003). 49 Ochner CN, Stice E. Hutchins E 7 al. influence of dumping on weight loss after

35  Ernst B, Thurnheer M, Wilms B, Schultes B. Relation between changes in neural %a;trlcsrestr;c(tg)/e 2;?641‘?;0&9“;06?@ obesity.
Differential changes in dietary habits after responsivity and reductions in desire to eat g T ) )
gastric bypass versus gastric banding high-calorie foods following gastric bypass 62 Sugerman HJ, Starkey JV, Birkenhauser R.
operations. Obes. Surg. 19(3), 274-280 surgery. Neuroscience 209, 128-135 (2012). A randomized prospective trial of gastric
(2009). First study showing a decrease in desire to bypass versus vertical banded gastroplasty for

am . . .
36 Olbers T, Bjrkman S, Lindroos AK et al. . - . morbid obesity and their effects on sweets
.. . . eat high-calorie foods after RYGB using versus non-sweets eaters. Ann. Surg. 205(6),
Body composition, dietary intake, and energy brain imaging. 613—624 (1987)
expenditure after laparoscopic Roux-en-Y ’
478 Clin. Pract. (2013) 10(4) future science group



Gastric bypass surgery alters food preferences | Clinical Perspective

63 le Roux CW, Bueter M, Theis N ¢z al. Gastric 69 Kawai K, Sugimoto K, Nakashima K, Miura 74  De Silva A, Salem V, Long Christopher J ez al.
bypass reduces fat intake and preference. Am. H, Ninomiya Y. Leptin as a modulator of The gut hormones PYY3-36 and GLP-17-36
J. Physiol. Regul. Integr. Comp. Physiol. 301(4), sweet taste sensitivities in mice. Proc. Natl amide reduce food intake and modulate brain
R1057-R1066 (2011). Acad. Sci. 97(20), 11044-11049 (2000). activity in appetite centers in humans. Cel/
64 Wilson-Perez HE, Chambers AP, Sandoval = Robust study showing for the first time the Metab. 14(5), 700-706 (2011).
DA et al. The effect of vertical sleeve impact of gut hormones on taste 75 Malik S, McGlone F, Bedrossian D, Dagher
gastrectomy on food choice in rats. nz. perception. A. Ghrelin modulates brain activity in areas
J. Obes. 37(2), 288-295 (2012). 70 Baquero A. Insulin modulates sweet taste. that control appetitive behavior. Cell Metab.
65 Chambers AP, Wilson-Perez HE, McGrath S Presented at: AChemS 2011. St Pete Beach, 7). 400-409 (2008).
et al. Effect of vertical sleeve gastrectomy on FL, USA, 13-17 April 2011. 76 Dickson SL, Shirazi RH, Hansson C et al.
food se'lectlon am'i satiation in rats. Am. 71 Shin YK, Martin B, Golden E et al. The glucagon—hlﬁe peptide 1 (GLP-1) '
J. Physiol. Endocrinol. Metab. 303(8), Modulation of taste sensitivity by GLP-1 analogue, exendin—4, decreases the rewarding
el076—e1084 (2012). . . oy value of food: a new role for mesolimbic
signaling. /. Neurochem. 106(1), 455-463 )
66 Korner J, Bessler M, Cirilo L] ez al. Effects of (2008). GLP-1 receptors. /. Neurosci. 32(14),
e - - 4812-4820 (2012).
Rowx-en-Y gasFrlc bypass suljgery on fasting 72 Disse E, Bussier A-L, Veyrat-Durebex C ez al. . .
and postprandial concentrations of plasma . . 77 Sclafani A, Ackroff K. Role of gut nutrient
. R R K : Peripheral ghrelin enhances sweet taste food R . .
ghrelin, peptide yy, and insulin. /. Clin. . . sensing in stimulating appetite and
’ consumption and preference, regardless of its o .
Endocrinol. Metab. 90(1), 359-365 (2005). . . conditioning food preferences. Am. J. Physiol.
caloric content. Physiol. Behav. 101(2), )
67 le Roux CW, Welbourn R, Werling M ez al. 277-281 (2010). Regul. Integr. Comp. )P/]}m”l‘ 302(10),
: : R1119-R1133 (2012).
Gu.t hormones as mediators of apPetlte and 73 Shin AC, Townsend RL, Patcerson LM, . .
weight loss after Roux-en-Y gastric bypass. Berthoud HR. “Likine” and “wantine” of 78 Lam TK. Neuronal regulation of homeostasis
Ann. Surg. 246(5), 780785 (2007). o g . & by nutrient sensing. Naz. Med. 16(4),
sweet and oily food stimuli as affected by
68 Borg CM, le Roux CW, Ghatei MA er al. high-fat diet-induced obesity, weight loss, 392-395 (2010).
Progressive rise in gut hormone levels after leptin, and genetic predisposition. Az.
Roux-en-Y gastric bypass suggests gut J. Physiol. Regul. Integr. Comp. Physiol. 301(5), . )
adaptation and explains altered satiety. Briz. R1267-R1280 (2011). 101 WHO Obesity and overweigh, fact sheet
J. Surg. 93(2), 210-215 (2006). number 311.
www.who.int/mediacentre/factsheets/fs311/en
fsg www.futuremedicine.com 479

future science group



