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Abstract

Bariatric surgery is the most effective treatment for severe obesity and its related comorbidities.
Roux-en-Y Gastric Bypass (RYGB) and Sleeve Gastrectomy (SG) are currently the most popular
weight-loss surgeries used worldwide. Following these surgeries, many patients self-report
changes in taste perception and decreased preference for unhealthy foods. These reported changes
might account for increased adherence to healthier diets and successful weight loss after surgeries.
However, researchers have used a variety of methodologies to assess patients’ reported changes
andresults are discrepant. The goal of this review is to summarize the literature regarding changes
to taste function and ingestive behavior following RYGB and SG to examine differences in
findings by methodology (indirect vs. direct measurements). We focused our review around
changes in sweets, fats, and alcohol because most of the documented changes in ingestive behavior
post-surgery are related to changes in these dietary items. We found that studies using surveys and
questionnaires generally find that subjects self-report changes in taste and decrease their
preference and cravings for energy-dense foods (particularly, sweets and high-fats). However,
studies using validated sensory techniques that include oral sampling or by using direct food
intake measurements find little to no change in subjects’ ability to perceive taste or their
preference for energy-dense foods. Therefore, reported changes in taste and food preferences are
unlikely to be explained by alterations in taste intensity and diet selection, and are rather related to
changes in the rewarding value of food. Further, that RYGB, and likely SG, is associated with
increased alcohol consumption and arisk to develop an alcohol use disorder) supports the notion
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that these surgeries alter central circuits of reward that are critical in the regulation of ingestive
behavior.

1. Introduction

To date, bariatric surgery is the most successful long-term treatment for severe obesity and
its related comorbidities. Patients who receive these types of surgeries can experience a
reduction or remission of obesity-related comorbidities such as type 2 diabetes,
hypertension, and decreased insulin resistance (Courcoulas, et al., 2018; Jakobsen, et al.,
2018), as well as the potential to lose an average of ~60% of their excess body weight
(Buchwald, et al., 2009). The most common surgeries currently performed in United States
and worldwide are sleeve gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB)
(Angrisani, et al., 2018). While laparoscopic gastric banding (LAGB) has been a surgical
procedure commonly used in the past, this method has been phasing out of popularity
(Angrisani, et al., 2018) due to variable, generally smaller weight loss, a higher risk for
weight regain, and, therefore, a reduced improvement in glucose control after this surgery
when compared to other bariatric procedures like RYGB (Holter, et al., 2017). Thus, LAGB
will be briefly mentioned in this review only when used as a direct control group for weight-
loss independent effects of RYGB or SG.

RYGB surgery involves creating a small gastric pouch that is attached directly to the
jejunum to create the “Roux limb”. The bypassed distal stomach, duodenum, and proximal
jejunum are reattached to the distal jejunum to create the common channel. The SG
procedure involves removing 2/3 of the stomach along the greater curve, creating a “sleeve-
like” structure. Both of these procedures modify the route of ingested nutrients, enabling
them to enter the small intestine directly (in RYGB) or faster (in SG). This rerouting of
nutrients alters post-ingestive hormones such as peptide YY (PYY), glucagon-like peptide 1
(GLP-1), and others that are involved in the regulation of hunger and satiety and also
influence brain regions involved in food and drug reward (De Silva, et al., 2011; Morinigo,
et al., 2006). Therefore, it is not surprising that patients who undergo these types of surgeries
report changes in their appetite, food preferences, and aspects of flavor perception (Graham,
Murty, & Bowrey, 2014; Makaronidis, et al., 2016).

Flavor perception integrates cues from our five senses, but it is mainly driven by taste and
retronasal smell, which is when compounds from food activate the olfactory epithelium
through the back of the oral cavity (Chaudhari & Roper, 2010). However, people tend to
mistakenly use taste as a synonym of flavor, and the intimate entwining of these chemical
senses causes people to misappropriate sensations arising from retronasal smell as if they
were arising from the taste system (e.g. vanilla “taste”) (Rozin, 1982). In addition, taste
function involves different aspects including a sensory-discriminative component (i.e. taste
quality and intensity) and a hedonic component (i.e. degree of pleasantness/unpleasantness)
(Breslin & Spector, 2008). Therefore, a considerable limitation of studies that examine
changes in taste function after undergoing bariatric surgery by using questionnaires is that it
is unclear what patients actually mean when they report a change in “taste”. Are they
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referring to a change in taste or in flavor perception? Additionally, are they referring to
changes in perception of stimulus strength, stimulus quality, or hedonic value?

This review will focus mainly on how bariatric surgery may change “taste function” (rather
than flavor perception) and ingestive behavior. There are some studies that have examined
how bariatric surgery may change orthonasal smell (i.e. smelling through sniffing during
inspiration), all finding a similar trend of some form of orthonasal impairment in pre-surgery
subjects that was improved after weight loss induced by RYGB (Zerrweck, Gallardo,
Calleja, Sepulveda, & Guilber, 2017), SG (Hancl, et al., 2016; Jurowich, et al., 2014), or
both procedures (Holinski, Menenakos, Haber, Olze, & Ordemann, 2015). However, none of
the studies found in our search included a direct measure of flavor perception (e.g. mainly
the integration of taste with smell) in this population. (Graham, et al., 2014; Hanci, et al.,
2016; Holinski, et al., 2015; Jurowich, et al., 2014; Makaronidis, et al., 2016; Zerrweck, et
al., 2017; Zerrweck, et al., 2016)In addition, we will focus our review around changes in
sweet taste/sweet foods, fat taste/fatty foods, and alcohol because most of the documented
changes in taste function or ingestive behavior post-surgery are related to changes in these
dietary items.

2. Methods

Acrticles were searched on PubMed and GoogleScholar and were restricted to peer-reviewed,
English language, original research regarding flavor changes and food selection following
bariatric surgery. Search terms included “bariatric surgery” OR “metabolic surgery” OR
“weight loss surgery” OR “Roux en y gastric bypass” OR “Roux-en-y gastric bypass” OR
“sleeve gastrectomy” OR “laparoscopic gastric banding” OR “rygb” OR “sg” OR “lagh”
with “smell”, “cravings”, “food preference”, “taste change”, “flavor”, “taste perception”,
“alcohol”, or “ethanol”. Articles were scanned by title and abstract and were excluded if
they were 1) not relevant to the topic of interest (i.e. eating disorders, depression, etc.) or 2)
a review. However, review reference tables were also searched for articles relevant to the
topic. Additionally, any article that was relevant to the topic of interest but did not appear in
the search or in reference tables was included. Articles published up to July 15, 2019 were
considered for inclusion.

3. Results: Changes in Ingestive Behaviors

3.1. Changes in Food Selection via Indirect Measurement

Questionnaires remain the most popular method of evaluating changes in ingestive behavior
following bariatric surgery due to their ease of administration and capability of being
performed electronically. Early studies in the 1980’s regarding food-related shifts in bariatric
populations used the questionnaire method and found that patients significantly decreased
their food consumption specifically in the categories of calorically dense high-carbohydrates
and fats after RYGB (Coughlin, Bell, Bivins, Wrobel, & Griffen, 1983; Halmi, Mason, Falk,
& Stunkard, 1981). Since then, several studies have found decreased (or a trend for
decreased) consumption of fats (Bavaresco, et al., 2010; Kruseman, Leimgruber, Zumbach,
& Golay, 2010; Laurenius, et al., 2013; Molin Netto, et al., 2017), sweets (Kenler, Brolin, &
Cody, 1990), or fats and sweets (Brolin, Robertson, Kenler, & Cody, 1994; Ernst, Thurnheer,
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Wilms, & Schultes, 2009; Ullrich, Ernst, Wilms, Thurnheer, & Schultes, 2013) following
RYGB and SG (Coluzzi, et al., 2016; Sarwer, et al., 2017) in both adults and adolescents.

Interestingly, fat and sweet intake reported by adults who achieve and sustain optimal weight
loss following RYGB or SG was similar to that reported by adults who did not achieve and
sustain optimal weight loss (Amundsen, Strommen, & Martins, 2017; Chou, et al., 2017; da
Silva, Gomes, & de Carvalho, 2016; Furtado, et al., 2018), but those with suboptimal weight
loss were less physically active (Amundsen, et al., 2017) or consumed less healthy diets (da
Silva, et al., 2016). Moreover, Furtado et al. found that subjects who achieved optimal
weight loss reported consuming dessert more frequently than subjects with suboptimal
weight loss (Furtado, et al., 2018). However, such a finding may be due to differential
underreporting between groups. Findings from some studies suggest that individuals with
obesity (Prentice, et al., 1986) and groups with suboptimal weight loss are more likely to
underreport fatty food/dessert consumption than individuals without obesity or optimal
weight loss (Bingham, et al., 1995; Pryer, Vrijheid, Nichols, Kiggins, & Elliott, 1997).

3.2. Changes in Food Selection via Direct Measurement

In order to simulate a more life-like situation for measuring food selection, a recent pair of
studies evaluated ingestive behavior using a novel ad libitum buffet paradigm in which
subjects are presented 20 food items and they are allowed to choose their dinner in an all-
you-can-eat style. Categories for the food items offered were split into high-fat savory, low-
fat savory, high-fat sweet, and low-fat sweet, and analyzed to determine if there were
differences in intake after either RYGB or SG surgery. Interestingly, although subjects self-
reported an increased preference for low-fat savory options when presented with a picture
test before the meal, this preference was not reflected in the foods they chose at the buffet
dinner (Nielsen, et al., 2017). Moreover, the only clinically relevant information from the
buffet study was that subjects ate significantly less and needed less time to reach satiation
and terminate the meal. These results were also replicated in their 2018 follow-up study that
examined the same parameters in subjects 18 months post-surgery (Sendergaard Nielsen, et
al., 2018), further highlighting the discrepancy between indirect vs. direct measures and the
need for more direct measures of food selection.

The studies of Nielsen et al. 2017 and Nielsen et al. 2018 are important because they
demonstrate that self-reported changes might not correlate with measured ingestive
behaviors, and subjects might not alter food preferences after surgery but simply consume
less of what they were eating before. However, every method has its limitations and the
buffet paradigm is not an exemption. Firstly, a failure to reflect the preferences displayed
during the picture test when evaluated in the buffet setting in the 2017 study may be due to
the fact that the pictures used during the self-report test and the items offered at the buffet
were not identical. Secondly, experimental conditions that preceded the ad libitum test may
have affected its outcome. For example, the pre-loads (liquid meals) served before the buffet
meal were mainly sweet, which could have attenuated the ability to detect differences in
sweet food preferences before vs. after surgery because subjects could be reducing the
amount of sweet food selected even before surgery due to sensory specific satiety (Rolls,
Rolls, Rowe, & Sweeney, 1981).
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3.3. Changes in Food Cravings via Indirect Measurement

In this review, we use the previously developed terminology of “an intense desire to
consume a particular food (or food type) that is difficult to resist” to define food cravings
(White, Whisenhunt, Williamson, Greenway, & Netemeyer, 2002). Food cravings appear to
have profound effects on body weight. For example, individuals who have higher food
craving traits display less control over weight loss (Meule, Lutz, Végele, & Kibler, 2012)
and decreases in craving traits are associated with increased weight loss (Batra, et al., 2013).
Therefore, it seems important to examine changes in food cravings after bariatric surgery.
Patients who seek bariatric surgery crave foods more frequently than healthy controls
(Leahey, et al., 2012). Interestingly, the frequency of food cravings and, in particular, the
frequency of cravings for sweets and fats is dramatically reduced after bariatric surgery
induced weight loss in adult as well as adolescent subjects (Cushing, et al., 2015; Leahey, et
al., 2012; Nance, Eagon, Klein, & Pepino, 2017; Pepino, Bradley, et al., 2014; Pepino, Stein,
Eagon, & Klein, 2014; Sarwer, et al., 2017). However, the decreased frequency of food
cravings might be related to changes in dietary intake and weight loss (Pepino, Bradley, et
al., 2014; Sarwer, et al., 2017) and not to surgery-related changes in the gut (at least within
the first year post-surgery). For example, weight loss induced by either LAGB or RYGB in
adults (Pepino, Bradley, et al., 2014) or by RYGB, SG, or calorie restriction in adolescents
(Sarwer, et al., 2017) similarly decreased the frequency of food cravings. Noteworthy, when
“intensity” of food cravings rather than frequency of food cravings was used as a construct,
a study that followed patients up to 7 years post-surgery showed better improvements in
food cravings after RYGB than LAGB (Devlin, et al., 2018).

3.4. Changes in Alcohol Ingestion via Indirect Measurement

In striking contrast to the improvements in food-related ingestive behaviors detailed in the
preceding subsections, a growing body of evidence indicates that RYGB and SG (although
still very incipient) are associated with an increased risk to develop an alcohol use disorder
(AUD) [RYGB: (Conason, et al., 2013; King, et al., 2017; King, et al., 2012; Suzuki,
Haimovici, & Chang, 2012; Svensson, et al., 2013), SG: (lbrahim, et al., 2018)].

Data from several studies suggest that alcohol consumption decreases during the first year
post-surgery (Alfonsson, Sundbom, & Ghaderi, 2014; Burgos, et al., 2015; Coluzzi, lossa,
Spinetti, & Silecchia, 2018; Conason, et al., 2013; Svensson, et al., 2013; Woodard,
Downey, Hernandez-Boussard, & Morton, 2011). Furthermore, 40-50% of subjects who had
a high-risk alcohol use before surgery discontinued high-risk drinking within the first year
after RYGB (lvezaj, et al., 2017; King, et al., 2012; Wee, et al., 2014). However, this pattern
of decreased alcohol ingestion is reversed over the second year after surgery (Conason, et
al., 2013; Cuellar-Barboza, et al., 2015; King, et al., 2017; King, et al., 2012; Ostlund, et al.,
2013; Wee, et al., 2014). Parallel to this increase in alcohol ingestion, there is an increase in
the prevalence of AUD over the second year after RYGB but not after LAGB (King, et al.,
2017; King, et al., 2012; Ostlund, et al., 2013). A recent prospective study suggests the
prevalence of AUD following SG is similar to that after RYGB (Ibrahim, et al., 2018). The
few studies that have evaluated participants past the 2-year mark found that the prevalence of
AUD continued to increase significantly for many years after RYGB surgery (Backman,
Stockeld, Rasmussen, Naslund, & Marsk, 2016; Cuellar-Barboza, et al., 2015; King, et al.,
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2017; Mitchell, et al., 2015; Svensson, et al., 2013). Remarkably, one in five patients with no
history of alcohol problems within one year before surgery reported having symptoms of an
AUD within 5 years post-RYGB (King, et al., 2017).

Recent studies provide insight into potential mechanisms that could explain the self-reported
or screened increases in alcohol ingestion and the risk to develop an AUD after RYGB. First,
the anatomical changes in the gut resulting from RYGB and SG surgical procedures
dramatically affect alcohol pharmacokinetics, increasing alcohol absorption and reducing its
first pass metabolism (i.e. the fraction of an ingested dose of a drug that is metabolized in its
passage through the gut and liver before entering the systemic circulation). Therefore, after
RYGB and SG, peak blood alcohol concentration happens faster (within 5-9 minutes after
dinking) and peak blood alcohol concentrations are twice as high as those experienced when
drinking the same amount of alcohol before surgery (Acevedo, et al., 2018; Klockhoff,
Né&slund, & Jones, 2002; Pepino, et al., 2015; Steffen, Engel, Pollert, Li, & Mitchell, 2013).
The measured changes in alcohol pharmacokinetics are of importance because it is well
known that rapid delivery of a psychotropic to the brain can increase its addictive properties
(de Wit, Bodker, & Ambre, 1992). RYGB and SG convert alcohol ingestion to the blood
profile of an alcohol IV administration, likely increasing the risk for AUD. Second, as
mentioned in the introduction, some gut peptides that are involved in food intake are also
important for alcohol reward [e.g. PYY (Thiele, Sparta, Hayes, & Fee, 2004), GLP-1 (Davis,
et al., 2012), and ghrelin (Davis, et al., 2012; Hajnal, et al., 2012; Jerlhag, et al., 2009;
Leggio, et al., 2014)] and can be modified by these surgeries (Madsbad, Dirksen, & Holst,
2014). For example, ghrelin, a well-recognized gut-brain orexigenic peptide, is required for
alcohol reward (Jerlhag, et al., 2009). Recent data from animal models of obesity showed
that rats that underwent RYGB worked harder than sham-operated controls to obtain
alcohol, regardless of whether alcohol was administered orally (Hajnal, et al., 2012; Thanos,
et al., 2015) or intravenously (Polston, et al., 2013), and that the increased rewarding value
of alcohol after RYGB surgery was, at least in part, mediated by increased sensitivity of
brain ghrelin receptors (Hajnal, et al., 2012).

4. Results: Changes in Taste Function

4.1.

Indirect Measurements

4.1.1. Sensory-Discriminative Component—Findings from studies that examine
changes in taste perception using questionnaires are discrepant. Using a custom made survey
titled the Taste Change Survey, subjects reported that sweet taste intensity was increased
after undergoing SG (Zerrweck, et al., 2016) but responses were highly variable with both
increased (Graham, et al., 2014) and decreased (Tichansky, Boughter, & Madan, 2006)
sweet taste sensitivities after undergoing RYGB. Furthermore, using this same questionnaire,
subjects post-LAGB reported perceiving sweet taste as more intense than subjects post-
RYGB (Tichansky, et al., 2006). However, studies using different self-report questionnaires
found that subjects post-SG did not experience changes in sweet taste intensity (Tassinari, et
al., 2017).

Subjects reported that fatty foods tasted differently or more intense within one year
following RYGB and SG (Van Vuuren, Strodl, White, & Lockie, 2017; Zerrweck, et al.,
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2016); however, these effects began to diverge based on surgery type when examined more
than two years out from surgery; while subjects who underwent RYGB retained these
perceived changes (Graham, et al., 2014), those who underwent SG no longer perceived any
changes to fat taste (Tassinari, et al., 2017). As there is still severely minimal data on both
ingestive behaviors and taste function long term post-surgery, these findings pose a critical
point as to why more studies are needed that examine patients beyond the first year post-
surgery, as it is entirely possible changes observed within the short term do not last in the
long term.

4.1.2. Hedonic Component—Subjects post-RYGB and SG largely report decreased
preference and/or liking for sweets (Ammon, et al., 2015; Coluzzi, et al., 2016; Gero, et al.,
2017; Zoon, et al., 2018) and fats (Ammon, et al., 2015; Coluzzi, et al., 2016;
Faulconbridge, et al., 2016; Gero, et al., 2017; Husted & Ogden, 2014; Thomas & Marcus,
2008; Zoon, et al., 2018). Subjects who underwent SG also reported that they no longer have
a desire to consume sweet and fatty foods following their surgeries (Van Vuuren, et al.,
2017). It is possible, though, that these changes might wash out after one year post-surgery
(Coluzzi, et al., 2016; Kittrell, et al., 2018).

Direct Measurements

4.2.1. Sensory-Discriminative Component—Typical direct measurements of the
sensory-discriminative domain of taste perception include the evaluation of taste quality (i.e.
sweet, salty, bitter, sour, umami) and taste sensitivity. Most of the sensory studies in the
bariatric population have measured detection thresholds (the minimum concentration a
subjects needs to identify a taste stimulus as different from water) or recognition thresholds
(the minimum concentration a subject needs to recognize the taste quality of the stimuli)
(Bartoshuk, 1978). The literature remains divided on whether or not sweet sensitivity
measured at threshold levels is changed after RYGB or SG. Research has indicated both
increased sweet taste sensitivity (i.e. decreased sucrose detection and recognition thresholds)
(Bueter, et al., 2011; Burge, Schaumburg, Choban, DiSilvestro, & Flancbaum, 1995) or no
change in taste sensitivity (Nance, et al., 2017; Pepino, Bradley, et al., 2014; Scruggs,
Buffington, & Cowan, 1994) in studies that are relatively comparable in gender distribution
and time since surgery. The only difference was in methodology used. It is well established
in psychophysics that, in general, changes in a given stimulus concentration do not result in
linear changes in its perceived intensity. In particular, taste sensitivity at detection thresholds
does not generally correlate with perception of taste intensity of the same taste stimulus at
suprathreshold concentrations (which are concentrations more closely related with our food
experiences) (Bartoshuk, 1978; Keast & Roper, 2007; Pepino, Finkbeiner, Beauchamp, &
Mennella, 2010). Although taste detection thresholds relate fairly well to manipulations of
the gustatory system in preclinical models (e.g. see Mathes in this issue), the clinical
relevance of surgery-related changes in taste thresholds in people is unclear at this time.

Taste strips can also be used to assess taste sensitivity, and are an alternative measurement to
dissolved taste stimuli in water. Strips impregnated with various concentrations of basic taste
stimuli (sucrose for sweet, citric acid for sour, sodium chloride for salty, and quinine for
bitter) are placed on the tongue and subjects are asked to suck on the strips and correctly
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identify the taste (Mueller, et al., 2003). Studies both post-RYGB (Holinski, et al., 2015) and
post-SG (Altun, et al., 2016) showed overall increased sensitivity to sucrose strips after
surgery (i.e. after surgery subjects were able to discriminate more strips correctly). In the
study of Altun and collaborators, it is unclear if improvements in taste identification were
due to SG-related decreases in body weight or mainly due to learning effects (i.e. becoming
more familiar and better at identifying the taste strips with repeated testing) because their
study design included a longitudinal a group of people evaluated before and several times
after undergoing SG only. However, Holinski et al. found that obese subjects had lower taste
strip scores when compared to normal weight controls, and that only those evaluated after
RYGB or SG become better at identifying taste strips such that, after surgery, scores were
not significantly different from normal weight controls (Holinski, et al., 2015). However,
taste strips as a sensory testing method have some limitations. Firstly, as taste stimuli need to
be solubilized in order for the taste bud to sense them (Chaudhari & Roper, 2010), changes
in saliva content could affect the results of the taste strip scores. Secondly, the correct
identification of a taste is still uninformative about changes in perceived intensities.

The few studies that have measured perceived intensity of basic taste stimuli found that taste
perception was relatively unchanged following bariatric surgery induced weight loss (Nance,
etal., 2017; Pepino, Bradley, et al., 2014). Although the perceived intensity of sucrose was
slightly reduced after weight loss induced by RYGB and LAGB, there was no association
between these surgeries and changes to the perceived intensity of the sweetness of glucose,
saltiness of NaCl, or savoriness of monosodium glutamate (MSG, the prototypical stimuli
for umami taste) (Pepino, Bradley, et al., 2014). Additionally, there were no changes to
perceived intensity of sucrose, glucose, NaCl, or MSG within the first year after RYGB or
SG (Nance, et al., 2017). These findings suggest that reported changes in sweet intake after
surgery are unlikely to be explained by changes in perceived intensity of sweetness.

4.2.2. Hedonic Component—Using forced-choice preference tests, studies found
decreased (or a trend for decreased) sucrose preferences following weight loss induced by
RYGB, SG, and LAGB (Nance, et al., 2017; Pepino, Bradley, et al., 2014). Additionally,
recent studies suggest that SG also imparts beneficial shifts to sweet liking that LAGB does
not. Using a 10-sample habituation paradigm to 24% w/v sucrose, pre-bariatric subjects
rated the samples as mainly pleasant. However, after receiving RYGB or SG, subjects found
the 24% sucrose mainly unpleasant (Nance, et al., 2017). The observation that subjects post-
LAGB still found the samples as pleasant as they did before surgery (Pepino, Bradley, et al.,
2014) suggests that changes in the hedonic value of sweetness are not explained solely by
decreased body weight or diet-related changes. Convergent with these findings of a shift in
the hedonic value of sweetness after weight loss induced by either RYGB or SG, it has been
shown that, following RYGB in adults (Miras, et al., 2012) and SG in adolescents (Abdeen,
Miras, Algahtani, & le Roux, 2019), patients reduced their willingness to work for a sweet
candy reward (a measure of “wanting”) in a progressive ratio paradigm. It is possible that
these shifts in the hedonic value of sweetness are due to nutritional counseling received by
patients both before and after surgery. However, the fact that patients from different surgical
procedures all receive similar nutritional counseling, but only RYGB and SG (and not
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LAGB) show a decrease in the hedonic value of sweetness suggest that such a possibility is
unlikely

5. Applied Implications and Future Directions

The major implication of this review is that studies using direct vs. indirect measures to
assess taste function and ingestive behavior following bariatric surgery are severely
discrepant. This is likely due to the fact that peripheral taste function is not altered by the
surgeries or by surgery-induced weight loss, and that other mechanisms are governing these
reported changes. One popular hypothesis is that these surgeries instead alter central
processes of reward, which could then lead to altered hedonic responses to food.

Researchers have demonstrated higher opioid receptor availability (Karlsson, et al., 2016),
decreased brain reward activation to high-calorie food pictures (Scholtz, et al., 2014), and
altered dopamine D2R receptor availability (Dunn, et al., 2010; Steele, et al., 2010) after
RYGB and/or SG. If patients are now experiencing a significantly altered reward sensation
when eating the same type of food as they were eating before surgery, it is possible that,
through post-ingestive feedback, they mistake the altered reward as though food now tastes
off (e.g. “sweeter” or “fattier”). Following this notion, it is possible that the same
mechanisms purported to explain the increase in AUD following surgery (i.e. rapid
absorption processes and altered gut peptides) are also responsible for reported “taste”
changes. As discussed in subsection 3.4, the alteration of gut anatomy after RYGB or SG
causes a near instantaneous and much increased peak blood alcohol concentration. Similar to
the rapid delivery of alcohol after RYGB/SG, the ingestion of a meal after these procedures
results in a rapid delivery of glucose to the systemic circulation, which triggers a faster and
bigger spike in blood insulin and other hormones (Bradley, et al., 2012; Bradley, et al., 2014)
that affect food reward. Therefore, it is possible that these profound changes in the metabolic
responses to a meal following RYGB/SG heighten sensory specific satiety and rapidly shift
patients’ hedonic responses to food stimulus.

It is imperative that the mechanisms underlying the effectiveness (as well as mechanisms
that lead to the detriments) of bariatric procedures are elucidated as they could provide
important clinical implications for successful weight loss and quality of life following
surgery. Specifically, once the specific mechanism as to why surgeries like RYGB and SG
are as effective as they are is discovered, it would be of importance for studies to examine
the mechanism long-term from surgery and how this might correlate to successful vs.
unsuccessful weight loss, diet choice, eating behaviors, and more. Therefore, once both the
mechanism and how it functions over time are more fully studied, clinicians could use this
information to educate patients on how their surgery is going to confer weight loss and
remission of comorbidities, and what they must do on their part in order to ensure maximal
aid over time. On the other hand, it is also important for mechanisms and warning signs for
the detriments of the surgeries, like increased risk of developing an AUD, are made clear as
well. Therefore, if studies could determine criteria that could categorize individuals as high-
risk even before receiving surgeries, clinicians could possibly have a better grasp on
educational material for those receiving the surgery and even criteria for who would or
would not make a good candidate for different bariatric procedures.
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Future study designs should focus on including long-term measures as data long-term post-
surgery is severely lacking in the current literature. Studies should also focus on examining
potential changes in flavor perception (i.e. integrate measures of taste with retronasal and
orthonasal smell), as it is widely agreed upon that changes in peripheral taste alone are likely
not the mechanism for subjects’ reported “taste” changes. Additionally, it would be
interesting to see more sensory studies integrate changes in gut anatomy and gut hormones
(Karamanakos, Vagenas, Kalfarentzos, & Alexandrides, 2008; Korner, et al., 2009; le Roux,
et al., 2006; Lee, et al., 2011; Peterli, et al., 2009) with documented changes in brain reward
(Dunn, et al., 2010; Karlsson, et al., 2016; Scholtz, et al., 2014; Steele, et al., 2010) in future
studies.

6. Conclusions

Questionnaire data indicates distinct self-reported changes in taste associated with decreased
consumption of sweets and fats following bariatric surgery. However, these reported “taste”
changes are not evident when carefully examined by validated sensory methods and real-life
emulation studies. When taken together, these studies suggest that the taste changes
perceived after bariatric surgery lie outside the realm of peripheral taste function and more
within the realm of changes in central processes in taste that involve the hedonic and
rewarding value of food, which can impact food consumption. That RYGB, and likely SG,
are associated with an increased risk to develop an AUD further supports the notion that
these surgeries alter central circuits of reward that are critical in the regulation of ingestive
behavior.

Source of Funding

This work was supported in part by the National Institute on Alcohol Abuse and Alcoholism under Award Number
R01-AA024103 and USDA National Institute of Food and Agriculture Hatch Project number 698-921. The content
is solely the responsibility of the authors and does not necessarily represent the official views of the National
Institutes of Health.

References

Abdeen GN, Miras AD, Algahtani AR, & le Roux CW (2019). Vertical sleeve gastrectomy in
adolescents reduces the appetitive reward value of a sweet and fatty reinforcer in a progressive ratio
task. Surgery for Obesity and Related Diseases, 15, 194-199. [PubMed: 31010650]

Acevedo MB, Eagon JC, Bartholow BD, Klein S, Bucholz KK, & Pepino MY (2018). Sleeve
gastrectomy surgery: when 2 alcoholic drinks are converted to 4. Surg Obes Relat Dis, 14, 277-283.
10.1016/j.s0ard.2017.11.010. [PubMed: 29305304]

Alfonsson S, Sundbom M, & Ghaderi A (2014). Is age a better predictor of weight loss one year after
gastric bypass than symptoms of disordered eating, depression, adult ADHD and alcohol
consumption? Eat Behav, 15, 644-647. 10.1016/j.eatbeh.2014.08.024. [PubMed: 25260133]

Altun H, Hanci D, Altun H, Batman B, Serin RK, Karip AB, & Akyuz U (2016). Improved Gustatory
Sensitivity in Morbidly Obese Patients After Laparoscopic Sleeve Gastrectomy. Annals of Otology,
Rhinology & Laryngology, 125, 536-540. 10.1177/0003489416629162.

Ammon BS, Bellanger DE, Geiselman PJ, Primeaux SD, Yu Y, & Greenway FL (2015). Short-Term
Pilot Study of the Effect of Sleeve Gastrectomy on Food Preference. Obes Surg, 25, 1094-1097.
10.1007/s11695-015-1602-1. [PubMed: 25808795]

Appetite. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nance et al.

Page 11

Amundsen T, Strommen M, & Martins C (2017). Suboptimal Weight Loss and Weight Regain after
Gastric Bypass Surgery-Postoperative Status of Energy Intake, Eating Behavior, Physical Activity,
and Psychometrics. Obes Surg, 27, 1316-1323. 10.1007/s11695-016-2475-7. [PubMed: 27914028]

Angrisani L, Santonicola A, lovino P, Vitiello A, Higa K, Himpens J, Buchwald H, & Scopinaro N
(2018). IFSO Worldwide Survey 2016: primary, endoluminal, and revisional procedures. Obesity
Surgery, 28, 3783-3794. [PubMed: 30121858]

Backman O, Stockeld D, Rasmussen F, Naslund E, & Marsk R (2016). Alcohol and substance abuse,
depression and suicide attempts after Roux-en-Y gastric bypass surgery. Br J Surg, 103, 1336-1342.
10.1002/bjs.10258. [PubMed: 27467694]

Bartoshuk LM (1978). The psychophysics of taste. The American Journal of Clinical Nutrition, 31,
1068-1077. [PubMed: 352127]

Batra P, Das SK, Salinardi T, Robinson L, Saltzman E, Scott T, Pittas AG, & Roberts SB (2013).
Relationship of cravings with weight loss and hunger. Results from a 6 month worksite weight loss
intervention. Appetite, 69, 1-7. [PubMed: 23684901]

Bavaresco M, Paganini S, Lima TP, Salgado W Jr., Ceneviva R, Dos Santos JE, & Nonino-Borges CB
(2010). Nutritional course of patients submitted to bariatric surgery. Obes Surg, 20, 716-721.
10.1007/s11695-008-9721-6. [PubMed: 18931884]

Bingham S, Cassidy A, Cole T, Welch A, Runswick S, Black A, Thurnham D, Bates C, Khaw K-T, &
Key T (1995). Validation of weighed records and other methods of dietary assessment using the 24
h urine nitrogen technique and other biological markers. British Journal of Nutrition, 73, 531-550.
[PubMed: 7794870]

Bradley D, Conte C, Mittendorfer B, Eagon JC, Varela JE, Fabbrini E, Gastaldelli A, Chambers KT, Su
X, & Okunade A (2012). Gastric bypass and banding equally improve insulin sensitivity and p cell
function. The Journal of Clinical Investigation, 122, 4667-4674. [PubMed: 23187122]

Bradley D, Magkos F, Eagon JC, Varela JE, Gastaldelli A, Okunade AL, Patterson BW, & Klein S
(2014). Matched weight loss induced by sleeve gastrectomy or gastric bypass similarly improves
metabolic function in obese subjects. Obesity, 22, 2026-2031. [PubMed: 24891156]

Breslin PA, & Spector AC (2008). Mammalian taste perception. Curr Biol, 18, R148-155. 10.1016/
j.cub.2007.12.017. [PubMed: 18302913]

Brolin RE, Robertson LB, Kenler HA, & Cody RP (1994). Weight loss and dietary intake after vertical
banded gastroplasty and Roux-en-Y gastric bypass. Ann Surg, 220, 782—790. [PubMed: 7986146]

Buchwald H, Estok R, Fahrbach K, Banel D, Jensen MD, Pories WJ, Bantle JP, & Sledge I (2009).
Weight and type 2 diabetes after bariatric surgery: systematic review and meta-analysis. The
American journal of medicine, 122, 248-256. €245. [PubMed: 19272486]

Bueter M, Miras AD, Chichger H, Fenske W, Ghatei MA, Bloom SR, Unwin RJ, Lutz TA, Spector
AC, & le Roux CW (2011). Alterations of sucrose preference after Roux-en-Y gastric bypass.
Physiol Behav, 104, 709-721. 10.1016/j.physbeh.2011.07.025. [PubMed: 21827777]

Burge JC, Schaumburg JZ, Choban PS, DiSilvestro RA, & Flanchaum L (1995). Changes in Patients’
Taste Acuity after Roux-en-Y Gastric Bypass for Clinically Severe Obesity. Journal of the
American Dietetic Association, 95, 666—670. 10.1016/S0002-8223(95)00182-4. [PubMed:
7759742]

Burgos MG, Cabral PC, Maio R, Oliveira BM, Dias MS, Melim DB, & Correia MF (2015). Prevalence
of Alcohol Abuse Before and After Bariatric Surgery Associated With Nutritional and Lifestyle
Factors: A Study Involving a Portuguese Population. Obes Surg, 25, 1716-1722. 10.1007/
$11695-015-1609-7. [PubMed: 25691351]

Chaudhari N, & Roper SD (2010). The cell biology of taste. The Journal of Cell Biology, 190, 285-
296. 10.1083/jch.201003144. [PubMed: 20696704]

Chou JJ, Lee WJ, Almalki O, Chen JC, Tsai PL, & Yang SH (2017). Dietary Intake and Weight
Changes 5 Years After Laparoscopic Sleeve Gastrectomy. Obes Surg, 27, 3240-3246. 10.1007/
$11695-017-2765-8. [PubMed: 28589529]

Coluzzi |, lossa A, Spinetti E, & Silecchia G (2018). Alcohol consumption after laparoscopic sleeve
gastrectomy: 1-year results. Eat Weight Disord. 10.1007/s40519-018-0486-1.

Appetite. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nance et al.

Page 12

Coluzzi I, Raparelli L, Guarnacci L, Paone E, Del Genio G, le Roux CW, & Silecchia G (2016). Food
Intake and Changes in Eating Behavior After Laparoscopic Sleeve Gastrectomy. Obes Surg, 26,
2059-2067. 10.1007/s11695-015-2043-6. [PubMed: 26744284]

Conason A, Teixeira J, Hsu CH, Puma L, Knafo D, & Geliebter A (2013). Substance use following
bariatric weight loss surgery. JAMA Surg, 148, 145-150. 10.1001/2013.jamasurg.265. [PubMed:
23560285]

Coughlin K, Bell RM, Bivins BA, Wrobel S, & Griffen WO Jr. (1983). Preoperative and Postoperative
Assessment of Nutrient Intakes in Patients Who Have Undergone Gastric Bypass Surgery.
Archives of Surgery, 118, 813-816. 10.1001/archsurg.1983.01390070025006. [PubMed: 6860129]

Courcoulas AP, King WC, Belle SH, Berk P, Flum DR, Garcia L, Gourash W, Horlick M, Mitchell JE,
& Pomp A (2018). Seven-year weight trajectories and health outcomes in the Longitudinal
Assessment of Bariatric Surgery (LABS) study. JAMA Surg, 153, 427-434. [PubMed: 29214306]

Cuellar-Barboza AB, Frye MA, Grothe K, Prieto ML, Schneekloth TD, Loukianova LL, Hall-Flavin
DK, Clark MM, Karpyak VM, Miller JD, & Abulseoud OA (2015). Change in consumption
patterns for treatment-seeking patients with alcohol use disorder post-bariatric surgery. J
Psychosom Res, 78, 199-204. 10.1016/j.jpsychores.2014.06.019. [PubMed: 25258356]

Cushing CC, Peugh JL, Brode CS, Inge TH, Benoit SC, & Zeller MH (2015). Longitudinal trends in
food cravings following Roux-en-Y gastric bypass in an adolescent sample. Surg Obes Relat Dis,
11, 14-18. 10.1016/j.s0ard.2014.05.035. [PubMed: 25443061]

da Silva FB, Gomes DL, & de Carvalho KM (2016). Poor diet quality and postoperative time are
independent risk factors for weight regain after Roux-en-Y gastric bypass. Nutrition, 32, 1250—
1253. 10.1016/j.nut.2016.01.018. [PubMed: 27544005]

Davis JF, Schurdak JD, Magrisso 1J, Mul JD, Grayson BE, Pfluger PT, Tschop MH, Seeley RJ, &
Benoit SC (2012). Gastric bypass surgery attenuates ethanol consumption in ethanol-preferring
rats. Biological psychiatry, 72, 354—-360. [PubMed: 22444202]

De Silva A, Salem V, Long CJ, Makwana A, Newbould RD, Rabiner EA, Ghatei MA, Bloom SR,
Matthews PM, & Beaver JD (2011). The gut hormones PYY3-36 and GLP-17-36 amide reduce
food intake and modulate brain activity in appetite centers in humans. Cell metabolism, 14, 700—
706. [PubMed: 22000927]

de Wit H, Bodker B, & Ambre J (1992). Rate of increase of plasma drug level influences subjective
response in humans. Psychopharmacology, 107, 352-358. [PubMed: 1615136]

Devlin MJ, King WC, Kalarchian MA, Hinerman A, Marcus MD, Yanovski SZ, & Mitchell JE (2018).
Eating pathology and associations with long-term changes in weight and quality of life in the
longitudinal assessment of bariatric surgery study. Int J Eat Disord, 51, 1322-1330. 10.1002/eat.
22979. [PubMed: 30520527]

Dunn JP, Cowan RL, Volkow ND, Feurer ID, Li R, Williams DB, Kessler RM, & Abumrad NN (2010).
Decreased dopamine type 2 receptor availability after bariatric surgery: preliminary findings. Brain
Res, 1350, 123-130. 10.1016/j.brainres.2010.03.064. [PubMed: 20362560]

Ernst B, Thurnheer M, Wilms B, & Schultes B (2009). Differential Changes in Dietary Habits after
Gastric Bypass Versus Gastric Banding Operations. Obesity Surgery, 19, 274-280. 10.1007/
$11695-008-9769-3. [PubMed: 19034589]

Faulconbridge LF, Ruparel K, Loughead J, Allison KC, Hesson LA, Fabricatore AN, Rochette A,
Ritter S, Hopson RD, Sarwer DB, Williams NN, Geliebter A, Gur RC, & Wadden TA (2016).
Changes in neural responsivity to highly palatable foods following roux-en-Y gastric bypass,
sleeve gastrectomy, or weight stability: An fMRI study. Obesity (Silver Spring, Md.), 24, 1054—
1060. 10.1002/0by.21464.

Furtado M, Vermeulen KM, Bellot P, Godoy CMA, Coelho D, Godoy EP, Oliveira AMG, & Campos
JM (2018). Evaluation of factors that may influence in the insufficient weight loss in patients after
two years of Roux-en-Y gastric bypass. Nutr Hosp, 35, 1100-1106. 10.20960/nh.1814. [PubMed:
30307293]

Gero D, Dib F, Ribeiro-Parenti L, Arapis K, Chosidow D, & Marmuse JP (2017). Desire for Core
Tastes Decreases After Sleeve Gastrectomy: a Single-Center Longitudinal Observational Study
with 6-Month Follow-up. Obes Surg. 10.1007/s11695-017-2718-2.

Appetite. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nance et al.

Page 13

Graham L, Murty G, & Bowrey DJ (2014). Taste, Smell and Appetite Change After Roux-en-Y
Gastric Bypass Surgery. Obesity Surgery, 24, 1463-1468. 10.1007/s11695-014-1221-2. [PubMed:
24610456]

Hajnal A, Zharikov A, Polston JE, Fields MR, Tomasko J, Rogers AM, Volkow ND, & Thanos PK
(2012). Alcohol reward is increased after Roux-en-Y gastric bypass in dietary obese rats with
differential effects following ghrelin antagonism. PloS one, 7, 49121 10.1371/journal.pone.
0049121. [PubMed: 23145091]

Halmi K, Mason E, Falk J, & Stunkard A (1981). Appetitive behavior after gastric bypass for obesity.
International journal of obesity, 5, 457-464. [PubMed: 7309330]

Hanci D, Altun H, Altun H, Batman B, Karip AB, & Serin KR (2016). Laparoscopic Sleeve
Gastrectomy Improves Olfaction Sensitivity in Morbidly Obese Patients. Obesity Surgery, 26,
558-562. 10.1007/s11695-015-1784-6. [PubMed: 26138692]

Holinski F, Menenakos C, Haber G, Olze H, & Ordemann J (2015). Olfactory and Gustatory Function
After Bariatric Surgery. Obesity Surgery, 25, 2314-2320. 10.1007/s11695-015-1683-x. [PubMed:
25910980]

Holter MM, Dutia R, Stano SM, Prigeon RL, Homel P, McGinty JJ, Belsley SJ, Ren CJ, Rosen D, &
Laferrére B (2017). Glucose metabolism after gastric banding and gastric bypass in individuals
with type 2 diabetes: weight loss effect. Diabetes Care, 40, 7-15. [PubMed: 27999001]

Husted M, & Ogden J (2014). Emphasising personal investment effects weight loss and hedonic
thoughts about food after obesity surgery. J Obes, 2014, 810374 10.1155/2014/810374. [PubMed:
24987525]

Ibrahim N, Alameddine M, Brennan J, Sessine M, Holliday C, & Ghaferi AA (2018). New onset
alcohol use disorder following bariatric surgery. Surg Endosc. 10.1007/s00464-018-6545-x.

Ivezaj V, Kessler EE, Lydecker JA, Barnes RD, White MA, & Grilo CM (2017). Loss-of-control eating
following sleeve gastrectomy surgery. Surg Obes Relat Dis, 13, 392-398. 10.1016/j.soard.
2016.09.028. [PubMed: 27913121]

Jakobsen GS, Smastuen MC, Sandbu R, Nordstrand N, Hofsg D, Lindberg M, Hertel JK, &
Hjelmesath J (2018). Association of bariatric surgery vs medical obesity treatment with long-term
medical complications and obesity-related comorbidities. JAMA, 319, 291-301. [PubMed:
29340680]

Jerlhag E, Egecioglu E, Landgren S, Salomé N, Heilig M, Moechars D, Datta R, Perrissoud D,
Dickson SL, & Engel JA (2009). Requirement of central ghrelin signaling for alcohol reward.
Proceedings of the National Academy of Sciences, 106, 11318-11323.

Jurowich CF, Seyfried F, Miras AD, Bueter M, Deckelmann J, Fassnacht M, Germer C-T, &
Thalheimer A (2014). Does bariatric surgery change olfactory perception? Results of the early
postoperative course. International Journal of Colorectal Disease, 29, 253-260. 10.1007/
s00384-013-1795-5. [PubMed: 24276075]

Karamanakos SN, Vagenas K, Kalfarentzos F, & Alexandrides TK (2008). Weight loss, appetite
suppression, and changes in fasting and postprandial ghrelin and peptide-Y'Y levels after Roux-en-
Y gastric bypass and sleeve gastrectomy: a prospective, double blind study. Ann Surg, 247, 401-
407. 10.1097/SLA.0b013e318156f012. [PubMed: 18376181]

Karlsson H, Tuulari J, Tuominen L, Hirvonen J, Honka H, Parkkola R, Helin S, Salminen P, Nuutila P,
& Nummenmaa L (2016). Weight loss after bariatric surgery normalizes brain opioid receptors in
morbid obesity. Molecular psychiatry, 21, 1057. [PubMed: 26460230]

Keast RS, & Roper J (2007). A complex relationship among chemical concentration, detection
threshold, and suprathreshold intensity of bitter compounds. Chemical senses, 32, 245-253.
[PubMed: 17220518]

Kenler HA, Brolin RE, & Cody RP (1990). Changes in eating behavior after horizontal gastroplasty
and Roux-en-Y gastric bypass. Am J Clin Nutr, 52, 87-92. 10.1093/ajcn/52.1.87. [PubMed:
2360554]

King WC, Chen JY, Courcoulas AP, Dakin GF, Engel SG, Flum DR, Hinojosa MW, Kalarchian MA,
Mattar SG, Mitchell JE, Pomp A, Pories WJ, Steffen KJ, White GE, Wolfe BM, & Yanovski SZ
(2017). Alcohol and other substance use after bariatric surgery: prospective evidence from a U.S.

Appetite. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nance et al.

Page 14

multicenter cohort study. Surg Obes Relat Dis, 13, 1392-1402. 10.1016/j.soard.2017.03.021.
[PubMed: 28528115]

King WC, Chen JY, Mitchell JE, Kalarchian MA, Steffen KJ, Engel SG, Courcoulas AP, Pories WJ, &
Yanovski SZ (2012). Prevalence of alcohol use disorders before and after bariatric surgery. JAMA,
307, 2516-2525. 10.1001/jama.2012.6147. [PubMed: 22710289]

Kittrell H, Graber W, Mariani E, Czaja K, Hajnal A, & Di Lorenzo PM (2018). Taste and odor
preferences following Roux-en-Y surgery in humans. PloS one, 13, e0199508. [PubMed:
29975712]

Klockhoff H, N&slund I, & Jones AW (2002). Faster absorption of ethanol and higher peak
concentration in women after gastric bypass surgery. British journal of clinical pharmacology, 54,
587-591. [PubMed: 12492605]

Korner J, Inabnet W, Febres G, Conwell IM, McMahon DJ, Salas R, Taveras C, Schrope B, & Bessler
M (2009). Prospective study of gut hormone and metabolic changes after adjustable gastric
banding and Roux-en-Y gastric bypass. Int J Obes (Lond), 33, 786-795. 10.1038/ij0.2009.79.
[PubMed: 19417773]

Kruseman M, Leimgruber A, Zumbach F, & Golay A (2010). Dietary, weight, and psychological
changes among patients with obesity, 8 years after gastric bypass. J Am Diet Assoc, 110, 527-534.
10.1016/j.jada.2009.12.028. [PubMed: 20338278]

Laurenius A, Larsson I, Melanson KJ, Lindroos AK, Lonroth H, Bosaeus |, & Olbers T (2013).
Decreased energy density and changes in food selection following Roux-en-Y gastric bypass. Eur J
Clin Nutr, 67, 168-173. 10.1038/ejcn.2012.208. [PubMed: 23299713]

le Roux CW, Aylwin SJ, Batterham RL, Borg CM, Coyle F, Prasad V, Shurey S, Ghatei MA, Patel AG,
& Bloom SR (2006). Gut hormone profiles following bariatric surgery favor an anorectic state,
facilitate weight loss, and improve metabolic parameters. Annals of Surgery, 243, 108. [PubMed:
16371744]

Leahey TM, Bond DS, Raynor H, Roye D, Vithiananthan S, Ryder BA, Sax HC, & Wing RR (2012).
Effects of bariatric surgery on food cravings: do food cravings and the consumption of craved
foods “normalize” after surgery? Surgery for obesity and related diseases: official journal of the
American Society for Bariatric Surgery, 8, 84-91. 10.1016/j.so0ard.2011.07.016. [PubMed:
21925967]

Lee WJ, Chong K, Ser KH, Lee YC, Chen SC, Chen JC, Tsai MH, & Chuang LM (2011). Gastric
bypass vs sleeve gastrectomy for type 2 diabetes mellitus: a randomized controlled trial. Arch
Surg, 146, 143-148. 10.1001/archsurg.2010.326. [PubMed: 21339423]

Leggio L, Zywiak WH, Fricchione SR, Edwards SM, Suzanne M, Swift RM, & Kenna GA (2014).
Intravenous ghrelin administration increases alcohol craving in alcohol-dependent heavy drinkers:
a preliminary investigation. Biological psychiatry, 76, 734-741. [PubMed: 24775991]

Madsbad S, Dirksen C, & Holst JJ (2014). Mechanisms of changes in glucose metabolism and
bodyweight after bariatric surgery. The lancet Diabetes & endocrinology, 2, 152-164. [PubMed:
24622719]

Makaronidis JM, Neilson S, Cheung W-H, Tymoszuk U, Pucci A, Finer N, Doyle J, Hashemi M,
Elkalaawy M, Adamo M, Jenkinson A, & Batterham RL (2016). Reported appetite, taste and smell
changes following Roux-en-Y gastric bypass and sleeve gastrectomy: Effect of gender, type 2
diabetes and relationship to post-operative weight loss. Appetite, 107, 93-105. 10.1016/j.appet.
2016.07.029. [PubMed: 27453553]

Meule A, Lutz A, Végele C, & Kibler A (2012). Food cravings discriminate differentially between
successful and unsuccessful dieters and non-dieters. Validation of the Food Cravings
Questionnaires in German. Appetite, 58, 88-97. [PubMed: 21983051]

Miras AD, Jackson RN, Jackson SN, Goldstone AP, Olbers T, Hackenberg T, Spector AC, & le Roux
CW (2012). Gastric bypass surgery for obesity decreases the reward value of a sweet-fat stimulus
as assessed in a progressive ratio task. Am J Clin Nutr, 96, 467-473. 10.3945/ajcn.112.036921.
[PubMed: 22836034]

Mitchell JE, Steffen K, Engel S, King WC, Chen JY, Winters K, Sogg S, Sondag C, Kalarchian M, &
Elder K (2015). Addictive disorders after Roux-en-Y gastric bypass. Surg Obes Relat Dis, 11,
897-905. 10.1016/j.s0ard.2014.10.026. [PubMed: 25862182]

Appetite. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nance et al.

Page 15

Molin Netto BD, Earthman CP, Farias G, Landi Masquio DC, Grotti Clemente AP, Peixoto P, Bettini
SC, von Der Heyde ME, & Damaso AR (2017). Eating patterns and food choice as determinant of
weight loss and improvement of metabolic profile after RYGB. Nutrition, 33, 125-131. 10.1016/
j.nut.2016.05.007. [PubMed: 27474230]

Morinigo R, Moizé V, Musri M, Lacy AM, Navarro S, Marin J. L. s., Delgado S, Casamitjana R, &
Vidal J (2006). Glucagon-like peptide-1, peptide Y'Y, hunger, and satiety after gastric bypass
surgery in morbidly obese subjects. The Journal of Clinical Endocrinology & Metabolism, 91,
1735-1740. [PubMed: 16478824]

Mueller C, Kallert S, Renner B, Stiassny K, Temmel A, Hummel T, & Kobal G (2003). Quantitative
assessment of gustatory function in a clinical context using impregnated“taste strips”. Rhinology,
41, 2-6. [PubMed: 12677732]

Nance K, Eagon JC, Klein S, & Pepino MY (2017). Effects of Sleeve Gastrectomy vs. Roux-en-Y
Gastric Bypass on Eating Behavior and Sweet Taste Perception in Subjects with Obesity.
Nutrients, 10, 18 10.3390/nu10010018.

Nielsen MS, Christensen BJ, Ritz C, Rasmussen S, Hansen TT, Bredie WLP, le Roux CW, Sjodin A, &
Schmidt JB (2017). Roux-En-Y Gastric Bypass and Sleeve Gastrectomy Does Not Affect Food
Preferences When Assessed by an Ad libitum Buffet Meal. Obes Surg. 10.1007/
$11695-017-2678-6.

Ostlund MP, Backman O, Marsk R, Stockeld D, Lagergren J, Rasmussen F, & Naslund E (2013).
Increased admission for alcohol dependence after gastric bypass surgery compared with restrictive
bariatric surgery. JAMA Surg, 148, 374-377. 10.1001/jamasurg.2013.700. [PubMed: 23716012]

Pepino MY, Bradley D, Eagon JC, Sullivan S, Abumrad NA, & Klein S (2014). Changes in taste
perception and eating behavior after bariatric surgery-induced weight loss in women. Obesity
(Silver Spring), 22, E13-20. 10.1002/0by.20649. [PubMed: 24167016]

Pepino MY, Finkbeiner S, Beauchamp GK, & Mennella JA (2010). Obese women have lower
monosodium glutamate taste sensitivity and prefer higher concentrations than do normal-weight
women. Obesity (Silver Spring), 18, 959-965. 10.1038/0by.2009.493. [PubMed: 20075854]

Pepino MY, Okunade AL, Eagon JC, Bartholow BD, Bucholz K, & Klein S (2015). Effect of Roux-en-
Y Gastric Bypass Surgery: Converting 2 Alcoholic Drinks to 4. JAMA Surg, 150, 1096-1098.
10.1001/jamasurg.2015.1884. [PubMed: 26244751]

Pepino MY, Stein RI, Eagon JC, & Klein S (2014). Bariatric surgery-induced weight loss causes
remission of food addiction in extreme obesity. Obesity (Silver Spring), 22, 1792-1798. 10.1002/
0by.20797. [PubMed: 24852693]

Peterli R, Wolnerhanssen B, Peters T, Devaux N, Kern B, Christoffel-Courtin C, Drewe J, von Flue M,
& Beglinger C (2009). Improvement in glucose metabolism after bariatric surgery: comparison of
laparoscopic Roux-en-Y gastric bypass and laparoscopic sleeve gastrectomy: a prospective
randomized trial. Ann Surg, 250, 234-241. 10.1097/SLA.0b013e3181ae32¢e3. [PubMed:
19638921]

Polston JE, Pritchett CE, Tomasko JM, Rogers AM, Leggio L, Thanos PK, Volkow ND, & Hajnal A
(2013). Roux-en-Y gastric bypass increases intravenous ethanol self-administration in dietary
obese rats. PloS one, 8, e83741. [PubMed: 24391816]

Prentice AM, Black A, Coward W, Davies H, Goldberg G, Murgatroyd P, Ashford J, Sawyer M, &
Whitehead R (1986). High levels of energy expenditure in obese women. Br Med J (Clin Res Ed),
292, 983-987.

Pryer JA, Vrijheid M, Nichols R, Kiggins M, & Elliott P (1997). Who are the’low energy reporters’ in
the dietary and nutritional survey of British adults? International journal of epidemiology, 26, 146—
154. [PubMed: 9126514]

Rolls BJ, Rolls ET, Rowe EA, & Sweeney K (1981). Sensory specific satiety in man. Physiology &
Behavior, 27, 137-142. [PubMed: 7267792]

Rozin P (1982). “Taste-smell confusions” and the duality of the olfactory sense. Attention, Perception,
& Psychophysics, 31, 397-401.

Sarwer DB, Dilks RJ, Spitzer JC, Berkowitz RI, Wadden TA, Moore RH, Chittams JL, Brandt ML,
Chen MK, Courcoulas AP, Harmon CM, Helmrath MA, Michalsky MP, Xanthakos SA, Zeller
MH, Jenkins TM, & Inge TH (2017). Changes in Dietary Intake and Eating Behavior in

Appetite. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nance et al.

Page 16

Adolescents After Bariatric Surgery: an Ancillary Study to the Teen-LABS Consortium. Obes
Surg, 27, 3082-3091. 10.1007/s11695-017-2764-9. [PubMed: 28625002]

Scholtz S, Miras AD, Chhina N, Prechtl CG, Sleeth ML, Daud NM, Ismail NA, Durighel G, Ahmed
AR, Olbers T, Vincent RP, Alaghband-Zadeh J, Ghatei MA, Waldman AD, Frost GS, Bell JD, le
Roux CW, & Goldstone AP (2014). Obese patients after gastric bypass surgery have lower brain-
hedonic responses to food than after gastric banding. Gut, 63, 891-902. 10.1136/
gutjnl-2013-305008. [PubMed: 23964100]

Scruggs DM, Buffington C, & Cowan GSM (1994). Taste Acuity of the Morbidly Obese before and
after Gastric Bypass Surgery. Obesity Surgery, 4, 24-28. 10.1381/096089294765558854.
[PubMed: 10742759]

Sogg S (2007). Alcohol misuse after bariatric surgery: epiphenomenon or “Oprah” phenomenon? Surg
Obes Relat Dis, 3, 366-368. 10.1016/j.soard.2007.03.004. [PubMed: 17452022]

Sendergaard Nielsen M, Rasmussen S, Just Christensen B, Ritz C, le Roux CW, Berg Schmidt J, &
Sjodin A (2018). Bariatric surgery does not affect food preferences, but individual changes in food
preferences may predict weight loss. Obesity, 26, 1879-1887. [PubMed: 30421858]

Steele KE, Prokopowicz GP, Schweitzer MA, Magunsuon TH, Lidor AO, Kuwabawa H, Kumar A,
Brasic J, & Wong DF (2010). Alterations of Central Dopamine Receptors Before and After Gastric
Bypass Surgery. Obesity Surgery, 20, 369-374. 10.1007/s11695-009-0015-4. [PubMed: 19902317]

Steffen KJ, Engel SG, Pollert GA, Li C, & Mitchell JE (2013). Blood alcohol concentrations rise
rapidly and dramatically after Roux-en-Y gastric bypass. Surg Obes Relat Dis, 9, 470-473.
10.1016/j.s0ard.2013.02.002. [PubMed: 23507629]

Suzuki J, Haimovici F, & Chang G (2012). Alcohol use disorders after bariatric surgery. Obes Surg,
22,201-207. 10.1007/s11695-010-0346-1. [PubMed: 21188544]

Svensson PA, Anveden A, Romeo S, Peltonen M, Ahlin S, Burza MA, Carlsson B, Jacobson P,
Lindroos AK, Lonroth H, Maglio C, Naslund I, Sjoholm K, Wedel H, Soderpalm B, Sjostrom L, &
Carlsson LM (2013). Alcohol consumption and alcohol problems after bariatric surgery in the
Swedish obese subjects study. Obesity (Silver Spring), 21, 2444-2451. 10.1002/0by.20397.
[PubMed: 23520203]

Tassinari D, Berta RD, Nannipieri M, Giusti P, Di Paolo L, Guarino D, & Anselmino M (2017). Sleeve
Gastrectomy: Correlation of Long-Term Results with Remnant Morphology and Eating Disorders.
Obes Surg, 27, 2845-2854. 10.1007/s11695-017-2713-7. [PubMed: 28508273]

Thanos PK, Michaelides M, Subrize M, Miller ML, Bellezza R, Cooney RN, Leggio L, Wang G-J,
Rogers AM, Volkow ND, & Hajnal A (2015). Roux-en-Y Gastric Bypass Alters Brain Activity in
Regions that Underlie Reward and Taste Perception. PloS one, 10, e0125570-e0125570. 10.1371/
journal.pone.0125570. [PubMed: 26039080]

Thiele TE, Sparta DR, Hayes DM, & Fee JR (2004). A role for neuropeptide Y in neurobiological
responses to ethanol and drugs of abuse. Neuropeptides, 38, 235-243. [PubMed: 15337375]

Thomas JR, & Marcus E (2008). High and low fat food selection with reported frequency intolerance
following Roux-en-Y gastric bypass. Obes Surg, 18, 282—287. 10.1007/511695-007-9336-3.
[PubMed: 18214629]

Tichansky DS, Boughter JD, & Madan AK (2006). Taste change after laparoscopic Roux-en-Y gastric
bypass and laparoscopic adjustable gastric banding. Surgery for Obesity and Related Diseases, 2,
440-444. 10.1016/j.soard.2006.02.014. [PubMed: 16925376]

Ullrich J, Ernst B, Wilms B, Thurnheer M, & Schultes B (2013). Roux-en Y Gastric Bypass Surgery
Reduces Hedonic Hunger and Improves Dietary Habits in Severely Obese Subjects. Obesity
Surgery, 23, 50-55. 10.1007/s11695-012-0754-5. [PubMed: 22941334]

Van Vuuren MAJ, Strodl E, White KM, & Lockie PD (2017). Taste, Enjoyment, and Desire of Flavors
Change After Sleeve Gastrectomy-Short Term Results. Obesity Surgery, 27, 1466-1473.
10.1007/s11695-016-2497-1. [PubMed: 27981459]

Wee CC, Mukamal KJ, Huskey KW, Davis RB, Colten ME, Bolcic-Jankovic D, Apovian CM, Jones
DB, & Blackburn GL (2014). High-risk alcohol use after weight loss surgery. Surg Obes Relat
Dis, 10, 508-513. 10.1016/j.s0ard.2013.12.014. [PubMed: 24680762]

Appetite. Author manuscript; available in PMC 2021 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nance et al.

Page 17

White MA, Whisenhunt BL, Williamson DA, Greenway FL, & Netemeyer RG (2002). Development
and validation of the food-craving inventory. Obes Res, 10, 107-114. 10.1038/0by.2002.17.
[PubMed: 11836456]

Woodard GA, Downey J, Hernandez-Boussard T, & Morton JM (2011). Impaired alcohol metabolism
after gastric bypass surgery: a case-crossover trial. J Am Coll Surg, 212, 209-214. 10.1016/
j.jamcollsurg.2010.09.020. [PubMed: 21183366]

Zerrweck C, Gallardo VVC, Calleja C, Sepulveda E, & Guilber L (2017). Gross Olfaction Before and
After Laparoscopic Gastric Bypass. Obesity Surgery, 27, 2988-2992. 10.1007/
§11695-017-2733-3. [PubMed: 28508275]

Zerrweck C, Zurita L, Alvarez G, Maydén HG, SepUlveda EM, Campos F, Caviedes A, & Guilbert L
(2016). Taste and Olfactory Changes Following Laparoscopic Gastric Bypass and Sleeve
Gastrectomy. Obesity Surgery, 26, 1296-1302. 10.1007/s11695-015-1944-8. [PubMed:
26475030]

Zoon HFA, de Bruijn SEM, Smeets PAM, de Graaf C, Janssen IMC, Schijns W, Aarts EO, Jager G, &
Boesveldt S (2018). Altered neural responsivity to food cues in relation to food preferences, but
not appetite-related hormone concentrations after RY GB-surgery. Behav Brain Res, 353, 194—
202. 10.1016/j.bbr.2018.07.016. [PubMed: 30041007]

Appetite. Author manuscript; available in PMC 2021 March 01.



Page 18

Nance et al.

(3usasajope)
Wa1sAS alew 69
axejul e A eleg uonunN ejossuulin O V2 ‘2T ‘9 '34d 9S 'd9Ad dJews) 6TC 1102 “'[e 18 Jamues Sked
alreuuonsan® aew g 1102
el jey 4 Aousnbai4 pood OW 9 ‘3dd dOAY dJewsy 6 ““[e 18 0B8N UlON sreq4
alreuuonsand alew 2T
paisiy sawin |[e Je el 1ey 4 s109[QNns 8s300 UsIPams YA Z'ON 9'M 9 '3dd d9Ad alewsy ¢ €702 "'[e 38 sniuaine] Sred
afew o
(puan) &xejut yey 4 p102a1 axejul Arejaip Aep ¢ HA 8 '3dd d9Ad 3lewsay 08 0TOZ “[e 18 UBWSSNIY Sred
Aisejdosises
alemyos Burjapow uonLnu OW ¥Z 0L dN [euozIIoH afew €z
el 18} + &elut uodal [egian STVAYILNI ON 9 'Fdd ‘dOAY dlewsay 18 066T e 18 Jajuayl steq
dew 0T
axelul jey MIIAIRIUL PRINIONIS OW ¥Z ‘2T ‘9 ‘3dd d9Ad alewsay 0L T86T “le 18 lweH steq
(31n|1e} T "SA $$829NS #79)
sdnoJb $s899Ns 'SA aunjrey ssoj ybiram 3IBMYOS LINUBAY afew /T
U33M1aq 8Xejul Jej ul 8duaisylip ON + |[e984 AJelaIp Inoy vz O 95-8Y d9Ad dlewsa) 88 8T0¢ “"|e 18 opeund steq
(urebas
syslgns W61eMm 6T 'sA 3]qels JyBram 19)
a]qe1s biam ‘s urebal 1ybram alew 6
US3MIBQ HeIUI 18} JO JUBISHIP ON xapu| Bune3 AyyesH O 2v d9AY alewsy 1L 9T0Z “[e 18 BAIS BQ Sred
ON91e dew
neaje|d e Buiyoeal 21040 xfelul Jey 4 IS1P{aY % [[edas Aiesalq OW 2T ‘9 ‘€ 'T 'Idd d9Ad alewsy 12 €86T “e 18 uljybnod Sred
alreuuonsan® aew g
OIN t7Z pue ‘2T ‘9 Je syey ul Jsausul £ 13InS palipoN OW ¥Z ‘2T ‘9 ‘3dd 9S 3lewsy gz 9702 “le 18 1zznjod Sted
sso] JyBram pue alreuuonsan® afew QT
ayejul Jey usamiag diysuoire|al oN Aouanbai4 poo4 4A S B a[ewsay 0 1T0Z “|e 18 hoyd Seq
Aisejdonsen
aIemyyos Burjspow uonLNu papueg afew Tz
OIN 9€ 7@ 9 Je aejul 1ej 4 + &eju poday [eguan OW 9€ ‘v '8T ‘2T 9 'IUd [e2ILAA ‘GDAY alewsy /TT ¥66T “|e 38 uljoig Sted
9IBMYOS
dS34INN-NIMLNN dlew L
pajse) sawil |[e Je axejul jey ¢ + |[e984 AsejaIp Unoy g OWZT'8'9'¢'T '34d d9Ad Slewa} Ty | 0TOZ “[e 18 0dsaleneg steq
sso] Jybram ajqeidadde sa [ewndogns alreuuonsan® (SSO1 LHOITM SA aew /
U3sM18q 8Xejul Jej Ul adualaylip oN Aousnbaid pood | NIVOIY LHOIIM) HA T< d9Ad slewaj gy | LTOZ “[e 18 usspunwy Sted
AdAL
SONIANIL AOH13N Ad3IODINS IDNIS INIL Ad3IDAINS NOILVY1NdOd AQNLs AH0D3LVO

Appetite. Author manuscript; available in PMC 2021 March 01.

salreuuonsan®) Buisn ayeiu| 198MS pue 1e

‘T algeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

Nance et al.

(s11assap) s1eams Aney uondwinsuod 4

aireuuonsand) Aouanbai

Ppo04 ‘3]3S Po04 JO 1amod OW 9T~ ‘3¥d 99Ad swaned v €702 "I 18 YyaulIN S1I98MS
Aisejdonsen
a1emyjos Burjspow uonLnu OW ¥Z 0L dN [eu0ZLIOH afew €2
Hejul 1939MS PasesIosp 4 + eyl Hodal [eduan STVAY3LNI OW 9 'Fdd ‘dOAY 3lewsay 18 066T “[e 18 J3|us) SIaMS
(31n|1e) T "SA $$829NS $79)
dnoib ssa0ans 3J8M1J0S LIINUBAY alew /T
$s0| JyBIam ul xeIul 13ss3p |, + |[e984 AsejaIp Unoy g O 95-8Y d9Ad 3lewsay 88 8T0Z "'[e 15 Opevuny SI9aMS
g9 AY-1sod (suassap) alreuuonsand) aew o
s19ams Ane} Jo uondwinsuod 4 Aouanbai4 poo4 AT =/< 9oV 1 ‘9OAY aewsy GOT 6002 “[e191sui3 S19aMS
(urebas
sjo8lgns 8|qels 61em 6T 'sA a]qes Jybram 19)
B1am s urebas ybram usamiaq alew 6
aHeIUI 19IMS JO 30UBIBYIP ON xapu| Bune3 AuyyesH O 2Zv a9y aewsay T/ 970z “'[e 18 BAlIS B S19aMS
O alreuuonsan® aew g
¥Z pue ‘g1 ‘9 Je S18ams Ul 1sasiul 4 18INS palipoN OW ¥Z 2T ‘9 '34d 9S 8lewsy 2¢ 9T0¢ “le 18 12znj0D SI9aMS
Aisejdonsen
alemyos Burjapow uonLnu papueg aew 1z
O 72 2 ‘8T 'CT 9 Je aXejul 19aMms 4 + &{elul uodal [eqien OIN 9€ ‘72 "8T ‘2T ‘9 ‘3dd [edILIBA ‘DAY alewsy /TT ¥66T “|e 38 uljoig S199MS
$s0] JyBram
9]qe1dasde “sA ewndogns usamiaq alreuuonsand (SSOT LHOIFM SA alew /
adejul Jefns pappe 92UaIYIP ON Aouanbaig pood | NIVOIY LHOIFM) HA T< 99Ad slewaj gy | LT0T “[e 18 usspunwy SI9aMS
ddAl
SONIANIL AOH13N A"3IOENS IONIS INIL Ad3IDAINS NOILVY1NdOd AQNLs AH09D31VO

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Appetite. Author manuscript; available in PMC 2021 March 01.



Page 20

Nance et al.

sBuinesd 1ey-ybiy 4 (usasajope)
sBuinesd Jey pooy 1sej 4 uonedIIpow afew 69
sBuinesd 19ams 4 | Aiojusauj Buinel) poos OW¥Z ‘2T ‘9'3dd | alkisay] 'sA (9S/g99AH) Aabins olrerreg a[ewsy 6TZ /T0Z “"[e 10 Jamies | S19ams 79 Sle
sBuinesd 1ey-ybiy 4
sBuinesd Jey pooy 1sey 4 alew 9
sBuinesd 19ams 4 | Aiojuau| Buinesd pooo dA T>'34d 9S 'doVv1 'dOAY SJewsy 6 7702 “e12 ouldad | s1eams % sied
sBuineld syey ybiy <«
sBuine.d sjej pooy-1sey 4 afew o
sBuinesd 19ams 4 | Aiojusauj Buinel) pooH dA T> ‘I4d gov1 ‘9OAY aewsy /g ¥T0Z “Te19 ouldad | S19ams 79 sreq
sBuinesd Jey-ybiy 4
sBuine.d 1ey pooy 1sey 4 aew g
sBuinesd 19ams 4 | Aiojusauj Buinel) pooH dA T> ‘34d 98 ‘gOAY aewsy /g /T0Z "[e18 90ueN | S19aMmS 79 Sied
sBuine.d siey ybiy <
sBuine.d siej pooy-1sey 4 afew 9
sBuinesd 19ams 4 | Aiojusauj Buineld poos O 9 ‘€ ‘Jdd g9V ‘9OAY alewsy 9y | 2TOZ “le18 Aeyes] | s1eems 7p sredq
aew 8¢
g9AY Joye sbuineld jo Aysusiul 4 suonsanb woisny A L'9°G'Y '€ 2 T ‘3Ud gov1 ‘doAd dlewsy) 99T 8T0Z “[e 18 ulAeQ B/
sBuine.d 1ey-ybiy 4 (susasajope)
sBuine.d Tey pooy 1sej 4 afew 9
sBuineso 19ams 4 | Aiojusauj Buineld poos OW 2 ‘8T ‘2T ‘9 ‘€ ‘I4d aoAd aleway 0T | STOZ “[e 18 BulysnDy | s1eams 79 sieq
SONIANIL AOH13N Ad3IDENS FONIS INIL IdAL AH3IDHNS NOILV1NdOd AdNLs Ad0931VO

Appetite. Author manuscript; available in PMC 2021 March 01.

salreuuonsang® Buisn sbuinel) 199MS pue 1e4

‘¢ dlgeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 21

Nance et al.

1591 Buryjuey aduaiayald afew v
S3ouaJajaid Jej pue 19ams 4 9)SB| pU JUSLIINUOIIRIN O Z ‘34d oA a[ewsy GT 8T0Z "[e 18 Uooz SO1UOPaH
alreuuonsanQ abueyd alew 0z
Spooy A11e) puR 183MS BLINSUOD 0] a11sap 4 | JuswAolug pue aiisaq alsel O 8-9 ‘M 9 S afewsay 98 /102" [e 18 UaInNnA UeA SOIUOpaH
aireuuonsan® aew 6
seousJajaud 1e) 4 Aouanbal4 poo4 OW 62-€ gOAY afewsy 6z 8002 “"[e 18 sewoy | SoIUOpaH
A1abans woly Ino Jayuiny ayenuane Aew eyl alew /g
Teak T ulynm ssouaiajaid ey pue 19ams 4 U IUBIA] JUBLUSSASSY/-}|9S OW 21< ‘O ¢T> g9 9Jews) GGT 8T0Z e 18 |31y SolUopaH
18Yy10
saouaJayald adAy ‘4ouMS Jeuspong alew g
spooy yej-ubiy 1oy Bumi 4 -POo0J [ensIA pue Ui OW € '34d ‘dOV1 'dOAd dlewsy €8 ¥T0Z “Ie 38 paisnH SoluopsH
sutod awiy A1abins alreuuonsan® uaw €z
-150d Y10q Je saoualajaid Je) pue 198ms 4 a[eas anfojeuy [ensiA O 9 ‘a9 ‘34d S afewsay // /702 ‘e 18 0189 SoIUOpaH
afew
spooy yej-ubiy 1oy Bupyi 4 1881 sabew| pood OW 9 '34d S 'g9AY alewsay 65 | 9TOZ “[e 10 abpriquod|ned SoluopsH
Sle} 1o} souaiayald 4
aw} Jeno aireuuonsand alew g
N0 ysem 1yBiw Jeyp S19aMms 10y souaiayaid 4 13INS PaILIPON OW tZ ‘2T ‘9 ‘3¥4d S afewsy zz 9102 “"[e 18 1zznj0D SOIUOpaH
S} 40} souasayeud 4 aireuuonsand afew T
spooy Alje} pue 19ams Joj sbulrel dluopay 4 90UaJa)8ld poo4 M 9 ‘T8d S afewsy T GT0Z ““[e 18 Uowwy SOIUOpaH
AuAnIsuss alse) 19ams |, aew 9 Aloreulunosiq
Spooy Aley ul 83se} Jo abuey) Aanung abuey aisel O 0T 9S ‘gOAY aewsy 6TT 9T0Z “'[e 18 %98MII8Z Alosuas
alreuuonsang abueyn aew 0z Aloreulwunosiq
AuAnisuas aise) Jej pue 19ams |, | juswAoflug pue aiiseq sisel O 8-9 ‘M 9—F 295 a[ewsy 98 /T0Z ““[e 18 uaInnA ueA Alosuss
Aioreuiwnosig
AUAIISUSS 31Se] 1893MS 4 Aanung abueyd aise] ONT< aov1 ‘dOAd siuaned OTT 9002 “'[e 18 Asueyoll AKiosuas
aireuuonsand aew €1 Aloreulwunosiq
Alsuajul 81se} 18} 10 199MS <> Aouanbai4 poo4 D1d3 OWN tZ< ‘34d S afewsy /& /102 “"[e 18 Lleuisse ] Alosuas
aew yT Aloreulwnasiq
Sp0o0J S198Ms Jo alse) Arebns |, Aanung abueyd a1sel O SZ gOAY afewsy 68 ¥10Z “'Ie 18 Weyelo Alosuas
Ad3IDANS IdAL
SONIANIA AOH13N 3IONIS JNIL Ad3IDAINS NOI11v1NdOd AQNLs Ad0D31VO
Salreuuonssnd mc_m: uolnun4 ase] 19aMS pue JeH
-€ 9|qelL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Appetite. Author manuscript; available in PMC 2021 March 01.



Page 22

Nance et al.

g9 AY Ul Ajuo Bunji] 8s01ons 4 uoneniigqeH 8so1ans alew o
S80UaJajaId 85019NS 4 'S90UdJ8)31d 95019NS HA T> ‘34d 4ov1 '99Ad dlewsy /2 ¥T0Z “'Ie 18 ouldad S21UOPaH
Buriy asosons 4 uonen)igeH 8soJons alew g
(puau) seouaiayaid 8s040NS 4 ‘S30U8.8)31d 95049NS HA T> ‘34d 9S ‘d9OA alewsy /g /TO0Z “'Ie 18 d3ueN SO1UOPaH
dlew 6
psemas Apued Jej1sams e Jo , Bunuem,, 4 sel oney anIssalbold M 8 ‘3¥d g9AY alewsy 2T 2702 I 18 sediN S21UOPAH
(yuaosajope)
premal Apued Je}18ams e Jo Bunuem,, 4 Msel oney anIssalbold M ZS ‘M 2T ‘Idd oS sjuaned 9T 6T0Z '[e 18 Udspqy S21UOPaH
Spjoysaly} spjoysaiy L alew o Alojeuiwnosig
uonubod8I J0 UOIIBIBP 8S0JINS Ul «> | uoniuboday pue uondLeqg ao06 ‘09 ‘0€ ‘34d 99AY alewsy 9T | v66T “[e 18 sbbniog AKiosuas
SaIsuUa)ul pjoysaiyesdns asoan|h <
suajul pjoysaiyresdns 8s01ons 4 SaIIsusu| pjoysalyresdns alew o
SP|oysa.1y} UOI1J818p 8S0JINS Ul <> ‘sploysaiy L uondaieQ dA T>'34d gov1'doAd alewsy /g ¥T02 “'[e 18 ouldad
salisua)ul pjoysaiyreldns 8soan|b Ul «
Sa1)IsUsUI ploysalyleldns 8s0IoNS Ul <> saiIsusu| pjoysaiyresdns alew g Aioreuiwniosig
SPJOYSaIY} UOI1I318p 3S0IINS Ul <> ‘spjoysaiy uonaaeq HA T> ‘34d 9S ‘dOAY alewsy /g /T0Z “'Ie 18 92ueN Alosuas
aov 8lew £g Aioreurwnosig
AuAnIsuss aisel 18ams |, sdung aisel O 9 ‘ON € ‘M Z '3dd ‘OS ‘dOAd d[ewsy ¥ | STOZ “Ie 18 PisuljoH Kiosuss
usw 9 Alojeuiwnosig
AUAIISUBS 81Se) 19aMS |, spjoysalyL uoniuboossy MZT ‘M9 ‘Idd goAd USWIOM g G66T “'|e 19 abing Aiosuss
spjoysaly L dlew g Alojeuiwnosig
AlAIISUBS 91SE]) 198MS |, u0119919Q 95049NS OIN Z ‘34d a9AH alewsy gT TT0Z “'|e 10 J219ng AKiosuas
alew gz Aloreuiwnosig
AUAIISUSS 3)se) 18aMms |, sdins s1se L OW € ‘'ON T ‘34d BN 8lews) 0g 8T0¢ “[e 18 unyvy Kiosuas
AdAL
SONIANIL AOHL3IN Ad3DINS IONIS INIL AdIDINS NOILVINdOd AdNlLs AH0931VD

Author Manuscript

‘v algeL

Author Manuscript

Spoyia|N Alosuas Buisn uondadlad a1sel 199MS pue e

Author Manuscript

Author Manuscript

Appetite. Author manuscript; available in PMC 2021 March 01.



	Abstract
	Introduction
	Methods
	Results: Changes in Ingestive Behaviors
	Changes in Food Selection via Indirect Measurement
	Changes in Food Selection via Direct Measurement
	Changes in Food Cravings via Indirect Measurement
	Changes in Alcohol Ingestion via Indirect Measurement

	Results: Changes in Taste Function
	Indirect Measurements
	Sensory-Discriminative Component
	Hedonic Component

	Direct Measurements
	Sensory-Discriminative Component
	Hedonic Component


	Applied Implications and Future Directions
	Conclusions
	References
	Table 1:
	Table 2:
	Table 3:
	Table 4:

