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Food preferences and diet choices are fundamentally
affected by how food tastes
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Modified from Drewnowski, Taste, Genetics and Food Choice. In Food Selection: From Genes to Culture, 2002




Food preferences and diet choices are fundamentally
affected by how food tastes
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Chemosensory perception and body weight: is there a link?

& Disclosure:
onell Center

adind in Chemosensory Science...
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® Psychophysical measurements of human taste
function: changes associated with obesity and
with weight-loss surgeries

® Review of the literature shows discrepant
results: Inappropriate sensory methods?




The psychological attributes of taste

Taste
Perception

=Sweet »Barely detectable =ike / Dislike

=Sour ="\Weak

=Bitter =Moderate lﬁ 9.
=Salty =Strong

*Umami (Savory) =\ery strong

Modified from Breslin & Spector, Current Biology, 2008




Obesity and taste function

Taste
Perception

Intensity
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changes in detectability of changes in pleasantness of
sugars and sweet taste sweet taste?

intensity?

Modified from Breslin & Spector, Current Biology, 2008




Taste perception range

~5,800 mM (saturated solution) Maximal intensity
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~35 mM (1/2 tsp in 8 0z) ~ Recognition threshold (SWEET!) &
~8 mM (1/7 tsp in 8 0z) / Detection threshold (DIFFERENT!) @5
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Undetectable

adapted from Keast & Roper; Chem Senses 2007

no perception
(below-threshold)




Sucrose thresholds do not predict perception of intensity of
above threshold concentrations

Sweetness of Sucrose (350 mM) @
Sucrose
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Sucrose Detection Threshold
I Webb, Bolhuis, Cicerale, Hayes and Keast, Chemosens Percept. 2015

(Consistent with Bartoshuk, AJCN, 1978; Jayasinghe et al., Nutrients 2017) Pepino et al., unpublished




Methods
- Using “sip-and spit” technique:
o Spaniepl e o [ J o

- Taste sensitivity (glucose, sucrose, NaCl, MSG)
a.  Detection thresholds: 2 alternative force choice procedures (privitkin et al., Ann Otol Rhinol Laryngol. 2003)

b. Intensity at above-threshold concentrations general Labeled Magnitude Scale (Bartoshuk et al., Phil Trans R.
Soc. B., 2006)

- Hedonic value of sweetness
a.  Sucrose preferences (Monell tracking technique) i

o
ition

h.  Sweet taste reactivity taste: changes in hedonic value with repeated experience (Pepino and Mennella,
Appetite, 2012)

Sucrose 24% w/v Obesity: Absence of Satiety
FH i Aversion to Sucrose

Cabanac & Duclaux,
Science 1970

Affective responses
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*Two minutes apart
*No rinsing in between
*Rate scores on hedonic gLMS

Time (minutes)




Obesity is not associated with changes in perceived sweetness
of sucrose or sucrose preferences
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Compared to lean peers, women with obesity perceive
more pleasure when repeatedly tasting sweetness

Pleasant

L Moderate

-Weak
Neutral

Weak

— Moderate

4 5 6 7 8 910

Sucrose

Unpleasant

Pepino & Mennella, Appetite, 2012

Affective responses

Obesity: Absence of Satiety

Aversion to Sucrose

“highly sensitive to
external stimuli”

“relatively insensitive
to internal stimuli”

i1 . _° t 3 % b ¢ ¢ B 3 ' 1 1

30 45 60 75
Time (minutes)

Cabanac & Duclaux, Science 1970




Brain activation to palatable food (and in resting state) in
subjects with obesity Is different from lean subjects

B
Taste Area

Somatosensory
Areas
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“highly sensitive to
external stimuli”
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“relatively insensitive
to internal stimuli”

Wang et al., Neuroreport, 2002 _
Stice et al., J Abnorm. Psychol. 2008




Summary (1):
Obesity and taste perception

Taste
Perception

- ¥ Pleasure derived from sweetness

- ¥ Brain reactivity to calorically dense
food pictures/taste

- 1 Motivation to “work” for calorically
dense food

- ¥ Salivation to repetitive food cues

I (*Consistent with: Epstein et al., 1996; Wang et al., 2002; Stice et al., 2008; Epstein et al., 2008; DelParigi et al.,
2004)




Bariatric surgery and taste perception

Roux-en-Y gastric Sleeve gastrectomy | Laparoscopic Gastric
bypass (RYGB) (SG) banding (LAGB)

Adjustable

* People lose ~30% body weight, ~60-70% excess body weight and keep it
Oﬂ: |n the |Ong tel’m (Chang et al., JAMA Surgery, 2014)




Following RYGB and SG, the majority of patients report
changes in “taste”
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RYGB SG
Desserts Cakes and Candies Fruits and

Makaronidis et al., Appetite, 2016 cookies vegetables

Pre-clinical data: Sclafani et al., Physiol. & Behav. 1985; Hajnal et al., AJPGLP, 2010; Olbers et al., Annals of Surg 2006
Shin et al., IJO, 2011, Berthoud et al., Ann N Y Acad Sci, 2012; Mathes et al., AJPREG 2015




Studies on RYGB and taste sensitivity

Scruggs et al.,
Obes Surg, 1994

Burge et al., J Am
Diet Assoc, 1995

Bueter et al.,
Phsysiol Behav,
2011

6 before-after Taste thresholds
RYGB

10 lean

14 before -
after RYGB

4 in very-low-
calorie diets

9 before-after Taste thresholds
RYGB

9 lean

Increased bitter
and sour
sensitivity after
RYGB

Increased sweet,
sensitivity after
RYGB

Increased sweet
sensitivity after
RYGB




Studies on SG and taste sensitivity

El Labban et
al., Nutrition,
2016

Altun et al.,

9 RYGB; 12 SG
(post surgery)

52 SG

Ann Otol, Rhin  (pre-, Im & 3 m

& Laryng.,
2016

post- surgery)

Detection
thresholds

Sucrose
acceptability

Taste strip
test

~ sweetness, saltines,
bitterness sensitivity
(sourness < in RYGB)

~ sucrose acceptability
Improvement in taste acuity




Nance et al., Nutrients, 2017

Study Design

20-70 year old scheduled to undergo bariatric surgery

\

Taste Test + Eating Behavior ( 3 separate visits)

Individual supervised weight management
program (20% weight loss)

¢: 6 to 12 months

Taste Test + Eating Behavior ( 3 separate visits)

Pepino et al., Obesity, 2014




Taste detection thresholds: unchanged
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® Before surgery (LAGB + RYGB)
@ After surgery (LAGB + RYGB)

Sucrose

NaCl

Pepino et al., Obesity, 2014
Nance et al., Nutrients, 2017




Taste intensity remained unchanged

Sweetness Saltiness
@ Before surgery (LAGB + RYGB)

©® After surgery (LAGB + RYGB)
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Pepino et al., Obesity, 2014; Nance et al., Nutrients, 2017; Consistent with Hubert et al., Nutrients, 2019




Sweet taste pleasantness decreased after both
SG and RYGB but not after LAGB

O Before surgery
@ After surgery

+Moderately
Pleasant

+Weakly Pleas

TWeakly Unplepsant

TModerately Unppleasant
123456728910 123456738910 123456738910
Trials b Trials ‘

Pepino et al., Obesity, 2014
Nance et al., Nutrients, 2017

Sensation elicifed by sweethess




Summary (Il):
Metabolic surgery and taste perception

Taste
Perception

- J Pleasure derived from sweetness

- § Brain reactivity to pictures of
calorically dense food

 § Motivation to “work” for calorically
dense food

I (*Consistent with: Ochner et al., Ann Surg, 2011; Miras et al., AMJCN, 2012; Scholtz et al., Gut, 2013; Goldstone
et al., JCEM, 2016; Hubert et al., Nutrients 2019)




Future studies

® Patients report dramatic changes in “taste” perception: changes in “flavor” perception?
Retronasal smell? Texture? Fat sensory perception?

® Do the observed changes in the affective component of sweetness last beyond the first-year
post surgery? Can this sweetness response explain variation in weight-loss/regain trajectories?

® Potential mechanisms?

Changes in gut-brain nutrient signaling




Potential mechanisms

® Enhanced conditioned satiety? (Asarian and Geary, Appetite 2019)
® Condition avoidance? (Mathes et al., AJPR 2015)
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Bradley et al., Obesity, 2014




Potential mechanisms (Il)

® Decreased “appetition”?
Preclinical data suggest the gastrointestinal rerouting plays a critical role for sugar-induced
dopamine release in dorsal striatum (Han et al., Cell Metabolism, 2016)

Dorsal striatum

“Intestinal sugar sensing has Ventral striatum
an appetite-stimulating action
that enhances preferences for
sweets” (Sclafani, Cell Metab. 2016)

Han et al., Cell Metabolism, 2016
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The dark side of metabolic surgeries

A.RYGB

— a. Regular alcohol consumption = b. AUD symptoms
— c. lllicit drug use —d. SUD treatment

W% (95% ClI)

Follow-up Time, y'
Number of Patients
a. 1472 1230 1045 1030 1042
b. 1466 1223 1039 1026 1038
c. 1465 1221 1039 1021 1036
d 1422 n77 78 9648 ar7

W. King et al. / Surgery for Obesity and Related Diseases 1 (2017)

4 2-fold increase in likelihood to develop an
alcohol use disorder (AUD) after RYGB

compared to banding procedures «ingetar. 2012,
JAMA; Ostlund et al., JAMA Surg, 2013, King et al., SOARD 2017).

 Similar prevalence of AUD following SG
and RYGB (brahim, et al., surg Endosc 2018).




SG and RYGB convert 2 drinks to ~4

O  Pre-surgery
® RYGB
® SG

NIAAA Binge drinking threshold

0 20 40 60 80 100 120 140 160 180 200 220

Time from Start of Drinking, min

Pepino et al., JAMA Surgery, 2015; Acevedo et al., SOARD, 2018
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