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Abstract

Objective—Roux-en-Y gastric bypass (RYGB) surgery causes greater weight loss than 

laparoscopic adjustable gastric banding (LAGB). We tested the hypothesis that RYGB has weight 

loss-independent effects on taste perception which influence eating behavior and contribute to the 

greater weight loss.

Design and Methods—Subjects were studied before and after ~20% weight loss induced by 

RYGB (n=17) or LAGB (n=10). We evaluated: taste sensitivity for sweet, salty and savory 

stimuli; sucrose and monosodium glutamate (MSG) preferences; sweetness palatability; eating 

behavior; and expression of taste-related genes in biopsies of fungiform papillae.

Results—Weight loss induced by both procedures caused the same decrease in: preferred 

sucrose concentration (−12±10%), perceived sweetness of sucrose (−7±5%), cravings for sweets 

and fast-foods (−22 ±5%), influence of emotions (−27±5%) and external food cues (−30±4%) on 

eating behavior, and expression of α-gustducin in fungiform papillae (all P-values <0.05). RYGB, 

but not LAGB, shifted sweetness palatability from pleasant to unpleasant when repetitively tasting 

sucrose (P=0.05). Neither procedure affected taste detection thresholds or MSG preferences.

Conclusions—LAGB and RYGB cause similar alterations in eating behaviors, when weight 

loss is matched. These changes in eating behavior were not associated with changes in taste 

sensitivity, suggesting other, as yet unknown, mechanisms are involved.
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Introduction

Bariatric surgery is the most effective weight loss therapy for obesity because of its 

profound effects on eating behavior and food intake. Procedures that divert ingested 

nutrients away from the upper gastrointestinal tract, such as Roux-en-Y gastric bypass 

(RYGB), cause greater weight loss than those that simply restrict stomach size, such as 

laparoscopic adjustable gastric banding (LAGB).1 Data obtained from studies that used 

dietary recall methods and eating behavior questionnaires, suggest that patients who have 

had RYGB surgery decrease the proportion of their daily calorie intake from sweetened 

foods and beverages more than subjects who have had banded gastroplasty, 2–5 a behavior 

that could significantly contribute to the greater reduction in total energy intake observed 

after RYGB than LAGB surgery.

The mechanisms responsible for the decreased intake of sweetened foods after RYGB 

surgery are unknown, but could involve changes in taste perception. Taste perception 

involves two major psychological components, including a sensory-discriminative 

component and a hedonic component. 6 The sensory-discriminative component refers to 

taste quality (sweet, salty, savory, bitter and sour) and taste sensitivity, which ranges from 

what is the lowest concentration of taste stimuli that can be detected (taste detection 

thresholds) to how intense a taste stimuli is perceived (above-threshold responses). The 

hedonic component of taste perception accounts for how much the stimulus is liked or 

disliked.6

RYGB is associated with decreased hedonic value for sweet or highly palatable foods. 7–11 

However, the effect of RYGB on taste sensitivity is unclear because of conflicting results 

from different studies, which have reported subjects became more sensitive (lower taste 

thresholds) to bitterness but not sweetness 12 or more sensitive to sweetness 13 but not 

bitterness 14 after RYGB surgery. An important limitation of these studies is that taste 

thresholds usually do not correlate with above-threshold sensory function; 15–16 therefore 

the consequence of having an altered taste threshold in food selection is unclear. In addition, 

it is not known whether changes in taste perception are due to altered food intake and weight 

loss itself or whether the anatomical alteration associated with RYGB has weight loss-

independent effects on taste perception.

The primary purpose of the present study was to test the hypothesis that anatomical 

diversion of ingested nutrients from the upper gastrointestinal tract by RYGB has weight 

loss-independent and diet-independent effects on taste perception and eating behavior 

compared with LAGB. Accordingly, we evaluated the sensory-discriminative and hedonic 

components of taste perception, and eating behavior in obese women before and after 

subjects lost 20% of their body weight induced by either RYGB or LAGB surgery. We also 

evaluated the effects of surgery-induced weight loss on the cellular factors involved in the 

transduction of taste signals in fungiform papillae in a subsample of study subjects.
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Methods and Procedures

Subjects

The study population consisted of 27 consecutive obese women who were scheduled to 

undergo either RYGB (n=17) or LAGB (n=10) procedures at Barnes-Jewish Hospital (St. 

Louis, MO, USA). Subjects who had LAGB served as a control group to account for the 

independent effects of weight loss and dietary intake on our study outcome measures. We 

only studied women because most patients who have bariatric surgery are women 17 and sex 

can affect taste perception 18. We excluded potential subjects who had diabetes, smoked 

cigarettes, were taking any medication that might affect taste, had previous intestinal 

surgery, inflammatory intestinal disease, signs of oral disease, a history of chronic rhinitis, 

or severe organ dysfunction. All subjects provided written informed consent before 

participating in this study, which was approved by the Washington University Institutional 

Review Board.

Experimental Procedures

Subjects were admitted to the Washington University School of Medicine Clinical Research 

Unit (CRU) after fasting for 12 h overnight at home. To avoid sensory system fatigue, the 

tests used in this study were administered in three separate 2-h sessions that were scheduled 

at least one day apart.

Sensory-discriminative component of taste perception

1. Detection Thresholds: Threshold sensitivities to sucrose, glucose, NaCl and 

monosodium glutamate (MSG; prototypical savory stimuli) were assessed separately by 

using a two-alternative, forced-choice staircase procedure as previously described.16

2. Above-threshold sensory function: After subjects were trained on the use the general 

Labeled Magnitude Scale (gLMS),19 we assessed intensity perception of a series of 

concentrations of sucrose, glucose, NaCl and MSG. Each taste stimulus was separately 

presented in two blocks of four concentrations and the four concentrations for each taste 

stimulus were presented in random order without replacement. The mean of the intensity at 

each concentration (for each taste quality) during the two-block series provided the estimate 

of subjects taste intensity perception.

Hedonic component of taste perception

1. Preference Tests: A forced-choice, paired-comparison, tracking technique, was used to 

determine subjects preferred concentration of sucrose and MSG. Subjects were presented 

with pairs of solutions that differed in concentration of the stimuli being assessed (sucrose or 

MSG) and preferences were determined as previously described.16, 20

2. Sweet Taste Palatability Test: Subjects were instructed to sip and taste 10 samples 

without swallowing (one every 2 min, with no interstimulus rinse). The samples, which were 

presented in medicine cups and contained 10 ml of a 24% w/v sucrose solution, were tasted 

for 10 s. Subjects rated changes in hedonic responses immediately after spitting out each 

sample, by answering two questions: 1) “How pleasant was the taste?” and 2) “How strong 
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is your desire for a different taste?”. Subjects rated the first question by using the hedonic 

version of the gLMS and the second question by using a regular gLMS for intensity.

Taste stimuli: For detection threshold testing, sucrose, glucose, NaCl (all from Sigma-

Aldrich, Inc., St Louis, MO, USA) and MSG (USB Corp., Cleveland, OH, USA) 

concentrations ranging from 1 to 1 × 10−4 M were prepared in quarter-log dilution steps. To 

test suprathreshold intensity perception, we used 0.00, 0.09, 0.36, and 1.05 M sucrose 

solutions, 0.00, 0.32, 0.56 and 1.00 M glucose solutions, 0.00, 0.056, 0.18 and 0.56 M NaCl 

solutions, and 0.00, 0.02, 0.06, and 0.18 M MSG solutions. All solutions were prepared 

using deionized water and presented at room temperature (22°C).

For preference testing, we used 0.09, 0.18, 0.35, 0.70, and 1.05 M sucrose and 0.018, 0.032, 

0.056, 0.100, and 0.180 M MSG. The addition of MSG generally decreases palatability to 

room-temperature water solutions but increases palatability in foods such as soup.21 

Therefore, we warmed the MSG solutions in water to 40°C and kept the solutions in thermal 

bottles until testing.

Eating behavior—Subjects completed the following standardized questionnaires: i) Dutch 

Eating Behavior Questionnaire (DEBQ), 22 ii) Food Craving Inventory (FCI), 23 iii) Sweet 

Taste Questionnaire (STQ), 24 and iv) Fat Preference Questionnaire (FPQ).25 The DEBQ 

measures three common psychological dimensions of eating behavior: 1) emotional eating 

(an inclination to eat in response to negative emotions such as depression or feelings of 

loneliness), 2) external eating (an inclination to eat in response to external food cues such as 

the smell of food), and 3) restrained eating (an inclination to consciously restrict food intake 

to control body weight). 22 The FCI is a validated measure of the frequency of overall food 

cravings as well as cravings for specific types of foods (high fats, sweets, carbohydrates/

starches, and fast-food fats) during the past month.23 For the DEBQ and the FCI, subjects 

score their answers by using a 5-point Likert scale (1=never, 5=very often/always). The 

STQ identifies two factors associated with sweet food consumption: 1) sensitivity to the 

mood altering effects of sweets, and 2) impaired control over eating sweet foods. 24 In the 

STQ, subjects respond to 12 items using 7-point Likert scales ranging from “Strongly 

disagree” to “Strongly agree”. The FPQ is a validated instrument that assesses the 

preference for dietary fat by measuring the percentage of food sets in which high-fat were 

selected over lower-fat choices of the same food to “taste better” (TASTE score) and to be 

“eaten more often” (FREQ score).25

Tongue biopsy—Lingual fungiform papillae biopsies were obtained as described 

previously.26 Fungiform papillae were clipped from the dorsal surface of the anterior tongue 

using a curved spring micro-scissors (McPherson-Vannas type, Roboz, Rockville, MD, 

USA). A small Dumont forceps was used to place the papillae immediately in a tube 

containing RNAlaterTM (Ambion), which was stored overnight at 4°C and then transferred 

to −20°C until RNA extraction. Due to a delay in scheduling the training needed to perfom 

this technique (kindly provided by Drs. A. Spielman and J. Brand, Monell Chemical Senses 

Center, Philadelphia, PA); fungiform papillae biopsies were obtained in a subsample of 15 

subjects (9 RYGB and 6 LAGB).
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Surgical Procedures

Bariatric surgeries were performed using standard laparoscopic approaches. The RYGB 

procedure involved creating a small (~20 ml) proximal gastric pouch and a stapled 

gastrojejunostomy. A 75–150 cm Roux-Y limb was constructed by transecting the jejunum 

30 cm distal to the ligament of Treitz and performing a stapled jejunojejunostomy at this 

site. 27 The standard pars flaccid technique was used for LAGB (Lap-Band, Allergan, Irvin, 

CA, USA).27

Diet Management after Surgery

Subjects participated in an individual supervised weight management program to help 

subjects in both groups consume a similar energy-deficit diet and achieve a 20% weight loss 

within 4–6 months after surgery. Subjects were instructed to consume a liquid diet for the 

first week after surgery, followed by a 2–4 week progression to a regular-food diet 

containing 1000–1200 kcal/day and 1.0 g of protein/kg body weight/day. A study dietician 

with expertise in weight management met with the subjects, or contacted them by phone, 

weekly to monitor body weight, review dietary intake, provide standard weight management 

behavioral education and adjust recommended energy intake as needed to achieve weight 

loss targets. After subjects achieved the targeted 20% weight loss, a weight maintenance diet 

was prescribed, and subjects maintained a stable body weight (<2% change) for at least 2 

weeks before repeat studies were performed.

Tongue sample analyses

Quantitative PCR—RNA from tongue biopsy samples was isolated by using TRIzol 

reagent (Life Technologies, Carlsbad, CA, USA) cDNA was synthesized (Superscript VILO 

kit, Life Technologies) and gene specific amplification was performed utilizing SYBR 

Green chemistry on an ABI 7500 FAST qPCR cycler (Applied Biosystems, Foster City, CA, 

USA). Expression levels of each gene was determined by using the formula 2−ΔCt after 

correcting the threshold crossing (Ct) of each sample to the housekeeping control gene, 

acidic ribosomal phosphoprotein P0 (36B4). The primer sequences used are shown in Table 

1. Fold changes were calculated by dividing the value post surgery by the value pre-surgery. 

Whenever the number was less than one, the (negative) reciprocal is shown (e.g. 0.3 or a 

drop of 75% from before surgery is reported as −3.3 fold change). Gene expression of α-

gustducin could not be obtained in one RYGB subject before surgery and one LAGB subject 

after surgery, and gene expression of TAS1R1 could not be obtained in one LAGB subject 

after surgery.

Statistical analyses

Two-way ANOVAs with group (RYGB and LAGB) as the between-subjects factor and time 

(before after surgery) were used to determine whether surgery-induced weight loss and the 

specific surgical procedure causes changes in: 1) taste detection thresholds, 2) perceived 

intensity of above-threshold concentrations, 3) degree of pleasure from tasting sweetness, 4) 

desire for tasting something non-sweet, and 5) eating behavior questionnaires scores. 

Sucrose and MSG detection thresholds were positively skewed and required logarithmic 
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transformation to approximate a normal distribution, whereas perceived taste intensity of 

sucrose and MSG, and desire for a different taste required square root transformations.

Differences in the expression of taste-related genes in fungiform papillae were assessed by 

using Wilcoxon matched pairs tests. Pearson correlation coefficients were used to determine 

whether there was a relationship between changes in perceived sweetness intensity and the 

most preferred sucrose concentration before vs. after surgery. Data in the tables and figures 

are presented as means ± SD unless otherwise indicated, or medians with semi-interquartile 

range (SIQR= [75th – 25th percentile]/2) for skewed data sets. All analyses were performed 

with Statistica 8.0 (StatSoft Inc., Tulsa, OK), and criterion for statistical significance was 

P≤0.05.

Differences in taste detection thresholds were the primary outcome measures of this study. 

Based on reproducibility data from a previous study,28 we estimated that 10 subjects in each 

surgery group would be needed to detect a 60% difference in taste detection thresholds 

between the RYGB and the LAGB group with a β-value of 0.20 (i.e., 80% power) and an α-

value of 0.05. This proposed difference was a reasonable expectation based on data from 

other taste perception studies conducted in women, which found obesity is associated with a 

100% increase in detection thresholds for MSG.16

RESULTS

Characteristics of subjects

Characteristics that have been associated with sweetness preferences are presented in Table 

2. There were no significant differences in age, BMI before and after surgery, race, co-

morbidities, and years of education or income level between groups.

Effects that were similar between RYGB and LAGB—There were no differences in 

taste detection thresholds, in the above-threshold perception of taste intensity or taste 

preferences for sucrose or MSG between RYGB and LAGB groups, so the values from each 

surgical group were combined.

Sensory-discriminative component of taste perception

Taste detection thresholds after surgery-induced weight loss were not different than those 

measured before surgery (all P values >0.30; Table 2). The above-threshold perception of 

taste intensity increased progressively with an increase in stimulus concentration (sucrose 

sweetness: P<0.00001, glucose sweetness: P<0.0001; NaCl saltiness: P<0.00001 and MSG 

savoriness: P<0.00001) both before and after surgery. Sucrose was perceived as 7±5% less 

sweet after surgery than before surgery (P=0.03; Figure 1A). In contrast, the perceived 

sweetness of glucose, savoriness of MSG, and saltiness of NaCl did not change after 

surgery-induced weight loss (all P values >0.45; Figure 1B, 1C and 1D).

Hedonic component of taste perception

Preference—Lower sucrose concentrations were preferred after than before surgery-

induced weight loss in both groups (P=0.008; Figure 2A). Furthermore, there was a negative 
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association between changes in perceived sweetness intensity and the most preferred sucrose 

concentration (r= −0.53; P=0.004). Therefore, when the change in the perception of 

sweetness intensity was included as a covariate in the analysis of sucrose preference, the 

statistical significance of the effect of surgery on preferred sucrose concentration was even 

stronger (P=0.0002). In contrast, the preferred concentration of MSG did not change after 

surgery (P>0.37; Figure 2B).

Eating Behavior

RYGB tended to cause a greater decrease in the mood altering effects of sweets than did 

LAGB (P=0.07) (Table 2). Weight-loss induced by both surgical procedures was associated 

with a similar improvement in the control of eating sweets and a similar decrease in the 

frequency of cravings for sweets and fast-food, emotional eating behavior and external 

eating behavior (all P values <0.001; Table 2).

Cellular factors involved in taste signaling

Weight loss induced by both surgical procedures caused a threefold decrease in lingual 

fungiform papillae gene expression of α-gustducin (P<0.05), a protein involved in the 

transduction pathways of sweet, bitter and savory sensing taste cells, but did not affect gene 

expression of the T1R family (i.e. T1R1+T1R3 for savory and T1R2+T1R3 for sweet 

receptors) or of phospholipase C-β2, a taste bud-specific phospholipase (Figure 4).

Effects that were dissimilar between RYGB and LAGB

Sweet Taste Palatability: Both surgery groups experienced similar levels of pleasure which 

decreased slightly during repetitive tasting of sucrose before surgery. However, the hedonic 

value elicited by repetitive tasting of sucrose changed from pleasant to unpleasant after 

RYGB, but did not change after LAGB (P=0.05; Figure 3A and 3B). The desire to taste 

something different than sweet tended to increased more when repetitively tasting sucrose 

after RYGB than after LAGB (P=0.08; Figure 3C and 3D).

Discussion

The primary findings of this study is that both RYGB and LAGB cause marked changes in 

eating behavior, including: i) decreased cravings for fast food and sweets, ii) decreased 

effect of eating sweets on mood, iii) increased control of eating sweets, iv) decreased 

preference for high sucrose concentration, and v) reduced influence of emotions and external 

cues of food on eating behavior. These results demonstrate that the same weight loss 

induced by either RYGB or LAGB causes similar alterations in eating behavior, which 

cannot be explained by changes in the sensory-discriminatory domain of taste perception. 

However, RYGB surgery, but not LAGB, affected the hedonic component of taste 

perception, characterized by a rapid shift in sweetness palatability from pleasant to 

unpleasant when repetitively tasting sucrose, which demonstrates a unique effect of RYGB 

that might further decrease the ingestion of sweet foods and increase adherence to a low-

calorie diet.
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Our study is not able to determine whether the changes in specific eating behaviors detected 

after bariatric surgery were caused by surgery itself or were a consequence of changes in 

dietary intake and weight loss. The observation that both RYGB and LAGB, which are 

radically different surgical procedures, caused such similar changes in eating behaviors 

suggests that changes in dietary intake and weight loss were primarily responsible for these 

changes. The reduction in food cravings that we found after both RYGB and LAGB is 

consistent with the results from a previous study that examined changes in food cravings 

after bariatric surgery. 29 Moreover, data from previous diet studies have found that calorie 

restriction, itself, diminishes food cravings,30 and foods that are restricted the most are those 

that are craved the least.31 In addition, decreasing the amount of sensory experience with a 

particular taste can reduce the preference for that taste.32–34 Therefore, the restriction of 

sweets and fast foods after bariatric surgery can reduce the preference and cravings for those 

foods. It is also possible that a weight-loss-induced increase in brain insulin sensitivity35 

contributes to changes in eating behavior after bariatric surgery, because insulin regulates 

brain dopamine signaling in key areas that control appetite and reward.36 Additional studies 

are needed to fully elucidate the mechanisms responsible for the alterations in eating 

behaviors and the decrease in total energy intake that occur after bariatric surgery.

We found that RYGB, but not LAGB, affected the hedonic response to sweet taste, 

manifested by a more rapid and greater change from pleasant to unpleasant after repetitive 

tasting of sweetness. This observation is consistent with data from previous studies 

conducted in people that demonstrated RYGB-induced weight loss: 1) reduced neural 

activation in reward-related brain areas when looking at pictures of highly palatable 

foods,7,11 2) decreased the motivation to work for a sweet candy,8 and 3) lowered the 

hedonic drive to consume palatable food.10 Our results are also consistent with data from 

previous studies conducted in rodents, which found RYGB-induced weight loss leads to a 

shift in hedonic value, favoring low-sucrose over high-sucrose concentrations. 13; 37–38 Our 

results extend these previous findings by demonstrating that RYGB has effects on the 

hedonic component of sweet taste perception, independent of weight loss.

To our knowledge, this is the first study to assess the effects of bariatric surgery-induced 

weight-loss on above-threshold taste intensity ratings. The assessment of above-threshold 

taste is important because detection thresholds do not provide meaningful information about 

food palatability and preferences and do not predict above-threshold sensory function in 

real-world settings.15–16 The intensity of sweetness at sucrose concentrations above-

threshold were perceived to be slightly weaker after both RYGB and LAGB induced weight 

loss than before surgery. It is possible that the decrease in lingual α-gustducin gene 

expression that we observed after surgery contributed to the decreased perception of sucrose 

intensity, because α-gustducin is involved in the transduction pathways of sweetness, 39 and 

sucrose perception is altered in α-gustducin knock-out animals.40

An important strength of this study is also a limitation. By controlling dietary intake and 

matching weight loss in the two surgical groups, we were able to eliminate the potential 

confounding effects of these factors on changes in taste perception and eating behavior. 

Therefore, our study evaluated whether upper gastrointestinal bypass itself has independent 

effects on our study outcomes. However, patients who have LAGB and RYGB might not 
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consume similar diets and RYGB usually causes greater weight loss than does LAGB, so 

our results might not represent what actually occurs in clinical practice. In addition, we 

cannot completely exclude the possibility that weight loss induced by LAGB or RYGB has 

weight loss-independent effects on taste perception, because we did not study a non-surgical 

weight loss group. Finally, our study cannot determine whether taste perception and eating 

behavior in our obese subjects were different than lean subjects because we did not study a 

lean control group.

In conclusion, weight loss-induced by LAGB and RYGB surgeries are associated with 

similar modifications in eating behavior, when subjects are matched on the amount of 

weight lost. RYGB had independent effects on the hedonic value of sweetness, which could 

further contribute to consuming a low-calorie diet and weight loss. However, the changes in 

eating behavior and sweet taste palatability were not associated with changes in taste 

sensitivity. Additional studies are needed to understand the mechanism(s) responsible for the 

decreased intake of sweetened foods after bariatric surgery.
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What is already known about this subject

• Roux-en-Y gastric bypass (RYGB) surgery causes greater weight loss than 

laparoscopic adjustable gastric banding (LAGB).

• RYGB is associated with decreased hedonic value for sweet or highly palatable 

foods.

• Findings from studies that measured thresholds to detect sweet taste suggest that 

taste sensitivity is increased after RYGB surgery and that as a consequence 

patients may reset their palates to like foods with less sugar.

What this study adds

• Neither RYGB nor LAGB affect the discriminatory dimension of taste 

perception. There are no significant changes in sweet, salty or savory taste 

sensitivity (both at threshold and above-threshold sensory function) following 

weigh loss induced by RYGB or LAGB.

• RYGB has weight loss-independent effects in the hedonic dimension of sweet 

taste perception. RYGB, but not LAGB, shift sweetness palatability from 

pleasant to unpleasant when repetitively tasting sucrose.

• RYGB and LAGB cause similar decreases on the influence of emotions and 

external food cues on eating behavior, when weight loss is matched.
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Figure 1. 
Perceived sweetness of increasing concentrations of sucrose (A) and glucose (B), savoriness 

of increasing concentrations of MSG (C) and saltiness of increasing NaCl concentrations 

(D) before (open symbols) and after (closed symbols) 20% weight loss induced by bariatric 

surgery. Data are mean values ± SEM. * Significantly different from sucrose sweetness 

perception before surgery, P<0.05. MSG, monosodium glutamate; NaCl, sodium chloride; 

BD, barely detectable; W, weak; M, moderate; S, strong.
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Figure 2. 
Sucrose (A) and MSG (B) preferences before (white bars) and after bariatric (black bars) 

20% weight loss induced by bariatric surgery. Data are mean values ± SEM.* Significantly 

different from sucrose preference before surgery, P<0.05. MSG, monosodium glutamate.
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Figure 3. 
Hedonic value (top panel) and desire for other taste (bottom panel) when tasting an 

unswallowed sucrose solution across 10 trials before (open symbols) and after (closed 

symbols) 20% weight loss induced by LAGB (A and C) or RYGB (B and D). Data are mean 

values ± SEM. LAGB, laparoscopic adjustable gastric banding; RYGB, Roux-en-Y gastric 

bypass; MP, moderately pleasant; WP, weakly pleasant; N, neutral; WU, weakly unpleasant; 

MU, moderately unpleasant; W, weak; M, moderate; S, strong.
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Figure 4. 
Fold change in fungiform papillae gene expression of α-gustducin (a taste-specific G 

protein), PLCβ2 (a taste bud-specific phospholipase), and TAS1R1, TAS1R2 and TAS1R3 

(taste receptor genes) after 20% weight loss induced by LAGB and RYGB surgeries. Data 

are median values ± semi-interquartile range ([75th–25th percentile]/2). *Significantly 

different from gene expression before surgery, P < 0.05. LAGB, laparoscopic adjustable 

gastric banding; RYGB, Roux-en-Y gastric bypass.
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TABLE 1

Primer sequences used for quantitative PCR analysis of fungiform taste papillae

Gene Forward Reverse

36B4 GTGATGTGCAGCTGATCAAGACT GATGACCAGCCCAAAGGAGA

PLCB2 TGCCAAGATGCCCAAGAGCCAGAA TTGGCCGTCAGCGGATGTTTGA

αgustducin TCCCAGAAGTGCAGAGGACCAA TCAGCCAGTTGAGGTGTCATGC

TAS1R1 GCGCACCATCCCCAATGACAAGTA TAGTCGTCACTGCTGCCAACCAGA

TAS1R2 ACATTTCCCGTGTGGTGGCTGT TGGCGCTGTAGGTGATCTGTGGAA

TAS1R3 TCTGACAACCAGAAGCCCGTGT ATGTCGTCTGGGTTTTGCCGGT
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TABLE 2

Subjects Characteristics

RYGB (n=17) LAGB (n=10) P value

Age (years) 42.1 ± 8.4 46.8 ± 13.9 0.28

Body weight (kg)

 Before surgery 123.8 ± 19.7 127.1 ± 31.0 0.74

 After surgery 98.7 ± 15.6 103.7 ± 26.4 0.54

 Percent weight loss 20.3 ±3.0 18.4 ± 2.0 0.11

BMI (kg/m2)

 Before surgery 46.3 ± 7.7 48.5 ± 10.5 0.53

 After surgery 36.9 ± 5.9 39.7 ±9.5 0.34

Co-morbidities (%)

 Hypercholesterolemia 35 30 0.56

 Hypertension 65 50 0.11

 Depression 71 60 0.44

Race (%)

 White 70 80

 Black 18 20 0.53

 Other/mixed 12 0

Yearly income (%of group)

 <$35,000 17.7 30.0

 $35,000 – 75,000 52.9 40.0 0.72

 >$75,000 29.4 30.0

Years of education 14.1 ± 2.0 14.3 ± 2.1 0.83

Values are means ± SD.

Obesity (Silver Spring). Author manuscript; available in PMC 2014 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pepino et al. Page 19

T
ab

le
 3

T
as

te
 d

et
ec

tio
n 

th
re

sh
ol

ds
 a

nd
 e

at
in

g 
be

ha
vi

or
 q

ue
st

io
nn

ai
re

s 
sc

or
es

 b
ef

or
e 

an
d 

af
te

r 
ba

ri
at

ri
c 

su
rg

er
y-

in
du

ce
d 

w
ei

gh
t l

os
s.

R
Y

G
B

 (
n=

17
)

L
A

G
B

 (
n=

10
)

P
 v

al
ue

 G
ro

up
 x

 T
im

e 
in

te
ra

ct
io

n
B

ef
or

e
A

ft
er

B
ef

or
e

A
ft

er

T
as

te
 D

et
ec

ti
on

 T
hr

es
ho

ld
s

 
G

lu
co

se
 (

m
m

ol
/L

)
27

.6
 ±

 1
0.

9
27

.6
 ±

 9
.2

28
.6

 ±
 1

5.
4

31
.7

 ±
 4

.7
0.

19

 
Su

cr
os

e 
(m

m
ol

/L
)

8.
7 

±
 4

.6
6.

5 
±

 1
.0

8.
1 

±
 2

.5
7.

5 
±

 4
.3

0.
60

 
N

aC
l (

m
m

ol
/L

)
1.

8 
±

 1
.2

1.
6 

±
 0

.5
2.

4 
±

 1
.5

1.
9 

±
 1

.4
0.

66

 
M

SG
 (

m
m

ol
/L

)
1.

2 
±

 0
.8

1.
2 

±
 0

.7
1.

2 
±

 0
.8

1.
2 

±
 0

.4
0.

93

F
oo

d 
C

ra
vi

ng
s

 
H

ig
h 

fa
t

2.
2 

±
 0

.7
1.

7 
±

 0
.6
Ŧ

2.
0 

±
 0

.8
1.

9 
±

 0
.7
Ŧ

0.
18

 
C

ar
bo

hy
dr

at
es

2.
3 

±
 0

.9
2.

1 
±

 0
.8

2.
2 

±
 0

.5
1.

9 
±

 0
.6

0.
84

 
Sw

ee
ts

2.
5 

±
 0

.7
1.

7 
±

 0
.6

*
2.

7 
±

 0
.7

2.
3 

±
 0

.5
*

0.
23

 
Fa

st
 f

oo
d

3.
0 

±
 0

.7
2.

2 
±

 0
.6

*
2.

6 
±

 0
.8

2.
2 

±
 0

.5
*

0.
15

D
E

B
Q

 
R

es
tr

ai
ne

d
2.

8 
±

 0
.5

2.
9 

±
 0

.7
Ŧ

2.
8 

±
 0

.5
3.

4 
±

 1
.0
Ŧ

0.
22

 
E

m
ot

io
na

l
2.

8 
±

 0
.8

1.
9 

±
 0

.7
*

3.
2 

±
 1

.0
2.

3 
±

 1
.0

*
0.

81

 
E

xt
er

na
l

3.
1 

±
 0

.5
2.

1 
±

 0
.5

*
3.

4 
±

 0
.5

2.
4 

±
 0

.6
*

0.
68

F
at

 P
re

fe
re

nc
es

 
T

A
ST

E
 (

be
tte

r)
70

 ±
 1

4%
63

 ±
 1

9%
Ŧ

63
 ±

 1
7%

54
 ±

 2
0%

Ŧ
0.

84

 
FR

E
Q

 (
of

te
n)

54
 ±

 2
3%

21
 ±

 1
4%

*
48

 ±
 2

0%
18

 ±
 1

4%
*

0.
72

ST
Q

 
M

oo
d 

al
te

ri
ng

 e
ff

ec
t

25
.8

 ±
 7

.5
14

.3
 ±

 5
.8

*
26

.9
 ±

 6
.0

21
.3

 ±
 1

0.
8*

0.
07

 
Im

pa
ir

ed
 c

on
tr

ol
13

.8
 ±

 6
.1

4.
1 

±
 4

.6
*

15
.0

 ±
 5

.7
9.

5 
±

 5
.6

*
0.

11

V
al

ue
s 

ar
e 

m
ea

ns
 ±

 S
D

 w
ith

 th
e 

ex
ce

pt
io

n 
of

 ta
st

e 
de

te
ct

io
n 

th
re

sh
ol

ds
 v

al
ue

s 
th

at
 a

re
 m

ed
ia

n 
±

 S
IQ

R
. R

Y
G

B
: r

ou
x-

en
 Y

 g
as

tr
ic

 b
yp

as
s;

 L
A

G
B

: l
ap

ar
os

co
pi

c 
ad

ju
st

ab
le

 g
as

tr
ic

 b
an

di
ng

; D
E

B
Q

: D
ut

ch
 

E
at

in
g 

B
eh

av
io

r 
Q

ue
st

io
nn

ai
re

; M
SG

: m
on

os
od

iu
m

 g
lu

ta
m

at
e;

 F
R

E
Q

: e
at

en
 m

or
e 

fr
eq

ue
nt

ly
; S

T
Q

: S
w

ee
t T

as
te

 Q
ue

st
io

nn
ai

re
.

* V
al

ue
s 

A
ft

er
 s

ur
ge

ry
 s

ig
ni

fi
ca

nt
 d

if
fe

re
nt

 f
ro

m
 v

al
ue

s 
B

ef
or

e 
su

rg
er

y 
(P

<
0.

00
1)

.

Ŧ T
re

nd
 f

or
 v

al
ue

s 
A

ft
er

 s
ur

ge
ry

 to
 b

e 
di

ff
er

en
t f

ro
m

 v
al

ue
s 

B
ef

or
e 

su
rg

er
y 

(P
=

0.
06

).

Obesity (Silver Spring). Author manuscript; available in PMC 2014 November 01.


