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Abstract

Background Efforts continue to understand the underlying mechanism of weight loss after bariatric surgery. Taste perception has
shown to be a contributing factor. However, the alteration pattern in different taste domains and among bariatric procedures has
not been sufficiently investigated.

Objectives To study the alteration pattern in the perception of four taste domains after different bariatric procedures.

Settings Private Research Institute, USA.

Methods A systematic review was conducted to pool available data in the literature on post-operative changes in the perception
of sensitivity to four taste domains after Roux-en-Y gastric bypass (RYGB), laparoscopic sleeve gastrectomy (LSG), and
adjustable gastric banding (AGB).

Results Our study showed that bariatric surgery is associated with significant change in sensitivity to all four taste domains especially
salt taste, sweetness, and sourness. LSG patients showed an increased sensitivity to all four taste domains. However, RYGB patients
had a variable alteration pattern of taste perception but more commonly a decreased sensitivity to sweetness and an increased
sensitivity to salt taste and sourness. Additionally, AGB patients had a decreased sensitivity to sweetness, salt taste, and sourness.
Conclusion Bariatric surgery is associated with taste change in a way which results in less preference for high-calorie food and
possibly reduced calorie intake. This may explain one of the mechanisms by which bariatric surgery produces weight loss. However,
data are heterogeneous, the potential effect dilutes over time, and the alteration varies significantly between different procedures.

Keywords Taste perception - Bariatric surgery - Sleeve gastrectomy - Roux-en-Y gastric bypass - Adjustable gastric banding -
Weight loss - Sweetness - Salt taste - Sourness - Bitterness

Introduction physical activity [3, 4]. Taste perception plays an important
role in human appetite and satiety, food preference, calorie
Current obesity pandemic is the result of overconsumption of ~ consumption, and eating behavior [5—8]. Alteration of taste
dense calorie food [1, 2] and underutilization of rigorous  perception and gustatory thresholds has been implicated as a
potential treatment for obesity [9, 10]. However, little is
known about such a taste change following bariatric surgery,
especially its impact on the surgery-induced weight loss.
54 Saced Shoar Bariatric surgery is the stand-alone treatment for morbid obe-
sacedshoar @ScientificWriting.org sity and the only weight loss option with durable result [11].
Laparoscopic sleeve gastrectomy (LSG) and Roux-en-Y gastric
Department of ScientificWriting, Division of Surgical Research, bypass (RYQB,) are the two most cc.)mn?onFy P erf9rmed proce-
Shoar Research Institute, Houston, TX, USA dures in bariatric surgery [12]. Despite significant improvement
in technical profile and post-operative care in bariatric surgery
[13], efforts still continue to investigate its mechanism of massive
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Surgical Oncology, Department of Surgery, Tehran University of

Medical Science, Tehran, Iran weight loss and durability of metabolic benefits.
*  Faculty of Medicine, Kashan University of Medical Science, There is only one systematic review of the literature on
Kashan, Iran the gustatory changes following bariatric surgery [14].
4 Faculty Surgeon, Department of Surgery, NYMC at Metropolitan However, this article has simplified its data synthesis to
Hospital Program, New York City, NY, USA a narrative description of the included studies and has not
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performed a pooled analysis. Our systematic review aims
to pool available data in the literature on post-bariatric
taste perception and analyze the alteration pattern of four
main taste domains in patients undergoing different
weight loss surgeries.

Methods and Materials
Study Design

A systematic review was designed according to the Cochrane
Handbook for Systematic Reviews of Interventions [15] and
performed in accordance with the items of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Fig. 1) [16]. An electronic literature review was
conducted through September 2018. Two independent re-
viewers screened the titles and abstracts of the identified re-
cords for eligible articles. Any conflict in the study selection
was resolved by the third investigator. Three reviewers

Fig.1 PRISMA flowchart for our

extracted the data from the included studies for the variables
of interest.

Search Protocol

An electronic search was performed in Medline/PubMed,
Web of Science, Embase, and Scopus using the following
combination of search terms: (“Taste change” OR “Taste
alteration”) AND (“RYGB” OR “Gastric bypass” OR
“LSG” OR “Sleeve gastrectomy” OR “AGB” OR
“Gastric banding”).

Study Selection

Studies in English language comparing pre- and post-
bariatric surgery taste perception in morbidly obese adults
were eligible. Review articles, editorials, commentaries,
case reports, and experimental studies were excluded.
Full text of the eligible articles was accessed for quality
assessment and data extraction. Data on the variables of

search strategy and study
selection

Records identified through PubMed

Records identified through other sources

(n=43)
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interest were inserted into the study spreadsheet for fur-
ther analysis.

Data Collection

The following information were obtained from the included
studies: the first author’s name; publication year; study type
and sample size; demographics of the study patients (age,
gender, and body mass index [BMI]); type of bariatric sur-
gery; post-operative weight loss; taste measurement tool
(questionnaire or liquid solutions); type of post-operative taste
change including sweetness, salt taste, sourness, and bitter-
ness; and the time of taste measurement after bariatric surgery.

Outcome Measure

The primary outcome for our systematic review was the inci-
dence of post-bariatric surgery taste change, defined as an
increase or decrease in perception of/sensitivity to four major
tastes (sweetness, salt taste, bitterness, and sourness). The sec-
ondary outcome was the frequency of taste change across
different weight loss surgeries including LSG, RYGB, and
adjustable gastric banding (AGB).

Statistical Analysis

Pooled analysis was performed based on the reported frequency
of each variable out of the total number of the events. Data are
reported as number (1, %) and mean =+ standard deviation (SD).

Results
Literature Review

Twelve studies encompassing a total of 899 patients who
underwent bariatric surgery for morbid obesity were included
[17-28]. The weight loss procedure was RYGB in 490 pa-
tients, LSG in 371 patients, and AGB in 38 patients.
Patients’ age ranged from 26.7 to 56.3 years old [19]. Pre-
operative BMI varied between 30 [19] and 72.6 kg/m? [18].
The amount of weight loss was reported between 20 and 83%
of the total body weight (Table 1).

Overall Taste Sensitivity Change After Bariatric
Surgery

Taste sensitivity change (Fig. 2) was measured at different
time intervals after bariatric surgery from 1 month [24] to
120 months [20] post-operatively. The measurement
scale was a questionnaire in 726 patients (80.75%) [20, 21,
25, 26, 28] and stimuli solution in 173 patients (19.25%)
[17-19, 22-24, 27].

Post-operative Alteration in Sensitivity to Sweetness
(Table 2)

Sweetness taste change was reported in 641 patients (RYGB,
411; LSG, 192; AGB, 38). Of these, 334 patients (52.1%) had
an increased sensitivity to sweetness, 276 patients (43.1%) had a
decreased sensitivity, and 31 patients (4.8%) showed no changes.

Post-operative Alteration in Sensitivity to Salt
Taste (Table 2)

Salt taste change was reported in 483 patients (RYGB, 258;
LSG, 187; AGB, 38). Of these, 308 patients (63.8%) had an
increased sensitivity to salt taste, 144 patients (29.8%) had a
decreased sensitivity, and 31 patients (6.4%) showed no changes.

Post-operative Alteration in Sensitivity
to Sourness (Table 2)

Sourness taste change was reported in 338 patients (RYGB, 136;
LSG, 184; AGB, 18). Of these, 234 patients (69.2%) had an
increased sensitivity to sourness, 46 patients (13.6%) had a de-
creased sensitivity, and 58 patients (17.1%) showed no changes.

Post-operative Alteration in Sensitivity
to Bitterness (Table 2)

Bitterness taste change was reported in 209 patients (RYGB,
43; LSG, 166; AGB, 0). Of these, 112 patients (53.6%) had an
increased sensitivity to bitterness, 0 had a decreased sensitiv-
ity, and 45 patients (21.5%) showed no changes.

Comparison of Taste Sensitivity Change
Across Different Bariatric Procedures (Table 3)

RYGB Patients

Taste sensitivity change after RYGB was reported in 411 pa-
tients in regard to the sweetness (152 patients with an in-
creased sensitivity [37%], 236 patients with a decreased sen-
sitivity [57.4%], and 23 patients with an unchanged sensitivity
[5.6%]), in 258 patients in regard to the salt taste (122 patients
with an increased sensitivity [47.3%], 113 patients with a de-
creased sensitivity [43.8%], and 23 patients with an un-
changed sensitivity [8.9%]), in 136 patients in regard to
the sourness (61 patients with an increased sensitivity
[44.8%], 35 patients with a decreased sensitivity [25.7%],
and 40 patients with an unchanged sensitivity [29.4%]), and
in 43 patients in regard to the bitterness (6 patients with an
increased sensitivity [13.9%], 0 patients with a decreased sen-
sitivity, and 37 patients with an unchanged sensitivity [86%]).
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Fig. 2 Alteration of taste
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LSG Patients

Taste change after LSG was reported in 192 patients in regard to
the sweetness (182 patients with an increased sensitivity
[94.8%], 2 patients with a decreased sensitivity [1.04%], and 8
patients with an unchanged sensitivity [4.2%]), in 187 patients
to the salt taste (173 patients with an increased sensitivity
[92.5%], 6 patients with a decreased sensitivity [3.2%], and 8
patients with an unchanged sensitivity [4.3%]), in 184 patients
to the sourness (173 patients with an increased sensitivity
[94%], 3 patients with a decreased sensitivity [1.6%], and 8
patients with an unchanged sensitivity [4.3%]), and in 166 pa-
tients to the bitterness (158 patients with an increased sensitivity
[95.2%] and 8 patients with an unchanged sensitivity [4.8%]).

AGB Patients

Taste change after AGB was reported in 38 patients to
the sweetness (38 patients with a decreased sensitivity
[100%]), in 38 patients to the salt taste (13 patients with an
increased sensitivity [34.2%] and 25 patients with a decreased
sensitivity [65.8%]), in 18 patients to the sourness (8 patients
with a decreased sensitivity [44.4%] and 10 patients with an
unchanged sensitivity [55.5%]), and in O patients to
the bitterness.

Discussion

Taste perception has been known as a determining factor in
food selection, eating pattern, and total calorie intake [6]. High
sensitivity to the sweet taste is variably associated with food
reward and calorie intake [7, 8]. More consistently, high sen-
sitivity to bitter taste causes food aversion and low calorie
intake [29-32]. With these in mind, alteration of taste percep-
tion following bariatric surgery might explain the underlying
mechanism for weight loss [9, 10]. Nevertheless, the majority
of studies are centered on sweet and bitter tastes and few have
elaborated on the possible role of sourness and salt taste.

@ Springer

Our systematic review investigated the alteration pattern of
taste perception and sensitivity to four different taste domains
after bariatric surgery including RYGB, SG, and AGB. In
general, bariatric surgery patients had an increased sensitivity
to all taste domains. However, data stratification based on
different procedures showed that RYGB decreases the sensi-
tivity to sweetness and increases the perception of salt taste
and sourness. On the other hand, LSG patients had an in-
creased sensitivity to all four taste domains. Patients who
had an AGB showed a decreased sensitivity to sweetness, salt
taste, and sourness.

The literature suffers a huge heterogenity on this subject;
studies use different scales (questionnaire vs. chemical stimu-
lants) to measure taste sensitivity, and there is not the same
attention to all the four main taste domains. Additionally, taste
sensitivity has rarely been investigated long enough post-
operatively to reveal any potential link with weight loss dura-
bility. There is only one systematic literature review which has
summarized mixed data of animal experiments and human
studies on both smell and appetite change after bariatric sur-
gery [14]. Although the included studies in that review article
are very heterogeneous, there was a trend toward increased
sensitivity to sweet taste and fatty stimuli post-operatively.
However, the study did not elucidate the difference between
different weight loss procedures.

Post-Bariatric Change of Sensitivity to Sweetness
(Fig. 2)

Overall, 52.1% of the patients had an increased sensitivity to
sweetness after bariatric surgery. The majority of this pattern
was related to LSG with an increased sensitivity to the sweet-
ness in 94.8% of the patients which can explain sweet food
aversion and decreased calorie consumption. On the other
hand, RYGB patients more commonly had a decreased sensi-
tivity to sweetness (57.4%) than they did an increased sensi-
tivity (37%) which may results in more craving for sweetened
food. The same pattern was observed in AGB patients with a
decreased sensitivity to sweetness in all of them.
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Characteristics of included studies reporting post-bariatric surgery taste perception changes

Table 1

Taste measurement

Total weight loss (%)

Gender (M/F)

Pre-operative BMI

Sample size Age (years)
(kg/m?)

Design

Author

16.1-23.5%
26+5.88%

39.4-62 4/27

44+735

26.7-52.6

Cohort

Nance 2017

Taste stimuli (54.9-169 days)
Questionnaire (4-8 months)

Taste stimuli (1 months

8 LSG, 23 RYGB

106 LSG
52 LSG

104/92
22/30

31.28-52.72

Van Vuuren 2017 Prospective

25% +7.1 (1 month); 43.9% + 10.3

458+72

38.5+9.4 (LSG)

Prospective

Altun 2016

and 3 months)
Taste stimuli (3 months)

(3 months)

N/A

8/21

432+5.7 (30-51)

46.3+10 (23-65)

30 RYGB (or omega

Cohort

Ekmekcioglu

loop GB)
155 LSG, 98 LRYGB

2016
Makaronidis

Questionnaire (LSG 593 +43 days)

21.2% +0.8 (LSG); 25.6% +0.9

46.1+0.6 (SG) and 35/120 (LSG) and 19/79

443+ 1.1 (LSG);

Cross-sectional

(LRYGB 769 +53 days)

(0.5-5 years) LRYGB

44.7+0.7 (LRYGB)

46.5+1.0

2016

Questionnaire (LSG 10.5 + 10.4 months)
(LRYGB 11.5+ 6.1 months)

51.2%+20.6 (LSG); 74.1% + 19
(LRYGB)

19/31 (LSG); 16/88
(RYGB)

(LRYGB)
458+83 (LSG); 433+5.8

(RYGB)

(LRYGB)
41.4+102 (LSG);

41.1+9.1

50 LSG, 104 RYGB

Cohort

Zerrweck 2016

Taste stimuli (1 month, 1 year)

3.6 kg/mZ BMI (1 month); 13.8

5/8 (LRYGB)

(LRYGB)
46.5+9.3 (LRYGB) 431444

13 LRYGB

Case control

Wang 2016

2

Questionnaire (median of 19 months,

BMI (1 year)

kg/m
11-162 kg

14/89 (LRYGB)

45 (LRYGB) 51

103 (LRYGB)

Cohort

Graham 2014

range 1-120 months)

Taste stimuli

20% weight loss

N/A

N/A
N/A

38-59

N/A

17 (RYGB), 10 (LAGB) 32.9-60.7

Cohort

Pepino, 2014

Questionnaire

28 (LAGB), 82 N/A

Cross-sectional

Tichansky 2006

(LRYGB)
14 (RYGB)

Taste stimuli (pre-operative, 6 weeks, and

N/A

6/8 (RYGB)

60.8+11.8 (RYGB)

38.4+6 (RYGB)

Prospective case

Burge 1995

12 weeks)
Taste stimuli (baseline, 30 days, 60 days,

control
Case control

and 90 days)

(60 days); 32 kg (90 days)

15 kg (30 days); 25 kg

6F (RYGB)

44.2+2.9 (RYGB)

34.1+3.2 (RYGB)

6 (RYGB)

Scruggs 1994

BMI, body mass index; M:F, male-to-female ratio; LSG, laparoscopic sleeve gastrectomy; RYGB, Roux-en-Y gastric bypass; AGB, adjustable gastric banding

Ghrelin plays a substantial role in the regulation of appetite
and preference for consumption of food with a sweet taste [33,
34]. The plasma ghrelin decreases after LSG but increases
following RYGB [35, 36]. Such an alteration pattern might
explain the observed difference in the perception of sweet
taste between the two procedures and subsequent craving for
sweetened food. On the other hand, leptin has been shown to
suppress sweet taste response of the enteroendocrine cells and
subsequently modulate glucose absorption in the small intes-
tine [37]. While decreased level of leptin following RYGB
and LSG can result in consumption of foods with a high sugar
content [35], craving for sweet food among stressed women
has been contradictorily associated with an increased level of
leptin [34].

Post-Bariatric Change of Sensitivity to Salt Taste
(Fig. 2)

Overall, 63.8% of patients had an increased sensitivity to
the salt taste after bariatric surgery. The majority of this pattern
was related to LSG with an increased sensitivity to the salt
taste in 94.8% of the patients. Moreover, RYGB patients
more commonly had an increased sensitivity to salt taste
(47.3%) than they did a decreased sensitivity (43.8%).
However, an opposite pattern was observed among AGB pa-
tients with 65.8% of the patients showing a decreased sensi-
tivity and 34.2% of the patients showing an increased sensi-
tivity to the salt taste.

Current evidence is scarce on the hormonal regulation of
the salt taste perception particularly in bariatric surgery pa-
tients [38, 39]. In a study of 38 non-obese normotensive
Chinese individuals, Zhang et al. investigated the potential
association between different salty diets and plasma ghrelin
[39]. The study indicated that a diet with high-salt content is
associated with an elevated level of fasting ghrelin and poten-
tially linked with obesity. An animal experiment of rat gusta-
tory signaling pathway implicated that sensitivity to salty taste
was decreased in ghrelin-knockout mice compared with the
wild-type mice [38]. Nevertheless, long-term data of Swedish
obese subjects has shown a higher urinary salt excretion in
RYGB patients compared with patients who had a restrictive
procedure such as vertical banded gastroplasty [40]. The study
also found a higher salt intake by patients of RYGB group
than those of the pure restrictive procedure.

Post-Bariatric Change of Sensitivity to Sourness
(Fig. 2)

Overall, 69.2% of the patients had an increased sensitivity to
the sourness after bariatric surgery. The majority of this pattern
was related to LSG with an increased sensitivity to sourness in
94% of the patients. Similarly, RYGB patients more common-
ly had an increased sensitivity to the sourness (44.8%).

@ Springer
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Table 3 Overall taste sensitivity change after different bariatric

surgeries

Surgery RYGB LSG AGB

Taste sensitivity

Sweetness  Increased 152 (37%) 182 (94.8%) O
Decreased 236 (57.4%) 2 (1.04%) 38 (100%)
Unchanged 23 (5.6%) 8 (4.2%) 0

Salt taste Increased 122 (47.3%) 173 (92.5%) 13 (34.2%)
Decreased 113 (43.8%) 6 (3.2%) 25 (65.8%)
Unchanged 23 (8.9%) 8 (4.3%) 0

Sourness Increased 61 (44.8%) 173 (94%) 0
Decreased 35 (25.7%) 3 (1.6%) 8 (44.4%)
Unchanged 40 (29.4%) 8 (4.3%) 10 (55.5%)

Bitterness  Increased 6 (13.9%) 158 (952%) O
Decreased 0 0 0
Unchanged 37 (86%) 8 (4.8%) 0

However, 86% of AGB patients had an unchanged sensitivity
to the sourness.

Perception of sourness occurs with a decrease in intracel-
lular pH of acid-sensing cells in the neural pathway of sour
taste [41]. Very little is known about sour taste sensitivity and
weight change in human [5]. A cross-sectional study on the
association between taste sensitivity and body weight reported
an age-dependent pattern with sourness and bitterness [42].
The study showed a higher sensitivity to sour and bitter taste
in patients with lower body weight. In another study of taste
acuity in obese adolescents during a weight reduction pro-
gram, a higher sensitivity to taste stimulants including citric
acid was associated with less acceptability of healthy foods
such as fruits and vegetables [43]. Interestingly, a randomized
controlled trial has shown that adding sour cherry pomace to
muffins has a dose-dependent beneficial effect in managing
glucose levels, satiety, and subsequent energy intake in
healthy individuals when compared to the plain muffin [44].
Although the effect arises at large from a modified amount of
plain flour in bakery, the sour taste might play a role in regu-
lation of the appetite, satiety, and total energy intake.

Post-Bariatric Change of Sensitivity to Bitterness
(Fig. 2)

Overall, 53.6% of the patients had an increased sensitivity to
bitterness after bariatric surgery. The majority of this pattern
was related to LSG with an increased sensitivity to bitterness
in 95.2% of the patients. On the other hand, RYGB patients
more commonly had an unchanged sensitivity to the bitterness
(86%) than they did an increased sensitivity (13.9%). There

was no report regarding the sensitivity change to the bitterness
in AGB patients.

Data of animal studies has shown that the interaction of
bitter compounds with enteroendocrine cells in the small in-
testine increases cholecystokinin release [45]. On the other
hand, jejunoileal bypass has been associated with an increase
in cholecystokinin level [46, 47]. Although increased chole-
cystokinin plays a role in appetite regulation and the potential
weight loss [48, 49], it is not known if post-operative change
of bitterness sensitivity is a cause for or a result of alteration in
cholecystokinin level.

Limitations

There is a huge heterogeneity in the literature on the post-
operative changes of taste sensitivity after bariatric surgery.
Studies do not utilize a standardized scale to measure the taste
sensitivity. Additionally, timeline for the post-operative taste
measurement differs variably across the studies. On the other
hand, data needs to be scrutinized exclusively according to the
weight loss procedure.

Conclusion

Roux-en-Y gastric bypass is associated with a decreased sen-
sitivity to sweetness but an increased sensitivity to salt taste
and sourness. Sleeve gastrectomy more commonly increases
the sensitivity to all four tastes. However, patients with adjust-
able gastric banding had a decreased sensitivity to sweetness,
salt taste, and sourness. Due to the huge heterogeneity in the
literature, any conclusion on the effect of bariatric surgery on
post-operative taste sensitivity is preliminary. Metabolic pro-
cedures such as RYGB and LSG result in a more pronounced
alteration of taste sensitivity to salt taste and sweetness which
might explain their superior weight loss outcome than that of
pure restrictive procedures such as AGB.
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