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Abstract
In this review, we collated evidence relating to taste change and zinc deficiency in relation to bariatric surgery (BS) and 
effects of zinc replacement on taste perception and speculate on the possible role of zinc deficiency to induce taste change 
after BS. A literature search was conducted (33 studies, N = 3264). We showed that taste change and zinc deficiency are 
frequent complications after BS, which both typically occurred at 6 months post-surgery. Our analysis did not support a 
causal link between the two, but similar onset of incidences indirectly indicates a link. Supplementation with 45–50 mg of 
zinc sulphate, higher than current recommendation, was effective in improving taste. Further studies are required to establish 
the causal link between the two in the context of BS.

Keywords Taste change · Taste disorder · Bariatric surgery · Zinc · Zinc sulphate or Zn · Deficiency · Supplementation · 
Micro-nutrient deficiencies

Abbreviations
AGB  Adjustable gastric banding
BPD  Biliopancreatic diversion
BS  Bariatric surgery

DS  Duodenal switch
EWL%  Excessive weight loss percentage
GBP  Gastric bypass
LAGB  Laparoscopic adjustable gastric banding
LRYGB  Laparoscopic Roux-en-Y gastric bypass
LSG   Laparoscopic sleeve gastrectomy
NHS  National Health Service
RYGBP  Roux-en-Y gastric bypass
SG  Sleeve gastrectomy
BOMSS  British obesity and metabolic surgery society

Introduction

Bariatric surgery (BS) has emerged as the most cost-effec-
tive treatment to help patients with obesity to lose and main-
tain weight [1]. Over recent decades, the incidence of BS 
has increased globally, with an estimated 468,609 surgeries 
performed in 2013 [2]. In the UK, about two-thirds of all 
hospital admissions in 2016 and 2017 were due to obesity. 
A total of 6,760 consultant sessions for BS were completed 
between 2016 and 2017 [3].

Taste change is a common side effect reported by 
patients after BS [4]. Despite this, the evidence for the 
incidence of taste change following BS and the mechanism 
for this is limited. The few studies that have examined 
it have provided information regarding the prevalence of 

Summary
Taste change is a common complication after bariatric surgery. 

However, the causes of this change still not clear. Zinc deficiency 
may play important role in taste change after bariatric surgery.

Key Points
1. Taste change is a common side effect after bariatric surgery 

(BS); however, the mechanism is unclear.
2. Zinc deficiency is another side effect reported after BS.
3. Numerous investigators have examined the effect of zinc 

replacement to improve taste change. We therefore hypothesize a 
possible connection between taste change and zinc deficiency after 
bariatric surgery.

4. Our analysis did not support a causal link, but worth further 
research on the same topic to be undertaken to establish this 
possible association.
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taste change following BS. For example, one study has 
found that taste change affected 73% of patients who 
underwent Roux-en-Y gastric bypass (RYGBP) [5], while 
another study reported 82% of laparoscopic Roux-en-Y 
gastric bypass (LRYGB) patients and 46% of laparoscopic 
adjustable gastric banding (LAGB) patients experience 
taste change [6].

In the USA, around 200,000 patients visit doctors each 
year complaining of either a taste or smell change [7], 
while about 240,000 patients were diagnosed with taste 
disorders in Japan [8] in 2003. Although causes of taste 
change is multifactorial—e.g., radiation therapy for can-
cers of the head and neck; surgery to the nose, ear, and/or 
throat; use antibiotic of antihistamines exposure to some 
chemicals [7]—the exact cause of taste change after BS 
remains unclear. Since zinc is an important element for 
developing taste buds in healthy people [9] and BS can 
lead to reduce dietary intake as well as zinc deficiency 
[10], we speculate a link between zinc deficiency as a 
cause of taste change following BS. Due to the high risk 
of zinc deficiency following BS, the British Obesity and 
Metabolic Surgery Society (BOMSS, 2020) recommends 
a minimum of 2 mg of copper and a ratio of 8–15 mg zinc. 
The tolerable upper intake of zinc level is the maximum 
daily intake unlikely to cause harmful effects on health 
40 mg daily for all males and females ages 19 years and 
above [11]. Patients who undergo biliopancreatic diversion 
(BPD)/duodenal switch (DS) meanwhile need higher zinc 
supplementation than that for SG or RYGB; the optimal 
level for zinc supplementation is not known but recom-
mends starting with at least 30 mg oral zinc daily [12].

While the mechanism of taste changes following BS 
remains poorly understood, evidence shows that zinc defi-
ciency causes changes in the levels of gustin concentration 
and salivary flow [13]. Gustin is the major zinc-containing 
protein in the human parotid; low levels of gustin have 
been linked with growth and development disturbances 
of the taste buds [13], and taste change therefore may be 
due to low levels of total parotid saliva zinc. In an ani-
mal study, authors found that zinc deficiency induces 
the degeneration of soft palate taste buds on microscopy 
observations [14]. Although many studies have reported 
taste changes following BS, none has discussed the effect 
of zinc deficiency in taste change following BS.

The aim of this review is to collate evidence on zinc 
deficiency and taste change following BS. Thereafter, we 
plan to investigate if there is a link between the two in 
the context of BS. This will be undertaken by discussing 
evidence on the association between taste change and BS, 
association between zinc deficiency and BS, and evidence 
relating to zinc supplementation on taste perception in 
general and specifically in relation to BS.

Methods

Identifying Relevant Studies (Literature Search)

A literature search was conducted using the four electronic 
bibliographical databases of EMBASE, PubMed, AMED, 
and MEDLINE. Article bibliographies were also searched 
and yielded additional relevant studies. The following key-
words were used: taste change, taste disorder, disguise, 
BS, sleeve gastrectomy, gastric bypass, banding and duo-
denal switch, biliopancreatic diversion, zinc, zinc sulphate 
or Zn, deficiency, supplementation, micronutrient deficien-
cies, vitamin and mineral supplementation, and nutritional 
deficiencies. There were no restrictions on publication date 
to facilitate the collection and identification of all available 
and relevant articles published before 30 February 2021.

Selecting Relevant Studies

After duplicates and irrelevant articles were removed, 
the literature search produced 690 articles. Of these, 523 
articles were eliminated due to their irrelevance to the 
research question after the title and abstract were screened. 
The other 167 articles were assessed for eligibility, and 
the full texts were reviewed to determine which sources 
fulfilled the inclusion criteria. Thirty-three papers were 
found to fulfil the inclusion criteria (Fig. 1).

The inclusion criteria were as follows:

1. Randomized controlled trials (RCTs) and cohort studies
2. Studies that focused on zinc deficiency and/or taste 

change after BS (such as sleeve gastrectomy (SG), gas-
tric bypass (GBP), banding, duodenal switch, biliopan-
creatic diversion, or gastroplasty)

3. Studies populations consisting of adults ≥ 18 years
4. Studies regarding taste changes and zinc outcomes
5. Articles in the English language
6. Human studies

The exclusion criteria were as follows:

1. Study populations ≤ 17 years
2. Studies for which the full text was unavailable
3. Studies that did not include zinc or taste change out-

comes
4. Studies not in the English language
5. Cross-sectional studies and case control studies
6. Animal studies
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Data Extraction

The included studies were assessed and extracted, 
depending on three aspects. Table 1 describes studies 
about taste change following BS and classified accord-
ing to author(s), year of publication, study location, study 
design and duration, population, type of BS, time since 
surgery, method, and taste change outcomes. Table  2 
describes studies about zinc deficiency following BS—
which are classified according to author(s), year and 
country, study design and duration, sample size and age, 
type of BS intervention and period, weight reduction 
science surgery, zinc dose, percentage of zinc absorp-
tion, and effectiveness of zinc supplementation. Table 3 
describes the studies of the effectiveness of zinc in taste 
disorders. This table is classified into author(s), year and 
country, study design and duration, sample size, age, 
disease or case, methods, zinc dose/day, and treatment 
period.

Only one study was found regarding the role of zinc 
in taste change following BS [15], during data extrac-
tion. Meanwhile, many studies were found related to the 
effectiveness of zinc in taste change treatment.

Results

Quality Assessment

The quality of the papers included was evaluated, using 
the Newcastle–Ottawa scale for randomized control tri-
als and cohort studies. The quality assessment for the 
randomized controlled trial comprised three categories 
(“selection” contains four questions, “comparability” 
contains one question, and “exposure” contains three 
questions). The quality assessment for the cohort stud-
ies also included three categories (“selection” contains 
four questions, “comparability” contains one question, 
and “outcome” contains three questions). Each study can 
be given a maximum of one star for each numbered item 
within the categories. A maximum of two stars can be 
given for comparability. Thresholds for converting the 
Newcastle–Ottawa scales to AHRQ standards (good, fair, 
and poor) are the following: good quality, 3 or 4 stars in 
the selection domain AND 1 or 2 stars in the compara-
bility domain AND 2 or 3 stars in the outcome/exposure 
domain; fair quality, 2 stars in the selection domain AND 
1 or 2 stars in the comparability domain AND 2 or 3 stars 

Fig. 1  Flow diagram of study 
inclusions
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in the outcome/exposure domain; and poor quality, 0 or 
1 star in the selection domain OR 0 stars in the compa-
rability domain OR 0 or 1 stars in the outcome/exposure 
domain.

Randomized Controlled Trial (RCT) Studies’ Quality 
Assessment

Twelve studies were deemed to be of good quality [33–39, 
41–45]: Three studies were of fair quality [21, 27, 40] (see 
Table 4). 

Cohort Studies’ Quality Assessment

Nine studies were of good quality [17, 19, 20, 22, 25, 28, 29, 
31, 32]. Eight studies were of fair quality [5, 6, 16, 18, 23, 
24, 26, 30]. One study was poor quality [15] (see Table 5).

Association Between Bariatric Surgery with Taste Change: 
Qualitative Studies

A sample of 103 patients who underwent RYGB, 75% 
reported taste changes in a period of less than 12 months 
and that the foods that most commonly tasted different were 
meat (33%) and sweet flavours [5]. In a comparison between 
BS procedures, authors found that 35.5% of RYGB and 34% 
of laparoscopic sleeve gastrectomy (LSG) patients reported a 
taste change in commonly consumed food, in a mean time of 
10 ± 6.7 months after surgery [16]. While there was no sig-
nificant difference between the two surgeries in term of taste 
change, patients presenting with food aversion experienced 
higher excessive weight loss percentage (%EWL) compared 
with those without aversion, (73.3 ± 19.7 vs 65.8 ± 19.4%; 
p = 0.046) [16]. In a further study, a comparison was made 
between RYGB and laparoscopic adjustable gastric banding 
(LAGB) in a sample of 127 patients, of whom 82 under-
went RYGB and 28 underwent LAGB. Decreased intensity 
of taste was reported in 82% of RYGB patients and 46% of 
LAGB patients (p < 0.05), and 83% of RYGB patients and 
69% of LAGB patients agreed that loss of taste led to better 
weight loss [6]. A recent study of 100 patients who under-
went LSG found a decrease in preferences for core tastes, 
6 months after surgery (p < 0.002); in this study, the decrease 
in preferences did not influence significantly the % of total 
body weight loss except for salty taste a higher decrease in 
salty preferences correlated with a higher % of total body 
weight loss (p = 0.02) [20]. In all four included studies that 
used questionnaires, the most important decline in taste pref-
erence was observed for sweet food [5, 6, 16, 20] (Table 1).
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Association Between Bariatric Surgery with Changes 
in Sensory‑Discriminative Component: Quantitative Studies

The evaluation of taste perception includes assessment of 
taste quality (sweet, salty, bitter, sour, umami) and taste 
sensitivity. The four included studies measured detection 
thresholds (the minimum concentration a subject must taste 
to identify a taste stimulus as being different from water) 
or recognition thresholds (the minimum concentration that 
a subject need to recognize the taste quality of the stimu-
lus). Burge, Schaumburg [15] found an increase in sweet 
taste sensitivity (decreased thresholds for sucrose detec-
tion and recognition) at 6 weeks post-RYGB (p < 0.05). In 
contrast, Nance, Eagon [19] found no change in taste sensi-
tivity after 1 year of LSG and RYGB p > 0.05. El Labban, 
Safadi [18] did not find a significant change in sweet sen-
sitivity (p > 0.05), but did find a significant change in sour-
ness thresholds, among subjects who had undergone RYGB 
p = 0.0045. In a pilot functional magnetic resonance imaging 
(fMRI) study, the authors examined taste testing and fMRI 
for 13 subjects pre- and post-BS and compared to controls 
in response to sweet and salty solutions; the author found 
a significant decrease in brain activation in the reward sys-
tem responding to all sweet tastes compared to pre surgery; 
however, the same effect appears in non-surgical controls 
(p < 0.001) [17]. In contrast, significant increase in brain 
activation in the reward system responds to salty tastes after 
surgery compared to controls [17].

Association Between Bariatric Surgery with Zinc 
Deficiency

Twelve studies have investigated zinc status following BS. 
A randomized controlled trial of zinc absorption and zinc 
status after RYGB found that zinc absorption decreased 
significantly, from 23.3 to 13.6%, during the first 6 months 
after surgery. Patients’ zinc levels thus diminished, despite 
zinc supplementation at 15 mg/day. However, there was a 
slight improvement of zinc absorption at the end of the study 
(18 months) [21]. In Papamargaritis [22]’s study, the author 
found that zinc deficiency doubled from 7 to 15%—before 
and after surgery, respectively. The percentage of zinc defi-
ciency peaked at 6 months after surgery (n = 24; 13.8%). The 
percentage then decreased slightly throughout the follow-
up period, to reach 7.1% by 36 months after surgery [22]. 
In contrast, Rojas, Carrasco [27] found zinc concentration 
levels to increase after 6 months of RYGB, despite the sig-
nificant reduction in dietary intake of zinc and regardless 
of the supplementation group (p < 0.001). Ruz, Carrasco 
[21] and Papamargaritis [22] found in cohort studies of zinc 
deficiency after SG, RYGB, and duodenal switch (DS) that 
zinc deficiency was common in 42.5% of patients, out of 
a sample of 324 patients at 12 months after surgery. Zinc Ta

bl
e 

3 
 (c

on
tin

ue
d)

A
ut

ho
r(

s)
, y

ea
r, 

an
d 

co
un

try
St

ud
y 

de
si

gn
 a

nd
 

du
ra

tio
n

Sa
m

pl
e 

si
ze

A
ge

D
is

ea
se

 o
r c

as
e

M
et

ho
ds

Zi
nc

 d
os

e/
d

Tr
ea

tm
en

t p
er

io
d

O
ut

co
m

es

N
aj

afi
za

de
, H

em
at

i 
[4

5]
Ir

an

RC
T 

35
 p

at
ie

nt
s (

F 
14

 a
nd

 
M

 2
1)

A
ge

 =
 59

.2
 ±

 16
.5

, 
60

%
 m

al
e

H
ea

d 
an

d 
ne

ck
 

ca
nc

er
s

D
et

ec
tio

n 
th

re
sh

-
ol

ds
, s

er
um

 z
in

c 
le

ve
l

50
 m

g/
 3

 ti
m

es
/d

5–
9 

w
ee

ks
Th

er
e 

w
as

 a
 si

g-
ni

fic
an

t i
nc

re
as

e 
in

 ta
ste

 p
er

ce
p-

tio
n 

th
re

sh
ol

d 
fo

r b
itt

er
, s

al
ty

, 
sw

ee
t a

nd
 so

ur
 

ta
ste

s i
n 

pl
ac

eb
o 

gr
ou

p 
(p

 =
 0.

00
1)

. 
In

te
rv

en
tio

n 
gr

ou
p 

sl
ig

ht
ly

 in
cr

ea
se

d 
in

 th
re

sh
ol

d 
fo

r 
pe

rc
ep

tio
n 

of
 sa

lty
 

ta
ste

 (p
 =

 0.
04

6)

Su
m

m
ar

y 
of

 1
3 

stu
di

es
3  n,

 n
um

be
r; 

RC
T ,

 ra
nd

om
iz

ed
 c

on
tro

lle
d 

tri
al

s;
 S

D
, s

ta
nd

ar
d 

de
vi

at
io

n;
 M

, m
al

e;
 F

, F
em

al
e;

 M
O

, m
on

th
; Z

n,
 z

in
c;

 d
, d

ay
; m

g,
 m

ill
ig

ra
m

m
e;

 Z
nS

O
4,

 Z
in

c 
su

lp
ha

te



Obesity Surgery 

1 3

Ta
bl

e 
4 

 Q
ua

lit
y 

as
se

ss
m

en
t f

or
 1

5 
ra

nd
om

iz
ed

 c
on

tro
lle

d 
tri

al
s

A
ut

ho
r

Se
le

ct
io

n
C

om
pa

ra
bi

lit
y

Ex
po

su
re

To
ta

l

C
as

e 
de

fi-
ni

tio
n

Re
pr

es
en

ta
tiv

e-
ne

ss
 o

f c
as

e
Se

le
ct

io
n 

of
 

co
nt

ro
ls

D
efi

ni
tio

n 
of

 
co

nt
ro

ls
M

ai
n 

fa
ct

or
s

A
dd

iti
on

al
 

fa
ct

or
s

A
sc

er
ta

in
m

en
t 

of
 e

xp
os

ur
e

Sa
m

e 
m

et
ho

d 
fo

r 
ca

se
s a

nd
 c

on
tro

ls
N

on
-

re
sp

on
se

 
ra

te

K
ha

n 
[3

3]
*

*
*

*
*

*
*

*
0

8
N

aj
afi

za
de

, H
em

at
i [

45
]

*
*

*
*

*
0

*
*

0
7

Ly
ck

ho
lm

 [3
7]

*
*

*
*

*
*

*
*

0
8

Ro
ja

s, 
C

ar
ra

sc
o 

[2
7]

*
*

0
0

*
*

*
*

0
6

Ru
z,

 C
ar

ra
sc

o 
[2

1]
*

*
0

0
*

*
*

*
0

6
Sa

ka
ga

m
i [

39
]

*
*

*
*

*
*

*
*

0
8

Ik
ed

a 
[4

0]
*

*
0

0
*

*
*

0
0

5
St

ew
ar

t-K
no

x,
 S

im
ps

on
 [4

4]
*

0
*

*
*

0
*

*
0

6
H

al
ya

rd
, J

at
oi

 [3
6]

*
*

*
*

*
*

*
*

*
9

H
ec

km
an

n,
 H

uj
oe

l [
42

]
*

*
*

*
*

*
*

*
0

8
Sa

ka
i [

35
]

*
*

*
*

*
0

*
*

0
7

R
ip

am
on

ti 
[3

4]
*

*
*

*
*

*
*

*
0

8
M

ah
aj

an
, P

ra
sa

d 
[3

8]
*

*
*

*
*

0
*

*
0

7
A

tk
in

-T
ho

r, 
G

od
da

rd
 [4

3]
*

*
*

*
*

*
*

*
0

8
H

en
ki

n,
 S

ch
ec

te
r [

41
]

*
*

*
*

*
*

*
*

0
8



 Obesity Surgery

1 3

Ta
bl

e 
5 

 Q
ua

lit
y 

as
se

ss
m

en
t f

or
 1

8 
co

ho
rt 

stu
di

es

A
ut

ho
r

Se
le

ct
io

n
C

om
pa

ra
bi

lit
y

O
ut

co
m

e
To

ta
l

Ex
po

se
d 

co
ho

rt
N

on
-e

xp
os

ed
 

co
ho

rt
A

sc
er

ta
in

m
en

t 
of

 e
xp

os
ur

e
O

ut
co

m
e 

of
 in

te
re

st 
no

t p
re

se
nt

 a
t s

ta
rt

M
ai

n 
fa

ct
or

s
A

dd
iti

on
al

 
fa

ct
or

s
A

ss
es

sm
en

t o
f 

ou
tc

om
e

Fo
llo

w
-u

p 
lo

ng
 

en
ou

gh
*

A
de

qu
ac

y 
of

 
fo

llo
w

-u
p

K
at

so
gr

id
ak

i, 
Tz

ov
ar

as
 [3

2]
*

*
*

0
*

*
0

0
*

6
N

an
ce

, E
ag

on
 [1

9]
*

*
*

0
*

*
*

*
*

8
G

er
o,

 D
ib

 [2
0]

*
*

*
0

*
0

*
*

*
7

El
 L

ab
ba

n,
 S

af
ad

i [
18

]
*

0
*

0
*

*
*

*
*

7
Ze

rr
w

ec
k,

 Z
ur

ita
 [1

6]
*

0
*

0
*

*
*

*
*

7
B

ill
et

er
, P

ro
bs

t [
25

]
*

0
*

*
*

*
*

*
*

8
Pa

pa
m

ar
ga

rit
is

 [2
2]

*
0

*
*

*
*

*
*

*
8

W
an

g,
 [1

7]
*

*
*

0
*

0
*

*
*

7
G

ra
ha

m
, M

ur
ty

 [5
]

*
0

*
0

*
0

*
*

*
6

G
ob

at
o,

 S
ei

xa
s C

ha
ve

s [
28

]
*

0
*

*
*

0
*

*
0

6
B

al
sa

 [2
3]

*
0

*
0

*
*

*
*

*
7

Sa
lle

 [2
4]

*
0

*
0

*
*

*
*

*
7

M
ad

an
, O

rth
 [2

6]
*

0
*

0
0

0
*

*
*

5
B

ur
ge

, S
ch

au
m

bu
rg

 [1
5]

*
0

0
0

0
*

*
0

0
3

D
al

ca
na

le
, O

liv
ei

ra
 [3

0]
*

0
*

0
*

*
*

*
*

7
Pe

ch
, M

ey
er

 [3
1]

*
0

*
*

*
*

*
*

*
8

Pi
re

s, 
M

ar
tin

s [
29

]
*

0
*

*
*

0
*

*
0

6
Ti

ch
an

sk
y,

 [6
]

*
0

*
0

0
0

*
0

0
3



Obesity Surgery 

1 3

deficiency was more prevalence in DS patients, with a per-
centage of 91.7% despite zinc supplementation at 22 mg/day 
[24]. Another cohort study compared serum zinc levels in 52 
RYGB and 89 BPD patients. Zinc levels were significantly 
low in both groups (p < 0.0001); however, zinc deficiency 
was more frequent in BPD patients—ranging from 44.9 to 
74.9% deficiency Balsa [23]. Further studies [29] have sup-
ported the findings from Ruz, Carrasco [21] which showed 
that the peak effect of plasma zinc concentrations after 
RYGB occurred at ~ 6 months after surgery (p < 0.05) [21, 
25, 26, 28–30]. There was however some discordance on the 
effects of LSG on zinc levels; i.e., Pech, Meyer [31] did not 
find significant zinc deficiency following LSG, while Kat-
sogridaki, Tzovaras [32] found significant zinc deficiency 
after LSG (p < 0.001) (Table 2).

Effectiveness of Zinc Replacement to Improve Taste 
Change

Thirteen studies have examined the effectiveness of zinc 
replacement as a treatment to taste change. All studies are 
randomized controlled trials, and none was performed in BS. 
Five studies have examined the effectiveness of 45–50 mg of 
zinc sulphate supplementation either 2 or 3 times per day, in 
cancer patients with head and neck cancer or chemotherapy, 
over a treatment period ranging from 1 to 8 months [33, 34, 
36, 37, 45].

A study in 2019 study Khan [33] found that zinc sulphate 
was not effective in the treatment of taste alterations induced 
by chemoradiation (p = 0.04) [33]. In contrast, an older study 
conducted in 1998, authors found a significant improvement 
in taste—which was measured at 64% in the zinc-treated 
group, compared with 22% in the placebo group, after 
receiving 45 mg of zinc 3 times per day over a 1-month 
period [34]. Both authors used detection thresholds to meas-
ure taste. Halyard, Jatoi [36] introduced 45 mg of zinc sul-
phate 3 times per day in a sample of 169 patients with head 
and neck cancer for a period of 6 months. The investiga-
tor found no significant difference in taste improvement, in 
either the zinc-treated or the placebo group (p = 0.09) [36]. 
Similarly, Lyckholm [37] did not find a significant improve-
ment in 58 patients after introducing 50 mg of zinc sulphate 
for 3 months, and both authors used a taste questionnaire to 
identify taste change. Najafizade, Hemati [45] found a slight 
increase in the threshold for the perception of salty taste 
(p = 0.046). Two studies Ikeda [40] examined the effective-
ness of zinc supplementation in taste disorder treatment in 
elderly patients. Ikeda [40] studied a large number of par-
ticipants—408 patients, who received 17 mg of zinc—and 
found their zinc levels to increase significantly after 1 month 
of the treatment, from 69 mg/dl or lower to 91.0 mg/dl (p, 
0.001). Stewart-Knox, Simpson [44]’s study also showed 

significant improvements in taste after receiving 15–30 mg 
of zinc over 6 months.

Six studies involved participants with taste dysfunction. 
All these studies reported significantly high improvements in 
zinc levels after zinc supplementation. They found that taste 
dysfunction either improved or was cured—in a treatment 
period ranging from 3 to 6 months with a zinc dose ranging 
from 20 to 50 mg/day [35, 38, 39, 41–43] (Table 3).

Discussion

Numerous studies have been carried out on taste change 
following BS. Investigators have used different methods to 
determine said taste change. In this review, we have found 
that the results differed depending on the methods used to 
assess taste change. For instance, survey studies found that 
a considerable percentage of patients claimed to have taste 
change following BS, at a mean time of 6 months post-
surgery [5, 6, 16, 20], consistent with a review by Ahmed, 
Penney [4]. However, studies that examined taste change 
via experimental methods like recognition thresholds, fMRI, 
and the sweetness acceptability test did not find a significant 
change in taste following BS [18, 19]. There was however 
one exception, where a study found an increase in sweet 
taste sensitivity, 6 months after RYGB surgery [15]. It is 
suggested that the recognition threshold methods used in 
the above-mentioned studies do not reflect current changes 
in taste intensity, as the concentrations are more closely 
related to our food experiences. While the discordance 
between findings from self-reported compared with experi-
mental studies may not be overtly surprising, we believe 
that conclusion from self-reported studies would still play 
an important role in investigating the effects of BS on taste 
change, as this may still play an important role in patients 
eating behaviour. A study to validate self-reported survey 
with experimental study would be important to resolve 
future discordance findings between the two.

We suggest several reasons for taste change after BS. 
First, it may be associated with the rate of salivary flow 
after BS; Marsicano, Grec [46] found a reduction in the sali-
vary flow rate, 3 months after surgery (p < 0.05). Saliva is 
essential to dissolve food particles and stimulate taste recep-
tor cells on the taste buds, located on the tongue papillae. 
Saliva dissolves some tastants, which then diffuse to the taste 
receptor sites. Taste sensitivity is related to the composition 
of saliva, in a complex process. For example, salivary bicar-
bonate ions can reduce the concentration of free hydrogen 
ions and thereby affect the sour taste. Proline‐rich proteins 
can affect the bitter taste. The other taste stimuli (sweet, 
salty, and umami) are likewise affected by different ele-
ments in saliva. Thus, reduced salivary flow affects the taste 
threshold following BS. Second, changing levels of gustin 



 Obesity Surgery

1 3

concentration may also induce taste changes. As noted, 
gustin is the major zinc-containing protein in the human 
parotid; changes therein may be linked with zinc deficiency. 
Shatzman [13] found that patients with hypogeusia had low 
concentrations of zinc in their saliva—administering zinc to 
these patients was associated with increased salivary zinc 
content and gustin concentrations. Third, nutritional defi-
ciencies such as vitamin B12 deficiency which may manifest 
as a smooth, red tongue may lead to a loss of taste percep-
tion [47].

This review also offers insight via the evidence show-
ing that zinc deficiency was clearly reported 6 months after 
BS [21, 22, 25, 26, 28–30]. One study showed paradoxi-
cal results, in which patients’ levels of zinc concentration 
increased after 6 months of RYGB [27]. These results should 
be interpreted with caution. The authors suggest that inflam-
mation decreases zinc levels and that reduced inflammation 
was observed in their subjects. RYGB patients were particu-
larly affected by zinc deficiency, because of the restrictive 
and malabsorptive nature of this surgery. The exclusion of 
the interior part of the stomach, duodenum, and proximal 
jejunum after RYGB causes a malabsorption of zinc—
which is primarily absorbed in the duodenum—along with 
low dietary intake [48, 49]. Yet, in a comparison between 
different BS procedures, Salle (2010) found that zinc defi-
ciency was more frequent after DS and SG than after RYGB 
[24]. Another cohort found that zinc deficiency was higher 
in BPD patients, compared to RYGB [23]; however, Ruiz-
Tovar [50] found that zinc level was in normal range one 
year after SG; zinc = 86.9 µg/dl.

Despite differences in the prevalence of zinc deficiency 
following different BS procedures, zinc deficiency fre-
quently occurs in all types of BS procedures. However, 
studies by Balsa [23] and Salle [24] reported that the num-
ber of patients undergoing each procedure was not equal, 
which may influenced the reported percentage of individu-
als affected by zinc deficiency [23, 24]. Furthermore, most 
studies(29) focused on one type of BS procedure, RYGB. 
They likewise studied just a small number of patients [21, 
25, 26, 28–30].

Studies have reported zinc deficiency, even when mul-
tivitamins and mineral supplementation were prescribed 
to patients following surgery. There are several possible 
explanations for this. First, zinc absorption decreases signifi-
cantly after surgery. Ruz, Carrasco [21] found a significantly 
decrease of zinc absorption from 32.3 to 13.6% at 6 months, 
after RYGBP, and to 21% at 18 months after surgery (see 
Table 2). To the best of our knowledge, no previous studies 
have specifically evaluated zinc absorption after BS, except 
from that of Ruz, Carrasco [21]. Second, the level of zinc 
dosage is too low to have a significant impact on absorption. 
It is suggested that the standard multivitamins and mineral 
supplementation prescribed by surgeons in current clinical 

practice—at between 8 and 15 mg of zinc—are not effective 
for avoiding zinc deficiency following surgery. Additional 
studies should be conducted to evaluate zinc absorption after 
BS.

Many high-quality papers have found a significant 
association between taste change and zinc deficiency. 
While causal link between taste and zinc deficiency after 
BS cannot be concluded from this review, the onset of 
both at approximately 6 months may suggest an indi-
rect link between the two. Further interventional studies 
are required to confirm causal link. Importantly, current 
evidence has shown improvements in taste function, for 
patients with taste dysfunction, after receiving 30–45 mg 
of zinc supplementation daily over 6 months [35, 38–43, 
45]. This is twice the dosage usually prescribed to patients 
following BS. This suggests that zinc is an effective treat-
ment for taste change, in many cases of taste disorder 
induced by different diseases. Yet studies into taste change 
in cancer patients found no significant improvement after 
similar doses of zinc supplementation. This may be 
explained by several interpretations. First, a small sam-
ple size makes it difficult to detect a significant difference 
between the placebo and intervention groups. Second, a 
lack of follow-up assessment may influence the outcome. 
Third, the absence of a formal taste test may impact the 
results. Fourth, mucositis and oral infections may also 
influence taste changes—as may other medications taken 
by cancer patients—and may also be important factors in 
delayed zinc intervention. It is also suggested that routine 
zinc supplementation after BS is not effective to avoid 
taste change and that patients require a double dosage, 
based on above-mentioned studies. We therefore believe 
that results from this review are in agreement with another 
review [9], stating that zinc supplementation may poten-
tially be used to treat taste disorders.

A high-quality RCT of 40 subjects with obesity found 
that 30 mg/day of zinc supplementation for 15 weeks with a 
restricted calorie diet of almost 300 kcal lower than the esti-
mated energy requirements had a positive impact in weight 
reduction and appetite; supplemented group with zinc had 
lower appetite and more weight reduction comparing with 
placebo group which follow only restricted calorie diet [51].

This review also found that patients who experiences taste 
change had higher % EWL comparing with those with no 
taste change. In agreement with these findings, Makaronidis, 
Neilson [52] found a significant correlation between taste 
change and percent of weight loss following RYGB: 27.8%, 
n = 3, comparing to 23.1%, n = 35, with no taste change, 
confounding factors including procedure and patient’s selec-
tion and questionnaire design may have influence these find-
ings [52]. Further studies on the relationship between taste 
change and % EWL with comparison between different pro-
cedures are needed. A recent study suggests that subjects 
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with high % EWL had a significantly decrease preference 
to sweet-tasting food following surgery [53]. Taste altera-
tion also has been linked to ageing. Around the age of 60, 
the ability to taste gradually decreased [54]. In this review, 
elderly people with taste disorder showed improvements of 
taste sensitivity after receiving zinc supplementation [40, 
44]. However, the age-related taste change after bariatric 
surgery has not previously been described in the current 
studies. This may constitute the object of future studies.

Strengths and Limitations

This review objectively examines the effects of zinc defi-
ciency on taste change after BS. Several limitations need 
to be highlighted which may influence the interpretation 
derived from studies obtained from this review. One of the 
limitations of this study is the heterogeneity of the stud-
ies’ design, including most of the cohort and RCT studies. 
Another limitation is the lack of studies directly examin-
ing the effect of zinc on taste change, following BS. Lastly 
there are some caveats to interpreting circulating zinc level. 
All the studies measure plasma/serum level of zinc. While 
this may provide marker of patients circulating zinc level, it 
may not accurately reflect patients zinc status, especially in 
non-fasting state [55]. In addition, zinc concentrations are 
depressed by infection and inflammation [56]. Thus, plasma 
zinc concentrations will potentially overestimate the extent 
of zinc deficiency in the setting of infection or inflammation.

Recommendations and Implications

1. Future studies into zinc deficiency following BS should 
examine zinc absorption and compare the degree of 
absorption in different types of BS.

2. More RCTs are needed to examine the effectiveness of 
zinc in taste change treatment following bariatric sur-
gery to obtain more reliable results.

3. Studies to link taste change with zinc levels to weight 
loss or weight regain

4. More RCTs are required to examine the association 
between taste change and saliva flow rate, leading to 
more reliable results.

5. Time, dosage, and duration of supplementation need fur-
ther investigation. RCTs into the effectiveness of zinc 
in taste change treatment used zinc supplementation of 
around 45–50 mg, 2 or 3 times per day, and found it 
effective in taste change recovery. However, in current 
clinical practice, patients still receive only between 8 
and 15 mg of zinc supplementation.

Conclusion

In conclusion, although causal link cannot be established, 
zinc deficiency appears to be linked with taste change fol-
lowing bariatric surgery. Supplementation with much higher 
doses of zinc—45–50  mg—has been effective in taste 
change treatment for a period of 3–6 months, for many cases 
of taste disorder. The results of this review are in agree-
ment with the updated BOMSS guidelines that BS patients 
need high dose of zinc supplements and that zinc deficiency 
occurs most frequently after duodenal switch (DS). Yet rou-
tine multivitamin and mineral supplementation prescribed 
to patients following BS, in current clinical practice, are 
currently ineffective at avoiding zinc deficiency following 
BS. It is therefore also ineffective at avoiding taste change. 
Overall, taste change is more frequent after RYGB procedure 
comparing to other types of BS procedures. More research 
is crucial, to explore the association between zinc deficiency 
and taste change following BS—as well as the effect of BS 
in zinc absorption—and to ensure that BS patients are being 
given the level of zinc supplementation they require.
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