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Abstract
Herbal weight-loss supplements are sold as self-medication products, and are often used under the misconception that their 
natural origin guarantees their safety. Food supplements are not required to provide any benefit/risk profile evaluation before 
marketing; however, possible risks associated with use of herbal extracts in food supplements are becoming more and more 
documented in the literature. Some herbs are listed as the leading cause of herb-induced liver injury, with a severe or poten-
tially lethal clinical course, and unpredictable herb–drug interactions. Garcinia cambogia (GC) extract and GC-containing 
products are some of the most popular dietary supplements currently marketed for weight loss. Here, we present four cases 
of acute liver failure in women taking GC extract for weight loss, and a literature review of clinical evidences about hepatic 
toxicity in patients taking dietary supplements containing GC extract.

Keywords  Adverse events · Dietary supplements · Garcinia cambogia · Herb-induced liver injury · Hydroxycitric acid · 
Liver transplantation · Weight-loss supplements

Introduction

Obesity has reached epidemic proportions globally, with at 
least 2.8 million people dying each year as a result of being 
overweight or obese [1]. Nonetheless, very few drugs are 
registered for this indication, while many dietary supple-
ments containing medicinal plants are promoted for weight 
loss [2]. Their use is widespread and increasing in many 
European countries and in the United States, while the effi-
cacy and safety data of these preparations are not required 
before marketing. Moreover, many claims cited by supple-
ments are unsupported and inadequately regulated [3].

Medicinal plants and natural substances commonly used 
for weight loss include Camellia sinensis, Amorphophallus 
konjac (glucomannan), 1,3-dimethylamylamine, chitosan, 
usnic acid, Cyamopsis tetragonolobus, conjugate linoleic 
acid, Ephedra, Garcinia cambogia (GC), Plantago ovata, 
and Citrus aurantium [4].

Herbal weight-loss supplements are generally used as 
self-medication under the misconception that their natural 
origin guarantees their safety [5]. As described by Pajor 
and colleagues (2017), users and non-users of dietary 
supplements consider these products safe, and assign the 
occurrence of possible adverse effects (AEs) more to the 
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consumer status (e.g., excessive use, being ill, etc.) than to 
the product characteristics [6]. Indeed, some herbal chemi-
cals have been related to herb-induced liver injury (HILI) 
with a severe or potentially lethal clinical course, leading 
to emergency department (ED) visit and liver transplant 
[7]. Regarding the herbal extract of GC, the main active 
component is the hydroxycitric acid (HCA), which acts as 
potential supplement to weight control by causing appetite 
suppression, and reducing the body’s ability to form adipose 
tissue [8]. Nevertheless, there are contrasting findings on 
HCA safety [9], and several aspects on its effectiveness in 
weight-loss control are still poorly investigated [10].

Given that, regulations and pharmacovigilance regard-
ing herbal products are incomplete and need to be improved 
[11].

To shed light on the benefit/risk ratio of the use of GC 
extract as dietary supplement [10], we present four cases of 
acute liver failure in women taking GC extract for weight 
loss, and a literature review of the clinical evidences on the 
onset of hepatic toxicity in patients taking dietary supple-
ments containing GC extract.

Case series

Within the Italian Surveillance System of Natural Health 
Products, set up in 2002 and coordinated by the Italian 
National Institute of Health [12], a multidisciplinary group 
of experts collected the suspected AEs related to dietary 
supplements containing GC, In particular, AEs related to 
acute hepatotoxicity and leading to ED visit were evaluated. 
From April 2002 to December 2017, out of a total of 1510 
reports, 14 concerned AEs to weight-loss supplements con-
taining GC, 6 reported acute liver toxicity. The first case was 
registered in 2005 and subsequently documented [13]; nev-
ertheless, another four cases occurred, and a description is 
included below. One case was excluded because the patient 
had been exposed to several dietary supplements other 
than GC, and it was difficult to clearly define the causality 

assessment between herbal intake and related hepatotoxicity. 
Figure 1 shows principal hepatic parameters measured for 
each patient at the ED visit.

Case 1

A 61-year-old woman presented to ED with symptoms of 
10-day abdominal pain, nausea, progressive weakness, jaun-
dice, dark urine, and acholic stools. The patient’s anamnesis 
denoted cholecystectomy, mixed dyslipidemia, and hypo-
thyroidism in treatment with levothyroxine. There was no 
history of alcoholism or exposure to hepatotoxins; she also 
denied paracetamol abuse.

She reported taking one envelope/daily of SUPER 
ANANAS SLIM®, for a period of 2 months to lose weight. 
This additional feed contained extracts of GC (HCA 60%), 
Ananas comosus (bromelain 334 GDU, Gelatin Dissolving 
Units), and Ilex paraguariensis (caffeine 2%).

Laboratory tests performed during the ED visit revealed 
that alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), total bilirubin (TB), direct bilirubin, albumin, 
alkaline phosphatase (ALP), and gamma glutamyl trans-
ferase (GGT) values were out of the normal range. Interna-
tional normalized ratio (INR) at ED admission was in range 
(INR 1.6, range 0.83–1.9). Table 1 summarizes the trend of 
the main liver function indices from the acute phase after 
ED admission to the follow-up.

A 3-month prior routine check-up had found such param-
eters to be normal. The serum was negative for hepatitis 
viruses or autoantibodies as well as for Wilson’s disease. 
Abdominal ultrasound, cholangio-magnetic resonance imag-
ing (MRI), and portal vessel’s Doppler were normal, and did 
not reveal steatosis.

The abdominal computed tomography scan revealed a 
small peritoneal effusion, perihepatic lymphadenopathy, and 
a hepatic biopsy which was consistent with cholestatic hepa-
titis. The progressive increase in TB levels up to 22.5 mg/dL 
was treated by clinicians with two sessions of plasmapher-
esis. Later, the levels of TB declined. Four weeks after the 

Fig. 1   Case series—principal hepatic parameters (ALT, AST, and TB) measured at ED visit. ALT alanine aminotransferase, AST aspartate ami-
notransferase, TB total bilirubin
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cessation of the GC-containing supplement intake, patient 
symptoms and liver function tests gradually improved, and 
she was discharged with no need for a liver transplant. Four 
months later, the levels of the above-mentioned laboratory 
tests reverted to normal values.

Clinicians also use the recently updated hepatotoxicity 
specific Council for International Organizations of Medical 
Sciences (CIOMS) scale as a tool to confirm the HILI diag-
nosis [14]. The total score and resulting causality grading for 
this case was 7 (score range 6–8), consistent with a probable 
diagnosis of HILI.

Case 2

A 39-year-old woman presented to the ED with symptoms of 
jaundice, asthenia, loss of appetite, and right hypochondrial 
pain. Her anamnesis denoted arterial hypertension, obesity 
(body mass index, BMI 44.9), and hiatal hernia. Current 
medications at the time of admission were methyldopa 
500 mg/die, domperidone 10 mg three times per day and 
omeprazole 20 mg two capsules per day.

She also reported taking two dietary supplements 
for weight loss recommended by her dietitian. The first, 
OBLESS®, contained for each capsule: C. aurantium 140 mg 
of extract 10% (14 mg of synephrine), GC (72 mg of HCA), 
Orthosiphon stamineus (0.2 mg of sinensetin), and Griffonia 
simplicifolia (75 mg of 5-hydroxy-l-tryptophan). The sec-
ond was a magistral preparation containing for each capsule: 
C. aurantium 350 mg of extract 6% (21 mg of synephrine), 
Rhodiola rosea 150 mg extract, and O. stamineus 200 mg 
extract. The patient declared that she had been taking the 
first dietary supplement for the previous month (1 capsule/
day) and the magistral preparation for 15 days (1 capsule/
day), simultaneously.

Laboratory tests performed in the ED revealed that prin-
cipal hepatic markers (ALT, AST, and TB) were out of the 
normal ranges (Fig. 1). Moreover, for this patient, the fol-
lowing liver indices were also available: direct bilirubin 
(13.2 mg/dL; range 0–0.25 mg/dL), ALP (158 UI/L; range 
42–98 UI/L), GGT (80 UI/L; range 7–32 UI/L), lactate 
dehydrogenase (399 UI/L; range 140–180 UI/L), C-reac-
tive protein (1.91 mg/dL; range < 0.5 mg/dL), and mean 
corpuscular volume (76 fL/red cell; range 80–96 fL/red 
cell). Blood coagulation parameters and hemoglobin (Hb 
13.2 g/dL) were in range. Serology was negative for hepati-
tis viruses, cytomegalovirus, and varicella–zoster virus. On 
the contrary, nonspecific antinuclear antibodies and biliary 
antibodies were positive. Abdominal ultrasound was normal, 
and did not reveal steatosis. Liver biopsy was not performed.

During the hospital stay, after the cessation of dietary 
supplements and concomitant medications intake, levels 
of TB spontaneously declined, and her symptoms and liver 
function tests gradually improved. After 12 days of hospi-
talisation, the patient was discharged with no need of sup-
plementary therapies, and a diagnosis of acute cholestatic 
hepatitis related to the consumption of OBLESS® was made. 
With regard to hepatotoxicity, a role of the simultaneous use 
of methyldopa, high dose of synephrine and HCA could not 
be excluded, although the total score and resulting causality 
grading for this case was 6, consistent with probable diag-
nosis of HILI.

Case 3

A 47-year-old woman was admitted to the ED with symp-
toms of severe abdominal pain (right hypochondrial). Her 
anamnesis denoted hypothyroidism (treated with levothy-
roxine 100  µg/day), arterial hypertension (treated with 

Table 1   Case 1—serum and liver indices from ED visit to follow-up

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, GGT​ gamma glutamyl transferase, INR international 
normalized ratio, TB total bilirubin

Liver index Acute phase Discharge 
21 days after 
admission

Follow-up 
40 days after 
admission

Follow-up 
60 days after 
admission

Follow-up 
90 days after 
admission

Follow-up 
150 days after 
admission

ALT (0–35 UI/L) 1629 821 525 187 72 56
AST (0–40 UI/L) 1121 1058 506 158 69 59
TB (0.2–1 mg/dL) 22.5 7.4 3.2 1.6 1 0.9
Direct bilirubin (0–0.25 mg/dL) 16.7 3.4 1.4 0.6 0.3 0.2
Albumin (3.5–5 g/dL) 2.2 3.1 3.4 3.5 3.5 3.8
Cholinesterase (4700–

14,000 UI/L)
1299 1587 3134 4247 5151 –

INR (0.83–1.9) 2.2 1.31 1.2 1.18 1.19 1.11
Fibrinogen (200–400 mg/dL) 165 283 340 366 420 485
ALP (42–98 UI/L) 150 126 166 165 164 178
GGT (7–32 UI/L) 47 47 57 42 22 16
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enalapril 20 mg/day), and mild obesity. She also reported 
taking 2 capsules/day of THERMO GIALLO®, a dietary 
supplement as self-medication for weight control. This prod-
uct contains chromium 50 µg and GC 400 mg of extract 50% 
(200 mg of HCA), for each capsule. The patient reported that 
she had been taking this supplement for the previous month 
(2 capsules/day). Laboratory tests performed during the ED 
visit revealed a mild elevation of liver parameters: AST, TB, 
and ALT (Fig. 1). Serology was negative for hepatitis viruses 
or autoantibodies. No clinical evidences of steatosis were 
observed, and liver biopsy was not performed.

During the hospital stay, after the cessation of weight-
loss supplement, the levels of TB spontaneously declined, 
and her symptoms and liver function tests rapidly improved, 
without the need of therapies. The patient was discharged 
with a diagnosis of acute hepatitis, and the total score and 
resulting causality grading was 6, consistent with probable 
diagnosis of HILI.

Case 4

A 52-year-old woman was admitted to the ED, and diag-
nosed with acute hepatitis. No significant diseases and 
medication therapies were reported in anamnesis. However, 
she was taking two JILL COOPER BE SLIM ® products 
(1 capsule/day for each product) for weight control, contain-
ing GC 400 mg of extract 60% (240 mg of HCA) and Green 
Coffee 400 mg of extract 50% (200 mg of chlorogenic acid), 
respectively. The patient declared that she bought these sup-
plements on a television channel, and she used them for the 
previous month before the ED visit.

Laboratory tests revealed a mild elevation of principal 
liver parameters: AST, TB, ALT (Fig. 1). Moreover, for this 
patient, the following liver indices were also available: GGT 
(223 UI/L), and ALP (204 UI/L). Serologies for hepatitis 
viruses and autoantibodies were also negative. No clinical 
evidences of steatosis were observed, and liver biopsy was 
not performed.

During the following days, after the cessation of weight-
loss supplements, liver parameters spontaneously declined, 
and acute hepatitis completely resolved with no need of sup-
plementary therapies. The total score grading for this case 
was consistent with probable diagnosis of HILI (total score 
6).

Literature review

Data for this review were obtained by searching Med-
line or PubMed with a search strategy that included four 
domains: one related to GC, one to its use in humans for 
weight control, one related to safety, and one related to die-
tary supplements. We included only case reports and case 

series, carried out in humans, and published in a scientific 
journal in the database of Science Citation Index or Med-
line between January 2000, and October 2017. We finally 
selected 24 case reports and 8 case series reporting AEs in 
a total of 66 patients after GC extract consumption. Once 
the articles had been selected, the following significant data 
were extracted: article, country, number of patients, gender, 
age (years), adverse events, diagnosis, symptoms, clinical 
outcome, clinical history, concomitant drugs, and exposure 
to GC before symptoms’ onset. Characteristics of the ana-
lyzed studies are reported in Table 2.

Five studies report single cases of myocarditis, cardio-
myopathy, serotonin toxicity, hypoglycaemia, and thrombo-
cytopenic purpura [15–19]. Two patients presented acute 
pancreatitis and diabetic ketoacidosis [20, 21], three patients 
experienced rhabdomyolysis [22–24], and in five studies, the 
authors describe AEs of mania and multiple psychotic symp-
toms [25–29]. Most patients were women (62%) with no rel-
evant medical history. Seventeen studies out of 32 describe 
cases of acute liver injury, liver failure, and hepatotoxicity, 
observed in 50 patients who consumed GC dietary supple-
ments or GC pure extract [13, 30–45].

All patients with hepatic AEs consumed their food 
supplements following producers’ indications, and devel-
oped similar symptoms. In particular, jaundice, weakness, 
abdominal pain, dark urine, nausea, and vomiting were the 
most reported AEs. Symptoms’ onset and clinical outcome 
differed among cases. In fact, some patients were exposed 
to GC only for a few days or weeks, other patients took 
their dietary supplement for more than 1 year. Moreover, 
38 patients improved, while 8 subjects needed a liver trans-
plantation. One patient was diagnosed with liver cirrhosis 
and two patients died. The first one, a 45-year-old Italian 
woman, was taking montelukast because of chronic asthma 
(5-year treatment) and developed a rapid progressive liver 
failure after 7-day consumption of two dietary supplements 
containing GC and C. aurantium, taken simultaneously [13]. 
Authors postulated that HCA augmented the liver toxicity 
proper of montelukast. The second patient died because of 
complications following liver transplantation [33]. Labora-
tory tests performed during the ED visit showed similar liver 
serum indices among patients with hepatic AEs. Liver serum 
values, when reported in more than five studies, are listed in 
Supplementary Table 1.

In two case reports and five case series, authors used sev-
eral algorithms and scales to estimate the causality assess-
ment between observed AEs and GC consumption. In four 
studies CIOMS criteria were used, with a total of 1 possible, 
2 certain, and 12 probable cases [31, 40, 42, 44].

Elinav and colleagues [33] using WHO criteria [46] to 
define causality assessment of AEs related to GC consump-
tion, address three cases as certain, six as probable, and 
three as possible. Another case [45] was defined as probable 



Internal and Emergency Medicine	

1 3

Ta
bl

e 
2  

L
ite

ra
tu

re
 re

vi
ew

—
cl

in
ic

al
 c

ha
ra

ct
er

ist
ic

s o
f p

at
ie

nt
s e

xp
os

ed
 to

 d
ie

ta
ry

 su
pp

le
m

en
ts

 c
on

ta
in

in
g 

G
C

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

A
ct

is
, 2

00
7 

[1
3]

Ita
ly

1
F

45
Fa

ta
l l

iv
er

 
fa

ilu
re

N
au

se
a,

 v
om

it-
in

g,
 m

al
ai

se
, 

ja
un

di
ce

D
ea

th
A

st
hm

a;
 o

be
si

ty
M

on
te

lu
ka

st
1 

w

A
lle

n,
 2

01
4 

[1
5]

U
SA

1
F

48
A

cu
te

 n
ec

ro
tiz

-
in

g 
eo

si
no

-
ph

ili
c 

m
yo

ca
r-

di
tis

Li
gh

t-h
ea

de
d-

ne
ss

, h
yp

ot
en

-
si

on
, c

he
st 

he
av

in
es

s, 
pr

es
yn

co
pa

l 
ev

en
t, 

ta
ch

y-
ca

rd
ia

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
2.

5 
w

B
ys

tra
k,

 2
01

7 
[2

0]
U

SA
1

F
56

D
ia

be
tic

 
ke

to
ac

id
os

is
, 

pa
nc

re
at

iti
s, 

ca
rd

io
m

yo
-

pa
th

y

M
ild

 a
bd

om
in

al
 

pa
in

, v
om

it-
in

g,
 le

th
ar

gy
, 

co
nf

us
io

n,
 

pe
ri-

pa
nc

re
at

ic
 

str
an

di
ng

, 
pa

nc
re

at
ic

 
at

ro
ph

y,
 ta

ch
y-

ca
rd

ia

H
os

pi
ta

liz
at

io
n

D
ia

be
te

s m
el

li-
tu

s;
 h

yp
er

te
n-

si
on

; h
ep

at
iti

s 
C

 in
fe

ct
io

n;
 

op
io

id
 a

bu
se

 
18

 y
ea

rs
 

be
fo

re
 th

e 
ev

en
t; 

hy
pe

r-
lip

id
em

ia
; 

an
xi

et
y

In
su

lin
 g

la
rg

in
e 

75
 U

 
da

ily
; a

to
rv

as
ta

tin
 

20
 m

g 
da

ily
; l

is
in

o-
pr

il 
5 

m
g 

da
ily

; 
hy

dr
oc

hl
or

th
ia

zi
de

 
12

.5
 m

g 
da

ily
; m

et
-

fo
rm

in
 2

00
0 

m
g 

da
ily

; m
et

op
ro

lo
l 

25
 m

g 
da

ily
; a

sp
i-

rin
 8

1 
m

g 
da

ily
; 

m
et

ha
do

ne
 1

25
 m

g 
da

ily
; d

ia
z-

ep
am

 1
0 

m
g 

da
ily

; 
di

et
ar

y 
su

pp
le

m
en

t 
w

ith
 Ir

vi
ng

ia
 g

ab
o-

ne
ns

is
 o

r A
fr

ic
an

 
m

an
go

1 
m

o 
(6

 ta
bl

et
s 

da
ily

)



	 Internal and Emergency Medicine

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

C
he

n,
 2

01
0 

[3
0]

U
SA

3
F

31
A

cu
te

 li
ve

r 
in

ju
ry

 (D
IL

I)
; 

m
ul

ti-
lo

bu
la

r 
ne

cr
os

is
, 

fu
lm

in
an

t 
he

pa
tit

is

Fa
tig

ue
, 

ja
un

di
ce

, a
nd

 
na

us
ea

, s
cl

er
al

 
ic

te
ru

s, 
an

d 
m

ild
 u

pp
er

 
qu

ad
ra

nt
 

te
nd

er
ne

ss

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
1 

ye
ar

 (2
 ta

bl
et

s 
da

ily
)

F
37

A
cu

te
 li

ve
r 

in
ju

ry
 (D

IL
I)

; 
ce

nt
ro

lo
bu

la
r 

an
d 

pe
rip

or
ta

l 
ne

cr
ot

iz
in

g 
he

pa
tit

is
, 

br
id

gi
ng

 
fib

ro
si

s

D
iff

us
e 

ab
do

m
i-

na
l p

ai
n,

 m
ild

 
na

us
ea

, p
ai

n-
le

ss
 ja

un
di

ce

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
3 

m
o

F
53

A
cu

te
 li

ve
r 

in
ju

ry
 (D

IL
I)

; 
ch

ol
es

ta
si

s a
nd

 
dr

ug
-in

du
ce

d 
he

pa
tit

is

Pa
in

le
ss

 ja
un

-
di

ce
, p

ru
rit

us
, 

sc
le

ra
l i

ct
er

us
, 

w
ith

 e
vi

de
nc

e 
of

 e
xc

or
ia

tio
ns

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
4 

m
o

C
or

ey
, 2

01
6 

[3
1]

U
SA

1
F

52
A

cu
te

 li
ve

r f
ai

l-
ur

e;
 sh

ru
nk

en
 

no
du

la
r l

iv
er

; 
co

lla
ps

in
g 

ne
cr

os
is

D
ec

re
as

e 
ap

pe
-

tit
e,

 w
or

se
n-

in
g 

fa
tig

ue
, 

in
te

rm
itt

en
t 

co
nf

us
io

n,
 

ja
un

di
ce

Li
ve

r t
ra

ns
pl

an
-

ta
tio

n
N

o 
m

ed
ic

al
 

hi
sto

ry
To

pi
ca

l h
or

m
on

e 
cr

ea
m

 (β
-e

str
og

en
 

an
d 

pr
og

es
te

ro
ne

); 
m

el
at

on
in

; d
ic

yc
lo

-
m

in
e;

 a
nt

ifu
ng

al
 

na
il 

oi
l

3.
5 

w
 (2

 ta
bl

et
s 

da
ily

)

C
ot

ov
io

, 2
01

7 
[2

5]
U

SA
1

F
51

H
yp

om
an

ia
Ir

rit
ab

ili
ty

, 
ag

ita
tio

n,
 

in
cr

ea
se

d 
en

er
gy

, 
de

cr
ea

se
 n

ee
d 

fo
r s

le
ep

Fu
ll 

re
m

is
si

on
 

of
 a

ll 
sy

m
p-

to
m

s

B
ip

ol
ar

 d
is

or
de

r 
ty

pe
 I

Va
lp

ro
ic

 a
ci

d 
12

50
 m

g/
da

y;
 p

ar
-

ox
et

in
e 

20
 m

g/
da

y

2 
w



Internal and Emergency Medicine	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

D
ar

a,
 2

00
8 

[3
2]

U
SA

2
F

40
H

ep
at

ot
ox

ic
ity

C
ra

m
py

, m
id

-
ep

ig
as

tri
c 

ab
do

m
in

al
 

pa
in

, d
ia

rr
he

a,
 

fe
ve

r, 
ch

ill
s, 

na
us

ea
 a

nd
 

vo
m

iti
ng

, 
an

or
ex

ia
, p

ro
-

fo
un

d 
fa

tig
ue

Im
pr

ov
em

en
t

H
yp

ot
hy

ro
id

is
m

Le
vo

th
yr

ox
in

e
1 

w
 (6

 p
ill

s d
ai

ly
)

F
33

A
cu

te
 h

ep
at

iti
s

Ja
un

di
ce

, n
au

-
se

a,
 c

ra
m

py
 

ab
do

m
in

al
 

pa
in

, a
lc

oh
ol

ic
 

sto
ol

s, 
da

rk
-

co
lo

re
d 

ur
in

e,
 

pr
ur

itu
s, 

pr
o-

fo
un

d 
fa

tig
ue

Im
pr

ov
em

en
t

Pi
tu

ita
ry

 
ad

en
om

a
O

rth
o-

N
ov

um
®

 
co

nt
ra

ce
pt

iv
e 

(2
.5

 y
ea

rs
)

2 
w

D
eh

on
ey

, 2
00

9 
[2

2]
U

SA
1

M
18

R
ha

bd
om

yo
ly

si
s

B
ila

te
ra

l l
eg

 
pa

in
, w

ea
k-

ne
ss

, l
eg

 
te

nd
er

ne
ss

Im
pr

ov
em

en
t 

af
te

r 6
 L

 o
f 

0.
9%

 so
di

um
 

ch
lo

rid
e 

i.v
.

N
R

N
ap

ro
xe

n 
22

0 
m

g;
 

A
dd

er
al

l®
 (d

ex
-

tro
am

ph
et

am
in

e-
am

ph
et

am
in

e 
sa

lts
) 

15
 m

g 
m

on
th

ly
 p

er
 

os
; h

yd
ro

co
do

ne
- 

ac
et

am
in

op
he

n;
 

cy
cl

ob
en

za
pr

in
e

4 
ca

pl
et

s d
ai

ly

El
in

av
, 2

00
7 

[3
3]

Is
ra

el
12

11
 F

 1
 M

M
ea

n 
49

.5
; 

ra
ng

e 
23

–7
8

A
cu

te
 id

io
pa

th
ic

 
liv

er
 in

ju
ry

 
in

 a
ss

o-
ci

at
io

n 
w

ith
 

H
er

ba
lif

e®
 

co
ns

um
pt

io
n

Fa
tig

ue
, j

au
n-

di
ce

, w
ei

gh
t 

lo
ss

 (1
1 

pa
tie

nt
s)

11
 p

ts
 

im
pr

ov
ed

; 1
 p

t 
di

ed
 a

fte
r l

iv
er

 
tra

ns
pl

an
ta

-
tio

n

1 
pt

 p
os

iti
ve

 fo
r 

he
pa

tit
is

 B
; 

1 
pt

 w
ith

 p
ri-

m
ar

y 
bi

lia
ry

 
ci

rr
ho

si
s;

 1
0 

pt
s w

ith
 n

o 
re

le
va

nt
 m

ed
i-

ca
l h

ist
or

y

1 
pt

 a
sp

iri
n,

 m
et

-
fo

rm
in

, s
ta

tin
s;

 1
 

pt
 α

-a
dr

en
er

gi
c 

bl
oc

ke
r; 

2 
pt

s 
ho

rm
on

e 
re

pl
ac

e-
m

en
t t

he
ra

py
; 1

 p
t 

ur
so

de
ox

yc
ho

lic
 

ac
id

; 1
 p

t o
ra

l 
co

nt
ra

ce
pt

iv
es

; 1
 p

t 
bi

sp
ho

sp
ho

na
te

s, 
as

pi
rin

; 5
 p

ts
 n

on
e

M
ea

n ±
 S

D
 

11
.9

 ±
 11

.1
 m

o



	 Internal and Emergency Medicine

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

Fo
ng

, 2
01

0 
[3

4]
U

SA
8

2 
F 

6 
M

M
ea

n 
30

.9
; 

ra
ng

e 
17

–5
4

Se
ve

re
 li

ve
r 

in
ju

ry
Ja

un
di

ce
 (a

ll 
pt

s)
, f

at
ig

ue
 

(6
 p

ts
), 

na
us

ea
 

an
d 

vo
m

it-
in

g 
(a

ll 
pt

s)
, 

ab
do

m
in

al
 

pa
in

 (4
 p

ts
)

3 
pt

s i
m

pr
ov

ed
 

af
te

r l
iv

er
 

tra
ns

pl
an

ta
-

tio
n;

 5
 p

ts
 

im
pr

ov
ed

A
ll 

pt
s w

ith
 n

o 
re

le
va

nt
 m

ed
i-

ca
l h

ist
or

y

1 
pt

 p
re

dn
is

on
e

M
ed

ia
n 

6 
w

 1
 p

t 
52

 w
 1

 p
t 1

04
 w

H
en

dr
ic

ks
on

, 
20

16
 [2

9]
U

SA
3

M
50

M
an

ia
G

ra
nd

io
si

ty
, 

irr
ita

bi
lit

y,
 

pr
es

su
re

d 
sp

ee
ch

, e
xc

es
-

si
ve

 sp
en

di
ng

, 
in

cr
ea

se
d 

so
ci

al
 a

ct
iv

ity
, 

de
cr

ea
se

d 
ne

ed
 fo

r s
le

ep

Im
pr

ov
em

en
t; 

ho
sp

ita
l 

di
sc

ha
rg

e 
w

ith
 

ol
an

za
pi

ne
 

an
d 

va
lp

ro
ic

 
ac

id
 th

er
ap

y

B
ip

ol
ar

 d
is

or
de

r 
ty

pe
 I

N
R

2 
m

o 
(2

 p
ill

s 
da

ily
)

M
25

M
an

ia
; p

sy
ch

o-
si

s;
 b

ip
ol

ar
 

di
so

rd
er

 ty
pe

 I

In
fla

te
d 

se
lf-

es
te

em
, 

gr
an

di
os

ity
, 

de
cr

ea
se

d 
ne

ed
 fo

r s
le

ep
, 

in
cr

ea
se

d 
ac

tiv
iti

es
, 

ex
ce

ss
iv

e 
sp

en
di

ng
, 

pr
es

su
re

d 
sp

ee
ch

, p
ar

a-
no

ia
, r

el
ig

io
us

 
de

lu
si

on
s

Im
pr

ov
em

en
t; 

ho
sp

ita
l 

di
sc

ha
rg

e 
w

ith
 

ol
an

za
pi

ne
 

an
d 

va
lp

ro
ic

 
ac

id
 th

er
ap

y

N
o 

m
ed

ic
al

 
hi

sto
ry

N
R

2 
m

o 
(1

–2
 p

ill
s 

da
ily

)

F
34

M
an

ia
Ir

rit
ab

ili
ty

, p
re

s-
su

re
d 

sp
ee

ch
, 

de
cr

ea
se

d 
ne

ed
 fo

r s
le

ep
, 

ag
ita

tio
n

Im
pr

ov
em

en
t; 

ho
sp

ita
l 

di
sc

ha
rg

e 
w

ith
 lo

w
-d

os
e 

lo
ra

ze
pa

m
 

th
er

ap
y

B
ip

ol
ar

 d
is

or
de

r 
ty

pe
 II

; p
as

t 
SS

R
I–

in
du

ce
d 

hy
po

m
an

ia

A
rip

ip
ra

zo
le

; b
up

ro
-

pi
on

; t
op

ira
m

at
e

4–
6 

w

H
in

es
, 2

01
5 

[2
3]

U
SA

1
M

40
Se

ve
re

 rh
ab

do
-

m
yo

ly
si

s
M

us
cl

e 
so

re
-

ne
ss

, d
ar

k 
ur

in
e

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
2 

w
 (1

 c
ap

su
le

 
da

ily
)

Jo
ne

s, 
20

07
 [3

5]
U

SA
1

M
19

A
cu

te
 li

ve
r 

in
ju

ry
N

au
se

a,
 v

om
it-

in
g,

 ja
un

di
ce

, 
sc

le
ra

l i
ct

er
us

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
4 

m
o



Internal and Emergency Medicine	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

Jo
se

ph
, 2

01
4 

[1
6]

U
SA

1
F

51
C

ar
di

om
yo

pa
-

th
y;

 h
yp

ok
in

e-
si

s o
f t

he
 le

ft 
ve

nt
ric

le

Sh
or

tn
es

s o
f 

br
ea

th
, n

ew
 

on
se

t o
f 

pa
lp

ita
tio

ns
, 

hy
pe

rte
ns

io
n

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
1 

w

K
ot

ad
ia

, 2
01

6 
[3

6]
U

SA
1

F
36

H
ep

at
ox

ic
ity

; 
liv

er
 m

ild
 

ec
ho

te
xt

ur
e 

co
ar

se
ni

ng
; 

sm
al

l a
sc

ite
s

Lo
w

-g
ra

de
 

fe
ve

r, 
na

us
ea

, 
vo

m
iti

ng
, 

ab
do

m
in

al
 

pa
in

, s
cl

er
al

 
ic

te
ru

s, 
m

al
ai

se
, 

fa
tig

ue
, 

an
or

ex
ia

, j
au

n-
di

ce
, t

en
de

r 
he

pa
to

m
eg

al
y

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
4 

w

Lo
pe

z,
 2

01
4 

[1
7]

U
SA

1
F

35
Se

ro
to

ni
n 

To
xi

c-
ity

St
ut

te
rin

g 
sp

ee
ch

, p
ro

-
fu

se
 sw

ea
tin

g,
 

hy
pe

rte
ns

io
n,

 
ta

ch
yc

ar
di

a,
 

di
ap

ho
re

si
s, 

sp
on

ta
ne

ou
s 

an
kl

e 
cl

on
us

Im
pr

ov
em

en
t

C
hr

on
ic

 p
ai

n 
sy

nd
ro

m
e

O
xy

co
do

ne
 a

nd
 c

an
-

na
bi

s f
or

 c
hr

on
ic

 
pa

in
 sy

nd
ro

m
e;

 
es

ci
ta

lo
pr

am
 

20
 m

g 
fo

r 1
 y

ea
r; 

se
rtr

al
in

e 
50

 m
g/

da
y 

1.
5 

w
 p

rio
r 

to
 a

dm
is

si
on

; 
ba

cl
of

en
; g

ab
ap

-
en

tin
; o

m
ep

ra
zo

le
, 

ox
yc

od
on

e;
 si

lo
-

do
si

n;
 so

lif
en

ac
in

; 
di

ph
en

hy
dr

am
in

e

2–
3 

m
o 

(6
 c

ap
-

su
le

s d
ai

ly
)

Lu
ns

fo
rd

, 2
01

6 
[3

7]
U

SA
1

M
34

A
cu

te
 li

ve
r f

ai
l-

ur
e;

 su
bm

as
-

si
ve

 n
ec

ro
si

s

N
au

se
a,

 v
om

it-
in

g,
 a

bd
om

i-
na

l p
ai

n,
 

da
rk

 u
rin

e,
 

as
te

rix
is

, 
ja

un
di

ce
, 

co
nf

us
io

n

Li
ve

r t
ra

ns
pl

an
-

ta
tio

n
N

o 
m

ed
ic

al
 

hi
sto

ry
N

R
5 

m
o 

(6
 c

ap
su

le
s 

da
ily

)

M
an

si
, 2

00
4 

[2
4]

U
SA

1
F

54
R

ha
bd

om
yo

ly
si

s
Sp

as
m

od
ic

 c
he

st 
pa

in
, b

re
at

h 
sh

or
tn

es
s

Im
pr

ov
em

en
t

M
od

er
at

e 
ob

es
ity

N
R

3 
h



	 Internal and Emergency Medicine

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

M
cD

on
ne

ll,
 

20
09

 [3
8]

U
SA

1
M

25
Fu

lm
in

an
t 

he
pa

tic
 fa

ilu
re

Te
a-

co
lo

re
d 

ur
in

e,
 fa

tig
ue

, 
na

us
ea

, v
om

it-
in

g,
 a

ch
es

, 
fe

ve
r

Li
ve

r t
ra

ns
pl

an
-

ta
tio

n
N

o 
m

ed
ic

al
 

hi
sto

ry
N

on
e

1.
5 

w

M
el

en
de

z-
Ro

sa
do

, 2
01

5 
[3

9]

U
SA

1
F

42
A

cu
te

 h
ep

at
iti

s
A

bd
om

in
al

 p
ai

n,
 

na
us

ea
, c

la
m

-
m

in
es

s

Im
pr

ov
em

en
t

H
yp

er
te

ns
io

n;
 

ch
ro

ni
c 

ki
dn

ey
 

di
se

as
e;

 d
ia

-
be

te
s m

el
lit

us
 

ty
pe

 2
; c

hr
on

ic
 

ba
ck

 p
ai

n;
 

he
m

oc
hr

om
a-

to
si

s;
 o

be
si

ty

H
yd

ra
la

zi
ne

; 
hy

dr
oc

od
on

e/
 

ac
et

am
in

op
he

n 
7.

5/
32

5 
m

g 
ev

er
y 

4–
6 

h 
fo

r b
ac

k 
pa

in
 

3 
da

ys
 p

rio
r t

o 
ad

m
is

si
on

1 
w

N
ar

as
im

ha
, 

20
13

 [2
6]

In
di

a
1

M
23

M
an

ia
Ex

tre
m

e 
irr

ita
bi

lit
y,

 
ag

gr
es

si
on

, 
ha

llu
ci

na
to

ry
 

be
ha

vi
or

, 
de

cr
ea

se
d 

sl
ee

p

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
R

1 
m

o 
(1

–2
 c

ap
-

su
le

s d
ai

ly
)

N
gu

ye
n,

 2
01

7 
[2

7]
U

SA
1

F
22

M
an

ia
Ex

pa
ns

iv
e 

m
oo

d,
 

ps
yc

ho
m

o-
to

r a
gi

ta
tio

n,
 

di
so

rg
an

iz
ed

 
an

d 
pr

es
su

re
d 

sp
ee

ch
, fl

ig
ht

 
of

 id
ea

s, 
gr

an
-

di
os

ity
, d

el
u-

si
on

s, 
au

di
to

ry
 

ha
llu

ci
na

tio
ns

H
os

pi
ta

liz
at

io
n 

fo
r 8

 d
ay

s a
nd

 
tre

at
m

en
t w

ith
 

ol
an

za
pi

ne
 

10
 m

g,
 li

th
iu

m
 

30
0 

m
g 

3 
tim

es
 p

er
 d

ay
 

an
d 

qu
et

ia
pi

ne
 

50
–1

00
 m

g 
ni

gh
tly

 fo
r 

1–
3 

m
o

N
o 

m
ed

ic
al

 
hi

sto
ry

Et
on

og
es

tre
l s

ub
-

de
rm

al
 im

pl
an

t; 
2 

di
et

ar
y 

su
pp

le
-

m
en

ts
: G

 c
am

bo
gi

a 
Pl

us
™

 (5
00

 m
g 

pe
r c

ap
su

le
, 6

0%
 

H
CA

); 
C

le
an

se
 a

nd
 

D
et

ox
®

 (r
as

pb
er

ry
 

ke
to

ne
s, 

lic
or

ic
e 

ro
ot

, p
um

pk
in

 
se

ed
, b

uc
kt

ho
rn

 
ro

ot
, C

as
ca

ra
 

sa
gr

ad
a,

 A
fr

ic
an

 
m

an
go

, r
hu

ba
rb

, 
ci

tru
s p

ec
tin

, 
ac

id
op

hi
lu

s, 
C

ap
e 

al
oe

)

1 
w

 (1
–3

 c
ap

su
le

s 
da

ily
)

Ro
ch

e,
 2

01
4 

[1
8]

U
SA

1
F

67
H

yp
og

ly
ce

m
ia

Sy
nc

op
e,

 h
yp

o-
gl

yc
ae

m
ia

Im
pr

ov
em

en
t

H
yp

er
te

ns
io

n
Ve

nl
af

ax
in

e;
 

lis
in

op
ril

-h
yd

ro
-

ch
lo

ro
th

ia
zi

de
; 

al
pr

az
ol

am

2 
d



Internal and Emergency Medicine	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

Sc
ho

ep
fe

r, 
20

07
 

[4
0]

Sw
itz

er
la

nd
10

6 
F 

4 
M

M
ea

n 
51

 R
an

ge
 

30
–6

9
H

ep
at

ot
ox

ic
ity

: 
7 

pt
s h

ep
at

ic
 

ne
cr

os
is

; 1
 

pt
 fu

lm
in

an
t 

liv
er

 fa
ilu

re
; 1

 
pt

 si
nu

so
id

al
 

ob
str

uc
tio

n 
sy

nd
ro

m
e;

 1
 

he
pa

to
ce

llu
la

r 
in

ju
ry

Fa
tig

ue
, l

os
s 

of
 a

pp
et

ite
, 

ja
un

di
ce

1 
pt

 im
pr

ov
ed

 
af

te
r l

iv
er

 
tra

ns
pl

an
ta

-
tio

n;
 1

 p
t 

di
ag

no
se

d 
w

ith
 p

ro
ve

n 
ci

rr
ho

si
s;

 8
 p

ts
 

im
pr

ov
ed

1 
pt

 p
os

iti
ve

 
fo

r h
ep

at
iti

s 
A

 a
nd

 B
; 1

 p
t 

po
si

tiv
e 

fo
r 

he
pa

tit
is

 E
; 1

 
pt

 w
ith

 a
lc

oh
ol

 
co

ns
um

pt
io

n 
(5

0 
g/

di
e)

A
t l

ea
st 

1 
ye

ar
 b

ef
or

e 
pr

es
en

ta
tio

n:
 1

 p
t 

am
ilo

rid
e/

H
C

T;
 

1 
pt

 c
yp

ro
te

ro
ne

/
et

hi
ny

l e
str

ad
io

l; 
1 

pt
 A

SA
 a

nd
 

di
ph

en
hy

dr
am

in
e;

 
1 

pt
 lo

sa
rta

n

M
ed

ia
n 

5 
m

o

Sh
im

, 2
00

9 
[4

1]
U

SA
1

M
28

H
ep

at
ot

ox
ic

ity
Fa

tig
ue

, d
ys

p-
ne

a 
on

 e
xe

r-
tio

n,
 ja

un
di

ce
, 

da
rk

 u
rin

e

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

A
ce

ta
m

in
op

he
n/

A
SA

/c
aff

ei
ne

 
25

0/
25

0/
65

 m
g 

4 
tim

es
 p

er
 d

ay
 1

0 
d 

pr
io

r t
o 

ad
m

is
si

on

3 
m

o 
(4

–6
 ta

bl
et

s 
da

ily
)

Si
dh

u,
 2

01
6 

[2
1]

U
SA

1
M

36
A

cu
te

 P
an

cr
ea

-
tit

is
Le

ft 
up

pe
r q

ua
d-

ra
nt

 p
ai

n
N

R
N

o 
m

ed
ic

al
 

hi
sto

ry
N

R
7 

m
o

Si
kk

a,
 2

01
6 

[1
9]

U
SA

1
F

59
D

ru
g-

in
du

ce
d 

im
m

un
e 

th
ro

m
bo

cy
to

-
pe

ni
a;

 sm
al

l 
su

ba
cu

te
 

su
bd

ur
al

 
he

m
at

om
a

Pa
in

le
ss

 G
I 

bl
ee

d,
 a

bd
om

i-
na

l a
nd

 o
ra

l 
pe

te
ch

ia
, m

ild
 

he
ad

ac
he

C
VA

N
R

A
SA

1 
m

o

Sm
ith

, 2
01

6 
[4

2]
U

SA
1

M
26

Li
ve

r f
ai

lu
re

, 
su

bm
as

-
si

ve
 h

ep
at

ic
 

ne
cr

os
is

Ic
te

ric
 sc

le
ra

 
an

d 
sk

in
, 

fa
tig

ue

Li
ve

r t
ra

ns
pl

an
-

ta
tio

n
N

o 
m

ed
ic

al
 

hi
sto

ry
W

he
y 

pr
ot

ei
n 

po
w

-
de

r f
oo

d 
su

pp
le

-
m

en
t (

1 
w

)

1 
w

 (1
0 

w
 p

rio
r t

o 
ad

m
is

si
on

)

St
ev

en
s, 

20
05

 
[4

3]
U

SA
2

M
27

A
cu

te
 li

ve
r 

in
ju

ry
Fa

tig
ue

, j
au

n-
di

ce
Im

pr
ov

em
en

t
N

o 
m

ed
ic

al
 

hi
sto

ry
N

on
e

5 
w

 (9
 ta

bl
et

s 
da

ily
)

M
30

A
cu

te
 li

ve
r 

in
ju

ry
Ja

un
di

ce
, f

ev
er

, 
vo

m
iti

ng
, 

fa
tig

ue

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
5 

d 
(9

 ta
bl

et
s 

da
ily

)



	 Internal and Emergency Medicine

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
rti

cl
e

C
ou

nt
ry

N
o 

of
 p

at
ie

nt
s

G
en

de
r

A
ge

 (y
ea

rs
)

A
dv

er
se

 e
ve

nt
 

an
d 

di
ag

no
si

s
Sy

m
pt

om
s

C
lin

ic
al

 o
ut

-
co

m
e

C
lin

ic
al

 h
ist

or
y

C
on

co
m

ita
nt

 d
ru

gs
Ex

po
su

re
 to

 G
C

 
be

fo
re

 sy
m

pt
om

s 
on

se
t

St
ic

ke
l, 

20
09

 
[4

4]
Sw

itz
er

la
nd

2
F

78
Se

ve
re

 h
ep

a-
to

to
xi

ci
ty

; 
ch

ol
es

ta
tic

 a
nd

 
lo

bu
la

r/p
or

ta
l 

he
pa

tit
is

N
au

se
a,

 p
ai

nl
es

s 
ja

un
di

ce
, l

ig
ht

 
sto

ol
s, 

da
rk

 
br

ow
n 

ur
in

e,
 

pr
ur

itu
s

Im
pr

ov
em

en
t

H
yp

er
te

ns
io

n;
 

hi
p 

en
do

pr
os

-
th

es
is

; a
pp

en
-

de
ct

om
y;

 
ch

ol
ec

ys
te

c-
to

m
y;

 a
lc

oh
ol

 
co

ns
um

pt
io

n 
(6

0–
80

 g
/w

)

A
ll 

tre
at

m
en

ts
 

st
ar

te
d 

m
or

e 
th

an
 

1 
ye

ar
 p

rio
r t

o 
sy

m
pt

om
s’

 o
ns

et
: 

irb
es

ar
ta

n/
H

C
T 

(3
00

 m
g/

12
.5

 m
g)

; 
ca

rv
ed

ilo
l (

25
 m

g)
; 

om
ep

ra
zo

le
 2

0 
m

g 
(o

cc
as

io
na

lly
); 

zo
lp

id
em

 1
0 

m
g

3 
ye

ar

F
50

Se
ve

re
 h

ep
a-

to
to

xi
ci

ty
; 

ci
rr

ho
si

s

W
ea

kn
es

s, 
pa

in
-

le
ss

 ja
un

di
ce

 
an

d 
flu

ct
ua

tin
g 

lo
w

er
 a

bd
om

i-
na

l p
ai

n 
in

te
r-

m
itt

en
tly

 fo
r 

se
ve

ra
l y

ea
rs

, 
pr

ur
itu

s

Im
pr

ov
em

en
t

C
ho

le
cy

ste
c-

to
m

y;
 h

ys
te

r-
ec

to
m

y 
fo

r 
m

yo
m

a

N
on

e
1 

ye
ar

V
ita

lo
ne

, 2
01

6 
[4

5]
Ita

ly
1

F
39

A
cu

te
 h

ep
at

iti
s

N
R

Im
pr

ov
em

en
t

N
o 

m
ed

ic
al

 
hi

sto
ry

N
on

e
N

R

W
on

g,
 2

01
6 

[2
8]

U
SA

1
M

43
M

ul
tip

le
 

ps
yc

ho
tic

 
sy

m
pt

om
s

A
ud

ito
ry

 a
nd

 
vi

su
al

 h
al

-
lu

ci
na

tio
ns

, 
pa

ra
no

id
 

th
ou

gh
ts

, l
os

s 
of

 a
pp

et
ite

 a
nd

 
sl

ee
p

Im
pr

ov
em

en
t; 

th
er

ap
y 

w
ith

 
ris

pe
rid

on
e 

2 
m

g,
 d

ip
he

n-
hy

dr
am

in
e 

25
 m

g 
tw

ic
e 

da
ily

, c
ya

no
-

co
ba

la
m

in
 

10
00

 m
cg

N
o 

m
ed

ic
al

 
hi

sto
ry

5 
fo

od
 su

pp
le

m
en

ts
: 

G
C

, B
ra

in
 S

up
po

rt,
 

B
ra

in
 A

w
ak

e®
, a

 
pr

ob
io

tic
, A

bs
or

b-
m

ax
™

N
R

AS
A,

 a
ce

ty
ls

al
ic

yl
ic

 a
ci

d,
 C

VA
 c

er
eb

ro
va

sc
ul

ar
 a

cc
id

en
t, 

d 
da

ys
, F

 fe
m

al
e,

 G
I g

as
tro

in
te

sti
na

l, 
H

C
T 

hy
dr

oc
hl

or
ot

hi
az

id
e,

 M
 m

al
e,

 m
o 

m
on

th
s, 

N
R 

no
t r

ep
or

te
d,

 p
t/p

ts
 p

at
ie

nt
/p

at
ie

nt
s, 

w
 w

ee
k



Internal and Emergency Medicine	

1 3

according to the same WHO criteria [46]. Finally, using the 
Drug-Induced Liver Injury Network (DILIN) study criteria 
[47], two cases were classified as probable, two possible, and 
five highly likely related to GC utilization [34].

Discussion

GC is a small fruit with traditional culinary use, and poten-
tial medicinal applications. In fact, several clinical interac-
tions of GC have already been documented in the literature, 
for example, in the context of: appetite control [11, 48], 
neuroprotection [49], lipoproteins and cholesterol control 
[50], alterations in blood cell count [50], fat mass control 
[51], glucose metabolism [52], hormones regulation, and 
interactions with organ system (i.e., kidney) [53].

GC is a source of HCA (structurally related to citric acid), 
one of the isomers [(−)-hydroxycitric acid], which is thought 
to help in weight control [54]. The mechanism of action 
is inhibiting an enzyme called citric acid lyase, which is 
required in the synthesis of fatty acids. Preclinical evidence 
suggests that oral consumption of HCA reliably reduces 
food intake and body weight [51]. Studies in humans, for 
the most part, fail to replicate this. Some isolated studies 
do note weight loss, but it appears to be quite variable and 
unreliable.

Although there is some limited potential for HCA as a 
weight-loss inducer, the magnitude of effect is quite low, 
and the benefit is unreliable; making it hard to recommend 
this compound as a fat burner or anti-obesity agent. Beside 
poor evidence on GC efficacy as dietary compound, safety 
issues regarding this extract also represents a major clinical 
concern.

Present work suggests a potential causal association 
between consumption of GC products and development 
of acute liver injury. Although in some cases liver dam-
age progressed slower than in others, this association is 
also supported by clinical outcomes of improvement after 
the cessation of dietary supplement intake. Symptoms of 
liver damage were similar in all patients, and were also con-
firmed, if available, by liver biopsies.

Length of GC treatment appears to be very heterogeneous 
among cases. However, given the lack of individual factors, 
such as comorbidities, concomitant treatment, and genetic 
factors, we were not able to evaluate the possible relation-
ship between length of GC exposure and HILI severity, par-
ticularly for cases coming from the literature review.

Cavalieri et al. (2017) confirmed hepatitis, cholestasis 
accompanied with jaundice, pruritus, prominent elevation 
of alkaline phosphatase, and mild elevation of aminotrans-
ferases as clinical evidences of drug- and herb-induced hepa-
totoxicity [55].

HILI and drug-induced liver injury (DILI) are both 
caused by chemicals, but as HILI is primarily a human 
rather than an animal disease, experimental models to study 
in detail the mechanisms leading to injury are rarely avail-
able [56]. Usually, dietary supplements contain several 
ingredients, thus the substance specifically responsible for 
liver damage can be difficult to identify. Nevertheless, the 
case presented by Lunsford et al. (2016) was the first acute 
liver failure associated with a purified extract of GC, and as 
HCA was the main active principle of this kind of extract, it 
was the first substance to be suspected [37].

The HCA mechanism of toxicity on the liver is not clearly 
defined. In 2007, a study conducted in Houston (USA) shows 
that Super CitriMax (HCA-SX), a salt of (−)-hydroxycitric 
acid, reduces food intake, weight gain, and also attenuates 
the increase of inflammation, oxidative stress, and insulin 
resistance in obese rats [57]. Kim and colleagues (2013) 
studied the long-term effect of GC extract in obese mice, 
but find conflicting results [58]. The supplementation of 
GC confirms the action in weight control, significantly 
lowering visceral fat accumulation and adipocyte size by 
the inhibition of fatty acid synthesis and enhancing fatty 
acid β-oxidation. However, HCA increases hepatic collagen 
accumulation, lipid peroxidation, mRNA levels of genes 
related to oxidative stress (superoxide dismutase and glu-
tathione peroxidase), and inflammatory responses (tumor 
necrosis factor-α and monocyte chemoattractant protein-1). 
Furthermore, GC-supplemented mice exhibit impaired liver 
function showing elevated plasma ALT and AST levels. 
Oxidative stress plays an important role in progression of 
steatohepatitis and hepatocellular injury [59]. In fact, reac-
tive oxygen species can damage DNA, lipids, and proteins, 
inducing necrosis and apoptosis of hepatocytes and promot-
ing inflammatory response.

Evidence highlights that the percentage of women 
attempting to control weight using dietary supplements 
is higher than that of men. In fact, all Italian cases herein 
described and the majority of patients (62%) described in 
the literature review were women. It is well-known that the 
percentage of women dissatisfied with their current weight 
and attempting to lose weight is also higher than that of 
men [60]. This might be explained by the common desire 
for a perfect body and thinness among women [60]. In this 
context, we believe that healthcare professionals (physicians, 
pharmacists, dieticians, herbalists, etc.) should pay particular 
attention to women, who represent the population with the 
higher use of herbal preparations, and thus the higher risk 
of potential related AEs [60].

Furthermore, certain patients could have genetic predis-
position leading to hepatotoxicity, such as cytochrome P450 
polymorphisms promoting toxic accumulation of metabo-
lites [61–64]. Several liver diseases (e.g., hepatitis, cirrhosis, 
etc.) that are possible alternative causes for liver damage 
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were excluded both for our patient and for the majority of 
cases reported in the literature.

The risk of herb–drug interaction (HDI), a well-recog-
nized public health problem leading to AEs, could not be 
excluded in all reported cases [65]. Concomitant intake of 
herbal supplements and prescribed medications is very com-
monly reported in patients suffering from chronic diseases, 
and HDI has been documented in several observational stud-
ies and case reports [66–68].

Currently, the harmful potential of herbal supplements is 
not systematically investigated before the products are made 
available to the general population. This lack of information 
compounded the difficulties in event-reporting and history-
taking concerning herbal supplement composition and use 
[64].

In a prospective study conducted in the United States, 
herbal and dietary supplements are found to be implicated 
in 10% of DILI cases [69]. A double-blind, randomized 
crossover trial performed in Australia on 8 diabetic patients 
and 12 healthy subjects who received intraduodenal infusion 
of HCA, did not detect differences in sensations of hunger, 
fullness, and nausea between HCA patients and control indi-
viduals [70]. Al-kuraishy and colleagues (2016) studied the 
effect of orlistat alone and in combination with GC in 99 
obese male patients randomized to orlistat alone (120 mg/
die), GC in capsules (166 mg/die) and a third group treated 
with both orlistat and GC. All groups included 33 subjects. 
Compliance with treatment was defined as good, but in the 
GC treated group, patients reported side effects: headache 
(12 patients), heartburn (9), constipation (5), abdominal pain 
(4), flatulence (2), and diarrhea (3) [71]. In 2014, 60 over-
weight Brazilian women were randomized in two groups 
to receive standardized GC extract (2.4 g/die) or placebo 
for 60 days. During the treatment, the analysis of hepatic 
transaminases and creatinine clearance did not show signs 
of acute toxicity. Mainly the AEs reported during treat-
ment with GC extract were gastric discomfort, increased 
evacuation, and nausea [72]. A literature review published 
in 2012 analyzed a total of 13 studies that report the mid-
term effects of HCA administration (equivalent dose range 
1500–4667 mg/day) in a total of 930 subjects. None of these 
papers find serious AEs attributable to the intake of GC 
extract: the main side effects were nausea and headache. 
Generally, there were no differences between patients treated 
with GC and control subjects in side effects frequency. Only 
one of the studies included reported leg cramps, heartburn, 
diarrhea, flatulence, increased appetite, headaches, stomach 
burn, and menstrual disorders [54].

Although evidence coming from the present work sug-
gests a potential causal association between GC products 
exposure and development of HILI, our findings are lim-
ited by the lack of data on factors influencing the severity 
of HILI, as drug–drug interactions, HDIs, and presence of 

acute on chronic liver injury (i.e., non-alcoholic steatohepa-
titis), especially for cases derived from the literature.

Therefore, further research is required to elucidate the 
efficacy and safety of GC long-term use in humans and, at 
the meantime, caution is needed when using GC supple-
ments for weight management.

Conclusion

The constant influx of newly developed drugs and a grow-
ing risk from unfamiliar herbal and dietary supplements are 
making HILI an increasing and significant clinical challenge 
that can lead to acute liver failure, and to the requirement 
for liver transplantation. Although herbal hepatotoxicity is 
of great clinical and regulatory importance, lack of a strin-
gent causality assessment remains a major issue for patients 
with suspected HILI. Since most studies in humans have 
been conducted on small samples and mainly in the short 
term, patients and healthcare professionals should be cau-
tious when interpreting GC extracts efficacy and safety evi-
dences available in literature. In this clinical context, further 
studies can be conducted to isolate, purify, and examine the 
effects of herbal active principles, especially because they 
are often used over the counter and with no medical supervi-
sion. Efforts might lead to an appropriate use of food sup-
plements, as those taken for weight control, ensuring the 
best efficacy and safety for all patients, especially women. 
Continuous monitoring of herbal dietary supplements should 
be promoted to finally characterize their risk profile, thus 
supporting regulatory bodies for appropriate actions.
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