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tial markers of liver
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Abstract
Objective: This study aimed to determine the effectiveness of using total, individual serum, or urinary bile acids (BA) as potential
markers of liver dysfunction.

Methods: We searched the PubMed and Web of Science databases using the following keywords- “serum bile acids,” “liver
dysfunction,” “liver injury,” “liver disease,” “traditional liver function tests,” “Chronic liver disease,” “acute liver injury”. The search was
complemented by manual screening of the list of references for relevant articles. We selected only English-language manuscripts for
adult patients based on predetermined inclusion and exclusion criteria. Animal studies and studies on neonates and children were not
included.

Outcome measures: Changes in BA concentrations or ratios at or prior to changes in liver function tests.

Results: A total of 547 studies were identified, of which 28 were included after reading the entire manuscript. These studies
included 1630 patients and 836 controls published between 1990 and 2017. The methods used in BA assays varied significantly,
and the studies did not agree. on specific individual BA or BA ratios as biomarkers of specific liver injury or dysfunction. Except for the
prognostic value of BA in intrahepatic cholestasis of pregnancy (ICP), studies have failed to provide evidence for BA as a liver
biomarker.

Conclusions:Despite the research conducted on BA for over 27years, there are inconsistencies in the reported results and a lack
of solid evidence to support the use of individual BA or BA ratios as biomarkers of liver injury. Adequately conducted studies needed
to resolve this limitation in the literature.

Abbreviations: BA = bile acids, CA = cholic acid, CDCA = chenodeoxycholic acid, DCA = deoxycholic acid, ICP = intrahepatic
cholestasis of pregnancy, LCA = lithocholic acid, LC-MS = liquid chromatography-mass spectrometry, NAFLD = non-alcoholic fatty
liver disease, UDCA = ursodeoxycholic acid.
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Box 1 Strengths and Limitations of this review

- A sizeable comprehensive review of 28 research papers
covering the last three decades under different conditions
associated with raised bile acids.

- Summary of the available evidence for using bile acids as
biomarkers of liver dysfunction or injury.

- Exposed deficiencies in research in this area, particularly
concerning the sensitivity and specificity of bile acids and the
lack of consistency in the methods used in measurements.

- Highlighted recommendations and priorities for future
research
Box 2 New Knowledge learned from this review

- There are inconsistent reporting results and a lack of
agreement on specific individual serum bile acids as
biomarkers of liver injury/dysfunction.
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- There is no substantial evidence to support the use of bile
acids as a routine test with liver function tests.
Box 3 Clinical Applications

- There is growing evidence of the use of bile acids as a
prognostic test in women with ICP and raised serum bile
acids.

- There is weak evidence that bile acids could be added to
routine liver function tests in screening workers exposed
to certain hepatotoxicants.

- We identified no study covering the use of serum bile acids
as a biomarker of non-alcoholic fatty liver disease, and
more work is needed in this area.
1. Introduction
In humans, bile acids are synthesized in liver cells as a result of
cholesterol metabolism. They comprise a biological pool of 2
main groups: primary bile acids (comprising cholic acid, [CA],
and chenodeoxycholic acid [CDCA]) and secondary bile acids
(deoxycholic acid, [DCA], and lithocholic acid, [LCA]).[1] Most
bile acids (approximately 94%–96%) are recycled in the
enterohepatic circulation, and only a small portion (approxi-
mately 4%–6%) is synthesized in the liver. Bile acids undergo
enterohepatic circulation and are dependent on active transporter
systems in the liver and intestine.[2] The portion synthesized in
liver cells (hepatocytes) is known as primary bile acids, while
secondary bile acids are formed as a result of intestinal bacterial
actions on primary bile acids.[3]

Once produced, bile acids are transported across liver
hepatocytes and then transported through the canalicular
membranes into the bile. The process involves a carrier-mediated
transport of bile acids and other solutes, such as glutathione
which produces an osmotic gradient for the transcellular and
paracellular flow of water into the canaliculi.[4] Bile acids are
secreted in the bile into the lumen of the small intestine during
contraction of the gallbladder. Themajority are reabsorbed at the
terminal ileum and transported back to the liver via the portal
circulation to add to the bile acid pool; in other words, most bile
acids are recycled and reused.[2] In the intestine, bile acids are
deconjugated (removal of the glycine or taurine moiety) by the
action of intestinal bacteria.[5] In humans, the relative amount of
taurine conjugate is dependent on diet and increases in severe
cholestasis and liver diseases up to approximately 50%.[6] These
changes result in the conversion of CA to DCA and CDCA to
LCA; both DCA and LCA are secondary bile acids.[6,7]

In healthy subjects, the normal fasting total serum bile acid
concentration is relatively low, in the range of 2 to 10mmol/L.
This is because of the efficiency of the liver in the removal of bile
acids from the portal-hepatic circulation. Therefore, bile acid
concentration in the peripheral blood is regulated by a balance
between 2 physiological processes: intestinal absorption and
hepatic elimination of bile acids.[8] However, most of the increase
in serum total bile acids could be related to a dysfunction in the
2

sinusoidal hepatocellular uptake of bile acid, impairment of
transport of bile acids in hepatocytes, or dysfunction of bile acid
efflux at the canalicular domain.[9] Studies have shown that
postprandial total serum bile acids are generally higher than the
fasting total serum bile acid concentrations. Measurement of
both fasting and postprandial concentrations has been proposed
to provide additional value in the differential diagnosis of chronic
liver dysfunction.[10]

However, serum bile acid concentration is not part of the
standard biochemical liver function tests used in clinical practice
and may only be ordered in certain centers for the diagnosis of
intrahepatic cholestasis of pregnancy (ICP).[11] Standard bio-
chemical liver function tests included serum bilirubin, alanine
aminotransferase, aspartate aminotransferase, alkaline phospha-
tase, gamma-glutamyl transferase, serum albumin, and interna-
tional normalized ratio. These tests reflect the different functions
of liver-
1.
 anion excretion (bilirubin),

2.
 integrity of hepatocytes (transaminases),

3.
 free bile formation and flow (bilirubin and alkaline phospha-

tase), and

4.
 protein synthesis (albumin).[12]

Currently, it is believed that aminotransferase levels could be
considered as potential biomarkers of “liver metabolic function-
ing” rather than the traditional view of being reflective of liver cell
damage (hepatocellular integrity). This is because enzymatic
activities might reflect key aspects of the pathophysiological
functions of hepatocytes.[13] However, the sensitivity and
specificity of serum aminotransferases, particularly alanine
aminotransferase, for discriminating between those with and
without liver disease/dysfunction, depend on the cut-off values
chosen to define an abnormal test result.[14,15] A revision of the
upper limit of normal transaminases may be recommended,
particularly in healthy adult males.[14] However, the revised
limits could classify those who were considered normal as
abnormal by the recommended revised lower cut-off values,
which may increase the absolute number of patients who would
require further evaluation without clear clinical benefits or
practical outcomes. Other limitations of standard biochemical
liver function tests have been discussed in the literature
[examples].[16,17,18]

With this information in mind, clinicians and researchers are
examining the clinical use of serum bile acid in the diagnosis of
liver injury and diseases.
Therefore, this systematic review aimed to determine the

diagnostic accuracy of total serum bile acids, individual serum
bile acids, bile acid ratios, and urinary bile acid concentrations as
potential biomarkers of liver injury or liver dysfunction, and to
examine the sensitivity and specificity of bile acid levels compared
to those of standard biochemical liver function tests. The review
rationales were to assess what serum bile acids can add to the liver
function tests or whether any of the bile acid measurements offer
a better diagnostic test on its own and address the current gaps
observed using standard biochemical liver tests. Although there
are several studies on serum bile acids and liver function tests
dating back to the 70second and 80second of the last century in
adults and pediatric patients, it was decided to focus this review
on adult patients only and included studies from 1990 to 2017.
The reason for not including studies before 1990 is the presence
of literature reviews on these years, and we do not want to repeat
what we already know from the literature.[17] We also felt that
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expanding the scope of the review to cover pediatric and neonatal
liver diseases will complicate the scope of this review.
Bile acids have beenmeasured using several methods, including
1.
 the enzymatic assay of total bile acids with recombinant 3-
alpha-hydroxysteroid dehydrogenases[19] and
2.
 radioimmunoassay of bile acids to detect conjugated bile acids
in the serum, including conjugates of cholic, chenodeox-
ycholic, deoxycholic, and sulfolithocholic acids. The method
showed the absence of a cross-reaction between glycine and
taurine conjugates.[20] This method is currently obsolete.
3.
 High performance liquid chromatography- ultraviolet detec-
tion of conjugated bile acids,
4.
 gas-liquid chromatography for conjugated and individual bile
acids,[21] and
5.
 liquid chromatography mass spectrometry that may
come under several names and settings (liquid chromato-
graphy-mass spectrometry [LC-MS], high-performance
liquid chromatography-mass spectrometry [HPLC-MS], and
ultra-performance liquid chromatography-tandem mass spec-
trometry ).[22]

Therefore, the research questions are:
1.
 Can the measurement of serum bile acids in total or as
individual bile acids in serum or urine offer an accurate
diagnostic test of liver injury/dysfunction?
2.
 What are the sensitivity and specificity measures of bile acid
concentrations compared to standard biochemical liver
function tests?

2. Methods

2.1. Review design

This systematic review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines.[23] This is
a systematic review of the literature; there is no psychological
or physical injury to humans or personal information to be
revealed. The College of Medicine IRB recommended that the
review does not require ethical approval, as per international
standards.
2.2. Literature search

We searched the PubMed, EMBASE, and Web of Science
databases for bile acid and liver dysfunction or liver injury
studies. The search covered studies from 1990 toDecember 2017.
The search was limited to studies in English and was conducted
on humans. We searched the databases using the following
keywords: “Bile acids,” “Bile salts,” “Liver dysfunction,” “Liver
injury,” “Liver function tests,” “Bilirubin,” “Aspartate amino-
transferase,” “Alanine aminotransferase,” “Alkaline phospha-
tase,” “Serum bile salts,” “Serum bile acids,” “Urine bile salts,”
and “Urine bile acids.” All searches were performed indepen-
dently by 2 researchers (the first author and a research assistant
with a medical background). We performed another search
manually by searching the list of references in the identified
studies not found in the database search.[24]

We also searched the journals listed by the Journal Citation
Reports-2016 of the Web of Science under the category of
gastroenterology and hepatology, and the Cochrane Central
3

Register of Controlled Trials (the Cochrane Library) using the
same keywords. Both searches were completed in April 2018.
2.3. Criteria for consideration of studies

The following inclusion and exclusion criteria were used. We
included studies that reported the use of bile acids as biomarkers
for hepatic dysfunction or liver injury. The search was limited to
studies in English and conducted on humans. Animal or animal
models were not included. Articles that were solely on pediatric
patients (age <18years) were not included. We did not include
editorials, commentaries, letters to the editor, conference
proceedings, abstracts, or monographs.

2.4. Study selection

Two researchers independently reviewed the titles of articles and
the content of the abstracts of all identified citations. Relevant
studies have been retrieved and reviewed in detail. Any
disagreement on judging the articles was discussed by the 2
evaluators. The full texts of relevant articles were collected, and
the contents were examined against the selection criteria selection
criteria. The reviewers were not blinded to the authors’ names or
institutions. Only studies that matched the selection criteria were
included.
2.5. Data extraction

Data were independently extracted by 2 evaluators using a
predefined extraction form. The following data were abstracted
in the form:
1.
 first author’s name,

2.
 year of publication,

3.
 aims and research questions,

4.
 number of patients, number of subjects under control,

5.
 liver injury investigated,

6.
 liver biomarkers used in the assessment,

7.
 type of bile acid analyzed,

8.
 method used in bile acid analysis,

9.
 results of bile acids compared to other biomarkers, and
10.
 the institute, research centre, university, city, and country
where the study was conducted.
Details on reported statistical associations and comparison of
the results obtained with those obtained using other methods
were also evaluated.

2.6. Statistical analysis

Using SPSS software, the agreement between evaluators
(measurement of the degree of inter-rater agreement) was
calculated using Cohen’s kappa coefficient.[25] The sensitivity
of serum bile acids describes how well the test can detect the
disease or liver dysfunction in patients with the disease. Specificity
refers to the percentage of people who test negative for a disease
among a group of people. To calculate sensitivity and specificity,
we used the following equations:[17]

Sensitivity number of true positives = ½true positive
þ number of false negatives

http://www.md-journal.com


Figure 1. PRISMA flowchart showing articles searched on the use of serum and urinary bile acids in the assessment of liver injury and those finally included in the
review.
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Specificity ¼ number of true negatives = ½true negative
þ number of false positives�:

3. Results

3.1. Literature search and selection process

Figure 1 is a flow diagram summarizing the search and selection
process for articles in the literature. And 47 potentially relevant
publications were identified from the search of the 3 databases.
After the removal of duplicates, 278articles remained. Of these,
189 were not relevant to the inclusion criteria. Eighty nine full-
text articles were assessed for eligibility. Finally, we identified 26
4

articles that met our selection criteria and were consistent with
the aims of the systematic review.[26–53] The inter-rater agreement
between evaluators had a kappa score in the range of 0.85 to 0.89

3.2. Characteristics of studies included in the review

Table 1 summarizes the details of the 8 studies based on the use of
total serum bile acids as a liver biomarker.[26–33]Table 2
summarizes 18 studies based on the use of individual serum
bile acids and bile acid ratios as liver biomarkers.[34–51]Table 3
summarizes the 2 studies based on the use of urinary bile acids as
liver biomarkers.[52–53] A total of 1630 patients and 836 subjects
(controls) were included in the study. The number of patients and
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w
in
g
4
ye
ar
s
th
an

th
os
e
w
ith

ch
en
od
eo
xy
ch
ol
ic

ac
id
le
ve
ls
<
15

m
um

ol
/L

(P
<
.0
5)
.

-T
he

ta
ur
oc
ho
lic

ac
id
/

ta
ur
oc
he
no
de
ox
yc
ho
lic

ac
id

ra
tio

fe
ll
du
rin
g
pr
og
re
ss
io
n

of
pr
im
ar
y
bi
lia
ry
ci
rrh
os
is
bu
t

ro
se

in
te
m
po
ra
lr
el
at
io
ns
hi
p

w
ith

pr
im
ar
y
sc
le
ro
si
ng

ch
ol
an
gi
tis

co
ul
d
si
m
ila
rly

di
sc
rim

in
at
e

be
tw
ee
n
th
e
tw
o
gr
ou
ps

at
en
try
.

Ti
m
e-
de
pe
nd
en
t
an
al
ys
es

fo
r
th
e

ch
ol
ic
ac
id
/c
he
no
de
ox
yc
ho
lic

ac
id
ra
tio
,
se
ru
m

to
ta
l

bi
lir
ub
in
an
d
al
bu
m
in

co
nc
en
tra
tio
ns

an
d
Ch
ild
-

Tu
rc
ot
te
an
d
M
ay
o
sc
or
es

w
er
e
ab
le
to
di
ffe
re
nt
ia
te

be
tw
ee
n
pr
im
ar
y
sc
le
ro
si
ng

ch
ol
an
gi
tis

pa
tie
nt
s
w
ho

di
ed

or
w
er
e
tra
ns
pl
an
te
d
an
d

th
os
e
w
ho

w
er
e
no
t.

in
bo
th

di
se
as
es

w
er
e

in
de
pe
nd
en
t
in
di
ce
s
th
at

al
lo
w
ed

fo
r
th
e
pr
ed
ic
tio
n
of

su
rv
iva
lo
r
th
e
ne
ed

fo
r
liv
er

tra
ns
pl
an
ta
tio
n.

Ju
ra
te
et
al

(2
01
7)
[4
2]

Pa
tie
nt
s
w
ith

in
tra
he
pa
tic

ch
ol
es
ta
si
s
of
pr
eg
na
nc
y

(IC
P)
.

Cl
in
ic
al
pr
es
en
ta
tio
n,

an
d

in
ve
st
ig
at
io
ns

In
tra
he
pa
tic

ch
ol
es
ta
si
s
of

pr
eg
na
nc
y=

61
29

Co
nv
en
tio
na
ll
ive
r
fu
nc
tio
n

te
st
s

-In
IC
P
pa
tie
nt
s,
to
ta
lb
ile

ac
id
s

le
ve
ls
w
er
e
hi
gh
er

th
an

in
he
al
th
y
w
om

en
du
e
to

in
cr
ea
se

in
ch
ol
ic
ac
id
an
d

ch
en
od
eo
xy
ch
ol
ic
ac
id
.

-T
he

CA
/C
DC

A
ra
tio

w
as

si
gn
ifi
ca
nt
ly
hi
gh
er

in
IC
P

pa
tie
nt
s
co
m
pa
re
d
to
he
al
th
y

pr
eg
na
nt

w
om

en
-T
ot
al
SB
A,

CA
,
CD

CA
w
er
e
of

hi
gh
er

se
ns
iti
vit
y.

Es
ta
bl
is
hm

en
t
of
lo
w
er

cu
t-
of
f

va
lu
es

fo
r
tra
ns
am

in
as
es

ac
tiv
ity

m
ig
ht

on
ly
m
in
im
al
ly

in
cr
ea
se

th
e
ac
cu
ra
cy

of
di
ag
no
si
ng

IC
P.

Th
e
st
ud
y
di
d
no
t
re
ve
al
an
y

si
ng
le
sp
ec
ifi
c
an
d
se
ns
iti
ve

m
ar
ke
r
fo
r
re
lia
bl
e
di
ag
no
sis

of
IC
P.

Ba
um

ga
rtn
er

et
al

(1
99
5)
[4
3]

Pa
tie
nt
s
w
ith

gr
af
t
dy
sf
un
ct
io
n

af
te
r
or
th
ot
op
ic
liv
er

tra
ns
pl
an
ta
tio
n.

Cl
in
ic
al
pi
ct
ur
e,
ro
ut
in
e
se
ru
m

liv
er

fu
nc
tio
n
te
st
s,
liv
er

bi
op
sy
,
an
d
ou
tp
ut

of
bi
lia
ry

lip
id
s
ov
er

20
–
25

da
ys
.

12
pa
tie
nt
s
(w
ith

di
ffe
re
nt

po
st
op
er
at
ive

co
ur
se
s)

0
Ro
ut
in
e
se
ru
m

liv
er

fu
nc
tio
n

te
st
s

Th
e
ra
tio

of
TC
/G
C
de
cr
ea
se
d

po
st
tra
ns
pl
an
ta
tio
n
un
til

re
je
ct
io
n
ap
pe
ar
ed
.
At

th
is

tim
e
se
ru
m

BA
co
nc
en
tra
tio
n,

no
rm
al
ize
d
bi
le
fl
ow
,
ur
in
ar
y

BA
ex
cr
et
io
n
an
d
TC
/G
C-
ra
tio

ro
se
;
bi
lia
ry
lip
id
ou
tp
ut

an
d

bi
le
fl
ow

de
cr
ea
se
d.

Th
e
ch
an
ge
s
oc
cu
rre
d
in
m
os
t

pa
tie
nt
s
at
th
e
sa
m
e
da
y
or

1–
3
da
ys

ea
rli
er

th
an

th
e

ch
an
ge
s
in
AS
T.

De
te
rm
in
at
io
n
of
se
ru
m

bi
le

ac
id
s,
TC
/G
C
an
d
ou
tp
ut

of
bi
lia
ry
lip
id
s
m
ay

he
lp
in

de
te
ct
in
g
gr
af
t
dy
sf
un
ct
io
n

Hu
an
g
et
al

(2
00
9)
[4
4]

Pa
tie
nt
s
w
ith

in
tra
he
pa
tic

ch
ol
es
ta
si
s
of
pr
eg
na
nc
y

(IC
P)
.

Cl
in
ic
al
pi
ct
ur
e
an
d

in
ve
st
ig
at
io
ns
.

20
8

0
Ro
ut
in
e
se
ru
m

liv
er

fu
nc
tio
n

te
st
s

Th
e
CA

/C
DC

ra
tio

co
nt
rib
ut
ed

lit
tle

to
th
e
di
ag
no
si
s
of

in
tra
he
pa
tic

ch
ol
es
ta
si
s
of

pr
eg
na
nc
y.

As
pa
rta
te
tra
ns
am

in
as
e
an
d

al
an
in
e
tra
ns
am

in
as
e
w
er
e

el
ev
at
ed
.

Th
e
st
ud
y
su
pp
or
ts
th
e
us
e
of

to
ta
lb
ile

ac
id
al
on
e,
w
ith
ou
t

an
al
yz
in
g
in
di
vid
ua
lb
ile

ac
id

sp
ec
ie
s,
fo
r
ca
lc
ul
at
io
n
of
th
e

bi
le
ac
id
ra
tio
.

Tr
ic
he
t
et
al

(1
99
4)
[4
5]

Pa
tie
nt
s
w
ith

al
co
ho
lic

he
pa
tit
is

Cl
in
ic
al
pi
ct
ur
e,
in
ve
st
ig
at
io
ns
,

liv
er

bi
op
sy
.

36
0

Ro
ut
in
e
se
ru
m

liv
er

fu
nc
tio
n

te
st
s.

To
ta
lS
BA

w
er
e
in
cr
ea
se
d
in

97
%

of
pa
tie
nt
s
an
d

pa
rti
cu
la
rly

CA
,
an
d
CD

CA
.

-S
er
um

bi
lir
ub
in
le
ve
ls
w
er
e

in
cr
ea
se
d
in
on
ly
72
%

of
pa
tie
nt
s.

-T
he

bi
lir
ub
in
le
ve
lw

as
co
rre
la
te
d
w
ith

th
e

ch
ol
es
ta
si
s
sc
or
e,
bu
t
no
t

w
ith

th
e
al
co
ho
lic

he
pa
tit
is
or

fi
br
os
is
sc
or
es
.

A
si
gn
ifi
ca
nt

co
rre
la
tio
n
w
as

no
te
d
be
tw
ee
n
th
e
al
co
ho
lic

he
pa
tit
is
sc
or
es

an
d
to
ta
l

SB
A,

CA
an
d
CD

CA
le
ve
ls
.

No
si
gn
ifi
ca
nt

co
rre
la
tio
ns

w
as

fo
un
d
be
tw
ee
n
th
e
al
co
ho
lic

he
pa
tit
is
an
d
ch
ol
es
ta
si
s

sc
or
es
.

Tr
ot
tie
r
et
al

(2
01
1)
[4
6]

Pa
tie
nt
s
w
ith

pr
im
ar
y
bi
lia
ry

ci
rrh
os
is
(P
BC

)a
nd

pa
tie
nt
s

w
ith

pr
im
ar
y
sc
le
ro
si
ng

ch
ol
an
gi
tis

(P
SC
).

Cl
in
ic
al
pi
ct
ur
e,
in
ve
st
ig
at
io
ns

in
cl
ud
in
g
ER
CP
,
M
RC

P.
Pr
im
ar
y
bi
lia
ry
ci
rrh
os
is
=
12

Pr
im
ar
y
sc
le
ro
si
ng

ch
ol
an
gi
tis
=
6

Co
nt
ro
l=

30
Co
nt
ro
l=

30
Ro
ut
in
e
liv
er

fu
nc
tio
n
te
st
s,

to
ta
lc
ho
le
st
er
ol
,
hi
gh

de
ns
ity

lip
op
ro
te
in
,
lo
w

de
ns
ity

lip
op
ro
te
in
,

tri
gl
yc
er
id
es
,
bo
dy

m
as
s

in
de
x.

-
Th
e
co
nc
en
tra
tio
n
of
to
ta
lB

A,
ta
ur
in
e
an
d
gl
yc
in
e

co
nj
ug
at
es

of
pr
im
ar
y
bi
le

ac
id
s
w
as

el
ev
at
ed

in
bo
th

pa
tie
nt
s
w
ith

PB
C
an
d
PS
C

w
he
n
co
m
pa
re
d
to
no
n-

ch
ol
es
ta
tic

do
no
rs
.

-S
am

pl
es

fro
m

PS
C
pa
tie
nt
s

di
sp
la
ye
d
re
du
ce
d
le
ve
ls
of

se
co
nd
ar
y
ac
id
s,
w
he
n

co
m
pa
re
d
to
no
n
ch
ol
es
ta
tic

an
d
PB
C
se
ra
.

-T
he

ra
tio

of
to
ta
lg
lyc
in
e
ve
rs
us

to
ta
lt
au
rin
e
co
nj
ug
at
es

w
as

re
du
ce
d
in
pa
tie
nt
s
w
ith

PB
C,

bu
t
no
t
in
PS
C.

AL
T,
AS
T,

AL
P,

to
ta
lb
ilir
ub
in

le
ve
ls
w
er
e
ra
is
ed

in
bo
th

PB
C
an
d
PS
C.

Ci
rc
ul
at
in
g
bi
le
ac
id
s
ar
e
al
te
re
d

di
ffe
re
nt
ia
lly

in
PB
C
an
d
PS
C

pa
tie
nt
s.

Tr
ot
tie
r
et
al

(2
01
1)
[4
7]

Pa
tie
nt
s
w
ith

bi
lia
ry
ob
st
ru
ct
io
n,

be
fo
re

an
d
af
te
r
bi
lia
ry

st
en
tin
g.

Cl
in
ic
al
pr
es
en
ta
tio
n
an
d

in
ve
st
ig
at
io
ns
.

17
40

AS
T,

AL
T,

GG
T,

an
d
to
ta
l

bi
lir
ub
in

-T
ot
al
se
ru
m

BA
co
nc
en
tra
tio
n

in
cr
ea
se
s
fro
m

2.
7
m
M

in
co
nt
ro
lt
o
15
6.
9
m
M

in
un
tre
at
ed

pa
tie
nt
s
w
ith

bi
lia
ry

st
en
os
is.

-S
er
um

TC
an
d
GC

ac
id
s
ex
hi
bi
t

30
4-

an
d
24
1-
fo
ld

ac
cu
m
ul
at
io
ns

in
pa
tie
nt
s

w
ith

bi
lia
ry
ob
st
ru
ct
io
n

co
m
pa
re
d
to
co
nt
ro
ls
.

-T
he

en
ric
hm

en
t
in
CD

CA
ac
id

sp
ec
ie
s
re
ac
he
d
a
m
ax
im
um

of
on
ly
39
-f
ol
d,

w
hi
le
al
l

AS
T,

AL
T,

AL
P,

an
d
GG

T
w
er
e

si
gn
ifi
ca
nt
ly
ra
is
ed

in
st
en
os
ed

pa
tie
nt
s
be
fo
re

st
en
tin
g
co
m
pa
re
d
to
af
te
r

st
en
tin
g.

Bi
lia
ry
ob
st
ru
ct
io
n
af
fe
ct
s

di
ffe
re
nt
ia
lly

th
e
ci
rc
ul
at
in
g

an
d/
or

ur
in
ar
y
le
ve
ls
of
th
e

va
rio
us

bi
le
ac
id
s

Azer and Hasanato Medicine (2021) 100:41 www.md-journal.com

7

http://www.md-journal.com


St
ud
y

(y
ea
r)
R
ef
er
en
ce

Pr
es
en
ta
tio

n/
Li
ve
r
in
ju
ry
/

dy
sf
un
ct
io
n

Ho
w

co
nfi

rm
ed
?

No
of

pa
tie
nt
s

No
of

co
nt
ro
l

W
ha
t
el
se

w
as

m
ea
su
re
d?

Bi
le

sa
lt
re
su
lts

Ot
he
r
re
su
lts

Co
nc
lu
si
on
s

se
co
nd
ar
y
an
d
6a

-
hy
dr
ox
yla
te
d
sp
ec
ie
s–
ex
ce
pt

TL
C
ac
id
s–
w
er
e
ei
th
er

un
ch
an
ge
d
or

si
gn
ifi
ca
nt
ly

re
du
ce
d.

-S
te
nt
in
g
re
st
or
ed

al
m
os
t
no
rm
al

ci
rc
ul
at
in
g
pr
ofi
le
an
d

re
du
ce
d
ur
in
ar
y
bi
le
ac
id
s.

Da
sa
ra
th
y
et
al

(2
01
1)
[4
8]

Pa
tie
nt
s
w
ith

no
na
lc
oh
ol
ic

st
ea
to
he
pa
tit
is
(N
AS
H)

Cl
in
ic
al
pr
es
en
ta
tio
n,

in
ve
st
ig
at
io
ns

in
cl
ud
in
g
liv
er

bi
op
sy
.

36
38

Pl
as
m
a
co
nc
en
tra
tio
n
of

fa
tty

ac
id
s,
Be
ta
-

hy
dr
ox
yb
ut
yr
at
e,
in
su
lin
,

gl
uc
os
e,
le
pt
in
,
al
an
in
e

am
in
ot
ra
ns
fe
ra
se

(A
LT
),

as
pa
rta
te

am
in
ot
ra
ns
fe
ra
se

(A
ST
),

FG
F2
1,

an
d
8-

hy
dr
ox
yd
eo
xy
gu
an
os
in
e.

Fa
st
in
g
pl
as
m
a
bi
le
ac
id
s

(g
lyc
oc
ho
la
te
,
ta
ur
to
ch
ol
at
e,

an
d
ta
ur
oc
he
no
de
ox
yc
ho
la
te
)

w
er
e
si
gn
ifi
ca
nt
ly
hi
gh
er

in
pa
tie
nt
s
w
ith

NA
SH

Fa
st
in
g
pl
as
m
a
AS
T,

AL
T,

tri
gl
yc
er
id
es
,
FG
F2
1,

le
pt
in

co
nc
en
tra
tio
ns

w
er
e
hi
gh
er

in
pa
tie
nt
s
w
ith

NA
SH
.

El
ev
at
ed

bi
le
ac
id
an
d
FG
F2
1

m
ay

be
re
sp
on
si
bl
e
fo
r
th
e

hi
gh
er

he
pa
tic

fa
tty

ac
id

ox
id
at
io
n
in
NA

SH
.

Tr
ib
e
et
al

(2
01
0)
[4
9]

Pa
tie
nt
s
w
ith

in
tra
he
pa
tic

ch
ol
es
ta
si
s
of
pr
eg
na
nc
y

(IC
P)

Cl
in
ic
al
pi
ct
ur
e
an
d

in
ve
st
ig
at
io
ns
.

Pa
tie
nt
s
w
ith

IC
P
=
26

Pa
tie
nt
s
w
ith

pr
ur
itu
s

gr
av
id
ar
um

=
43

26
St
an
da
rd

liv
er

fu
nc
tio
n

te
st
s.

-IC
P
w
as

as
so
ci
at
ed

w
ith

a
pr
ed
om

in
an
t
in
cr
ea
se

in
ch
ol
ic
ac
id
co
nj
ug
at
ed

w
ith

ta
ur
in
e
an
d
gl
yc
in
e,
fro
m

24
w
ee
ks

of
pr
eg
na
nc
y.

-B
ile

ac
id
pr
ofi
le
s
w
er
e
si
m
ila
r
in

no
rm
al
pr
eg
na
nc
y
(c
on
tro
l)

an
d
pr
eg
na
nc
y
as
so
ci
at
ed

w
ith

pr
ur
itu
s
gr
av
id
ar
um

.

Th
er
e
w
as

a
si
gn
ifi
ca
nt

co
rre
la
tio
n
be
tw
ee
n
TU
DC

A
an
d
AS
T
le
ve
ls
.

Th
e
bi
le
ac
id
pr
ofi
le
s
im
pl
ic
at
ed

th
e
ro
le
of
ta
ur
in
e
co
nj
ug
at
ed

bi
le
ac
id
s
in
IC
P

In
di
vid
ua
lb
ile

ac
id
pr
ofi
le
s
in

pr
ur
itu
s
gr
av
id
ar
um

is
qu
ite

di
st
in
ct
fro
m

IC
P.

M
ar
tin
ef
sk
ie
t
al

(2
01
2)
[5
0]

Pa
tie
nt
s
w
ith

in
tra
he
pa
tic

ch
ol
es
ta
si
s
of
pr
eg
na
nc
y

(IC
P)
.

Cl
in
ic
al
pi
ct
ur
e
an
d

in
ve
st
ig
at
io
ns
.

32
38

St
an
da
rd

liv
er

fu
nc
tio
n
te
st
s

LC
A
an
d
UD

CA
/L
CA

ra
tio

pr
ov
id
ed

in
fo
rm
at
io
n
fo
r
a

m
or
e
co
m
pl
et
e
an
d
ac
cu
ra
te

di
ag
no
sis

an
d
ev
al
ua
tio
n
of

IC
P
th
an

ca
lc
ul
at
io
n
of
so
le
ly

TS
BA

le
ve
ls
in
pr
eg
na
nt

w
om

en

Se
ru
m

bi
lir
ub
in
,
AS
T,

AL
T,

an
d

AL
P,

w
er
e
si
gn
ifi
ca
nt
ly
ra
is
ed

in
pa
tie
nt
s
w
ith

IC
P
an
d
hi
gh

pr
ur
itu
s
sc
or
e,
no
t
w
he
n
IC
P

w
as

as
so
ci
at
ed

w
ith

lo
w

pr
ur
itu
s
sc
or
e.

In
IC
P,

in
di
vid
ua
ls
er
um

bi
le

ac
id
s
su
ch

as
LC
A
an
d

UD
CA

/L
CA

ra
tio

pr
ov
id
e
m
or
e

ac
cu
ra
te
in
fo
rm
at
io
n
th
an

to
ta
lS
BA

M
az
ze
lla

et
al

(2
00
1)
[5
1]

Pa
tie
nt
s
w
ith

in
tra
he
pa
tic

ch
ol
es
ta
si
s
of
pr
eg
na
nc
y

(IC
P)
.

Cl
in
ic
al
pi
ct
ur
e
an
d

in
ve
st
ig
at
io
ns
.

20
IC
P
pa
tie
nt
s
tre
at
ed

w
ith

UD
CA

10
un
tre
at
ed

IC
P
pa
tie
nt
s.

Li
ve
r
fu
nc
tio
n
te
st
s,

m
ea
su
re
m
en
t
of
BA

in
am

ni
ot
ic
fl
ui
d
an
d

um
bi
lic
al
co
rd

se
ru
m
.

M
at
er
na
ls
er
um

co
nj
ug
at
ed

CA
an
d
CD

CA
le
ve
ls
fe
ll
in

tre
at
ed

pa
tie
nt
s
an
d

re
m
ai
ne
d
un
af
fe
ct
ed

in
un
tre
at
ed

on
es

(=
no
t

si
gn
ifi
ca
nt
).
In
tre
at
ed

m
ot
he
rs
co
nj
ug
at
ed

CA
an
d

CD
CA

in
th
e
co
rd

bl
oo
d
w
er
e

lo
w
er

co
m
pa
re
d
to
th
os
e
in

un
tre
at
ed

on
es
.

Se
ru
m

AS
T,

AL
T,

an
d
AL
P,

w
er
e

si
gn
ifi
ca
nt
ly
ra
is
ed

in
pa
tie
nt
s

w
ith

IC
P

Tr
ea
tm
en
t
w
ith

in
cr
ea
si
ng

do
se
s

of
UD
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Figure 2. Distribution of publications included in the review over the years (1990–2017).

Azer and Hasanato Medicine (2021) 100:41 Medicine
controls in the studies assessing total serum bile acids were
511and 294, respectively. In the studies assessing individual
serum bile acid and bile acid ratios, 971 and 452 patients and
controls, respectively. In studies assessing urinary bile acids, the
numbers of patients and controls were 148 and 90, respectively.
The studies were conducted between 1990 andDecember 2017

(over 27years). Figure 2 shows the distribution and number of
studies conducted during these years. It is obvious that there is
more interest in this area recently, as 50% of these studies were
published after 2010.

3.3. Countries and institutes/universities involved

Geographically, these studies were performed in the United
States,[34,44,48,52] Australia,[37,39,41] Spain,[36,38] Germany,[26,43]

Canada,[46,47] Thailand,[31,40] Indonesia,[28] Egypt,[27]

Austria,[29] Brazil,[30] Israel,[32] China,[35] Lithuania,[42]

France,[45] United Kingdom,[49] Argentina,[50] and Japan.[53]

The top universities and research institutes that led such research
were the University of Kansas Medical Center, Kansas City,
Kansas, University of Arizona, College ofMedicine, Arizona;New
York University, New York; Cleveland Clinic, Cleveland, Ohio;
University of Nebraska Medical Center, Omaha, Nebraska;
National Institute of Occupational Health and Safety, Worksafe
Australia, Sydney, NSW; University of Sydney, Sydney, NSW;
Universitatsklinikum Essen, Hufelandstr. Essen, University of
Freiburg; Khon Kaen University, Khon Kaen; Faculty of Tropical
Medicine Mahidol University, Bangkok; Sevicio de Medicina
Interna, Hospital de Galdakao, Vizcaya; CHUQResearch Center,
Faculty of Pharmacy, Laval University, Quebec.
3.4. Liver injuries studied

The liver injuries included in these studies may be summarized as
follows: first, studies involving total serum bile acids as a liver
biomarker (Table 1): acute graft rejection after liver transplanta-
10
tion,[26] exposure to solvents,[27,30] severe obstructive jaun-
dice,[28] chronic severe pruritus refractory to treatment,[29]

cholangiocarcinoma,[31] ICP,[33] and chronic hepatitis C.[32]

Second, studies involving individual serum bile acids and bile acid
ratios as liver biomarkers (Table 2): acetaminophen-induced
acute liver failure,[34] ICP,[35,42,44,49,50,51] chronic active hepati-
tis,[36] occupational exposure to chemicals,[37] chronic liver
disease,[38] graft malfunction or hepatic allograft rejection after
orthotopic liver transplantation,[39,43] cholangiocarcinoma and
hepatocellular carcinoma,[40] chronic cholestatic liver dis-
ease,[41,46] alcoholic hepatitis,[45] biliary obstruction,[47] and
non-alcoholic steatohepatitis.[48] Third, studies involving urinary
bile acids as a liver biomarker (Table 3): hepatobiliary disease[52]

and hepatobiliary disease in patients who underwent surgical
procedures.[53]
3.5. Methods used in bile acid assay

The methods used in bile acid assay may be summarized as
follows (Table 4): First, studies involving total serum bile acids as
a liver biomarker: total bile acids assay kits and enzymatic
colorimetric determination[27,28,29,30,31] and enzymatic photo-
metric method.[26] Second, studies involving individual serum
bile acids and bile acid ratios as liver biomarkers: ultra-
performance liquid chromatography,[34] high-performance liq-
uid chromatography-tandem mass spectrometry,[35] radioimmu-
notherapy using commercially available kits,[36,38,44] high-
performance liquid chromatography,[37,39,41,43,45] gas-liquid
chromatography,[42] LC-MS/MS system with an electrospray
interface,[46] high-performance liquid chromatography with an
MS/MS system with an electrospray interface,[47,48,49] capillary
electrophoresis, and cyclodextrin-modified micellar electrokinet-
ic chromatography.[50]Third, studies involving urinary bile acids
as liver biomarkers: LC-MS/MS system with an electrospray
interface,[52] and a commercially available kit utilising direct
enzymatic assay.[53]
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ra
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ra
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.
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ra
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ra
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m
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tio
na
l

He
al
th

&
Sa
fe
ty
,
NS

W
,
Sy
dn
ey

(A
us
tra
lia
).

Ch
an
gb
um

ru
ng

(1
99
0)
[4
0]

De
te
rm
in
e
th
e
ch
an
ge
s
in
bi
le
ac
id
s

in
pa
tie
nt
s
w
ith

ch
ol
an
gi
oc
ar
ci
no
m
a
an
d

he
pa
to
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pr
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c
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os
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at
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ra
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ra
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at
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ra
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y.

To
ta
ls
er
um

bi
le
ac
id
s
ha
s
a

se
ns
iti
vit
y
of
94
%

an
d
sp
ec
ifi
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.
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at
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ra
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ra
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rta
nt

co
m
po
ne
nt

fo
r
di
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.
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w
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ra
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ra
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os
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in
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ra
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e
hi
st
ol
og
ic
al
fe
at
ur
es

of
al
co
ho
lic

he
pa
tit
is
.
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at
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ra
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.
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.
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w
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ra
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t
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at
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at
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y
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w
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m
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ra
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in
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e
th
e
te
m
po
ra
lc
ha
ng
es

in
bi
le
ac
id
s
in
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3.6. The sensitivity and specificity of bile acid
concentrations

The sensitivity and specificity of bile acid concentrations may be
summarized as follows (Table 4): First, studies involving total
serum bile acid concentrations as a liver biomarker: There was
variability in these scores, which can be summarized as follows:
Bile acids had a sensitivity of 86% and specificity of 100%,[26]

sensitivity of 83.3%, and specificity of 60.2%;[27] bile acids had
the highest sensitivity compared to other liver function tests,[30]

with a sensitivity of 46.7% and specificity of 84.4%,[31]

sensitivity of 93%, and specificity of 63% to 65%.[32] Second,
studies involving individual serum bile acids and bile acid ratios
as liver biomarkers: Not all studies reported the sensitivity or
specificity of individual serum bile acids. A study reported that
the specificity of glycocholic acid was high in the detection of
chronic active hepatitis at different cut-off levels,[36] In
determining the use of individual serum bile acids to assess graft
function after orthotopic liver transplantation, the sensitivity and
specificity of bile acids were in the range of 95% to 100%, none
of the liver biochemical parameters such as serum bilirubin,
alkaline phosphatase, transaminases, or gamma-glutamyltrans-
ferase were able to show such a level of sensitivity or
specificity,[39,43] In ICP, serum cholic acid had a sensitivity of
96% and a specificity of 63%, and chenodeoxycholic acid had a
sensitivity of 88% and specificity of 59%.[42] In another study of
patients with ICP, the highest sensitivity (84%) was achieved by
determining the lithocholic acid (LCA) level, and the highest
specificity (100%) was achieved by calculating the ursodeox-
ycholic acid (UDCA)/LCA ratio, and the highest accuracy was
91.5% if both LCA and UDCA/LCA were achieved.[50] Third,
studies involving urinary bile acids as liver biomarkers: the
percentage amidation UDCA had sensitivity in the range of 90%
to 93% and specificity in the range of 70%–88%. The total
CDCA had a sensitivity in the range of 70% to 77% and
specificity in the range of 70% to 84%. The CA had a sensitivity
in the range of 70% to 77% and specificity in the range of 70%
to 82%.[52]

4. Discussion

This systematic review examined whether bile acid concentration
could be used as a biomarker of liver injury. It also examines the
sensitivity and specificity of bile acids (BA) concentrations
compared with changes in traditional liver function tests. The
review included a total of 28 studies covering total serum bile
acids, individual serum BAs, bile acid ratios, and urinary BAs.
The review shows that there has been significant interest in this
area from over 17 countries over the last 3 decades and is
dedicated to a range of liver disorders.
While a few studies support the use of bile acid measurements

as a potential biomarker in ICP, and in occupational exposure to
hepatotoxicants, the value of elevated serum bile acids as a
diagnostic criterion has been questioned and not confirmed.[54]

Studies covering ICP have recently been reviewed in a Cochrane
study.[54] In our review, we included studies examining the use of
bile acids as a biomarker of liver function in these patients, and
we believe that the Cochrane study is an additional resource for
those interested in further information. On the other hand,
Ovedia et al (2019) recently quantified the adverse perinatal
effects of ICP in women with increased serum BA concentrations.
Their work showed that the risk of stillbirth increased in these
women when the serum BA concentration was ≥100mmol/L.
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Therefore, repeated measurements of serum BA are recom-
mended for these women until delivery. This study highlights the
significance of BA as a predictive test for ICP.[55]

The findings from this systematic review show no consistency
and agreement on a specific individual bile acid to be
recommended in the majority of liver injuries/disorders included
in this review. This inconsistency might be related to several
factors, including differences in the methods used in bile acid
assays, the severity and stage of liver disease, and the type of
individual or total BA used in the study. In addition, not all
studies included liver histological examination to assess the
nature and severity of the lesion and compare these parameters
with serum bile acid levels.
Furthermore, not all studies examined the sensitivity and

specificity of bile acids at the time of the study to identify the
severity of liver damage from bile acid levels. These limitations in
the current literature raise several questions.
First, why do bile acid measurements seem promising as a test

for ICP or exposure to certain chemicals? ICP occurs in women
with increased susceptibility to cholestasis caused by higher
oestrogen levels and other hormonal changes. The disease is
characterized by maternal itching, raised serum BA, and is more
likely to occur in the third trimester or with multiple pregnancies,
which have higher hormone levels than the first trimester or
singleton pregnancy.[56] Symptoms and biochemical changes
usually resolve postpartum. Currently, there is evidence
suggesting that increased susceptibility to the disease in specific
populations is related to one or more genetic variants.[57]

Therefore, more studies are needed to address the current
limitations of the literature.
Second, what are the determinants of serum and urinary bile

acids that could affect their sensitivity and specificity as
biomarkers of liver injury? Theoretically, in healthy individuals,
the determinants of serum bile acids are related to bile acid
conjugation, bile acid absorption, and hepatic clearance. The
evidence demonstrated that acute and chronic interruption of
enterohepatic circulation causes a significant decrease in the basal
levels of cholyl conjugates.[58] In healthy individuals, the majority
of bile acids are recycled in the enterohepatic circulation, and
only a small portion (about 4%–6%) is synthesized in the liver.
Considering the above evidence, the authors concluded that the
determinant of serum bile acids in healthy men is the rate of
intestinal absorption.[58] This factor is not the primary determi-
nant when there is interference with hepatic uptake, transport, or
efflux of bile acids, as is the case with ICP or exposure to certain
chemicals.
Third, what is the future of bile acid research in this area?

Based onwhat was discussed earlier, it appears that BA could be a
promising biomarker in the case of hepatotoxicants that interfere
with hepatic bile acid transport. In addition, the kinetics of
primary bile acids are affected, as in patients after orthotopic liver
transplantation.[59] Assessing the histopathological changes
together with liver function tests may provide a better
understanding of the changes in bile acids and their significance.
In addition, evaluating graft malfunction after orthotopic liver
transplantation by determining bile acid concentrations seems
promising and needs further evaluation by involving a large
number of patients and comparing findings with simultaneous
changes in serum bile acids. Studying the kinetics of primary bile
acids in these patients (2 males and 4 females) 6 to 20months
after transplantation who were treated with cyclosporin A
showed that cholic acid and chenodeoxycholic acid were
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simultaneously determined after oral administration of radioac-
tive bile acids [24–13C]-CA and [24–13C]-CDCA, based on
isotope dilution. When these patients were compared with
control (10 healthy individuals), pool sizes, fractional turnover
rates, and synthesis rates of both primary bile acids, CA and
CDCA, were not significantly different from control subjects.[59]

This review has several strengths: first, the search was carried
out on 3 search databases commonly used by researchers, and we
used search words reflective of the review aims. To maximize the
search yield, we manually searched the list of references of the
identified articles and reviews. Second, we explored the journals
listed by the Journal Citation Reports-2016 of theWeb of Science
and Cochrane Central Register of Controlled Trials (Cochrane
Library). Third, the evaluation of the studies was carried out
independently by 2 evaluators, and the Cohen kappa score for the
inter-rater agreement was satisfactory. However, this review was
not without limitations; only studies in the English language were
considered, raising the possibility that other potential studies on
the topic in others were not included.
Therefore, despite our meticulous search protocol, we might

have missed the inclusion of a few studies. This review presents a
valuable resource for gastroenterologists, hepatologists, physi-
cians, and internists. It is also useful to researchers in this area as
well as trainees in this field. Twenty eight studies could be an ideal
reading material for researchers in this field to identify gaps in
these studies and what should be addressed in future research.
Considering the outcomes outlined in this review, there are

several recommendations concerning future directions in the
research on bile acids. These can be summarized as follows:
First, there is a need for multicenter research in which a large

number of patients are recruited in controlled studies. In these
studies, total serum bile acids, individual serum bile acids, and
urinary bile acid concentrations may be compared with the
results of standard liver function tests. There is also a need to
explore any correlation between histopathological changes in the
liver (the gold standard of liver injury measurement) and bile
acid concentrations. Studies with such a design will accurately
estimate the sensitivity and specificity of bile acids and compare
the findings with those obtained from standard liver function test
results.[59]

Second, the determination of BA and BA profiles has been used
in screening for liver disease in spray workers and ICP; the value
of BA concentration in the diagnosis has been questioned and not
confirmed. It might have prognostic value in women with ICP
when BA concentrations are increased. No studies have
addressed the use of bile acids in patients with severe chronic
liver disease, predicting liver failure, or the need for liver
transplantation. In addition, in patients with cirrhosis and
significant fibrosis when the liver transaminases are within the
normal range, exploring the use of bile acids and bile acid profiles
in these patients.[60,61]

Third, nonalcoholic fatty liver disease (NAFLD) causes
significant changes in the liver. Metabolic risk factors, including
obesity, type-2 diabetes mellitus, dyslipidemia, and metabolic
syndrome, have been linked with the pathogenesis of NAFLD.
Currently, NAFLD is progressively becoming the most common
cause of chronic liver disease in Western countries. Most studies
in the literature exploring NAFLD and bile acids have focused on
the role of bile acids in the pathophysiology, pathogenesis, and
metabolic aspects of bile acids. In addition, changes in circulating
BA, bile acids, and inflammatory mediators have been
addressed.[62] They do not discuss the relationship between BA
16
concentrations as a Predictor of liver function or severity/stage of
NAFLD Further studies are recommended to assess the potential
of BA as a biomarker for NAFLD.
5. Conclusions

This review reflects research over the last 3 decades exploring the
use of bile acids and bile acid profiles in assessing liver
dysfunction or injury and the sensitivity and specificity of bile
acid concentrations. The question that may be raised is, what can
we learn from this review? This analysis highlighted several
deficiencies in the literature in this area. Not all studies have
examined the sensitivity and specificity of bile acids. In addition,
this review shows inconsistencies in the reported results and the
lack of agreement on specific individual bile acid biomarkers of
liver injury and liver dysfunction. While these differences might
be related, in part, to differences in the methods used in bile acid
assays, several studies were based on a small number of patients.
However, weak evidence could add bile acids to routine liver
function tests in ICP and exposure to certain hepatotoxicants.We
identified no studies on the use of BA as a biomarker of NAFLD.
However, there is growing evidence of the use of BA as a
prognostic test in women with ICP and increased serum BA.
Therefore, there is a need for multicenter studies and controlled
studies with a larger number of patients to compare bile acid
concentrations with liver function test results and the severity of
changes in liver histopathology.
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