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Abstract

Background and aims The renin—angiotensin system
(RAS) has an important role in hepatic fibrosis and portal
hypertension. RAS inhibitors are already accepted in clinical
fields for antihypertensive management, but their effects on
hepatic fibrosis are controversial. The aim of this study was to
systematically review the effects of RAS inhibitors on hepatic
fibrosis based on histological assessment.

Methods We performed a systematic review and meta-
analysis (MA) of the literature using the Ovid-MEDLINE,
EMBASE, and Cochrane Library databases (up to January
2015) to identify clinical studies evaluating the effects of
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers on hepatic fibrosis or cirrhosis patients
based on histological assessment. Of the 455 studies
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identified, we analyzed 7, including a total of 1066
patients, which met our selection criteria.

Results  According to the MA, patients treated with RAS
inhibitors had significantly lower fibrosis scores (SMD
—0.68, 95 % CI —1.03, —0.34, I = 0 %, p < 0.0001) and
smaller fibrosis areas (SMD —0.80, 95 % CI —1.18, —0.41,
PP =0%, p<0.0001) than controls. Serum fibrosis
markers such as TGF-B1, collagen I, IV, TIMP-1, and
MMP2 were significantly reduced in the intervention
group. In two studies, mean arterial pressures were sig-
nificantly decreased in RAS inhibitor users, but there were
no reports about symptoms related to decreased blood
pressure. No significant difference was found in serum
creatinine levels between the intervention and control
groups, and significant renal dysfunction was not observed
after administration of RAS inhibitors.

Conclusions RAS inhibitors are potential therapeutic
agents for hepatic fibrosis, which can be safely used in
patients with chronic liver disease.

Keywords Renin—angiotensin system - Hepatic fibrosis -
Systematic review - Meta-analysis

Abbreviations
ACE Angiotensin-converting enzyme

ARB Angiotensin receptor blocker
ATI1-R Angiotensin II type 1 receptor
HCV Hepatitis C virus

MA Meta-analysis

RAS Renin-angiotensin system
RCT Randomized controlled trial
ROS Reactive oxygen stress

SMD Standardized mean difference
SD Standard deviation

SR Systematic review
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Introduction

Even though cirrhosis is the end stage of hepatic fibroge-
nesis, particularly in a compensated stage cirrhosis is cur-
rently considered potentially reversible [1-8]. Amid
changing opinions, it has been suggested that the renin—
angiotensin system (RAS) is an attractive antifibrotic target
in the liver [1, 9, 10]. Ample evidence demonstrates that
overproduction of angiotensin II during chronic liver injury
promotes the activation of hepatic stellate cells, which are
attributed to hepatic fibrosis [1, 10-12]. Additionally, the
antifibrotic effects of angiotensin II-blocking agents have
been reported in various animal models, as well as in
human patients with hepatitis C virus (HCV) or alcoholic
cirrhosis [1, 9-13]. In fact, angiotensin II type 1 receptor
(AT1-R)-blocking agents ameliorate hepatic fibrosis in
alcoholic liver disease through the inhibition of the etha-
nol-induced overproduction of reactive oxygen stress
(ROS), which suggests that reduced oxidative stress by
RAS inhibitors is associated with the prevention of hepatic
fibrosis in alcoholic liver disease [13].

In response to accumulating evidence about the rela-
tionship between RAS and hepatic fibrosis, academics have
begun to focus on RAS inhibitors, such as angiotensin-
converting enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARBs) [11-13]. In light of the role that
the RAS in hepatic fibrosis has demonstrated in previous
literature, pharmacotherapies targeting RAS may be
promising candidates for the amelioration of hepatic
fibrosis [11, 14-16].

In an attempt to confirm the usefulness of RAS inhibi-
tors for hepatic fibrosis, the current study systematically
examines the histologic improvement of patients due to
RAS inhibitors with a literature-based approach. Indeed,
systematic review (SR) and meta-analysis (MA) have been
shown to enable objective analyses of existing evidence
[3-7]. Although a SR of the effects of RAS inhibitors on
the reduction of portal pressure has been conducted [17], to
our knowledge no SR of the effects of RAS inhibitors on
hepatic fibrosis based on histological assessment currently
exists. The systematic review and meta-analysis here aim
to evaluate the antifibrotic effects of RAS inhibitors by
focusing on studies describing the histological improve-
ment of hepatic fibrosis based on liver biopsy [18, 19].

Methods

This study was conducted according to the Cochrane
Handbook for Systematic Reviews of Interventions and the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) group.
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This review focuses on studies evaluating the effects of
RAS inhibitors on hepatic fibrosis or cirrhosis patients based
on histological assessment, particularly with histological
hepatic fibrosis indices such as Ishak, METAVIR, or Laen-
nec scores. Basically, we searched for studies in which
intervention groups using ACE inhibitors or ARBs were
compared with placebo, no-treatment, or other treatment
groups. Histological changes in fibrosis were considered
primary outcomes, while other hepatic fibrosis markers and
side effects were considered secondary outcomes.

We conducted a SR and MA of the literature using Ovid-
MEDLINE (1966 to January 2015), EMBASE (1980 to
January 2015), and the Cochrane library (up to January 2015)
to identify studies. The databases were searched with a
combination of medical subject heading (MeSH) terms and
text words for study populations and interventions, using
Boolean operators. The search terms were [(liver OR hep-
atic) AND (cirrhosis OR fibrosis)] AND [((angiotensin-
converting enzyme) OR ACE) adj inhibitor*] OR (captopril *
OR cilazapril* OR enalapril* OR fosinopril* OR lisinopril*
OR perindopril* OR ramipril* OR quinapril* OR teprotide)
OR [(angiotensin adj3 block*) OR (candesartan OR irbe-
sartan OR losartan OR saralasin OR telmisartan OR valsar-
tan)]. Studies were included if they (1) were randomized or
non-randomized clinical trials or observational studies, (2)
described hepatic fibrosis or cirrhosis populations, (3) used
ACE inhibitors or ARBs as the intervention, (4) were com-
parative studies between an intervention (ACE inhibitors or
ARBSs) and control (other treatment, placebo, etc.), and (5)
had appropriate outcomes indicating the changes of hepatic
fibrosis based on histological assessment. Studies were
excluded if they were (1) animal studies, (2) unpublished, or
(3) not published in English.

Using the search strategy described above, approxi-
mately 455 studies were identified (until January 2015).
After duplicates were eliminated, 354 studies remained, 45
of which were identified as potentially relevant. Among
these 45 studies, 38 were excluded for the following rea-
sons: inappropriate study type (n = 2), no use of ACE
inhibitors or ARBs as interventions (n = 1), no compara-
tive analysis between intervention and control groups
(n = 6), and no appropriate outcomes [e.g., only serum
fibrosis markers or portal pressure outcomes, without his-
tological assessment outcomes (n = 29)]. Consequently, 7
publications (with total patients n = 1066) met the selec-
tion criteria and were included in the analyses [20-26]
(Fig. 1).

Data extraction and methodological quality
assessment

Specific data items were extracted by two researchers (G.
Kim and J. Kim) as follows: authors, study year, country,
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study design, duration of follow-up period, patient char-
acteristics, sample size, type of drugs used, dose and fre-
quency of drugs, histological differences based on
histological assessment, and adverse events. Any dis-
agreements or misunderstandings between the researchers
were discussed until a consensus was reached.

The risk of bias in the selected studies was assessed
using an adaptation of the Cochrane Collaboration’s tool
for assessing risk of bias. The criteria involve assessing
studies for publication, selection, performance, detection,
attrition, and reporting bias. The methodological quality of
the included studies was independently assessed by two
researchers, and disagreements were presented to the whole
group for resolution by consensus.

Data synthesis and analysis

Data analyses were performed using the RevMan 5.3 pro-
gram from the Cochrane Collaboration to analyze the
effects of RAS inhibitors. Random effects models were
used, as they provide more conservative estimates in the
presence of potential heterogeneity. Standardized mean
differences (SMDs) were calculated as means and standard
deviations (SDs) or mean change scores. Heterogeneity
was assessed using the I* statistic. Potential publication
bias was assessed by inspection of funnel plots. If signifi-
cant heterogeneity was present, summary MA was aban-
doned, and possible sources were explored with stratified
analyses. When MA was not practical, a descriptive
explanation was provided.

Results
General characteristics of selected studies

Along with two randomized controlled trials (RCTs) [23,
26], one non-randomized controlled trial [25] and four
cohort studies [20-22, 24] were included in the current
SR and MA. Two studies were conducted in the USA [20,
21], and the other studies were conducted in Argentina
[25], Canada [22], Japan [26], the Republic of Korea [23],
and Spain [24]. The years of publication ranged from
2002 to 2013, and the research periods ranged on average
from 6 months to approximately 7 years. While six
studies [20-22, 24-26] focused on HCV, only one study
[23] focused on alcoholic hepatic fibrosis. In particular,
two of the six studies of HCV patients focused on liver
transplantation recipients with recurrence of HCV [22,
24]. In terms of the types of intervention and control, four
studies used RAS inhibitors as intervention, with other
antihypertensive agents or no-treatment for hypertension
as control groups [20-22, 24]. In two studies, ARBs
(candesartan, losartan) with ursodeoxycholic acid
(UDCA) and UDCA were used as the intervention and the
control groups, respectively [23, 26]. One study compared
ARB (losartan) with a no-treatment control group for
hepatic fibrosis [25]. The names of the ACE inhibitors
used in the selected studies were captopril, enalapril, and
fosinopril, among others, and the names of the ARBs used
were candesartan, irbesartan, losartan, and valsartan
(Table 1).

Fig. 1 Flow chart of study
selection

Results (n=455) derived from search on
Cochrane (n=37), EMBASE (n=157) and
Medline (n=261)

o] Duplication records

A 4

excluded (n=101)

Studies screened by title and
abstract (n=354)

Irrelevant records

\ 4

i excluded (n=309)

Full-text studies needed for
further evaluation (n=45)

Studies excluded following full paper
assessment due to one of the following
reasons (n=38)

\ 4

3 +  Unsuitable study type (n=2)

+ No ACE inhibitors or ARBs as
intervention (n=1)

*  No comparative study (n=6)

» No appropriate outcomes (change

I Selected studies (n=7)

of histological indexes of liver
I fibrosis) (n=29)
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As stated above, we collected only studies that included
changes in histological scores of hepatic fibrosis. There are
several hepatic fibrosis scoring systems based on histo-
logical assessment, including the Ishak score, Laennec
score, METAVIR score, and so on. While the Ishak scoring
system was used in three studies [20, 21, 25], the
METAVIR scoring system was utilized by the other four
[22-24, 26]. Among the studies using METAVIR scores,
one study concurrently used the Laennec scoring system
[23]. These scoring systems allow the stratification of
disease severity into five to seven stages in patients with
liver fibrosis or cirrhosis. The METAVIR scoring system is
a five-level system, whereas the Ishak and Laennec scoring
systems are seven-level systems. The Laennec scoring
system, which has three different levels for cirrhosis, dif-
fers from the other scoring systems, which have only one
level for cirrhosis.

Quality assessment

The majority of the included studies were judged to be at
low or unclear risk of bias. In one study [23], the pathol-
ogists were blinded to the intervention, which is critical in
the evaluation of hepatic fibrosis scores. The other studies
[20-22, 24-26] were regarded as free of risk of bias. The
intervention and control groups in all the cohort studies
were comparable. In one study [20], subjects were pooled
from the HALT-C trial cohort. Although the investigators
did not consider the effects of the use of peg-interferon
alfa-2a in the HALT-C trial, it was stated that there was no
significant difference in hepatic fibrosis progression
between the intervention and control groups. Therefore, we
concluded that there was a low risk of selection bias in the
study. The findings of another study [21] demonstrated no
significant differences with regard to age, gender, ethnicity,
HCV genotype, viral load, estimated duration of HCV
infection, percentage of virological non-responders, alanine
aminotransferase levels, and total cholesterol levels in the
intervention and control groups. In light of the small pos-
sibility of selection bias in these studies [20, 21], they were
considered acceptable, along with the other cohort studies
[22, 24].

Histological improvement: fibrosis scores
and fibrosis areas

To investigate histological improvement as a primary
outcome, fibrosis scores, fibrosis progression rates, and
percentages of the fibrosis area were compared. While the
fibrosis scores and fibrosis progression rates were based on
the hepatic fibrosis scoring systems, the fibrosis progres-
sion rate was calculated for each patient as the difference in

@ Springer

the fibrosis scores of biopsies divided by the histological
follow-up period in years, and expressed as the change in
fibrosis score per year (score/year) [22, 24]. The percent-
ages of fibrosis areas were measured in liver biopsy spec-
imens with a computerized image analysis system [23, 26].

All seven studies reported the fibrosis scores of patients
treated with RAS inhibitors [20-26]; however, from them,
eight outcomes were obtained from hepatic fibrosis scores,
due to the use of two scoring systems in one study [23]. In
four of eight outcomes, fibrosis scores were reduced in the
intervention group, whereas the scores tended to increase in
the control group [21, 23-25]. On the other hand, there was
no significant difference in fibrosis scores between the
groups in four outcomes [20, 22, 23, 26].

Three studies were incorporated into the MA to evaluate
fibrosis score improvement with the use of RAS inhibitors
[23, 25, 26]. The RAS inhibitor group of the MA showed
significantly lower fibrosis scores than the control group
(p < 0.001) (Fig. 2a). As a result of subgroup analysis
according to fibrosis scoring systems, the individual SMDs
of the fibrosis scores were —1.14, —0.61, —0.70 in the
Ishak, METAVIR, and Laennec scoring systems, respec-
tively (Fig. 2a). This means that individuals in the RAS
inhibitor group had lower fibrosis scores than those in
control group, regardless of the scoring system.

Two studies were incorporated into the MA to evaluate
fibrosis area improvement with the use of RAS inhibitors
[23, 26]. The RAS inhibitor group of the MA showed
significantly lower fibrosis areas than the control group
(p < 0.001) (Fig. 2b). In the study by Kim et al., the per-
centage of the fibrosis area decreased in the intervention
group (p < 0.001), whereas it increased in the control
group (p = 0.308). The mean change in percentage of
fibrosis areas were also significantly different between
groups (p = 0.001) (Table 2) [23]. Terui et al. reported a
significant decrease in the percentage of the fibrosis area in
the intervention group (p < 0.001), but an increasing ten-
dency in the control group (Table 2) [26].

Other effects: serum fibrosis markers

As secondary outcomes, serum fibrosis markers such as
TGF-B1, collagen I, collagen IV, TIMP-1, MMP2, and
hydroxyproline were assessed. In the studies with relevant
data, TGF-B1 significantly decreased in the intervention
group, but significantly increased in the control group
(p < 0.05) (Table 3) [23, 26]. Other serum fibrosis markers
related to gene expression in hepatic fibrosis, such as col-
lagen I, IV, TIMP-1, and MMP2, also significantly
decreased in the intervention group while they did not in
control group [23, 26]. Collagen I and collagen IV were
significantly decreased in each intervention groups than
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Table 1 General characteristics of selected studies

First author  Country  Study Histological ~ Characteristics  Drug (n), fibrosis mean Drug, dose, duration of treatment
(publication design, assessment of participants, score, mean age
year) [ref. F/U n (M:F), mean (mean + SD, mean or mean
no.] (months) age (range))
Intervention ~ Control
group group
Kim (2012) Republic  RCT, 6 METAVIR Compensated ARB with UDCA (43), ARB: candesartan, 8 mg/day + UDCA
[23] of Laennec alcoh(.)lic liver UDCA (42), NR, 50.1 + 600 mg/day, 6 months
Korea fibrosis, NR, 9.5 UDCA 600 mg/day, 6 months
METAVIR/ 523 £8.9
Laennec >2
85 (70:15), NR
Terui (2002) Japan RCT, NR METAVIR Hepatitis C, ARB with UDCA (15), ARB: losartan 50 mg/day + UDCA
20l 30 21:9), 55+  UDCA (5. 55407 NR 000 mg/day, NR
NR 23 £06, UDCA 600 mg/day, NR
NR
Sookoian Argentina NRCT, 6 Ishak Chronic hepatitis ~ ARB (14), C" (9), ARB: losartan 50 mg/day, 6 months
(2005) [25] C, 23 (18:5), 329 £ 144, 5674200
NR 49.6 £ 13.0 514 +£96
Abu Dayyeh USA Cohort, 48 Ishak Hepatitis C, ACEi or ARB (' (126), NR, NR, 48 months
(2011) [20] Ishak score >2, (66), 3.22
535 (375:160), 3I0£ENR, 512469
NR 54.3 "
C" (343),
3.15 = NR,
49.1 £7.0
Corey (2009) USA Cohort, NR  Ishak Hepatitis C, ACEi or ARB C' (91), ACEi: captopril, enalapril, lisinopril,
[21] 284 (188:96), NR (143), NR, quinapril, trandolapril, NR,
54.5 + 8.83 ARB: losartan, valsartan, irbesartan
Other antihypertensive agents: [-adrenergic
antagonists, calcium channel antagonists,
diuretics, o-adrenergic antagonists,
vasodilators, NR, 2.08 £ 2.64 years
Guillaud Canada Cohort, METAVIR LT recipients ACEi or ARB (' and C” ACEi (n = 19): ramipril 1.25-10 mg
(2013) [22] 123 with hepatitis 27, (82), (n = 16), enalapril 5 mg (n = 1),
(12-98) C, 109 (85:24), 0 (0-2), 54 0 (0-1) and perindopril 2 mg (n = 1), fosinopril 10 mg
(12-76) ARB (n = 7): losartan 25-50 mg (n = 4),
irbesartan 150 mg (n = 2), candesartan 16
mg (n = 1), >12 months
ACEi + ARB (n = 1): ramipril +
candesartan, >12 months
Rimola (2004)  Spain Cohort, METAVIR LT recipients ACEi or ARB (' (66), ACEi (n = 23): captopril (n = 2), enalapril
[24] 47-80 with hepatitis 27), C’ and C" (n = 20), lisinopril (n = 1), NR, median
NR (31-63) NR. 56 ARB (n = 7): losartan (n = 1), valsartan
(17-67) (n = 5), irbesartan (n = 1), NR, median 41

(13-90) months

Duplication: ACEi + ARB (n = 3), NR,
median 41 (13-90) months

Other antihypertensive agents: Calcium
channel blockers, a-adrenergic blockers,
other agent, NR, median 41 (13-90)
months

ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, C' other antihypertensives, C” no antihypertensive, F female,
M male, NR not reported, nRCT non-randomized controlled trial, RCT randomized controlled trial, UDCA ursodeoxycholic acid, F/U follow-up

control group (collagen I; p < 0.001,
p < 0.05) [26]. TIMP-1 and MMP?2 also decreased signif-
icantly in the intervention group (TIMP-1; p < 0.001,

collagen 1V;

MMP2; p < 0.001), whereas they increased trend in each
control groups, respectively (TIMP-1; p = 0.090, MMP2;

p = 0.091) (Table 3).
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(a)

Intervention Standard Mean Difference
Study or Subgroup Mean SD  Total Mean Total Weight 1V, Random, 95% ClI
Ishak
Sookoian/2005 [25] -064 13 14 0.89 9 8.9% -1.14 (-2.06, -0.23) B
Subtotal (95% ClI) 14 9 8.9% -1.14 (-2.06, -0.23)  ——e—
Heterogeneity Not applicable
Test for overall effects Z =246 (p=0.01)
METAVIR
Kim/2012 [23] -0.2 07 42 0.2 43 63.3% -0.61 (-1.04, -0.17) -
Terui/2002 [26] -0.2 06 15 0.2 15 22.3% -0.60 (-1.33, 0.14) |
Subtotal (95% ClI) 57 58 85.6% -0.61 (-0.98, -0.23) -
Heterogeneity Chi?=-0.00, df = 1(p= 0.98), I*= 0%
Test for overall effects Z=3.17 (p=0.002)
-
Total (95% Cl) 71 67 100% -0.68 (-1.03, -0.34) } } } }
Heterogeneity Chi?=-1.15, df = 3 (p = 0.56), 1= 0% -2 4 0 1 2
Test for overall effects Z = 3.87 (p< 0.00001) Favours [experimental] Favours [control]
Test for subgroup Chi?=-1.15,df =2 (p=0.28), = 12.7%
differences
Intervention Control Standard Mean Difference
Study/Publication year Mean SD  Total Mean SD  Total Weight 1V, Fixed, 95% CI
Kim/2012 [23] -2.6 4.16 42 0.9 51 43 74.9% -0.74 (-1.18, -0.30) ——
Terui/2002 [26] -3 34 15 1 47 15 25.1% -0.95 (-1.71,-0.19) —_—
Total (95% CI) 57 58 100% -0.80 (-1.18, -0.41) -
Heterogeneity Chi*=-0.21, df = 1(p= 0.65), "= 0% : ; : ;
Test for overall effects Z=4.09 (p<0.0001) -2 1 0 1 2

Favours [experimental] Favours [control]

Fig. 2 Forest plot and meta-analysis of hepatic fibrosis. a Forest plot
and meta-analysis for hepatic fibrosis scores. RAS inhibitors signif-
icantly lower hepatic fibrosis scores. b Forest plot and meta-analysis

Lastly, the content of hepatic hydroxyproline signifi-
cantly decreased in the intervention group (p < 0.001),
while no significant change was seen in the control group
(p = 0.162) (Table 3) [23]. Consequently, all serum
fibrosis markers, including TGF-B1, collagen I, collagen
IV, TIMP-1, MMP2, and hydroxyproline, decreased sig-
nificantly in either group of RAS inhibitor users, which can
be interpreted as an indication that RAS inhibitors might
have the effect of retarding hepatic fibrosis.

Safety: blood pressure and renal function

In terms of safety issues, three studies reported relevant
information about hypotension and renal dysfunction,
including blood pressure and serum creatinine [23, 25, 26].
In two studies, post-mean arterial pressures were decreased
in the intervention group in comparison to the control
group (p < 0.05) (Table 4) [23, 26]. However, no severe
decrease in mean arterial pressure was reported in any of
the three studies. Furthermore, there was no report of
dizziness or other symptoms related to reduced blood
pressure [23]. Sookoian et al. presented information related
to blood pressure, including systolic, diastolic, mean arte-
rial pressure, and orthostatic variation in arterial pressure
[25]. A non-significant change in mean arterial pressure
was observed at the end of the follow-up period in com-
parison to baseline values. However, a loss of physiologic
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for the hepatic fibrosis area. RAS inhibitors significantly lessen the
hepatic fibrosis area

increase in diastolic pressure from the supine to the sitting
position was observed following the intervention
(p < 0.001) [25].

In relation to renal dysfunction, serum creatinine values
were reported in three studies [23, 25, 26], and in none of
them were there any significant difference in the serum
creatinine levels of the intervention and control groups.

Discussion

There is accumulating evidence from experimental and
clinical data showing that RAS is involved in liver
fibrosis [1, 9-12]. Angiotensin II induces the activation of
hepatic stellate cells, the main collagen-producing cells in
liver, which promote hepatic fibrosis [13, 14]. Given the
contributing role of angiotensin II in fibrosis, RAS inhi-
bitors have the potential to attenuate hepatic fibrosis [15,
16].

This study is the first review to consider whether the
administration of RAS inhibitors in chronic liver disease
improves hepatic fibrosis, as assessed histologically. Liver
biopsy is the gold standard for assessing the stage of
hepatic fibrosis in patients with chronic liver disease [18,
19]. Accordingly, it is significant that fibrosis scores in this
study were assessed in RAS inhibitor users with chronic
liver disease who had undergone liver biopsies.
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A total of eight outcomes were obtained from hepatic
fibrosis scores, four of which suggested positive effects of
RAS inhibitors on hepatic fibrosis [21, 23-25], whereas the
remaining four demonstrated no beneficial effects of RAS
inhibitors [20, 22, 23, 26]. In our review, all the relevant
studies [23, 25, 26] were incorporated into the MA,
Lo regardless of the fibrosis scoring system. In MA, the RAS
inhibitor group had significantly lower fibrosis scores fol-
lowing the intervention than the control group. In addition,
a significant difference between the intervention and con-
Lo trol groups was observed in the mean changes of fibrosis
scores. One possible reason for the differences in the out-
comes between the individual studies and the MA could be
the small number of subjects in the individual studies,
ranging from 23 to 85. In other words, retrospective studies
may have less significance due to the small number of
subjects.

One study showed contrasting results from different
fibrosis scoring systems (METAVIR vs. Laennec scores)
[23]. While a significant difference in mean changes in
fibrosis scores was observed between the intervention and
control groups under the Laennec scoring system
(p = 0.013), no significant changes were observed under
the METAVIR scoring system (p = 0.103). These con-
trasting results from the same subjects depending on the
scoring system illustrate the need for a MA of studies using
the same fibrosis scoring system. This implies that more
clinical trials regarding the antifibrotic effects of RAS
inhibitors in chronic liver disease patients should be con-
ducted using histological indices.

While there were conflicting results relating to hepatic
fibrosis scores from the selected studies, other indices for
hepatic fibrosis, including the fibrosis area and serum
markers, highlighted the positive effects of RAS inhibitors.
Although histological assessment based on liver biopsy is
the gold standard for the diagnosis of hepatic fibrosis, a
conclusion based only on changes in fibrosis scores might
not suffice. Firstly, there is the possibility of sampling error
during the process of liver biopsy [27]. Secondly, changes
in liver biopsy are delayed relative to changes in several
serum fibrosis markers. In other words, serum fibrosis
markers involved in the process of hepatic fibrosis are able
to capture changes in hepatic fibrosis, which may not be
captured in a liver biopsy. Therefore, the outcomes of the
selected studies were comprehensively considered in our
review. The results of serum fibrosis markers, including
TGF-B1, collagen I, collagen IV, TIMP-1, MMP2, and
hydroxyproline, suggest a positive effect of RAS inhibitors
on hepatic fibrosis. Therefore, in order to confirm the
antifibrotic effect, future studies that include suitable non-
invasive methods such as serum fibrosis markers and
Fibroscan, in addition to the liver biopsy for assessing
fibrosis, would be highly desirable.

—1.50 + 2.70

Mean change
0.80 £ 1.40

Post-
5.10 &= 1.30 4.70 £ 1.00 <0.05

550 £220 580+ 2.10 NS

Collagen IV (ng/mL)

Pre-
Hydroxyproline (ng/g liver tissue)
Post
7.40 £230 8.20 £3.30 0.162

Mean change
—2.10 &£ 1.90
240 + 3.10

Pre

4
—2.60 +1.70 7.80 £240 6.30 +1.70 <0.001

Mean change
1.30 £ 3.20

Post-
6.10 & 3.50 8.50 £+ 4.30 0.003

Collagen I (ng/mL)

Pre-

—420 £ 570 6.60 &4.10 4.50 &+ 3.00 <0.001
Post

Mean change
3.10 £ 5.90

5.60 £3.60 6.90 +4.70 0.091

MMP2 (pg/L)

Pre
—3.30 £2.80 7.70 £4.60 5.10 £ 3.60 <0.001

3.30 £ 2.50 0.002
11.60 &£ 7.50 0.032
1570 £ 3.20 <0.001

Mean change
0.70 £ 1.70

Post-
7.50 £+ 6.70

8.70 £ 5.30
23.80 + 7.80

2270 &£ 7.30 23.70 &£ 7.40 <0.05

Post-

Group. TGF-B1 (ng/mL)
Pre-

I
C
I
C

7.30 £4.30 3.90 £2.40 <0.001
590 £ 3.10 6.60 + 4.50 0.09

Group. TIMP-1 (pg/L)
Pre-

I
C
I
C

[26]

[23]
Terui (2002)

MMP?2 metalloproteinases 2, TIMP-1 tissue inhibitor of metalloproteinase-1, TGF-f1 transforming growth factor beta 1, I intervention, C control

Table 3 Serum fibrosis markers
First author (pub. year) [ref.

no.]
Terui (2002) [26]

Kim (2012) [23]
First author
(pub. year)
Means + SD

[ref. no.]
Kim (2012)
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Table 4 Blood pressure and serum creatinine
First author (publication year) [ref. no.]  Group Pre- Post- p value
Mean arterial pressure (mmHg) Kim (2012) [23] Intervention 103.80 £ 6.80 98.00 &+ 5.80 <0.001
Control 104.20 £+ 7.20 103.40 £+ 6.50 0.524
(p = 0.004)
Sookoian (2005) [25] Intervention ~ 98.40 + 16.30 100.00 4+ 15.80 NS
Control - - -
Terui (2002) [26] Intervention 98.00 + 12.00 94.00 + 10.00 <0.001
Control 95.00 £ 12.00  96.00 £+ 13.00 NS
(p =NR)
Serum creatinine (mg/dL) Kim (2012) [23] Intervention 0.90 £+ 0.20 0.80 &+ 0.20 NR
Control 0.90 + 0.10 0.90 £+ 0.20 NR
(p=NS)
Sookoian (2005) [25] Intervention 0.88 = 0.07 0.95 + 0.11 NS
Control 0.99 £ 0.07 0.96 £ 0.12 NR
(p =NR)
Terui (2002) [26] Intervention 0.90 £+ 0.20 0.90 £+ 0.20 NS
Control 0.90 + 0.20 0.90 + 0.20 NS
(» =NR)

Means + SD
NR not reported, NS not significant

With regard to the side effects of RAS inhibitors, while
significant changes in blood pressure were observed, no
significant changes were observed in serum creatinine. Of
the three studies showing the outcomes of mean arterial
pressure analysis, two studies showed mild but significant
reductions in the intervention group. In addition, although
mean arterial pressure did not change significantly, a loss
of physiologic increase in diastolic pressure from the
supine to the sitting position was observed following the
intervention. Fortunately, these three studies did not report
any significant side effects related to hypotension. These
results suggest that blood pressure should be carefully
monitored following the administration of RAS inhibitors.
Three studies reporting the effects of RAS inhibitors on
serum creatinine levels demonstrated no significant chan-
ges due to the RAS inhibitors. Two studies showed no
significant changes in serum creatinine levels pre- and
post-administration of RAS inhibitors in intervention
groups, and one study showed no difference in serum
creatinine levels between the intervention and control
groups. In summary, significant renal dysfunction was not
observed following the administration of RAS inhibitors.
However, information related to the side effects of RAS
inhibitors was limited. Only three studies presented infor-
mation about the impact of the treatment on the blood
pressure and renal functions of patients [23, 25, 26]. Thus,
more clinical trials evaluating the side effects of RAS
inhibitors are required.

There are also some following potential limitations that
require further discussion in the present study. First, only
seven studies evaluated the effect of RAS inhibitor on
hepatic fibrosis, thus limiting the robustness of the con-
clusions that could be reached. With regard to the design
and quality of the selected studies, the four cohort studies
were of relatively good quality, and were scored as
acceptable (+) based on the SIGN checklist. On the other
hand, one controlled trial was non-randomized and one
RCT was open-label. One RCT had limited information
from which to determine the quality of the study. This
indicates the need for more robust study design in the
evaluation of RAS inhibitors in hepatic fibrosis. Second,
the characteristics of the included studies were not com-
pletely consistent, including the patient characteristics, the
etiologies of cirrhosis, and the methodological difference to
measure the fibrosis scoring. Third, in the present SR and
MA, we only included English studies, so language bias
might have influenced the results.

In conclusion, despite the discrepant results of fibrosis
scores from different fibrosis scoring systems, the results of
our MA indicate that the antifibrotic effects of RAS inhi-
bitors may suggest them as a candidate of therapeutic agent
for hepatic fibrosis, which can be safely used in patients
with chronic liver disease. Nevertheless, future, large,
multi-center, randomized controlled studies would be
required to further evaluate the beneficial effect of RAS
inhibitors on hepatic fibrosis shown in the present study.
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