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Background. Liver fibrosis is accelerated in HIV and hepatitis C coinfection, mediated by profibrotic eﬀects of angiotensin. The
objective of this study was to determine if angiotensin converting enzyme inhibitors (ACE-Is) attenuate liver fibrosis in coinfection.
Methods. A retrospective review of 156 coinfected subjects was conducted to analyze the association between exposure to ACEIs and liver fibrosis. Noninvasive indices of liver fibrosis (APRI, FIB-4, Forns indices) were compared between subjects who
had taken ACE-Is and controls who had not taken them. Linear regression was used to evaluate ACE-I use as an independent
predictor of fibrosis. Results. Subjects taking ACE-Is for three years were no diﬀerent than controls on the APRI and the FIB4 but had significantly higher scores than controls on the Forns index, indicating more advanced fibrosis. The use of ACE-Is
for three years remained independently associated with an elevated Forns score when adjusted for age, race, and HIV viral load
(P < 0.001). There were significant associations between all of the indices and significant fibrosis, as determined clinically and
radiologically. Conclusions. There was not a protective association between angiotensin inhibition and liver fibrosis in coinfection.
These noninvasive indices may be useful for ruling out significant fibrosis in coinfection.

1. Introduction
With the advent of antiretroviral therapy (ART), the mortality from human immunodeficiency virus (HIV) has
decreased; thus, other comorbidities, such as liver disease,
have become increasingly important [1, 2]. End-stage liver
disease, often from chronic hepatitis C (CHC), is currently
one of the leading causes of death in HIV-positive persons [1,
3–5]. It is estimated that approximately 30% of HIV-positive
persons are infected with hepatitis C virus (HCV), with estimates up to 50–90% in persons infected through intravenous
drug use [6–9]. Moreover, liver fibrosis is accelerated in
persons coinfected with HIV and HCV (“coinfection”) [10–
15]. One study estimated that coinfected persons progress to
cirrhosis in 7 years, on average, from time of HCV infection

compared to 23 years in HIV-negative persons [10]. Thus,
research is needed on mechanisms of fibrosis in liver disease
from HCV and potential antifibrotic therapies, especially in
coinfection.
During liver injury, hepatic stellate cells become activated
and produce elements of extracellular matrix leading to
fibrosis [16, 17]. Stellate cell activation is stimulated by
profibrotic cytokines, such as transforming growth factorβ1 (TGF-β1), and multiple studies have demonstrated the
role of TGF-β1 in liver fibrosis [18–20]. Recent research has
focused on the renin-angiotensin system as one mechanism
of liver fibrosis, in that angiotensin II, the product of this
system, has been shown to augment both TGF-β1 and
stellate cells directly [21–26]. Infusion of angiotensin II
increased TGF-β1 in bile-duct-ligated mice, accelerating liver
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fibrosis [27], and angiotensin receptor blockers (ARBs) have
been shown to attenuate liver fibrosis by downregulating
TGF-β1 production and other components of extracellular
matrix that contribute to hepatic fibrogenesis [28–33].
In mouse models of nonalcoholic steatohepatitis (NASH),
ARBs decreased activation of hepatic stellate cells and
expression of TGF-β1, attenuating liver fibrosis and leading
to improved survival [34–36]. Similar results have been seen
with angiotensin converting enzyme inhibitors (ACE-Is), as
enalapril was found to reduce TGF-β1 and other markers of
extracellular matrix in bile-duct-ligated fibrotic mice [37].
In humans, ACE-Is and ARBs are used to slow the
progression of fibrosis in diabetic nephropathy and heart
failure [38–40]. There are few studies demonstrating their
anti-fibrotic eﬀects in chronic liver disease [41–44]. A small
group of subjects with NASH had decreases in markers of
hepatic fibrosis including TGF-β1, less activation of stellate
cells, and histological improvement on liver biopsy after
treatment with ARBs [41, 42]. In CHC, one study showed
that subjects given ARBs had decreases in TGF-β1 concentrations and smaller areas of fibrosis when compared to subjects
not treated with angiotensin blockade [43]. In a study of
patients with CHC and hypertension, subjects receiving
angiotensin-blocking agents had significantly less fibrosis
than subjects who had not received these medications. These
results suggested an association between liver fibrosis and
hypertension, mediated via the renin-angiotensin system,
and demonstrated a beneficial role of angiotensin blockade
in CHC-related fibrosis [45]. Similarly, a recent prospective
study compared 12 patients with CHC and hypertension who
were treated with an ARB to those not receiving an ARB [46].
Those receiving an ARB showed significant improvements in
liver fibrosis, as assessed by noninvasive indices of fibrosis.
Last, a retrospective study in liver-transplant recipients with
HCV recurrence showed that subjects receiving an ACEI/ARB had less graft fibrosis [44]. To our knowledge, no
studies have examined the use of angiotensin inhibition
in coinfection, which is a population with more rapidly
progressive liver disease.
We hypothesized that subjects treated with angiotensin
blockade therapeutics would have decreased levels of fibrosis
as measured by noninvasive indices of fibrosis, including
the aspartate aminotransferase to platelet ratio index (APRI)
[47], the FIB-4 index [48, 49], and the Forns score [50].
These indices have been validated in the literature as
noninvasive indices of liver fibrosis for use in HCV and
in coinfection [51–54]. We retrospectively examined the
potential anti-fibrotic eﬀects of angiotensin blockade in
subjects coinfected with HIV and HCV.

2. Materials and Methods
2.1. Patient Population. This is a retrospective chart review
of a cohort of 199 subjects with HIV/HCV coinfection in the
Mount Sinai Medical Center HIV Clinic from June 2006 to
October 2007. Men and women who were at least 18 years old
were included if they had documented infection with both
HIV and HCV. Subjects were excluded if they were actively
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undergoing treatment for HCV or if they had a positive
HCV antibody but no detectable viral load; 156 patients were
included in the final analysis. The protocol was approved by
the Institutional Review Board of the Mount Sinai School of
Medicine, and all work was conducted in accordance with the
Declaration of Helsinki.
2.2. Study Procedures. Using written and computerized
chart data over three years, the following information was
abstracted for each subject: age, gender, race, ethnicity,
body mass index (BMI) (kg/cm2 ), current medications, CD4
lymphocyte count (cells/mL), HIV viral load (copies/mL),
quantitative HCV RNA (IU/mL), alcohol use, diabetic
indicators (hemoglobin A1 C, degree of proteinuria, and
measures of preserved blood glucose), liver biopsy results
(using the Scheuer score [55] of 4 as indicative of severe
fibrosis), radiographic studies commenting on the degree
of liver injury or indicators of advanced fibrosis (such as
varices, ascites, and/or splenomegaly), and laboratory data
used to compute the noninvasive indices, as described below.
Biopsy data, when available, was combined with radiologic
findings to make a clinical determination of the extent of
liver disease. This clinical data was then used to validate
the noninvasive indices of fibrosis (see Section 3). Using a
computerized medical database, serological data including
platelets, aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin, gamma-glutamyl transferase
(GGT), and total cholesterol were collected for all subjects
at time of data collection, one year prior to that time and
three years prior to data collection. As this was a retrospective
chart review, all data (current, one year prior, and three years
prior) was collected at one point in time. These values were
used to determine the APRI [47], the FIB-4 index [48, 49],
and the Forns score [50]. Each of the indices has cut-oﬀ
scores, predetermined and validated in HCV monoinfected
persons (and in coinfected persons for the FIB-4 index) that
are predictive of significant fibrosis: for the APRI, a score
greater than 1.5 has a positive predictive value (PPV) of
91% for significant fibrosis (Ishak fibrosis score [56] >4)
[47]; for the FIB-4, a score greater than 3.25 has a PPV of
65% for significant fibrosis (Ishak fibrosis score >3) [48]; for
the Forns, a score greater than 6.9 has a PPV of 79% for
significant fibrosis (Scheuer’s classification stage >2) [50]. We
reexamined these indices in our study population as well and
found them to be valid in measuring significant fibrosis (see
Section 3).
2.3. Statistical Analysis. In order to compare the univariate
analysis of baseline characteristics, chi-square and Fisher’s
exact tests were used for categorical data; Student’s t- and
Mann-Whitney tests were used for continuous, normally
distributed and nonparametric data, respectively. The noninvasive indices were compared across three groups: one group
had taken an ACE-I or ARB for one year, one group for up to
three years, and one group had not taken these medications,
referred to as the control group. For each comparison, the
three noninvasive indices were analyzed as dichotomous
variables using the chi-square analysis and the predefined
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cut-oﬀ values, and as continuous variables. Linear regression
models were used to identify factors independently associated with the aforementioned outcomes. Variables with P
values < 0.25 on a univariate basis or that were biologically
plausible were included in the multivariate models. SPSS
version 16 software was used for the analysis.

3. Results
3.1. Study Sample. Baseline characteristics of the 156 subjects
are shown in Table 1. Forty-two subjects (26.9%) had an
exposure to an ACE-I/ARB: 33 (21.2%) had taken an ACEI/ARB for at least one year and 23 (14.7%) had taken
an ACE-I/ARB for three years. The majority of subjects
were taking an ACE-I (lisinopril, enalapril, quinapril, or
fosinopril); one subject was taking losartan. Subjects in the
control group were younger and were significantly less likely
to be black compared to the group exposed to an ACEI/ARB. The median HIV viral load in subjects who had
detectable viremia was significantly higher in the control
group compared to the group exposed to an ACE-I/ARB, but
the percentage of subjects with an undetectable viral load was
similar between the groups (52.6% versus 66.7%, resp.) as
were the median CD4 cell counts. There was no diﬀerence
between the groups in alcohol use or in prior treatment with
interferon, and the median HCV RNA was similar between
the groups. Forty-nine subjects (31%) had biopsy data; there
were no paired or serial biopsies. Fifty subjects (32%) had
severe fibrosis by biopsy or had radiological indicators of
advanced fibrosis; this was not significantly diﬀerent between
the groups. The groups did diﬀer significantly on prevalence
of diabetes and other diabetic indicators such as proteinuria
and levels of hemoglobin A1 C; subjects in the control group
were significantly less likely to have diabetes than subjects
taking an ACE-I/ARB.
3.2. Noninvasive Indices. There were significant associations
between the aforementioned cut-oﬀ values predictive of
significant fibrosis for all indices and clinical evidence of
advanced fibrosis (biopsy data and radiological indicators of
advanced liver disease) (Table 2). In the present study, when
compared to clinical indicators of fibrosis, an APRI score of
less than 0.5 had a negative predictive value (NPV) to exclude
any fibrosis of 86.9% (P < .001); a score greater than 1.5 had
a PPV for significant fibrosis of 68.4% (P < .001). This is
compared to an NPV of 86% and a PPV of 88% based on
the original literature in a monoinfected population [47].
The prevalence of advanced fibrosis in the original study
was 47% compared to 32% prevalence in this study, possibly
accounting for the higher PPV in the original study. A FIB-4
score of less than 1.45 had an NPV of 89.7% for excluding
any fibrosis (P = .002), and a score greater than 3.25 had a
PPV of 62.7% (P < .001). These results were similar to the
original literature, an NPV of 90% and a PPV of 65% [48]. A
Forns score less than 4.2 had an NPV for excluding fibrosis of
100% in this sample (P = .01), a score greater than 6.9 had
a PPV of 64.1% (P < .001). These results were similar to the
original literature, an NPV of 96% and a PPV of 66% [50].
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3.3. Levels of Fibrosis. On univariate analysis, fibrosis scores
for subjects taking ACE-Is/ARBs for less than three years,
but at least one year, were no diﬀerent than scores for the
control group on any of the indices (Tables 3-4). Fibrosis
scores for subjects taking ACE-Is/ARBs for at least three years
were no diﬀerent than scores for the controls on the APRI
and FIB-4 (Tables 3-4) but were significantly higher than
scores for the controls on the Forns index when analyzed
as continuous variables using a Student’s t-test (9.31 and
6.83 resp., P < 0.001) (Table 3). On chi-square analysis, all
12 subjects (100%) in the ACE-I/ARB group had a Forns
score greater than 6.9, indicative of significant fibrosis, versus
47.4% in the control group (P < 0.001) (Table 4).
These results were verified in multivariate analysis
(Table 5). Factors predicting higher Forns scores (68 observations) included ACE-I/ARB use for three years, clinical
evidence of advanced fibrosis, older age, black race, and lower
HIV viral load. The use of ACE-I/ARBs for at least three years
was independently associated with an elevated Forns score
when adjusted for the aforementioned variables (P < 0.001).
The combination of the above variables created a significant
linear regression model (P < 0.001) with the highest adjusted
R2 (0.587) and the lowest standard error (1.50). Table 5 lists
the variables associated with an elevated Forns score along
with the additional variables that were rejected from the
model. There were no significant interactions found between
any of the variables in the final model.

4. Discussion
We hypothesized that subjects treated with angiotensin
blockers would have decreased levels of fibrosis as measured
by noninvasive indices when compared to subjects not
exposed to these medications. Conversely, we found that
angiotensin blockade in a cohort of coinfected subjects
did not attenuate the progression of liver fibrosis. In fact,
there was a statistically significant correlation of worsening
fibrosis on the Forns index for subjects who had taken
ACE-Is/ARBs for three years compared to subjects who
had not been exposed to these medications. While not
statistically significant, the trend in the ACE-I/ARB group
was progressively worse in all groups at one year and
continued to worsen when going back three years. This
finding is in contrast to prior data that portrayed an antifibrotic eﬀect of angiotensin inhibition. To our knowledge,
though, this is the only study that has looked at angiotensin
inhibition in subjects with coinfection.
There are a few plausible explanations for our conflicting
results. First, we did not distinguish between subjects who
were taking an ARB or an ACE-I. A recent study in bileduct-ligated mice suggests that ARBs may be more eﬀective
in suppressing hepatic fibrosis compared to ACE-Is [57]. A
future study may show diﬀerent results depending on the
method of angiotensin suppression. In addition, there was
no standardization of dose of ACE-I or ARB. It is possible
that high doses of these medications could lower blood
pressure enough to impair liver perfusion causing worsening
of fibrosis scores. Doses of these medications should be
standardized in future research.
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Table 1: Baseline characteristics of 156 subjects characterized by ACE-I/ARB exposure.

Variable
Mean age (years) ± standard deviation (SD)
Male gender (%)
Black race (%)
Hispanic ethnicity (%)
Mean BMI (kg/m2 ) ± SD
Median HCV RNA (IU/mL) (range)
Median log10 HCV RNA (range)
Undetectable HIV viral load (%)
Median HIV viral load∗ (copies/mL) (range)
Median log10 HIV viral load∗ (range)
Median CD4 cell count (cells/mL) (range)
Alcohol Use (%)
Prior HCV Treatment (%)
Diagnosis of diabetes (%)
Proteinuria (%)
Mean hemoglobin A1C (g/dL) ± SD
Significant fibrosis by clinical data (%)
∗

No ACE-I/ARB (n = 114)
50.3 ± 8.6
76 (66.7)
34 (29.8)
67 (58.8)
25.6 ± 6.2
3.66 × 106 (600–4.23 × 107 )
6.56 (2.78–7.63)
60 (52.6)
1.61 × 104 (58–8.21 × 105 )
4.21 (1.76–5.91)
372 (11–2193)
37 (32.5)
8 (5.1)
13 (11.4)
34 (32.1)
5.37 ± 0.66
32 (28.1)

ACE-I/ARB (n = 42)
53.4 ± 5.5
31 (73.8)
20 (47.6)
21 (50)
27.0 ± 6.8
3.54 × 106 (600–3.08 × 107 )
6.55 (2.78–7.49)
28 (66.7)
421 (65–2.11 × 105 )
2.62 (1.81–5.33)
389 (51–1183)
9 (21.4)
6 (3.8)
23 (54.8)
25 (61)
6.15 ± 1.33
18 (42.9)

P value
0.04
0.40
0.04
0.33
0.34
0.70
0.70
0.12
0.03
0.03
0.31
0.18
0.16
<0.001
<0.001
0.03
0.08

Calculated in those with detectable HIV viral load.

Table 2: Accuracy of the non-invasive indices in predicting significant fibrosis.
Fibrosis by
Indices clinical data Sensitivity % Specificity % PPV % NPV %
(%)
APRI
<0.50
>0.50

8 (16)
42 (84)

84

50

44

87

<1.50
>1.50

20 (48)
26 (52)

52

89

68

79

>1.45

4 (8)
46 (92)

92

33

40

90

<3.25
>3.25

13 (26)
37 (74)

74

79

63

86

<4.21 29 (100)
0 (0)

100

20

48

100

<6.90
>6.90

86

65

64

87

FIB-4
<1.45

Forns
>4.21

4 (14)
25 (86)

Another possible explanation is that subjects taking
an ACE-I or ARB had more unmeasured comorbidities
than subjects not on these medications. The ACE-I or
ARB may have been added for HIV-associated or diabetic
nephropathy, hypertension, or heart failure. It is possible
that these subjects appeared to have elevated fibrosis scores
because they were sicker than the group that did not require

these medications. On multivariate analysis, though, ACEI/ARB use was independently associated with an elevated
Forns score, after controlling for co-morbidities such as
diabetes. In addition, older subjects and subjects of black
race had significantly higher Forns scores, which is consistent
with data from prior studies that have shown worsening
disease and poorer treatment responses in these groups
[58, 59]. Subjects in the control group were younger and
were significantly less likely to be black when compared to
the ACE-I/ARB group, which could have created a healthier
control group.
There also could be a deleterious interaction between
HIV positivity and angiotensin blockade or between ART for
HIV and ACE-Is/ARBs. On multivariate analysis, lower levels
of HIV viral load were associated with elevated Forns scores.
It is possible that subjects who had lower HIV viral loads
were taking ART and had medication-induced liver toxicity
either from the combination of ACE-Is/ARBs and ART or
from ART alone. This explanation could be examined by
comparing fibrosis indices in a similar cohort of subjects with
HCV monoinfection who have been treated with an ACE-I or
ARB.
A recent study in CHC monoinfection relates the
possibility that the eﬀects of angiotensin inhibition may
occur earlier in liver fibrosis and may be missed in persons
with advanced liver disease, often seen in coinfection [60].
This study used data from the Hepatitis C Long-term
Treatment against Cirrhosis (HALT-C) Trial [61] to evaluate
the eﬀects of continuous ACE-I/ARB use for 3.5 years
on liver fibrosis progression as determined by serial liver
biopsies [60]. Researchers were unable to demonstrate a
benefit for angiotensin blockade in attenuating progression
of liver fibrosis: 33.3% of subjects on an ACE-I/ARB had a
2-point increase in fibrosis, compared to 32.5% and 25.7%
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Table 3: Comparison of continuous fibrosis scores between groups at one year and three years (univariate analysis).
Indices
Mean APRI scores at one year ± SD
Mean APRI scores at three years ± SD
Mean FIB4 scores at one year ± SD
Mean FIB4 scores at three years ± SD
Mean Forns scores at one year ± SD
Mean Forns scores at three years ± SD

Control group
1.16 ± 1.42
1.17 ± 1.40
3.57 ± 3.49
3.53 ± 3.36
7.01 ± 2.43
6.83 ± 2.27

ACE-I/ARB group
1.30 ± 1.43
1.33 ± 1.57
4.21 ± 4.02
4.72 ± 4.72
7.93 ± 1.96
9.31 ± 1.36

P value
0.76
0.87
0.36
0.38
0.14
<0.001

Table 4: Number of subjects from each group with scores predictive of significant fibrosis at one year and three years (univariate analysis).
Indices
APRI score > 1.5 at one year (%)
APRI score > 1.5 at three years (%)
FIB4 score > 3.25 at one year (%)
FIB4 score > 3.25 at three years (%)
Forns score > 6.9 at one year (%)
Forns score > 6.9 at three years (%)
∗

Control group
28 (23)
31 (24)
43 (35)
48 (36)
25 (50)
27 (47)

ACE-I/ARB group
10 (30)
7 (30)
16 (49)
11 (48)
14 (74)
12 (100)

Odds ratio (95% confidence interval)∗
0.76 (0.41–1.40)
0.77 (0.39–1.54)
0.73 (0.48–1.11)
0.76 (0.47–1.23)
0.68 (0.46–1.00)
0.47 (0.36–0.62)

P value
0.39
0.48
0.17
0.30
0.08
<0.001

Odds ratio for an elevated score in the control group compared to the ACE-I/ARB group.

Table 5: Factors associated with an elevated Forns score on
multivariate analysis (n = 69)∗ .
Beta
estimate∗∗
ACEI use for three years
1.924
Age
0.060
Race
−1.174
HIV viral load
−5.893e−6
Clinical evidence of cirrhosis
2.129
Gender
0.304
BMI
−0.017
Diabetes
−0.500
Proteinuria
−0.003
HCV viral load
−2.055e−8
HBV surface antigen positivity −1.285
Prior treatment with interferon
0.444
Alcohol use
0.332
Marijuana use
−0.186
Variable

Standard
error
0.507
0.024
0.395
0.000
0.380
0.386
0.032
0.432
0.002
0.000
1.153
0.706
0.425
0.898

P
value
<0.001
0.014
0.004
0.02
<0.001
0.434
0.584
0.251
0.155
0.397
0.27
0.532
0.437
0.836

∗

The final model included ACEI use for three years, age, race, HIV viral
load, clinical evidence of cirrhosis with an adjusted R2 of 0.587, a standard
error of the estimate of 1.498, and an overall P value < 0.001.
∗∗ Beta estimate is the magnitude of eﬀect that each variable has on the
Forns score.

of subjects on other antihypertensives or on no medications,
respectively (P = 0.21). The authors comment that the
majority of their subjects had significant fibrosis at baseline,
which is similar to our coinfected cohort. If angiotensin
inhibitors exert maximal antifibrogenic eﬀects early in the
fibrosis process and have decreased activity at later stages
of fibrosis, the aﬀects of these medications may be missed
in a cohort with advanced liver disease. This may especially
be true in coinfection as the progression of liver injury

is often more rapid than in HCV monoinfection; thus, it
would be prudent to determine the anti-fibrotic nature of
these medications soon after diagnosis of HCV, before the
development of liver fibrosis.
One reason for the limited number of human studies
in liver fibrosis is the need for invasive measurements,
such as liver biopsy, to record the progression of liver
disease. Moreover, liver biopsy has been shown to be a less
than ideal gold standard for comparison. Recent research
has focused on noninvasive indices of liver fibrosis, using
common laboratory values to estimate the severity of liver
disease. Three of these indices, the Forns score, the APRI,
and the FIB-4, were used and validated in the present
study to document liver fibrosis in subjects with coinfection.
We found a correlation between the presence or lack of
significant fibrosis as determined by radiological and biopsy
data and level of fibrosis as determined by the use of these
noninvasive indices in coinfected subjects. The PPVs were
too low to be considered clinically useful, but the NPVs for
all of the indices were high enough to make them clinically
relevant in ruling out significant fibrosis. This is important
as these indices may be used to identify persons at low
risk for significant fibrosis and possibly decrease the need
for liver biopsies in this group. At more advanced levels of
immunosuppression from HIV it seems possible that some
of these markers would be susceptible to error, such as
from HIV-associated thrombocytopenia. The present study
validated these indices despite a range of CD4 counts and
HIV viral loads. The best use of these indices in a coinfected
population would be to rule out significant fibrosis and avoid
biopsy, possibly in a patient who is delaying treatment and
has no other signs of hepatic inflammation.
The current study has limitations that prevent definitive
conclusions on the eﬀects of angiotensin inhibition. Due
to the retrospective nature of the study, causation cannot
be inferred. Prospective and ideally randomized controlled
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trials are needed to determine if these medications may
have hepatic toxicity alone, or in combination with ART.
Also, fibrosis scores became higher overtime, as cumulative
exposure to an ACE-I or ARB was increasing. There were
a small number of subjects on ACE-Is/ARBs consistently
over the years, though, which may have limited our power
to detect a significant diﬀerence between the groups earlier
than three years. To verify this trend, further research should
follow a larger number of subjects over a longer period of
time, including the time preceding significant liver fibrosis.
Last, we did not have data on other mechanisms of fibrosis,
such as non-alcoholic fatty liver disease (NAFLD). Although
we collected data on body mass index and diabetes, we did
not always have a biopsy-proven diagnosis of NAFLD, which
may result in higher fibrosis scores despite being on an ACE-I
or ARB.

5. Conclusions
In conclusion, in the present study, we validated three
noninvasive indices of fibrosis in an HIV/HCV coinfected
cohort. As liver biopsy is not without risk, it may be useful
to have noninvasive methods to rule out advanced liver
disease in coinfection. We did not find a beneficial eﬀect of
angiotensin blockade in these subjects, contradicting prior
studies in HCV monoinfection. Of concern was that subjects
taking an ACE-I or ARB had higher levels of fibrosis than
controls after three years on one of the indices. Despite
the aforementioned limitations, treatment with an ACE-I
or ARB to slow liver fibrosis in coinfection requires further
study. There could be a deleterious interaction between
HIV positivity and angiotensin blockade that could be
examined by comparing fibrosis indices in a cohort of
subjects with HCV monoinfection who have been exposed
to these medications.
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[27] R. Bataller, E. Gäbele, C. J. Parsons et al., “Systemic infusion
of angiotensin II exacerbates liver fibrosis in bile duct-ligated
rats,” Hepatology, vol. 41, no. 5, pp. 1046–1055, 2005.
[28] W. Xu, S. Song, Y. Huang, and Z. Gong, “Eﬀects of perindopril
and valsartan on expression of transforming growth factorβ-Smads in experimental hepatic fibrosis in rats,” Journal of
Gastroenterology and Hepatology, vol. 21, no. 8, pp. 1250–1256,
2006.
[29] X. Li, Y. Meng, X. S. Yang, L. F. Mi, and S. X. Cai,
“ACEI attenuates the progression of CCI4-induced rat hepatic
fibrogenesis by inhibiting TGF-β1, PDGF-BB, NF-κB and
MMP-2,9,” World Journal of Gastroenterology, vol. 11, no. 31,
pp. 4807–4811, 2005.
[30] J. R. Jonsson, A. D. Clouston, Y. Ando et al., “Angiotensinconverting enzyme inhibition attenuates the progression of rat
hepatic fibrosis,” Gastroenterology, vol. 121, no. 1, pp. 148–155,
2001.
[31] H. Yoshiji, S. Kuriyama, and H. Fukui, “Blockade of reninangiotensin system in antifibrotic therapy,” Journal of Gastroenterology and Hepatology, vol. 22, no. 1, supplement, pp.
S93–S95, 2007.
[32] H. Yoshiji, S. Kuriyama, J. Yoshii et al., “Angiotensin-II type
1 receptor interaction is a major regulator for liver fibrosis
development in rats,” Hepatology, vol. 34, no. 4 I, pp. 745–750,
2001.
[33] H. Wei, D. Li, H. Lu et al., “Eﬀects of angiotensin II receptor
blockade on hepatic fibrosis in rats,” Chinese Journal of
Hepatology, vol. 8, no. 5, pp. 302–304, 2000.
[34] A. Hirose, M. Ono, T. Saibara et al., “Angiotensin II type 1
receptor blocker inhibits fibrosis in rat nonalcoholic steatohepatitis,” Hepatology, vol. 45, no. 6, pp. 1375–1381, 2007.
[35] J. E. Toblli, M. C. Muoz, G. Cao, J. Mella, L. Pereyra, and R.
Mastai, “ACE inhibition and AT1 receptor blockade prevent

7

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

fatty liver and fibrosis in obese zucker rats,” Obesity, vol. 16,
no. 4, pp. 770–776, 2008.
K. Iwata, T. Sohda, M. Irie et al., “Angiotensin II type 1
receptor antagonist improves the prognosis in rats displaying
liver cirrhosis induced by a choline-deficient diet,” Journal of
Gastrointestinal and Liver Diseases, vol. 17, no. 1, pp. 21–25,
2008.
C. Türkay, O. Yönem, S. Arici, A. Koyuncu, and M. Kanbay,
“Eﬀect of angiotensin-converting enzyme inhibition on experimental hepatic fibrogenesis,” Digestive Diseases and Sciences,
vol. 53, no. 3, pp. 789–793, 2008.
S. Kagami, W. A. Border, D. E. Miller, and N. A. Noble,
“Angiotensin II stimulates extracellular matrix protein synthesis through induction of transforming growth factorβ expression in rat glomerular mesangial cells,” Journal of
Clinical Investigation, vol. 93, no. 6, pp. 2431–2437, 1994.
B. M. Brenner, M. E. Cooper, D. De Zeeuw et al., “Eﬀects
of losartan on renal and cardiovascular outcomes in patients
with type 2 diabetes and nephropathy,” New England Journal
of Medicine, vol. 345, no. 12, pp. 861–869, 2001.
J. N. Cohn and G. Tognoni, “A randomized trial of the
angiotensin-receptor blocker valsartan in chronic heart failure,” New England Journal of Medicine, vol. 345, no. 23, pp.
1667–1675, 2001.
S. Yokohama, Y. Tokusashi, K. Nakamura et al., “Inhibitory
eﬀect of angiotensin II receptor antagonist on hepatic stellate
cell activation in non-alcoholic steatohepatitis,” World Journal
of Gastroenterology, vol. 12, no. 2, pp. 322–326, 2006.
S. Yokohama, M. Yoneda, M. Haneda et al., “Therapeutic
eﬃcacy of an angiotensin II receptor antagonist in patients
with nonalcoholic steatohepatitis,” Hepatology, vol. 40, no. 5,
pp. 1222–1225, 2004.
Y. Terui, T. Saito, H. Watanabe, H. Togashi, and S. Kawata,
“Eﬀect of angiotensin receptor antagonist on liver fibrosis in
early stages of chronic hepatitis C,” Hepatology, vol. 36, no. 4,
p. 1022, 2002.
A. Rimola, M. C. Londoño, G. Guevara et al., “Beneficial eﬀect
of angiotensin-blocking agents on graft fibrosis in hepatitis
C recurrence after liver transplantation,” Transplantation, vol.
78, no. 5, pp. 686–691, 2004.
K. E. Corey, N. Shah, J. Misdraji et al., “The eﬀect of
angiotensin-blocking agents on liver fibrosis in patients with
hepatitis C,” Liver International, vol. 29, no. 5, pp. 748–753,
2009.
M. Ueki, M. Koda, T. Shimizu, A. Mitsuta, T. Yamamoto,
and Y. Murawaki, “Eﬀect of an angiotensin-II type-1 receptor
blocker, candesartan on hepatic fibrosis in chronic hepatitis C:
a prospective study,” Hepato-Gastroenterology, vol. 56, no. 93,
pp. 1100–1104, 2009.
C. T. Wai, J. K. Greenson, R. J. Fontana et al., “A simple
noninvasive index can predict both significant fibrosis and
cirrhosis in patients with chronic hepatitis C,” Hepatology, vol.
38, no. 2, pp. 518–526, 2003.
R. K. Sterling, E. Lissen, N. Clumeck et al., “Development of
a simple noninvasive index to predict significant fibrosis in
patients with HIV/HCV coinfection,” Hepatology, vol. 43, no.
6, pp. 1317–1325, 2006.
A. Vallet-Pichard, V. Mallet, and S. Pol, “FIB-4: a simple,
inexpensive and accurate marker of fibrosis in HCV-infected
patients,” Hepatology, vol. 44, no. 3, p. 769, 2006.
X. Forns, S. Ampurdanès, J. M. Llovet et al., “Identification
of chronic hepatitis C patients without hepatic fibrosis by a
simple predictive model,” Hepatology, vol. 36, no. 4, pp. 986–
992, 2002.

8
[51] A. Iacobellis, A. Mangia, G. Leandro et al., “External validation
of biochemical indices for noninvasive evaluation of liver
fibrosis in HCV chronic hepatitis,” American Journal of
Gastroenterology, vol. 100, no. 4, pp. 868–873, 2005.
[52] M. S. Sulkowski, R. Montes de Oca, R. Moore, and D.
Thomas, “Prediction of hepatic fibrosis in HIV/HCV-infected
patients: comparison of FIB-4, APRI, and the Johns Hopkins
Fibrosis Index (JHFI),” in Proceedings of the 13th Conference on
Retroviruses and Opportunistic Infections, 2006.
[53] M. Bourliere, G. Penaranda, C. Renou et al., “Validation and
comparison of indexes for fibrosis and cirrhosis prediction
in chronic hepatitis C patients: proposal for a pragmatic
approach classification without liver biopsies,” Journal of Viral
Hepatitis, vol. 13, no. 10, pp. 659–670, 2006.
[54] H. Al-Mohri, C. Cooper, T. Murphy, and M. B. Klein,
“Validation of a simple model for predicting liver fibrosis in
HIV/hepatitis C virus-coinfected patients,” HIV Medicine, vol.
6, no. 6, pp. 375–378, 2005.
[55] P. J. Scheuer, “Classification of chronic viral hepatitis: a need
for reassessment,” Journal of Hepatology, vol. 13, no. 3, pp.
372–374, 1991.
[56] K. Ishak, A. Baptista, L. Bianchi et al., “Histological grading
and staging of chronic hepatitis,” Journal of Hepatology, vol.
22, no. 6, pp. 696–699, 1995.
[57] M. Y. Kim, S. K. Baik, D. H. Park et al., “Angiotensin receptor blockers are superior to angiotensin-converting enzyme
inhibitors in the suppression of hepatic fibrosis in a bile ductligated rat model,” Journal of Gastroenterology, vol. 43, no. 11,
pp. 889–896, 2008.
[58] M. P. Manns, J. G. McHutchison, S. C. Gordon et al., “Peginterferon alfa-2b plus ribavirin compared with interferonalfa2b plus ribavirin for initial treatment of chronic hepatitis C:
a randomised trial,” Lancet, vol. 358, no. 9286, pp. 958–965,
2001.
[59] L. J. Jeﬀers, W. Cassidy, C. D. Howell, S. Hu, and K. R.
Reddy, “Peginterferon alfa-2a (40 kd) and ribavirin for Black
American patients with chronic HCV genotype 1,” Hepatology,
vol. 39, no. 6, pp. 1702–1708, 2004.
[60] B. K. Abu Dayyeh, M. Yang, J. L. Dienstag, and R. T. Chung,
“The eﬀects of angiotensin blocking agents on the progression
of liver fibrosis in the HALT-C Trial cohort,” Digestive Diseases
and Sciences, vol. 56, no. 2, pp. 564–568, 2011.
[61] M. L. Shiﬀman, A. M. Di Bisceglie, K. L. Lindsay et al.,
“Peginterferon alfa-2a and ribavirin in patients with chronic
hepatitis C who have failed prior treatment,” Gastroenterology,
vol. 126, no. 4, pp. 1015–1023, 2004.

AIDS Research and Treatment

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Gastroenterology
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Diabetes Research
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Journal of

Obesity

Journal of

Ophthalmology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Oncology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

AIDS

Behavioural
Neurology
Hindawi Publishing Corporation
http://www.hindawi.com

Research and Treatment
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Oxidative Medicine and
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

