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Abstract

Background Therapies that can slow the progression of

liver fibrosis in chronic liver disease are needed. Evidence

suggests that the renin-angiotensin system (RAS) contrib-

utes to inflammation and fibrosis in chronic liver disease.

Both animal and limited human studies have shown that

RAS inhibition with angiotensin-converting enzyme inhib-

itors (ACEi) and angiotensin receptor-1 [AT-1] blockers

(ARBs) has antifibrogenic properties.

Aims In this study, we evaluated the effects of continuous

ACEi/ARB use for 3.5 years on histological liver fibrosis

progression in the HALT-C Trial cohort.

Methods In the HALT-C Trial, subjects with chronic

hepatitis C and advanced hepatic fibrosis (Ishak stage C3)

underwent serial liver biopsies at baseline, 1.5 years, and

3.5 years after randomization. The primary outcome was a

C2-point increase in Ishak fibrosis score in at least one of

the two serial biopsies. Sixty-six subjects were continu-

ously taking ACEi/ARBs over the observation period, 126

were taking other antihypertensive medications, and 343

subjects took no antihypertensive medications.

Results The three groups were similar in baseline fibrosis

scores, and the two groups being treated with antihyper-

tensives were taking a similar number of antihypertensive

medications. Fibrosis progression occurred in 33.3% of the

ACEi/ARB group, 32.5% of the other antihypertensive

medications group, and in 25.7% of subjects taking no

antihypertensive medications. No significant associations

between C2-point increases in fibrosis scores and continuous

ACEi/ARB use were apparent at either 1.5 or 3.5 years in

diabetes-adjusted and unadjusted odds ratios.

Conclusions ACEi/ARB therapy did not retard the pro-

gression of hepatic fibrosis.
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Introduction

The effectiveness of current therapies for some of the

common causes of chronic liver disease, such as hepatitis C

virus (HCV) infection and steatohepatitis, is limited.

Therefore, the need for therapies that can prevent or slow

the progression of liver fibrosis in these populations com-

mands a high priority. Substantial evidence suggests that

the renin-angiotensin system (RAS), through its key

effector peptide angiotensin II, acts as a mediator of

inflammation and fibrosis in chronic liver disease. RAS

mediates its fibrogenic effects through the activation of

hepatic stellate cells (HSC) with their proinflammatory and

profibrotic potential [1–5].

Angiotensin-converting enzyme inhibitors (ACEi) and

angiotensin receptor-1 [AT-1] blockers (ARBs) are two

commonly used RAS inhibitors with well-established

safety and efficacy profiles. Extensive data in established

animal models of hepatic fibrosis and AT1-knockout mice

have demonstrated the hepatic antifibrogenic properties of

these classes of medications [6–12]. In addition, limited

data supporting the antifibrotic properties of these medi-

cations in humans have been reported. However, these

reports are based on retrospective studies with small sam-

ple sizes, most of which lacked appropriate controls and

liver histologic data, which remain the best available

standard for the evaluation of liver fibrosis [5, 13–18].

In this study, we evaluated the effects of continuous ACEi/

ARB use on progression of histological liver fibrosis in the

Hepatitis C Antiviral Long-term Treatment against Cirrhosis

(HALT-C) Trial cohort. This cohort is ideal for evaluating the

antifibrogenic properties of these medications, given its large

size, availability of prospectively collected data on continuous

ACEi/ARBs use documented at each of the study visits every

3 months, length of follow-up (48 months), and the avail-

ability of serial liver biopsies at baseline, 1.5, and 3.5 years to

enable accurate histological assessment of liver fibrosis pro-

gression in study subjects taking these medications.

Methods

The HALT-C Trial was a prospective, randomized, con-

trolled, ten-center trial that enrolled 1,050 subjects with

chronic hepatitis C and advanced hepatic fibrosis (Ishak

fibrosis score C3), who had failed to achieve a sustained

virologic response (SVR) after previous interferon ±

ribavirin treatment [19]. After a 24-week lead-in phase,

during which all subjects were treated with peginterferon

alfa-2a (180 lg weekly) and ribavirin (1–1.2 g daily),

1,050 subjects in this trial were assigned randomly to

receive maintenance therapy with peginterferon alfa-2a

(90 lg weekly) or to no treatment for 42 months. All

subjects had a liver biopsy performed prior to enrollment

and repeated at 1.5 and 3.5 years. All biopsy specimens

were reviewed by a panel of 12 hepatic pathologists, who

used the Ishak scoring system to stage fibrosis (0–6) [20].

In this trial, no significant difference in liver fibrosis pro-

gression was observed between the peginterferon alfa-2a

treatment group and the control group [19].

Although entry into the HALT-C Trial was limited to

patients with Ishak fibrosis stage C3, staging of biopsies by

local pathologists at individual sites was reclassified if a

central reassessment by all study pathologists examining

the specimen together resulted in a different consensus; as

a result of consensus reassessment, a stage of 2 was

assigned to 79 baseline biopsies [21].

Randomized HALT-C Trial subjects with Ishak fibrosis

scores between 2 and 4 were included in this analysis if liver

biopsy data were available at two or more time points (base-

line, 1.5 years, or 3.5 years) to assess progression of liver

fibrosis. A total of 535 subjects of the 1,050 randomized met

inclusion to our study. For the HALT-C Trial, progression of

fibrosis required a C2-point increase. Subjects were seen

every 3 months during the 42 months of the randomized trial.

Use of ACEi/ARBs by study participants was elicited as part

of a comprehensive medication history obtained at each of the

study visits. However, no dose information was collected.

Continuous ACEi/ARBs use required sustained use of the

drug(s) throughout the 48-month trial.

Odds ratios (OR) were calculated to test whether the

odds of liver fibrosis progression decreased with long-term

continuous use of ACEi or ARBs. Three comparisons were

made: (1) continuous use of ACEi/ARBs versus other

antihypertensive medications, (2) continuous use of ACEi/

ARBs versus no use of any antihypertensive medications,

(3) continuous use of any antihypertensive medications

versus no use of any antihypertensive medications.

Because of the frequent use of ACEi/ARBs in diabetics, we

calculated ORs adjusted for diabetic status. Adjusted odds

ratios were calculated with the Breslow Day Test, which

allowed us to determine whether the ORs for fibrosis

progression and ACEi/ARB use were equivalent in dia-

betics and nondiabetics. Three-way ANOVA was used to

compare mean fibrosis stage at baseline between those on

ACEi/ARBs, other antihypertensive medications, and

subjects not taking any antihypertensive medications at

baselines. Chi-square and Fisher’s exact tests were used to

compare the baseline characteristics between groups. Sta-

tistical significance was set at a two-sided p value B0.05.

Results

In this study, we examined the association between con-

tinuous ACEi or ARBs use and C2-point increases in Ishak
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fibrosis score at two serial biopsies 1.5 and 3.5 years apart.

Table 1 shows the baseline characteristics among the three

groups, continuous ACEi/ARB users, users of other anti-

hypertensive medications, and those taking no antihyper-

tensive medications. The continuous ACEi/ARB use group

had a statistically significantly higher percentage of dia-

betics, consistent with the recommended use of these

agents for their renal protective effects in diabetics. The

groups were similar in baseline fibrosis scores, and the two

groups treated with antihypertensive medications were

taking similar numbers of antihypertensive medications, a

surrogate marker for the severity of hypertension. 33.3% of

continuous ACEi/ARB users had C2-point increase in

Ishak fibrosis score, compared to 32.5 and 25.7% in users

of other antihypertensive medications and non-users,

respectively (p = 0.21).

The first step in our analysis was to examine the cross-

sectional association between ACEi/ARB use at baseline

and liver fibrosis stage at baseline biopsy. Ninety subjects

were on ACEi/ARB at baseline, 102 subjects were on other

antihypertensive medications, and 343 subjects were on no

antihypertensive medications. The mean baseline liver

fibrosis stage between these groups were 3.10, 3.22, and

3.15, respectively (p = 0.44).

Table 2 shows the unadjusted odds ratios and odds

ratios adjusted for diabetes for C2-point increases in Ishak

fibrosis score and continuous use of ACEi/ARB compared

to other antihypertensive medications use, or no antihy-

pertensive medications use. No significant associations

were apparent between C2-point fibrosis progression and

continuous ACEi/ARB use at both 1.5 and 3.5 years. The

odds ratios at the two time points remained insignificant

even after adjusting for diabetes.

Finally, the unadjusted and diabetes adjusted odds ratios

for C2-point increases in Ishak fibrosis score among sub-

jects continuously taking any antihypertensive medication

(including ACEi/ARB), compared to no antihypertensive

medication use were not significantly different (p = 0.83)

(Table 2).

Conclusions

Contrary to reports in the literature, including one from our

own group [18], we were unable to demonstrate a benefit

for ACEi/ARBs use in retarding progression of liver

fibrosis. Furthermore, no association between ACEi/ARBs

use at baseline and liver fibrosis stage on entry to the

HALT-C trial was observed. Compared to previous studies

designed to address this question, our study has the

advantage of well-documented continuous ACEi/ARBs use

recorded prospectively at each HALT-C Trial study visit

and the availability of three separate liver biopsies over a

3.5-year period to assess liver fibrosis progression

histologically.

In a recent letter to the editor by Cholongitas and col-

leagues in response to our previous publication [18], they

reported their observed effects of ARBs use on histological

Table 1 Baseline characteristics of 535 subjects who continuously used ACEi/ARB, other antihypertensive medications, or no antihypertensive

medications

No antihypertensive

medications use n = 343

Non-ACEi/ARB antihypertensive

medications use n = 126

Continuous use of

ACEi/ARB n = 66

p valuea,c

Mean age ± SD 49.1 ± 7.0 51.2 ± 6.9 54.3 ± 7.6 \0.0001

Gender (male) 252 (73.5%) 79 (62.7%) 44 (66.7%) 0.06

Race (African American) 48 (14.0%) 39 (31.0%) 22 (33.3%) \0.0001

History of diabetes 26 (7.6%) 24 (19.1%) 35 (53.0%) \0.0001

Baseline Ishak fibrosis score

2 48 (14.0%) 14 (11.1%) 9 (13.6%) 0.91

3 195 (56.9%) 75 (59.5%) 40 (60.6%)

4 100 (29.2%) 37 (29.4%) 17 (25.8%)

Number of antihypertensive medications

1 NA 88 (69.8%) 38 (57.6%) 0.33b

2 31 (24.6%) 22 (33.3%)

3 5 (4.0%) 4 (6.1%)

4 2 (1.6%) 2 (3.0%)

C2-point increase in Ishak fibrosis scores (%) 88 (25.7%) 41 (32.5%) 22 (33.3%) 0.21

a Means (standard deviations) presented for continuous measures and number (percentages) presented for categorical measures
b Comparison between other antihypertensive medications use and ACEi/ARB groups
c Chi-square tests used for all except number of anti-hypertensive medications were a Fisher’s exact test was used
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progression of liver disease in a cohort of 102 consecutive

hypertensive patients with recurrent HCV after liver

transplantation. Their patients underwent at least two

consecutive liver biopsies with a median time between

biopsies of 13 months (range 1–18). Administration of an

ARB, compared with the other antihypertensive drugs, was

associated with less progression in inflammation but not in

fibrosis [22]. To our knowledge, this is the only other

report in the literature that prospectively evaluated histo-

logical progression of liver disease with ACEi/ARBs use.

Despite its strengths, our study has several limitations,

including the absence of precise information on ACEi/

ARBs doses and the relatively high baseline Ishak fibrosis

scores (C2 in some, C3 in the vast majority) for the study

cohort compared to other cohorts described previously in

which the impact of ACEi/ARB use on histological pro-

gression of liver fibrosis was evaluated [13]. Thus, con-

ceivably, if these agents exert their maximal antifibrogenic

effects early in the fibrosis process, and this effect dimin-

ishes at later stages of fibrosis, our study would have

missed such an effect. Furthermore, the HALT-C Trial was

powered to assess the impact of long-term peginterferon

alfa-2a use on a composite of fibrosis progression and

clinical outcomes in 1,050 patients. A subset of 535

HALT-C patients met inclusion to our study, and 66 of

them were continuously using ACEi/ARB with a relatively

limited number of outcomes; hence, our study could have

been underpowered to detect a difference in liver fibrosis

progression with ACEi/ARB use.

However, given the strengths inherent to this study

design and the high quality of the data on ACEi/ARB

exposure and sequential histologic outcome provided by

relying on the HALT-C Trial cohort, we conclude that

ACEi/ARBs do not appear to have a beneficial effect on

progression of hepatic fibrosis.
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