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Objective: Chronic hepatitis C (CHC) continues to be a critical problem. The 
liver fibrosis score is the most valuable tool in determining treatment and 
prognosis. Liver biopsy is still considered a gold method but, due to unmet needs, 
new non-invasive markers are required. The aim of this study was to investigate 
any possible relationship between serum angiotensin-converting enzyme (ACE) 
levels and the stages of liver fibrosis in patients with CHC.
Method: A total 100 CHC and 100 healthy subjects were enrolled in this study. 
The relationship between serum ACE level and the stages liver fibrosis was 
investigated using three different formats, as follows: (group [G]-I, classic Ishak’s 
Score from F1 to F6; G-II, mild [F1-2], moderate [F3-4] and severe [F5-6]; G-III, 
mild [≤ F2] and advanced [F > 2]). The clinical usability of serum ACE level for 
both groups was also investigated. 
Results: Median serum ACE levels were higher in the healthy group than in CHC 
(42.5 [7-119] vs. 36 [7-91] U/I, p=0.002). There was no statistical difference among 
the three different fibrosis groups (G-I, G-II, G-III, p=0.797, p=0.986, and p=0.874) 
and no correlation between serum ACE level and the stages of liver fibrosis 
(r=0.026, p=0.923). The usability of serum ACE for evaluated patients with CHC 
and healthy subjects were calculated as 47% and 64%, respectively.
Conclusion: Our study indicated that there is no relationship or correlation 
between serum ACE levels and stages of liver fibrosis in patients with CHC. The 
assessment of serum ACE level using genetically corrected reference values may 
provide more accurate results.
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introduction
Chronic hepatitis C (CHC) infection continues to be a 
serious problem worldwide despite the advent of new 
direct-acting antiviral therapy and increased public and 
individual awareness of the hepatitis C virus.1,2 The bur-
den of chronic hepatitis B virus infection that was the 
foremost cause and the most important agent in the past 
decade is decreasing as expected due to the use of efficient 
and well-organized national vaccination programs and 
treatment, while the burden of CHC is increasing even 
now due to expensive new generation treatments and lack 
of the preventive vaccination.1-3 In the decision-making 
process of a patient newly diagnosed with CHC, ascertain-
ing the stage of liver fibrosis is one of the most important 
actions in the selection of treatment options and predict-

ing long-term outcomes.3,4 Consequently, the stage of 
liver fibrosis is also accepted as the most valuable and 
well-considered marker in the context of important guide-
lines such as The European Association for the Study of 
the Liver (EASL) and American Association for the Study 
of Liver Diseases (AASLD).5,6

For a better understanding of current liver condition 
regarding fibrosis stage and other related etiologies, 
liver biopsy is still considered the gold standard method. 
There is, however, a significant amount of needs unmet 
using this technique, such as the very reduced size of the 
biopsy sample, which is not representative of the entire 
liver, sampling or intraobserver errors, and invasive pro-
cedure complications including risk of minor or major 
bleeding, or death. In addition, liver biopsy may be con-
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traindicated or unfeasible due to physical anomalies 
(namely, the ribs), thrombocytopenia, and prolonged 
prothrombin time.7-9 Given these limitations, non-inva-
sive methods or markers are needed as an alternative to 
liver biopsy and are currently under intense scrutiny.10 
A non-invasive method should be easy to perform, inex-
pensive and yield reliable, reproducible results that can 
characterize early and/or advanced fibrosis. Many mark-
ers, measurements and methods have been evaluated so 
far for this aim, but none was able to prevail over liver 
biopsy for liver fibrosis evaluation.11 Moreover, the per-
formance and usability of these methods are claimed to 
be good, but many do not produce a stricking effect due 
to poor study design and an insufficient number of pa-
tients and/or controls.12 

The measurement of circulating angiotensin-convert-
ing enzyme (ACE) levels is one of the mentioned methods 
promising some good results in the early studies.13 The 
idea of measuring serum ACE levels to point out the stage 
of liver fibrosis dates back to the studies concerning the 
role played by renin-angiotensin-aldosterone (RAS) axis 
and angiotensin in liver fibrosis.14 In these studies, the 
RAS system and related factors such as angiotensin I, II 
and serum ACE were claimed to be the key elements af-
fecting and regulating liver fibrosis. At the same time, the 
effect of some drugs that block the RAS system on liver 
fibrosis has been investigated.15,16 However, a few studies 
have been conducted on the importance of serum ACE 
level during the stage of liver fibrosis before until now. 
Up to today, the measurement of serum ACE level for 
liver fibrosis has only been studied in the context of hep-
atitis B and autoimmune hepatitis, with promising results 
according to the authors.17,18 However, in these studies, 
the value of serum ACE could not be assessed in deepth 
due to the insufficient number of patients and controls, 
as well as a lack of studies on usability. Many patients 
with chronic liver disease are usually detected and treated 
later in life and so plenty of comorbidities that often af-
fect the serum ACE level can exist. Despite a lack of data 
regarding the issue, many patients initially presumed 
eligible for these studies are ultimately excluded on the 
account of diseases that affect their serum ACE levels. In 
this study, we investigated the importance and suitabil-
ity of serum ACE level as a marker of liver fibrosis in a 
relatively large cohort group including CHC patients and 
a healthy control group.

Method
This study was designed at a reference and research center 
for liver diseases, and was approved by the local ethics 

committee on 6/29/2016 as clinical trial no. 2016-79-
29/06. The patients’ files were first reviewed retrospec-
tively to determine suitability for this study between May 
2010 and May 2016. In brief, a total of 213 hepatitis C 
patients were searched, but 79 and 34 of all patients were 
excluded from the study due to chronic diseases affecting 
serum ACE levels and the deficiency of diagnostic data, 
respectively. 156 dyspeptic but otherwise healthy subjects 
were evaluated in order to compose a control group. Of 
these, 56 were excluded for presenting conditions or mi-
nor illnesses that could affect their serum ACE levels. 
Thus, the study and control groups comprised 100 hepa-
titis C patients and 100 healthy subjects, respectively. To 
be part of the study group, patients were required to pres-
ent positive anti-HCV antibodies and detectable levels of 
HCV RNA, as well as yield a proper liver biopsy sample 
for evaluation of liver fibrosis, and blood samples for 
measurement of serum ACE levels using a specific com-
mercial kit. Plasma anti-HCV antibody was tested using 
Abbott AxSYM Anti-HCV 3.0 (Abbott Laboratories, Ger-
many) and HCV RNA levels were measured by using CO-
BAS TaqMan HCV RNA assay, version 2.0 (Roche Diag-
nostics Systems Inc, USA ), with a lower limit of detection 
of 10 IU per milliliter. Serum ACE activity was measured 
by observing the alteration in absorbance at 340 nm of 
the hydrolysis of furylacrylolylphenylalanylglycylglycine 
(FAPGG) to FAP and GG (Sigma-Aldrich, Poole, UK) us-
ing an analyzer (Roche MIRA Analyser; Roche Diagnostic 
Systems, Welwyn Garden City, UK). Liver biopsy specimens 
were accepted eligible if they included 10 or more complete 
portal tracts, had more than 20-25 mm in length, were 
stained with Masson’s trichrome and reticulin dyes, and 
were evaluated according to modified Ishak’s scoring system 
(1995). The stage of fibrosis was stratified into tree groups 
as following: (group [G]-I, classic modified Ishak’s Score 
from F1 to F6; group-II, mild [F1-2], moderate [F3-4] and 
severe [F5-6]; group-III, mild [≤ F2] and advanced [F>2]). 

Some of the patients with conditions that might 
affect the serum ACE level were excluded from the study. 
These conditions were accepted as following; 1) hyperten-
sion; 2) receiving any antihypertensive or other drugs 
that might potentially interact with the RAS system such 
as ACE inhibitors; 3) diabetes mellitus; 4) any renal pa-
renchymal diseases; 5) sarcoidosis; 6) acute or chronic 
inflammation with elevated C-reactive protein or sedi-
mentation; 7) concomitant chronic liver disorders; 8) 
moderate or severe cardiopulmonary problems. All CHC 
patients were categorized as Child-Plug grade A and, as 
expected, those with Child-Plug grade B and C as well 
as esophageal varices or any signs of decompensated 
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cirrhosis were excluded. The healthy control group was 
equivalent to the patient group regarding age and gender 
and consisted of those who did not have chronic health 
problems other than dyspeptic complaints. Serum ACE 
levels were obtained from healthy controls using the 
same method as for the CHC patient group. The study 
was performed in agreement with the guidelines of the 
Helsinki declaration.

Statistical analysis
Statistical analyses were conducted using SPSS 19 (Chi-
cago, Illinois, USA). Patient and control groups were in-
vestigated in terms of distribution, frequency and the 
difference between the two groups. A p-value lower than 
0.05 was accepted as statistically significant. Gender, age 
and serum ACE levels were investigated using Chi-square 
tests, Student’s t-test and Mann-Whitney U test, respec-
tively. Spearman’s correlation coefficient was used to 
evaluate the correlations between serum ACE levels and 
liver fibrosis stages. Normally distributed data are dem-
onstrated as means and standard deviation (SD), while 
non-normally distributed data are represented by median 
and minimum-maximum. 

results
A total of 100 patients with hepatitis C and 100 dyspep-
tic healthy subjects were included in this study. Clinical 
suitability and usability of serum ACE level were calcu-
lated as 47% for CHC group and 64% for healthy subjects. 
The median age was 56.5 (36-73) years for the CHC group 
and 55 (35-79) years for the healthy subjects. There were 
30 females and 70 males in the CHC group and 40 females 
and 60 males in the healthy group. There was no statis-
tically substantial difference in both groups regarding 
age and sex. The important demographic data are il-
lustrated in Table 1. The median serum ACE level was 
higher in the healthy group than in patients with CHC 
(42.5 [7-119] vs. 36 [7-91] U/I, p=0.002) (Figure 1). The 
proportion of patients in terms of different fibrosis 
stages was calculated as follows: group-I was F1=5 (5%), 
F2=17 (17%), F3=31 (31%), F4=18 (18%), F5=22 (22%) and 
F6=7 (7%). The group-II was mild (F1-2) = 22 (22%), mod-
erate (F3-4) = 48 (48%), and severe (F5-6) = 29 (29%), and 
the group-III was mild (F ≤ 2) = 22 (22%) and advanced 
(F > 2) = 78 (78%). There was no statistically significant 
difference among the different fibrosis groups regarding 
serum ACE levels (Figure 2). There was no correlation 
between the serum ACE and HAI, MELD and the scores 
of fibrosis (r=-0.058, r=-0.121, r=-0.026 and p=0.567, 
p=0.231, p=0.923, respectively).

discussion
CHC is still considered a major problem all over the world. 
When choosing the optimal and the best treatment mo-
dality for these patients, the stage of liver fibrosis is ac-
cepted to be the key element, according to EASL and 
AASLD guidelines.5,19 For instance, some new and effective 
drugs are used in CHC patients with early fibrosis, but 
are contraindicated to CHC patients with advanced fi-
brosis.20,21 As mentioned in the introduction, liver biopsies 
are still considered the best method for detecting liver 
fibrosis. However, due to unmet needs, a growing number 
of non-invasive markers has been suggested for prediction 
of the stage of liver fibrosis.10 Also, there is an increasing 
number of ongoing studies for this purpose.22 Measuring 
serum ACE levels is one of them, showing promising re-
sults in early studies, although some paradoxical outcomes 
have also been reported recently.16-18,23 The issue of non-
-invasive methods has increasingly attracted many research-
ers, and frequently new studies on the topic are added to 
the literature.

In the present study, we investigated the relationship 
between serum ACE levels and the stage of liver fibrosis 
in a relatively large cohort including 100 CHC patients 
and 100 healthy control subjects. Interestingly, our results 
are different from previous studies due to the following 
points. To our knowledge, this is the first study to inves-
tigate the relationship between serum ACE level and the 
stages of liver fibrosis in patients with CHC, as well as the 

FIGURE 1 The median serum ACE level was higher in the healthy 

group than in patients with chronic hepatitis C (42.5 [7-119] vs. 36 

[7-91] U/L, p=0.002) (95% confidence interval and median values 

are shown). 
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suitability and usability of serum ACE levels in patients 
with chronic liver disease. According to the literature, a 
non-invasive marker to be used for detecting of the stage 
of liver fibrosis should be easy to perform, inexpensive and 
yield reliable, reproducible results, as well as remain unaf-
fected by other chronic diseases and medication. Unfor-
tunately, the levels of serum ACE could be affected by 
many drugs and chronic diseases that are commonly pres-
ent in most of the CHC patients. Consequently, we re-
searched this issue and finally found that the usability of 

serum ACE in our patients with CHC was only 47%. This 
means that serum ACE may not be a suitable non-invasive 
marker for all CHC patients. In addition, studies on serum 
ACE levels and liver fibrosis usually include a relatively 
small number of the patients and healthy controls.17,18 

Also, contrary to other studies, we found a higher 
level of serum ACE in the healthy controls (42.5 U/L) 
compared to the patients with CHC (36 U/L), and no 
correlation between serum ACE and the stages of liver 
fibrosis. In previous studies, the most striking results 

FIGURE 2 The median serum ACE level was not different statistically among groups I, II and III and there was also no relationship between 

serum ACE levels and the different liver fibrosis stages (95% confidence interval and median values are shown).
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TABLE 1 Important characteristics of the study population.

Chronic hepatitis C patients (n=100) Healthy group (n=100) p

Age (years [min-max]) 56.5 (36-73) 55.0 (35-79) 0.082

Gender (n [%]) 0.138

    Male 30 (30%) 40 (40%)

    Female 70 (70%) 60 (60%)

Blood pressure (mmHg) NS

   Systolic 112±18 121±22

   Diastolic 62±13 71±13

Creatinin (mg/dL) 0.97±0.2 0.88±0.1 NS

Serum ACE (U/L) (median [min-max]) 36 (7-91) 42.5 (7-119) 0.002

HAI 10±3.2

MELD 7±1.3

AFP (ng/mL) 4.1±3.4 3.1±1.9 NS

T.Bil. (N<1.2 mg/dL) 0.97±0.17 0.85±0.1 NS

Child-Plug Score A (100%)

ACE: angiotensin-converting enzyme; HAI: histologic activity index; MELD: Model for End-Stage Liver Disease, T.Bil: total bilirubin; NS: non-significant; AFP: alpha-fetoprotein.
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regarding the relationship between serum ACE and the 
stage of liver fibrosis have been found first by Purnak et 
al.17 and Efe et al.18 in patients with chronic hepatitis B 
and autoimmune hepatitis, respectively. Interestingly, 
both authors found nearly the same results that serum 
ACE was higher in the patient groups compared to the 
healthy control groups (hepatitis B study results: chron-
ic hepatitis B vs. healthy control, 48.4 [14-83] U/L vs. 26.2 
[12-48] U/L, p<0.001, and autoimmune hepatitis study: 
autoimmune hepatitis vs. healthy control, 58 [38-142] vs. 
34.5 [10-59] p<0.001).17,18 Moreover, they both found a 
significant correlation between serum ACE and the stag-
es of liver fibrosis, and identified an optimum serum ACE 
cutoff level for advanced fibrosis as 52.5 U/L and 65 U/L 
with high specificity and sensitivity.17,18 Based on data, Efe 
et al.18 claimed that serum ACE might also be an attractive 
inflammation marker due to the fact that serum ACE 
levels increase proportionally with the severity of the 
interface hepatitis. When these two studies are considered 
together, the most critical problem is that the number of 
researched patients and control group is very small (Pur-
nak et al.17 included 50 chronic hepatitis B patients vs. 20 
healthy controls, and Efe et al.18 had 73 patients with 
autoimmune hepatitis vs. 32  healthy controls); some 
patients in the study group had signs of cirrhosis. Also, 
these results are not confirmed in a relatively wide range 
of studies performed by Turhan et al.23 as well as our study. 

A similar discrepancy that has been noticed in some 
of the drug studies refers to blockage of RAS. In early 
studies on the latter, despite a reduction in liver fibrosis 
with the use of some ACE inhibitors, the results were not 
confirmed by any new studies performed with lisinopril, 
known as one of angiotensin-converting enzyme inhibi-
tors.14,24,25 Lisinopril has shown no major histomorpho-
logical alterations in regenerating fibrotic liver tissues 
and has a beneficial effect on the regression of liver fibro-
sis.16 These conflicting results may also be explained by 
the lack of consideration of the polymorphism of ACE 
gene in the study population. Polymorphism of the ACE 
gene has the greatest impact on serum ACE levels with a 
strong genetic influence and large interindividual differ-
ences.26 Studies investigating I/D polymorphism in the 
ACE gene have demonstrated that, while individuals with 
D allele have advanced ACE activity, individuals with I 
allele have lower ACE activity than those with D allele.27 
Moreover, the ACE gene polymorphism can cause a con-
siderable amount of changes, up to 28% increase in serum 
ACE levels, depending on the ethnic background of the 
study population.28 Consequently, the interpretation of 
serum ACE values without regard to ACE gene polymor-

phism may cause a masking effect regarding the exact 
values.23 Based on these conflicting results, we suggest 
that serum ACE levels should be interpreted in view of 
the polymorphism of ACE gene and used with genotype-
corrected reference values.

conclusion
In conclusion, our results showed that the measurement 
of serum ACE for assessment of the stage of liver fibrosis 
is not usable and suitable in patients with CHC. Also, 
there is no correlation between serum ACE levels and the 
stages of liver fibrosis. Based on recent research, it is not 
possible to interpret the level of serum ACE correctly 
without considering the polymorphism of the ACE gene. 
This hinders the use of serum ACE as an easy, cost-effec-
tive and reliable marker of liver fibrosis.
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