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Evaluation of liver steatosis, measured by controlled
attenuation parameter, in patients with hepatitis
C-induced advanced liver fibrosis and hepatocellular
carcinoma
Ashraf O. Abdelaziza, Hend I. Shoushaa, Ebada M. Saidc, Zeinab A. Solimana, Ahmed A. Shehatac,
Mohamed M. Nabila, Ahmed H. Abdelmaksoudb, Tamer M. Elbaza and Fatma M. Abdelsalamc

Introduction Steatosis is a documented feature of chronic hepatitis C (CHC). There is an association between steatosis
decrease and fibrosis progression. The association between steatosis and advanced fibrosis versus hepatocellular carcinoma
(HCC) development has not been precisely evaluated. The controlled attenuation parameter (CAP) was applied as an immediate
and efficient process to detect and quantify hepatic steatosis with adequate accuracy.
Aims The aim of this study was to assess the difference in liver steatosis between patients with hepatitis C virus-related
advanced hepatic fibrosis versus HCC.
Patients and methods This cross-sectional study included 130 patients with HCC, attending the multidisciplinary HCC clinic,
Cairo University, and 54 patients with CHC between October 2015 and June 2016. Clinical and laboratory characteristics were
recorded. Liver stiffness and CAP were obtained by using the FibroScan 502, touch.
Results All included patients had genotype 4. The mean CAP value was significantly lower in HCC (209.5±57.1 dB/m) versus
CHC (259.9 ±54.9 dB/m). Receiver operating characteristic curve revealed an area under the curve of 0.75 for the differentiation
between groups. At a cutoff value of 237 dB/m, sensitivity was 72.3%, specificity was 70.7%, positive likelihood ratio was 2.5,
and negative likelihood ratio was 0.4 in the differentiation between CHC versus HCC. Logistic regression analysis revealed an
odds ratio of 6.4 for the diagnosis of HCC with CAP of less than 237 dB/m. Multivariate analysis, controlling for age, sex, BMI,
triglycerides, and cholesterol levels, revealed a significantly increased odds for HCC diagnosis (odds ratio: 4.3, P= 0.006).
Conclusion The progression of CHC is associated with a decrease in steatosis, particularly toward advanced fibrosis and HCC.
Steatosis reduction less than 237 dB/m is likely to be associated with HCC. Eur J Gastroenterol Hepatol 30:1384–1388
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Hepatic steatosis is a known histological feature in chronic
hepatitis C (CHC). Hepatitis C virus (HCV) induces
steatosis through its core protein and nonstructural protein
5A as they induce overproduction of reactive oxygen
species and mitochondrial dysfunction in addition to
insulin resistance [1]. The prevalence of steatosis ranges
from 40 to 86% in CHC and most (78%) patients have
mild steatosis [2]. HCV genotype plays a role in inducing
steatosis; moderate or severe steatosis is significantly less
frequent in genotypes 1 and 4 than in genotype 3. In
overweight, nondiabetic patients, moderate or severe
steatosis is present in only 10–15% of genotypes 1 or 4

patients, indicating that liver steatosis is mostly associated
with metabolic factors in those genotypes [3]. Egypt had
the highest HCV burden worldwide as reported in the
demographic and health survey 2008, with 90% of
patients infected with HCV genotype 4 and the remaining
infected with genotype 1 [4,5]. Thereafter, the sero-
prevalence of HCV infection has declined to 6.3% in
2015 [6], with an overall estimated 30% reduction in
prevalence [7,8].

Steatosis plays a role in fibrosis progression during the
early stages of liver disease but steatosis recedes during the
transition from advanced fibrosis to cirrhosis [5]. It has
been suggested that hepatic steatosis itself adds an onco-
genic potential to the liver [6]. The pathways connecting
steatosis to hepatocellular carcinoma (HCC) are still under
investigations. They include the following: the low-grade
inflammatory status, altered adipokines release enhancing
insulin resistance, and increased lipogenesis with avail-
ability of fatty acids supplying energy for rapidly growing
hepatocytes [7]. In addition, there is oxidative stress with
lipid peroxidation and mitochondrial damage in CHC
induced by HCV core and nonstructural proteins [8,9].

Liver biopsy was considered as the gold standard for
the diagnosis and staging of liver steatosis; however, it is
an invasive and expensive method with both interobserver
and intraobserver variabilities and major possible
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complications [10]. As fat interferes with ultrasound pro-
pagation, a novel controlled attenuation parameter (CAP)
has been developed to detect and quantify hepatic stea-
tosis. It is based on the ultrasonic properties of the
radiofrequency back propagated signals acquired by
Fibroscan [11]. The CAP is a promising tool for the non-
invasive quantification of liver steatosis. Its advantages
include the following: simplicity, being painless, rapid,
operator-independence, and sensitivity to lesser degrees of
steatosis (≥10%). Moreover, the CAP provides assessment
of ultrasound attenuation together with liver stiffness
measurement (LSM). CAP is less liable to sampling errors
as it covers a liver volume of nearly 100 times larger [12,13].
The aim of this study is to evaluate the difference in liver
steatosis, measured by CAP, between Egyptian patients with
HCV genotype 4-related advanced hepatic fibrosis versus
HCV genotype 4-related HCC.

Patients and methods

This cross-sectional study was carried out on 184 patients
with CHC who were subdivided into two groups. Non-
HCC group comprised 54 treatment-naive patients with
CHC and HCC group that comprised 130 patients who
were attending the multidisciplinary HCC Clinic, Kasr Al-
Aini Hospital, Cairo University. We started patients’
enrollment since October 2015 till June 2016. HCC was
diagnosed and managed according to the EASL guidelines
[14], AASLD updated practice guidelines [15], and BCLC
guidelines [16]. The study was performed in compliance
with the ethics principles of the 1964 Declaration of
Helsinki and its later amendments with GCP guidelines. A
written informed consent was obtained from all patients.
The study protocol as well as the suggested informed
consent was approved by the Institutional Review Board
of Endemic Medicine Department, Cairo University and
Hepatology, Gastroenterology and Infectious Diseases
Department, Faculty of Medicine, Benha University,
Benha, Egypt, before the start of enrolling the participants.

Our inclusion criteria were as follows: treatment-naive
adults (>18 years old) with CHC, of both sexes, and
patients with HCV-related HCC (single or multiple
lesions). All patients were Child–Pugh A or B. The exclu-
sion criteria were as follows: patients with DM, previous
treatment of CHC either with interferon and ribavirin and/
or direct acting antiviral agents, serological evidence of
chronic hepatitis B, history of alcohol abuse, history of
drugs causing hepatic steatosis (e.g. corticosteroids, high
dose estrogen, methotrexate, or amiodarone), history of
gastrointestinal bypass surgery, other types of metabolic or
autoimmune liver diseases and malignancies other than
HCC, portal vein thrombosis or ascites, hepatic encepha-
lopathy, and biliary obstruction. All patients were sub-
jected to full history taking and clinical examination.
Laboratory evaluation included the following: complete
blood count, liver biochemical testing [alanine transami-
nase (ALT), aspartate transaminase (AST), alkaline phos-
phatase, bilirubin, albumin, and international normalized
ratio], creatinine levels, and serum α-fetoprotein. Fasting
serum cholesterol and triglycerides (TGs) were measured.
HCV genotyping was done using reverse transcription-
PCR on Applied Bio-systems TR Step OneReal-Time PCR

system (Applied Biosystems Inc., Lincoln Centre Drive
Foster City, California, USA).

LSMs and CAP were performed to all patients. It was
performed by FibroScan 502, touch (Echosens, Paris,
France) machine located in the Ultrasound Unit, Kasr Al-
Ainy Hospital, Egypt. The device estimates liver stiffness in
kilopascal (kPa) and liver steatosis in decibel per meter
(dB/m). Measurements were performed on the right lobe of
the liver through intercostal spaces on patients lying in the
dorsal decubitus position with the right arm in maximal
abduction. The tip of the probe transducer was covered
with coupling gel and placed on the skin, between the rib
bones. The operator, assisted by an ultrasonic time‐motion
image, located a liver portion away from HCC and free of
large vascular structures. Up to 10 successful measure-
ments were performed on each patient. Success rate of at
least 60% was reliable. The median value of successful
measurements was selected as a representative of the LSM
value in a given patient only if an interquartile range to
median value ratio was less than 0.3 [17]. Cutoff values for
LSMs in kPa in relation to Metavir score used during this
study were according to de Lédinghen and Vergniol [18].
Patients were divided according to their LSM: non-
significant fibrosis (<F2): 0–8.7 kPa, significant fibrosis
(≥ F2 to <F4): 8.8–14.4 kPa. and cirrhosis (F4): at least
14.5 kPa. Cutoffs for grading of steatosis using CAP were
categorized according to Sasso et al. [11]: S0: less than
237.7 dB/m, S1: 237.7–259.3 dB/m, S2: 259.4–292.2 dB/
m, and S3: at least 292.3 dB/m.

Statistical methods

Data were analyzed using IBM SPSS advanced statistics,
version 22 (SPSS Inc., Chicago, Illinois, USA). Numerical
data were expressed as mean and SD or median and range
as appropriate. Qualitative data were expressed as fre-
quency and percentage. χ2-Test or Fisher’s exact test was
used to examine the relation between qualitative variables.
For quantitative data, comparison between two groups
was done using either Student’s t-test for normally dis-
tributed data and Mann–Whitney test (nonparametric
t-test) for not normally distributed data. Pearson’s
product–moment was used to estimate correlation between
numerical variables. Odds ratio with its 95% confidence
interval were used for risk estimation. Multivariate ana-
lysis was done using logistic regression for the significant
factors on univariate analysis. All tests were two tailed.
P values less than 0.05 were considered significant.

Results

Regarding the demographic characteristics of the two
studied groups, patients with HCC were significantly older
in age with higher male predominance compared with
CHC group patients (P< 0.001) and lower BMI (P=0.01).
HCC group showed significantly higher AST/ALT ratio,
worse liver functions and lower platelet count (P<0.001).
Total cholesterol and TG level were lower in patients with
HCC than those with CHC, with high statistical sig-
nificance (P< 0.001). Although we intended to choose
patients with CHC with advanced liver fibrosis (F3–F4) to
be comparable to those with HCC, patients with HCC
showed higher LSM (Table 1). All our patients were
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infected with HCV genotype 4. According to BCLC sta-
ging, 13 patients were stage 0, 36 patients were stage A, 80
patients were stage B whereas only four patients were stage
C as they had partial portal vein thrombosis.

Regarding CAP, the mean CAP value was significantly
lower in HCC group (209.5 ±57.1 dB/m) versus CHC
(259.9 ±54.9 dB/m) (Table 2). We found no significant
difference in CAP values or LSMs between patients with
single versus multiple HCC or between patients with dif-
ferent sizes of HCC (Table 3). Receiver operating char-
acteristic curve revealed an area under the curve of 0.75
for the differentiation between the two groups. At a cutoff
value of 237 dB/m, sensitivity is 72.3%, specificity is
70.7%, positive likelihood ratio is 2.5, and negative like-
lihood ratio is 0.4 in the differentiation between HCV-
related advanced liver diseases versus HCC (Fig. 1).
Logistic regression analysis revealed an odds ratio of 6.4
for the diagnosis of HCC associated, with CAP value less
than 237 dB/m. Multivariate analysis was done, control-
ling for age, sex, BMI, as well as blood TGs and

cholesterol levels, and revealed a significantly increased
odds for the diagnosis of HCC (odds ratio: 4.3, P=0.006)
with CAP of less than 237 dB/m (Table 4).

There was a significant correlation between CAP values
and serum cholesterol levels (r= 0.32, P= 0.0001), TG
level (r= 0.4, P=0.0001) and borderline reversed corre-
lation between CAP values and LSMs (r=− 0.13,
P= 0.052) in addition to CAP and age (r= − 0.2, P= 0.03).

Discussion

Nonalcoholic fatty liver disease-like mechanisms of stea-
tosis (including increased availability of lipogenic sub-
strates and de novo lipogenesis, reduced oxidation of fatty
acid substrates and export of fatty acid substrates) are

Table 1. Baseline characteristics of the studied groups

CHC (n=54) HCC (n=130) P value

Age (years) 50 (45–55) 62 (56–65) 0.0001
Sex (male/female) 24/42 105/28 <0.0001
BMI 27.8 (25.3–29) 26.4 (24.1–28.3) 0.02
Hemoglobin (g/dl) 12.7 (11.9–14.1) 12.9 (11.4–13.7) 0.06
WBC (×1000/mm3) 5.5 (4.1–7.1) 5.8 (4.1–6.6) 0.5
Platelets (×1000/mm3) 145 (112–215) 119.5 (92–161) 0.0001
Total bilirubin (mg/dl) 0.65 (0.5–0.93) 1.2 (0.8–1.82) 0.0001
AST (U/l 47 (36–70) 63 (43–89) 0.0001
ALT (U/l) 50 (32–65) 56 (34–72) 0.0001
Albumin (mean ±SD) (g/dl) 3.83 ±0.51 3.28 ±0.52 <0.0001
INR 1.08 (1–1.2) 1.23 (1.1–1.35) 0.0001
Creatinine (mg/dl) 0.8 (0.68–0.9) 0.9 (0.8–1.1) 0.0004
AFP (ng/dl) 7.26 (3.23–9.8) 62.5 (13.1–228) 0.0001
Total cholesterol
(mean ±SD) (mg/dl)

144.08 ± 30.36 106.79 ±36.14 <0.0001

Triglycerides (mg/dl) 93 (76–121) 73.5 (56–97) 0.0001
Liver stiffness (kPa) 18 (12–22.8) 28.25 (21.2–43) 0.0001
Fibrosis stage
F0 – 2 –

F1 – 1
F1–F2 – 1
F2 – 3
F3 12 7
F3–F4 7 4
F4 35 112

Data are expressed as median (interquartile range).
Post-hoc test: albumin P=0.002 for early fibrosis versus advanced fibrosis,
P<0.0001 for advanced fibrosis versus HCC. Cholesterol: P=0.02 for early
fibrosis versus advanced fibrosis, P<0.0001 for advanced fibrosis versus HCC.
AFP, α-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CHC, chronic hepatitis C; HCC, hepatocellular carcinoma; INR, international normalized
ratio; WBC, white blood cell.

Table 2. Comparison of controlled attenuation parameter values and
steatosis score in chronic hepatitis C versus hepatocellular carcinoma

CHC group (n=54) HCC group (n=130) P value

CAP [mean (SD)] (dB/m) 259.96 (54.9) 209.57 (57.1) < 0.001
Steatosis score [n (%)]
S0 19 (29.2) 92 (69.2) < 0.001
S1 10 (15.4) 22 (16.5)
S2 20 (30.8) 8 (6)
S3 16 (24.6) 11 (8.3)

CAP, controlled attenuation parameter; CHC, chronic hepatitis C; HCC, hepato-
cellular carcinoma.
Bold value indicates significant P values.

Table 3. Liver stiffness and controlled attenuation parameter values at
different hepatocellular carcinoma sizes and numbersa

Single HCC Multiple focal lesions P value

CAP (dB/m) 220 (173–247) 196 (176–239) 0.3
Liver stiffness (kPa) 28.25 (16.9–41) 34.8 (23.1–45) 0.4

Lesions <3 cm Lesions 3–5 cm Lesions >5 cm P value

CAP (dB/m) 207 (182–236) 214 (161–247) 192 (173–246) 0.8
Liver stiffness
(kPa)

26.3
(16.9–43.5)

30.8
(23.6–42.5)

27 (20.2–45.7) 0.6

CAP, controlled attenuation parameter; CHC, chronic hepatitis C; HCC, hepato-
cellular carcinoma.
aData are represented as mean (SD).

Fig. 1. Receiver operating characteristic (ROC) curve for the discriminatory
power of controlled attenuation parameter in the differentiation of hepatitis C
virus-related advanced fibrosis from hepatocellular carcinoma.

Table 4.Multivariable logistic regression analysis for predictors of having
the diagnosis of hepatocellular carcinoma

OR (95% confidence interval) P value

CAP<237 4.31 (1.52–12.22) 0.006
Sex

Female 0.19 (0.1–0.58) 0.003
Triglycerides 0.98 (0.96–0.99) 0.008
Cholesterol 0.98 (0.96–0.99) 0.01
BMI 0.88 (0.73–1.06) 0.2
Age 1.19 (1.11–1.28) <0.0001

CAP, controlled attenuation parameter; OR, odds ratio.
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shared by all genotypes of HCV. However, these mole-
cular mechanisms are more amplified with genotype 3
owing to its peculiar variance in core protein amino-acid
sequence. HCV steatosis was found to have a remarkable
clinical effect in accelerated fibrogenesis and in impaired
treatment response to interferon and ribavirin and has
been suggested by several studies to have a role in the
development of HCC [19].

The results of this study show that the progression of
HCV genotype 4-related chronic liver disease is associated
with a decrease in steatosis score, particularly toward
advanced fibrosis and HCC. Reduction of steatosis score
below 237 dB/m measured by CAP is more likely to be
associated with HCC. To our knowledge, this is the first
study to address the changes in HCV genotype 4-related
steatosis in advanced fibrosis and HCC in a considerable
number of patients.

This study included 130 patients with HCC and 54
patients with CHC who were naive to treatment. As with
previous studies, the HCC group was older with male
predominance [20]. Moreover, BMI was significantly
lower in HCC group [21]. HCC group showed sig-
nificantly higher AST/ALT ratio, worse liver functions and
lower platelet count. Lok et al. [9] found that the factors
associated with the decrease in steatosis score were
increased AST/ALT ratio and decreased TGs together with
decreased hepatic inflammation score.

Total cholesterol and TG levels were significantly lower
in patients with HCC than those with CHC. Previous
studies also showed that CHC is associated with low total
cholesterol and TG levels [19,22–24]. This reduction of
total cholesterol and TGs is aggravated with the develop-
ment of HCC. This aggravation may be explained by the
relationship between cytokines and lipids. Lipid metabo-
lism products, for example, interleukin-1, interleukin-6,
tumor necrosis factor-α, and interferon-α, are released by
HCC cells that inhibit lipolysis. In addition, liver cells are
damaged in hepatocarcinogenesis, and hepatic TG lipase
activity decreases significantly. Regarding the total cho-
lesterol level, with the deterioration in liver functions
occurring with chronic liver disease and liver cancer, the
cholesterol esterification and evacuation are blocked,
which leads to reduction of plasma cholesterol level.
Hydroxy-methyl-glutaryl coenzyme A reductase synthesis
is also decreased and serum cholesterol content gradually
depresses especially in HCC [25]. On the contrary, in the
study done by Pekow et al. [26], they found that hepatic
steatosis was a risk factor for HCC and found no sig-
nificant difference in the levels of cholesterol and TGs
between HCC and CHC groups.

Regarding CAP, the mean CAP value and consequently
steatosis score was significantly lower in HCC group in the
present study. Lok and colleagues studied the overtime
changes in steatosis among patients included in the Hepatitis
C Antiviral Long-term Treatment against Cirrhosis-Clinical
trial. All their patients initially had advanced fibrosis and
most (94%) patients had genotype 1 infection. They found a
decrease in steatosis score by more than one point in 30% of
patients, and this was associated with both progression and
continued presence of cirrhosis. Compared with patients
without a reduction in steatosis, those with steatosis decrease
had initially worse metabolic parameters, and were more
likely to have an improvement in metabolic parameters,

and worsening liver cirrhosis, esophageal varices, and
deterioration in liver function [9]. Other studies had
suggested that steatosis increases in parallel with fibrosis
advancement and appears to drop when cirrhosis becomes
established [26,27].

We assume that hepatic steatosis continues to regress
with the progression of advanced liver fibrosis, cirrhosis,
and HCC. HCC causes aggravation of fibrosis, and pre-
vious studies have revealed that there is usually extensive
fibrosis in peritumoral tissue of HCC owing to the pro-
duction of profibrotic mediators, which could be enhanced
by hypoxia in the fibrotic liver [28]. Previous studies
showed that patients with HCC usually have higher
fibrosis stages than non-HCC patients [29], which could
be associated with a continuous reduction in liver cells
steatosis. A possible explanation of why steatosis decreases
with the development of cirrhosis is the reduced access of
TGs and free fatty acids to liver cells owing to porto-
systemic shunting or loss of sinusoidal fenestrations
occurring with cirrhosis. In addition, porto-systemic
shunts also leads to limited exposure of liver cells to cir-
culating insulin, which may reduce insulin’s fat-storing
signal [9]. Lok et al. [9] also observed a correlation
between the decrease in steatosis score and presence as
well as new development of esophageal varices, supporting
a relationship between the reduction in hepatic steatosis
and portal hypertension.

In this study, we found a significant correlation between
CAP values and serum cholesterol and TG levels, with
borderline reversed correlation between CAP values and
LSMs (r= − 0.13, P=0.052) in addition to CAP and age
(r=− 0.2, P= 0.03). CAP did not correlate with BMI,
which is similar to Pekow and colleagues, but in contrary
to other observational investigations. Pekow et al. [26]
explanation was that steatosis decreases towards the pro-
gression of liver fibrosis till cirrhosis that masked this
relation with BMI.

Studies that have discussed the association between
HCV, steatosis, and HCC include a prospective biopsy-
based study that concluded that steatosis is a risk factor for
HCC in CHC [30]. They included patients with genotype 1
mainly and to a less extent 2. Their group of patients with
steatosis who eventually developed HCC had significantly
older age at baseline and higher BMI, ALT, and TGs, but
they did not follow the changes in these parameters or the
changes in steatosis score after HCC development. Their
results showed significant associations between the pre-
sence of steatosis and baseline BMI, ALT levels, and TGs
[30]. The study by Pekow et al. [26] revealed that trans-
planted patients with HCC have higher steatosis score
than transplanted non-HCC. This is different from our
study but could be explained by the fact that patients with
HCC at time of transplantation may have less fibrosis
stages and consequently higher steatosis score as they are
given higher priority for transplantation with extra MELD
points for their HCC whereas patients with non-HCC
usually are Child–Pugh C with high fibrosis stages. On the
contrary, a second retrospective case–control study of liver
biopsies did not identify an association between steatosis
and HCC [21]. Unfortunately, we did not measure the
waist–hip ratio or correlate it with CAP results of the
patients. The main difference between other studies and
ours will always be the different genotype and the presence
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of different grades of alcohol intake, as none of our
patients had any alcohol intake. The lack of pathologic
data is a limitation to our study, but all our patients with
HCC were adequately diagnosed by imaging modalities
(triphasic computed tomography or MRI) with no indi-
cation for biopsy.
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