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Abstract
AIM: To study the diagnostic value of controlled at-
tenuation parameter (CAP), evaluated by transient 
elastography, for liver steatosis in patients with chronic 
hepatitis B (CHB).

METHODS: Eighty-eight patients with CHB were en-
rolled in this study. All of the patients were subjected 
to transient elastography to determine CAP. These 
patients also underwent liver biopsy in the same pe-
riod. Using liver biopsy as a reference, we determined 
receiver operating characteristic (ROC) curves for dif-
ferent endpoints. Areas under the ROC curves (AUCs) 
were used to evaluate the diagnostic importance of 
CAP for liver steatosis in patients with CHB.

RESULTS: A positive correlation was observed be-
tween the AUCs of CAP and liver pathological stage 
(r  = 0.582, P  < 0.05). CAP was not correlated with 
inflammation degree and fibrosis degree (r  = -0.025, P  

> 0.05; r  = 0. 068, P  > 0.05). The mean CAP value at 
S0 was 209.59 ± 41.25 dB/m, 223.84 ± 35.28 dB/m at 
S1, 274.17 ± 43.69 dB/m at S2, and 312.50 ± 25.44 
dB/m at S3. CAP values among S0, S1, S2, and S3 
were significantly different (F  = 17.79, P  < 0.01). The 
AUC values for CAP were 0.711 (0.592-0.870), 0.868 
(0.748-0.989), and 0.974 (0.922-1.026) for S1, S2, 
and S3, respectively. The optimal cut-off values were 
219.5, 230.0, and 283.5 dB/m.

CONCLUSION: CAP is a novel tool that can be used 
to assess the degree of steatosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In recent years, numerous patients suffer 
from steatosis combined with hepatitis B virus infection. 
Hence, the amount of fat in the liver of these patients 
should be evaluated. This study aimed to investigate 
the diagnostic importance of controlled attenuation pa-
rameter, evaluated by transient elastography, for liver 
steatosis in patients with chronic hepatitis B.
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INTRODUCTION
Steatosis results from the accumulation of  fatty droplets 
in the liver cells and can be a result of  several causes such 
as alcohol consumption, viral hepatitis and metabolic 
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Table 1  Biochemical parameters for the 88 patients
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dysfunction (obesity, type 2 diabetes, hyperglycemia, hy-
pertriglyceridemia)[1]. Steatosis is a reversible and benign 
condition[2]. However, in many cases, steatosis can be as-
sociated with inflammation (steatohepatitis), which may 
result in liver fibrosis and might progress to cirrhosis, 
liver failure or hepatocellular carcinoma[1].

In recent years, numerous patients suffer from ste-
atosis combined with hepatitis B virus infection. Hence, 
the amount of  fat in the liver of  these patients should be 
evaluated.

Liver biopsy has been regarded as the gold standard for 
steatosis assessment. However, liver biopsy has a potential 
sampling error, is an invasive and often painful procedure 
and can result in severe complications. Therefore, the pro-
cedure is accepted by patients with some reluctance. Fur-
thermore, it can only be applied in selected subjects and 
not readily repeated for the follow-up of  patients.

To evaluate hepatic steatosis degree, medical practi-
tioners employ advanced transient elastography as an op-
timal technique. Transient elastography is also a non-in-
vasive, painless, rapid, simple, and objective quantitative 
detection method. This technique can be used to deter-
mine controlled attenuation parameter (CAP) to evaluate 
the degree of  hepatic steatosis. This parameter is based 
on the ultrasonic properties of  the radiofrequency back-
propagated signals acquired by the Fibroscan.

Therefore, this study applied transient elastography 
to determine CAP and evaluate the degree of  hepatic 
steatosis among 88 patients treated at our hospital.

MATERIALS AND METHODS
A total of  88 patients with chronic hepatitis B (CHB) 
treated at Tianjin Second People’s Hospital from August 
2012 to December 2012 were selected as our research 
subjects. The diagnostic criteria were based on the Guide-
line of  Prevention and Treatment for Chronic Hepatitis 
B (version 2010)[3]. Among these patients, 62 were male 
and 26 were female, with ages ranging from 15 years to 
67 years (an average of  38.32 ± 12.99 years). The dura-
tion of  positive hepatitis B surface antigen and hepatitis 
B virus (HBV)-DNA was at least six months. Alanine 
aminotransferase exacerbated or stimulated another onset 
of  abnormality. The detected results for other hepadnavi-
ruses were negative. At the same stage, hepatic pathologi-

cal examination and CAP detection were conducted.

Transient elastography for the evaluation of hepatic 
steatosis degree
The detection method was based on the transient elas-
tography user’s manual. The decision points were posi-
tioned between the seventh and eighth ribs or between 
the eighth and ninth ribs from the right anterior axillary 
line to the midaxillary line. After 10 consecutive valid 
detections, median was selected as the ultimate measure-
ment result and expressed using CAP (dB/m). The suc-
cess rate of  ultimate detection was required to exceed 
60%, and the interquartile range should be less than 1/3 
of  the median.

Liver biopsy method
Liver biopsy specimens ≥ 1.5 cm in length were ob-
tained. Liver biopsy specimens were fixed using 10% 
neutral formalin and embedded in paraffin. Hepatic 
steatosis was quantified as follows: S0: liver fat content/
liver wet weight ratio ≤ 10%; S1: 11% to 33%; S2: 34% 
to 66%; and S3: 67% to 100%. Two pathologists then 
independently read the films by using a blind method. If  
they reached different diagnosis results, the films were 
read again to reach a consensus.

Statistical analysis
Statistical analyses were carried out using data analysis 
software STATISTICA version 8.0 (Statsoft Inc., United 
States). Using positive results as a diagnostic criterion, 
we illustrated a receiver operating characteristic (ROC) 
curve. Linear correlations between CAP index and he-
patic steatosis stage, inflammation degree, and fibrosis 
degree were evaluated with the Pearson correlation 
coefficient (r). The correlation was evaluated based on 
Spearman’s coefficient. P-values < 0.05 were considered 
statistically significant.

RESULTS
Biochemical parameters
Biochemical parameters for the 88 patients are shown in 
Table 1.

Liver biopsy results
Among the 88 patients, the following cases were obtained 
(Figure 1): 32 at the steatosis stage S0 (36.36%); 32 at 
stage S1 (36.36%); 16 at stage S2 (19.05%); and eight 
cases at stage S3 (9. 09%).

CAP testing result
CAP values for the 88 patients varied from 124 dB/m 
to 349 dB/m, with an average of  232.13 ± 48.82 dB/m. 
The mean CAP value at S0 was 209.59 ± 41.25 dB/m, 
223.84 ± 35.28 dB/m at S1, 274.17 ± 43.69 dB/m at 
S2, and 312.50 ± 25.44 dB/m at S3. CAP showed an in-
creasing trend from S0 to S4. The differences among the 
four stages showed statistical significance (F = 17.79, P 
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Parameter Value

Alanine transaminase (U/L)   61.8 ± 37.3
Aspartate aminotransferase (U/L)   73.6 ± 40.1
Albumin (g/L)   40.5 ± 22.8
Total bilirubin (μmol/L) 16.4 ± 7.8
Direct bilirubin (μmol/L)   9.4 ± 5.4
γ-glutamyl transpeptadase (U/L) 102.6 ± 65.3
Alkaline phosphatase (U/L)   99.8 ± 49.2
Body mass index (kg/m2) 24.16 ± 4.97
Triglyceride (mmol/L)   1.8 ± 1.0
Total cholesterol (mmol/L)   5.0 ± 1.7



Table 2  Relationship between controlled attenuation param-
eter index and hepatic steatosis stage, inflammation degree, 
and fibrosis degree

< 0. 01).

Relationship between CAP index and hepatic steatosis 
stage, inflammation degree, and fibrosis degree
CAP was positively correlated with hepatic steatosis (r = 
0.582, P < 0.05), but was not correlated with inflamma-
tion degree or fibrosis degree (r = -0. 025, P > 0. 05; r = 0. 
068, P > 0. 05) (Table 2).

Diagnostic values of CAP for hepatic steatosis
The areas under the curves (AUCs) for CAP at stages 
S1, S2, and S3 were 0.711 (0.592 to 0. 870), 0.868 (0.748 
to 0.989), and 0.974 (0.922 to 1.026), respectively. The 
optimal cut-off  points were selected according to the 
ROC curves (Table 3 and Figure 2).

DISCUSSION
In previous studies, approximately 27% to 51% of  the 
total number of  patients with CHB suffered from hepat-

ic steatosis[4,5]. However, the morbidity of  nonalcoholic 
fatty liver disease increased in years, thereby increasing 
the number of  patients with hepatic steatosis and CHB. 
Current studies consider that hepatic steatosis is closely 
related to the inflammation degree. Multivariate analysis 
has shown that the advancement of  hepatic steatosis is 
an independent factor related to hepatic fibrosis devel-
opment. In general, the improvement of  hepatic ste-
atosis occurs simultaneously with the reduction of  the 
fibrosis degree[6]. Other studies have demonstrated that 
hepatic steatosis elicits specific effects on the progress 
of  fibrosis in patients with CHB[7]. Hence, the evaluation 
of  steatosis degree among patients with hepatitis B virus 
infection is considered an important method to facilitate 
treatment and determine postoperative effects and treat-
ment efficacy.

For healthy people, intrahepatic fat accounts for 2% 
to 4% of  the liver weight. If  fat weight (mainly triglyc-
erides) exceeds 5% of  the total liver weight or > 5% of  
cells in hepatic tissues exhibit fat deposition, the condi-
tion is considered as hepatic steatosis[8]. The causes of  
hepatic steatosis are generally correlated with alcoholism, 
viral hepatitis, or metabolic syndrome. The prevalence 
rate has reached 16% to 31%, 50.9%, 60% to 100%, and 
86% to 96% in healthy individuals, patients with chronic 
hepatitis C, alcoholic individuals, and individuals with 
severe obesity, respectively[9-13]. Although pure steatosis 
is benign and reversible, the incidence of  hepatic ste-
atosis is often observed with other hepatotoxic factors; 
as a result, oxidative stress and hepatic cell apoptosis 
occur. In addition, hepatic steatosis is closely related to 
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Stage S0 (HE, × 400) Stage S1 (HE, × 400)

Stage S2 (HE, × 400) Stage S3 (HE, × 400)

Figure 1  Pathology of hepatic steatosis.

CAP Hepatic steatosis
degree

Hepatic inflammation 
degree

Hepatic fibrosis
degree

r      0.582     -0.025      0.068
P value < 0.05 > 0.05 > 0.05

CAP: Controlled attenuation parameter.
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Table 3  Diagnostic value of controlled attenuation parameter at three decision points

the progress of  inflammation and fibrosis. These factors 
influence the postoperative effects in hepatic steatosis at 
different degrees[14]. Hence, the precise quantification of  
hepatic steatosis degree and dynamic monitoring are of  
great importance.

At present, liver pathological examination is the main 
method used to evaluate hepatic steatosis. However, liver 
pathological examination is invasive and shows several dis-
advantages, such as sampling error and complications[15,16].

Moreover, current non-invasive tests, such as serum 
markers and imaging technology, exhibit some limita-
tions. Different combinations of  serum biochemical 
markers can be used to evaluate hepatic steatosis degree. 
Such methods include steato test, fatty liver index, and 
hepatic steatosis index. In addition, indicators are avail-
able to evaluate nonalcoholic steatohepatitis. However, 
the effectiveness of  similar non-invasive indexes in clini-
cal diagnosis should be further improved, and these in-
dexes are less feasible in clinical practice.

Other methods, such as ultrasound, computed to-
mography (CT), and magnetic resonance imaging, can 
be applied to diagnose fatty liver and evaluate hepatic 
steatosis degree[17,18]. Although ultrasound is widely used 
in clinical diagnosis of  fatty liver because this technique 
entails low costs and exhibits easy operation, ultrasound 
can only detect hepatic steatosis greater than 30%. This 
technique also relies greatly on operators and devices. 
By comparison, CT can be performed to assess the oc-
currence of  hepatic steatosis based on decreased hepatic 
density. However, hepatic density is possibly influenced 
by Fe content in the liver. Intrahepatic iron deposition is 
commonly observed in patients with adrenoleukodystro-
phy disease, non-alcoholic fatty liver disease, or chronic 

hepatitis C. Meanwhile, CT is radioactive, which limits 
the clinical diagnosis of  fatty liver[19]. The recently devel-
oped magnetic resonance mass spectrometry (MRS) is 
relatively promising; however, MRS is expensive and not 
an exclusive targeting technique in the diagnosis of  fatty 
liver. A great amount of  clinical experiments are needed 
to validate results obtained using this technique.

In clinical practice, CAP is determined by transient 
elastography for the non-invasive evaluation of  hepatic 
steatosis degree[8,20-23]; transient elastography can also be 
performed to diagnose hepatic steatosis and assess pa-
tients with this condition during their follow-up visits. Fi-
broscan based on vibration-controlled transient elastogra-
phy is applied on the basis of  the significant attenuation 
of  ultrasound generated and transmitted in the media.

CAP is expressed as dB/m when ultrasonic frequency 
is fixed. CAP is a newly re-defined parameter based on 
Fibroscan. Considering that CAP is positively correlated 
with hepatic steatosis degree, we can use this parameter 
to detect the degree of  hepatic steatosis quantitatively in 
the human body. In theory, the volume measured by CAP 
is 100 times that of  the tissue volume of  liver biopsy. 
CAP detection shows higher sensitivity, which can distin-
guish hepatic steatosis greater than 10%, than ultrasound 
and other imageological examinations. This technique 
greatly improved the detection rate of  hepatic steatosis 
and provided possibilities of  early diagnosis, early treat-
ment, and prevention of  hepatic steatosis. In addition, 
this method can be used to monitor and evaluate the 
condition of  diseases at different stages. Transient elas-
tography is non-invasive and can quantitatively evaluate 
hepatic steatosis. This technique also requires minimum 
operator dependence and does not emit radiation. Tran-
sient elastography is also appropriate for detection and 
follow-up visits.

The findings of  our study demonstrated that (1) CAP 
was consistent with the pathological results of  liver biopsy 
and can be used to detect fatty liver and identify fatty liver 
degree (P < 0.05). CAP index showed statistical signifi-
cance in the qualitative diagnosis of  fatty liver and staging 
of  fatty liver (P < 0.01). CAP is also important for the 
early diagnosis of  steatosis; (2) AUC values for CAP 
were 0.711 (0.592 to 0.870), 0.868 (0.748 to 0.989), and 
0.974 (0.922 to 1.026) for S1, S2, and S3, respectively. 
According to the maximum sum of  sensitivity and speci-
ficity, the obtained optimal cut-off  values were 219.5, 
230.0, and 283.5 dB/m. Similar to the related findings 
of  Sasso[21], the results of  the present study suggested 
that CAP could accurately diagnose intermediate and 
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Decision point No. Optimal cut-off point Sensitivity Specificity NPV PPV Degree of accuracy

S1 32 219.5        0.694 0.718 71.7% 63.3% 69.5%
S2 16 230.0        0.833 0.781 89.3% 65.0% 77.3%
S3   8 283.5 1 0.969  100% 85.7% 97.4%

PPV: Positive predictive value; NPV: Negative predictive value.
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Figure 2  Receiver operating characteristic curves for controlled attenua-
tion parameter at three decision points.
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severe hepatic steatosis. Our results could be extensively 
used to preliminarily exclude patients with severe hepatic 
steatosis in clinical practice; (3) The negative predictive 
values for stages S1, S2, and S3 were relatively higher, 
indicating that CAP is an optimal tool that can be used 
to screen steatosis; and (4) The study also revealed that 
CAP values were irrelevant in liver inflammation and 
fibrosis rate. CAP is a stable and independent tool that 
can be used to predict hepatic steatosis.

In conclusion, CAP detection is a highly effective meth-
od to evaluate the steatosis rate in patients with hepatitis B 
virus infection. For patients who suffer from mild steatosis 
with hepatitis B virus infection, the accuracy rate of  diag-
nosis based on CAP measurement was relatively lower. In 
clinical practice, CAP can be integrated with other tech-
niques used to detect steatosis to improve the accuracy 
rate of  diagnosis. Liver pathological examination should 
be conducted if  necessary.
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