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Abstract
AIM: To evaluate the performance of a novel non-inva-

sive controlled attenuation parameter (CAP) to assess 
liver steatosis.

METHODS: This was a multi-center prospective cohort 
study. Consecutive patients (aged ≥ 18 years) who had 
undergone percutaneous liver biopsy and CAP measure-
ment were recruited from three Chinese liver centers. 
Steatosis was categorized as S0: < 5%; S1: 5%-33%; 
S2: 34%-66%; or S3: ≥ 67%, according to the nonal-
coholic fatty liver disease (NAFLD) activity score. The 
FibroScan® 502 equipped with the M probe (Echosens, 
Paris, France) was used to capture both CAP and liver 
stiffness measurement values simultaneously. Receiver 
operating characteristic curves were plotted, and the 
areas under the curves were calculated to determine 
the diagnostic efficacy. The accuracy of the CAP values 
at the optimal thresholds was defined by maximizing 
the sum of sensitivity and specificity (maximum Youden 
index).

RESULTS: A total of 152 patients were recruited, 
including 52 (34.2%) patients with NAFLD and 100 
(65.8%) with chronic hepatitis B (CHB) virus infection. 
After adjustment, the steatosis grade (OR = 37.12; 
95%CI: 21.63-52.60, P  < 0.001) and body mass index 
(BMI, OR = 6.20; 95%CI: 2.92-9.48, P  < 0.001) were 
found independently associated with CAP by multivari-
ate linear regression analysis. CAP was not influenced 
by inflammation, fibrosis or aetiology. The median CAP 
values and interquartile ranges among patients with 
S0, S1, S2 and S3 steatosis were 211 (181-240) dB/m, 
270 (253-305) dB/m, 330 (302-360) dB/m, and 346 
(313-363) dB/m, respectively. The cut-offs for the CAP 
values in all patients with steatosis ≥ 5%, ≥ 34% and 
≥ 67% were 253 dB/m, 285 dB/m and 310 dB/m, re-
spectively. The areas under the curves were 0.92, 0.92 
and 0.88 for steatosis ≥ 5%, ≥ 34% and ≥ 67%, 
respectively. No significant differences were found in 
the CAP values between the NAFLD group and the CHB 
group in each steatosis grade.
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CONCLUSION: CAP appears to be a promising tool for 
the non-invasive detection and quantification of hepatic 
steatosis, but is limited by BMI.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: We introduced a novel controlled attenuation 
parameter (CAP) which was acquired using the Fibro-
Scan® equipped with the M probe. This multi-center 
prospective cohort study was performed in Chinese 
nonalcoholic fatty liver disease or chronic hepatitis B 
patients. Following multivariate linear regression analy-
sis, we found that CAP was significantly correlated with 
steatosis grade and was not influenced by inflamma-
tion, fibrosis or aetiology. Although it is less effective in 
identifying moderate to severe steatosis and limited by 
body mass index, we believe that CAP values are more 
useful than the measurement of 5% steatosis and may 
be used as a substitute for ultrasonography in epide-
miological investigations of fatty liver.
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INTRODUCTION
Hepatic steatosis is diagnosed when the accumulation of  
fatty droplets (mainly triglycerides) exceeds more than 
5% of  liver weight[1]. The prevalence of  hepatic steatosis 
is rising in association with the global increase in obesity 
and type 2 diabetes and is currently present in 2%-40% 
of  the general population[2], 50.9% of  individuals with 
chronic hepatitis C (CHC)[3], 46.4% of  heavy drinkers[4] 
and 50%-80% of  obese individuals[5]. In the past, simple 
steatosis was regarded as benign and reversible. How-
ever, the presence of  other aetiologies may act in synergy 
with steatosis to aggravate liver injury, enhance oxidative 
stress, produce inflammation, increase susceptibility to 
apoptosis and even promote the progression of  fibrosis[6]. 
Therefore, it is necessary to accurately quantify the extent 
of  hepatic steatosis and monitor its dynamic changes. 

Although liver biopsy (LB) is regarded as the gold 
standard to assess hepatic steatosis, its use has several 
limitations, including sampling bias, intra- or inter-
observer sampling variability, and the potential for severe 
complications[7]. Therefore, patients opt to avoid such 
an invasive procedure and frequently refuse to repeat it. 

As a result, there is a need for a simple and reliable non-
invasive alternative that either complements or eliminates 
liver biopsy altogether. 

Recently, a novel non-invasive tool based on ultra-
sound attenuation was developed to assess liver steatosis. 
The evaluation of  ultrasound attenuation has been im-
plemented with the FibroScan® (Echosens, Paris, France) 
using a novel proprietary algorithm called the controlled 
attenuation parameter (CAP)[1]. In the existing literature, 
CAP displayed good diagnostic value for chronic liver 
diseases such as viral hepatitis[8-9] and multi-aetiology co-
horts[10-12]. However, there is no research using CAP val-
ues to assess hepatic steatosis in the Chinese population. 
CHB is the most prevalent liver disease in China, and 
nonalcoholic fatty liver disease (NAFLD) is also highly 
prevalent, especially in the more affluent regions[13]. Fur-
thermore, the coexistence of  hepatitis B virus (HBV) 
infection and NAFLD is a novel characteristic of  liver 
disease in the Chinese population. Therefore, the aim of  
this study was to evaluate the performance of  CAP meas-
urements in assessing steatosis, in a cohort of  consecu-
tive NAFLD/CHB patients in China, using liver biopsy 
as the reference. 

MATERIALS AND METHODS
Patients
Adults (aged ≥ 18 years) with NAFLD or HBV infec-
tion (with or without steatosis) were eligible for the study. 
Patients were prospectively recruited from three Chinese 
liver centers (Xinhua Hospital, Shanghai; Dongnan Hos-
pital, Fujian; and Tianjin Hospital of  Infectious Diseases, 
Tianjin) between March 2012 and March 2013. The eth-
ics committees of  the three hospitals approved the study, 
and all patients gave their written informed consent be-
fore participation.

Each patient had undergone percutaneous liver biopsy 
and transient elastography (TE) within 4 wk and met the 
diagnostic criteria for either NAFLD[14] or CHB[15]. Exclu-
sion criteria were: (1) alcohol intake per week greater than 
140 g in men and 70 g in women in the past 12 months; 
(2) other diseases that lead to fatty liver (e.g., CHC, drug-
induced liver disease, total parenteral nutrition, hepato-
lenticular degeneration, autoimmune liver disease, etc.); (3) 
previous liver transplantation; (4) other terminal disease 
or malignancy; (5) refusal to undergo LB or disqualified 
biopsy specimens; and (6) contraindications to FibroScan
® examination (e.g., ascites, implanted pacemakers, non-
healing wounds in the upper-right quadrant of  the abdo-
men, pregnancy, etc.) or unreliable CAP measurements 
[e.g., success rate less than 60% or interquartile range 
(IQR) > 30%]. 

Clinical evaluation and laboratory data 
All patients received physical examinations at the time of  
TE measurement. Liver disease aetiology and anthropo-
metric measurements, including body mass index [BMI, 
weight (kg)/height (m)2] and waist-to-hip ratio [WHR, 
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waist circumference (cm)/hip circumference (cm)] were 
obtained. Demographic information, such as age, sex 
and medical/drinking history were obtained from patient 
interviews during screening. Laboratory data, including 
liver biochemistry, fasting glucose, total cholesterol (TC), 
triglycerides (TG), high density lipoprotein cholesterol 
(HDL-C) and low density lipoprotein cholesterol (LDL-C) 
within 4 wk of  the liver biopsy and in fasting conditions 
were recorded. HBsAg, HBeAg and anti-HBe were deter-
mined with commercially available enzyme-linked immu-
nosorbent assay kits. Serum HBV DNA was measured 
by the real-time PCR Cobas Taqman assay if  HBV was 
positive.

Liver histology
Percutaneous LB was performed with an 18-gauge 
BARD Max-Core Disposable Biopsy Instrument (BARD 
Biopsy Systems, Tempe, AZ, United States) from the 
right lobe under real-time ultrasound guidance. Biopsy 
specimens were formalin-fixed, paraffin-embedded, sec-
tioned, and stained with HE, Masson’s trichome stain and 
reticulin. Liver biopsy sections were interpreted by two 
experienced hepatopathologists who were blinded to the 
clinical data, and a consensus was required in the case of  
discordant results. The length of  the sample was required 
to be ≥ 15 mm, and the sample was to contain at least 6 
portal tracts (PTs). For both NAFLD and CHB samples, 
the liver sections were first evaluated for percentage of  
lipid deposition, and the presence of  visible steatosis in 
≥ 5% of  hepatocytes was considered to represent fatty 
liver[16] which was evaluated by light microscopic exami-
nation of  an HE liver section (4-5 μm thick) under a 10 
× objective lens[17]. Steatosis was categorised as S0: < 5%; 
S1: 5%-33%; S2: 34%-66%; or S3: ≥ 67%, according to 
the NAFLD activity score (NAS)[16].

The grades and stages of  the liver samples were de-
pendent on the liver disease aetiology. The METAVIR 
classification was used for CHB and fibrosis was staged 
from F0 to F4: F0, no fibrosis; F1, portal fibrosis without 
septa; F2, portal fibrosis with few septa; F3, numerous 
septa without cirrhosis; and F4, cirrhosis[18]. Fibrosis in 
NAFLD was staged as follows: F0, no fibrosis; F1, peri-
sinusoidal or periportal fibrosis; F2, perisinusoidal and 
portal/periportal fibrosis; F3, bridging fibrosis; and F4, 
cirrhosis. Because of  the different diagnostic criteria, 
METAVIR grades of  A2-A3 in patients with CHB and 
NAS scores of  ≥ 5 in patients with NAFLD were classi-
fied as moderate to severe inflammation, and F ≥ 2 was 
classified as significant fibrosis.

CAP and liver stiffness measurement
One certified operator with experience of  more than 200 
cases in each centre performed the TE examinations and 
was blinded to the liver histology. The FibroScan® 502 
equipped with the M probe (Echosens, Paris, France) was 
used to capture both CAP and liver stiffness measure-
ment (LSM) values simultaneously. CAP values and LSM 
values were expressed in units of  decibels per metre (dB/

m) and kilopascal (kPa), ranging from 100 to 400 dB/m 
and 2.5 to 75 kPa, respectively. Details of  the LSM and 
CAP measurement principle were provided in previous 
publications[1,19]. Fasted patients were placed in the supine 
position with their right hand on their head in order to 
extend the intercostal space. The tip of  the transducer 
probe was placed on the surface of  the skin between the 
ribs and over the right lobe of  the liver.

A reliable LSM was defined as more than 10 valid 
shots, a success rate of  at least 60%, and an IQR < 30% 
of  the median LSM value[19]. Since there are no reliability 
criteria for CAP measurement, it was arbitrarily decided 
to use the reliability criteria for LSM. Therefore if  the 
LSM was reliable according to those criteria, the corre-
sponding median CAP value was also considered reliable.

Statistical analysis
Continuous variables and patient characteristics were ex-
pressed as either medians (IQR) or n (%), as appropriate. 
The χ 2 test and Fisher’s exact test were used to compare 
categorical data. The Mann-Whitney test was used to 
compare two groups, and the Kruskal-Wallis test was 
used to compare more than three groups. Correlations 
between CAP values and continuous variables were as-
sessed by Spearman correlation coefficients (ρ), and mul-
tivariate analysis was performed using linear regressions.
The receiver operating characteristic (ROC) curves were 
plotted, and the areas under the curves (AUC) were cal-
culated with 95% confidence intervals (CIs) to determine 
the diagnostic efficacy of  CAP to differentiate between 
those with hepatic steatosis ≥ 5%, ≥ 34% and ≥ 67% 
versus controls. The accuracy of  the CAP values at the 
optimal thresholds was defined by maximizing the sum 
of  sensitivity and specificity (maximum Youden index). 
For each optimal cut-off  value, the sensitivity, specificity, 
positive predictive value (PPV) and negative predictive 
value (NPV) were calculated. All statistical analyses were 
performed using SPSS version 13 for Windows (SPSS, 
Chicago, IL, United States). Two-sided P values < 0.05 
indicated statistical significance.

RESULTS
Patients’ baseline characteristics
A total of  189 consecutive patients were screened within 
the study period. Of  these patients, 15 were excluded 
due to withdrawal of  consent, 6 for excessive alcohol 
consumption, 5 for disqualified biopsy specimens, and 
11 due to the inability to acquire qualified CAP and/or 
LSM data. A total of  152 (80.4%) patients were finally 
included in the statistical analysis, including 52 (34.2%) 
with NAFLD and 100 (65.8%) with CHB. Demographic, 
anthropometric, laboratory, and FibroScan examination 
characteristics of  the study population are outlined in 
Table 1. The median BMI (26.0 kg/m2, IQR: 24.4-29.3), 
waist circumference (90.0 cm, IQR 86.0-97.5), hip cir-
cumference (97.0 cm, IQR: 93.0-102.8) and WHR (0.94, 
IQR: 0.91-0.97) in the NAFLD group were significantly 
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phosphatase (P = 0.37), γ-glutamyl transpeptidase (P 
= 0.93), HDL-C (P = 0.24), fasting glucose (P = 0.20), 
HBV DNA levels (P = 0.42, for CHB patients), pro-
thrombin time (P = 0.06), moderate to severe inflamma-
tion (P = 0.18), significant fibrosis (P = 0.55) and LSM (P 
= 0.43) were not significantly correlated with CAP. 

Multivariate linear regression analysis of CAP for steato-
sis and other parameters 
Parameters which were significantly associated with CAP 
were entered into a multivariate linear regression model 
(stepwise methods). After adjustment, only steatosis 
grade (OR = 37.12; 95%CI: 21.63-52.60, P < 0.001) and 
BMI (OR = 6.2; 95%CI: 2.92-9.48, P < 0.001) were inde-

higher than those in the CHB group. 
The characteristics of  liver histology are also shown 

in Table 1. The median length and the PTs of  the liver 
biopsy samples were 18 mm (IQR: 17-19) and 8 (IQR: 
7-10), respectively. The 63 patients with a steatosis score 
of  0%-5% (S0) all had CHB. 

Association of CAP with different parameters
BMI, WHR, albumin, TC, TG, LDL-C and steatosis 
grade showed significant positive associations with CAP, 
while alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), total bilirubin and direct bilirubin 
were negatively associated with CAP (Table 2). Param-
eters such as gender (P = 0.49), age (P = 0.93), alkaline 

  Characteristics All patients NAFLD CHB P value

(n  = 152) (n  = 52) (n  = 100)

  Demographics
     Male gender, n (%)1 106 (69.3) 36 (69.2) 70 (70.0)    0.992
     Age (yr)2     35 (28-49)   39 (29-50)   35 (27-49)    0.167
  Anthropometrics
     BMI (kg/m2)2        24.9 (22.5-27.7)      26.0 (24.4-29.3)      23.9 (21.8-26.6) < 0.001
     < 18.5   7 (4.6) 0 7 (7.0)
     18.5-24.9   70 (46.1) 18 (34.6) 52 (52.0)
     25-29.9   61 (40.1) 24 (46.2) 37 (37.0)
     ≥ 30 14 (9.2) 10 (19.2) 4 (4.0)
     WHR2        0.92 (0.88-0.96)      0.94 (0.91-0.97)      0.90 (0.86-0.95)    0.001
  Laboratory findings
     ALT (U/L)          64.8 (37.9-134.0)        55.0 (31.3-104.4)        69.0 (40.0-187.0)    0.022
     AST (U/L)        44.0 (26.0-77.5)      33.4 (25.0-67.0)      46.3 (28.7-93.5)    0.042
     ALP (U/L)          89.0 (68.0-109.0)        84.0 (63.1-109.0)        90.3 (73.3-109.0)    0.320
     Γ-GT (U/L)          54.3 (28.9-104.4)      60.0 (31.6-97.1)        52.0 (26.5-117.3)    0.770
     Albumin (g/L)        42.7 (39.8-45.1)      43.5 (41.5-46.8)      42.1 (38.6-44.8)    0.017
     Total bilirubin (µmol/L)        14.2 (11.6-20.2)      12.6 (10.5-15.5)      15.2 (12.1-22.3)    0.003
     Direct bilirubin (µmol/L)      4.9 (3.7-7.8)    4.6 (3.8-5.6)    5.2 (3.7-9.0)    0.080
     Total cholesterol (mmol/L)      4.6 (4.0-5.1)    4.7 (4.3-5.1)    4.3 (3.7-5.1)    0.018
     Triglyceride (mmol/L)      1.4 (0.9-2.2)    2.0 (1.3-2.7)      1.3 (0.87-2.0)    0.001
     HDL-C (mmol/L)      1.2 (1.0-1.3)    1.2 (1.1-1.4)    1.1 (1.0-1.3)    0.166
     LDL-C (mmol/L)      2.5 (1.9-2.9)    2.8 (2.6-3.1)    2.3 (1.8-2.6) < 0.001
     Prothrombin time (s)        12.3 (11.1-13.0)      11.9 (10.4-12.4)      12.7 (12.0-13.4) < 0.001
     Fasting glucose (µmol/L)      5.3 (4.7-5.8)    5.2 (4.5-6.0)    5.3 (4.8-5.7)    0.819
     Log10 (HBV-DNA,IU/mL) - -      3.3 (0.92-5.9)
  Liver histology
     Steatosis grade, n (%)1 < 0.001
        S0 (< 5%)   63 (41.4) 0 63 (63.0)
        S1 (5%-33%)   44 (28.9) 19 (36.5) 25 (25.0)
        S2 (34%-66%)   32 (21.1) 23 (44.2) 9 (9.0)
        S3 (≥ 67%) 13 (8.6) 10 (19.2) 3 (3.0)
     Fibrosis stage, n (%)1    0.234
        F0 - 28 (53.8) 36 (36.0)
        F1 - 13 (25.0) 30 (30.0)
        F2 -   6 (11.5) 20 (20.0)
        F3 - 4 (7.7) 8 (8.0)
        F4 - 1 (1.9) 6 (6.0)
     Significant fibrosis(F ≥ 2), n (%)   45 (29.6) 11 (21.2) 34 (34.0)    0.100
     Moderate to severe inflammation, n (%)1,3   62 (40.8) 21 (40.4) 41 (41.0)    0.942
  FibroScan® parameters
     Controlled attenuation parameter (dB/m)       262 (215-310)     310 (273-347)     236 (199-281) < 0.001
     Liver stiffness measurement (kPa)        7.5 (5.5-12.9)      6.1 (4.8-11.1)      8.0 (5.9-13.9)    0.025

Table 1  Baseline characteristics of patients with non-alcoholic fatty liver disease and chronic hepatitis B virus infection

All data are expressed as medians (IQR), or n (%), as appropriate; 1Either χ 2 test or Fisher’s exact test was used; 2Mann-Whitney test was used; 3METAVIR 
grades A2-A3 in patients with viral hepatitis and NAS score ≥ 5 in patients with NAFLD. BMI: Body mass index; WHR: Waist-to-hip ratio; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; γ-GT: γ-glutamyl transpeptidase; HDL-C: High density lipoprotein 
cholesterol; LDL-C: Low density lipoprotein cholesterol; NAFLD: Non-alcoholic fatty liver disease; CHB: Chronic hepatitis B.
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pendent predictive factors of  CAP (Table 2). 
The median CAP (IQR) values in patients with S0, 

S1, S2 and S3 steatosis were 211 (181-240) dB/m, 270 
(253-305) dB/m, 330 (302-360) dB/m, and 346 (313-363) 
dB/m, respectively (P < 0.001; Figure 1A). CAP values 
were significantly different between S0 vs S1 (P < 0.001) 
and S1 vs S2 (P < 0.001), but not between S2 vs S3 (P = 
0.224). Moreover, the median CAP (IQR) values were 
169 (148-207) dB/m, 235 (200-275) dB/m, 288 (254-340) 
dB/m and 331 (304-360) dB/m for patients with a BMI 
(kg/m2) of  < 18.5, 18.5-24.9, 25-29.9 and ≥ 30, respec-
tively (P < 0.001; Figure 1B). To remove the confounding 
factors of  liver steatosis and aetiology, we further ana-
lyzed the CAP values with BMI values in the 63 CHB pa-
tients with 0%-5% steatosis. The Kruskal-Wallis test was 
used, and significant differences (P = 0.004) were found 
between the CAP values and the different BMI levels 
(Figure 1C).

The CAP (IQR) values were 271 (258-291) dB/m 
for NAFLD patients and 270 (247-308) dB/m for CHB 
patients with S1 (P = 0.670), 328 (303-361) dB/m for 
NAFLD patients and 331 (289-350) dB/m for CHB pa-
tients with S2 (P = 0.681), and 341 (315-361) dB/m for 
NAFLD patients and 349 (310-378) dB/m for CHB pa-
tients with S3 (P = 0.692). Therefore, no significant dif-
ferences were found between the CAP values of  NAFLD 
and CHB patients in each steatosis grade (Figure 1D). 

Diagnostic performance of CAP for different steatosis 
grades
The ROC curves of  CAP to differentiate between ste-
atosis grades are displayed in Figure 2A. CAP was found 
to be excellent for predicting fatty liver (steatosis ≥ 5%; 
AUC = 0.92, 95%CI: 0.88-0.97), for the detection of  
steatosis ≥ 34% (AUC = 0.92, 95%CI: 0.87-0.97) and 
good for the detection of  steatosis ≥ 67% (AUC = 0.88, 
95%CI: 0.82-0.94). Using the maximum Youden index, 
optimal cut-off  values with the sensitivity, specificity, 

PPV and NPV of  CAP for hepatic steatosis ≥ 5%, ≥ 
34% and ≥ 67% in patients were also calculated and are 
shown in Table 3. 

ROC curves and AUCs of  CAP values were also cal-
culated between two steatosis grades to differentiate in-
dividual grades of  steatosis: 1-grade difference, including 
S0 vs S1, S1 vs S2 and S2 vs S3; 2-grade difference, includ-
ing S0 vs S2 and S1 vs S3; 3-grade difference, including S0 
vs S3. All six potential pairs are shown in Figure 2B. CAP 
performance was excellent for differentiating between 2 
or 3 grades, such as S0 vs S2 (AUC = 0.97), S1 vs S3 (AUC 
= 0.92) and S0 vs S3 (AUC = 0.99). However, it was 
poorer at differentiating between 1 grade than more than 
2 grades, especially for S2 vs S3 (AUC = 0.62).

DISCUSSION
In China, it has been estimated that at least 10% of  the 
general population is chronically infected with HBV, 
which is the most common cause of  liver disease[20]. In 
recent years, with the increasing pandemic of  obesity, 
NAFLD has now become a major cause of  liver-related 
morbidity and mortality, with a prevalence of  15% in 
China[13]. Although clinical studies have found that HBV 
infection is associated with a lower prevalence of  fatty 
liver, hypertriglyceridemia and metabolic syndrome[21], 
hepatic steatosis has been associated with Entecavir treat-
ment failure[22]. Therefore, it is important to determine 
whether hepatic steatosis or steatohepatitis coexist in 
CHB patients.

The current “gold standard” diagnostic procedure is 
still LB. Due to the trauma, sampling error, complications 
and imperfect reproducibility of  LB, its application is lim-
ited. Therefore, the development of  a non-invasive quan-
titative measure of  hepatic steatosis is necessary. The two 
existing methods mainly include serological and imaging 
methods. Serological methods such as the SteatoTest[23], 
the Fatty Liver Index (FLI)[24] and the Hepatic Steatosis 
Index (HSI)[25] combine a number of  biochemical mark-
ers and/or anthropometric characteristics that have been 
extensively developed in the last decade to diagnose fatty 
liver. The M65 enzyme-linked immunosorbent assay, 
which detects both caspase-cleaved and uncleaved cy-
tokeratin-18, may also differentiate patients with simple 
steatosis from healthy individuals[26]. However, the ac-
curacy and diagnostic efficacy of  these tests still need to 
be improved, thus, they are not yet recommended for use 
in clinical practice. The imaging methods include ultra-
sonography, computed tomography (CT) and magnetic 
resonance (MR)[27]. Ultrasonography is the most common 
technique, and is accepted as an initial tool for fatty liver 
as it is non-invasive, non-ionizing, inexpensive and widely 
available. However, the major weaknesses of  ultrasound 
include high operator- and machine-dependency and the 
ability to detect only patients with more than 30% stea-
tosis. CT provides an accurate and a reliable visualisation 
of  the whole liver, enabling the diagnosis not only of  
diffuse, but also of  focal fatty deposits. However, CT is 

Spearman 
correlation

Multivariate linear regression

  Parameter r P value OR 95%CI: P value
  BMI   0.49 < 0.001   6.20 2.92-9.48 < 0.001
  WHR   0.32 < 0.001 -
  ALT -0.25    0.002 -
  AST -0.25    0.002 -
  Albumin   0.27    0.001 -
  Total bilirubin -0.24    0.003 -
  Direct bilirubin -0.17    0.039 -
  Total cholesterol   0.18    0.034 -
  Triglyceride   0.31 < 0.001 -
  LDL-C   0.39 < 0.001 -
  Steatosis grade   0.76 < 0.001 37.12 21.63-52.60 < 0.001

Table 2  Correlation and multivariate linear regression 
analyses for controlled attenuation parameter with other 
different parameters

OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; WHR: 
Waist-to-hip ratio; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; LDL-C: Low density lipoprotein cholesterol.
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associated with radiation exposure, which limits its use in 
longitudinal studies and in children. Moreover, iron accu-
mulation plays an important role in steatohepatitis during 
NAFLD[28], and CT is strongly influenced by iron deposi-
tion in the liver, leading to misdiagnosis. MR, especially 
proton magnetic resonance spectroscopy (1H MRS), has 
emerged as a fast, safe, non-invasive alternative for the 
quantification of  hepatic fat content. 1H MRS has been 
used in NAFLD patients with mild steatosis or advanced 
fibrosis, and can be performed easily without special de-
vices[29]. However, its use is limited due to high costs, low 
availability and a lack of  standardisation. 

FibroScan® is now widely used to obtain LSMs, which 
relate to liver fibrosis, and has shown good results for the 

diagnosis of  cirrhosis in chronic liver disease[30], but was 
incapable of  assessing steatosis. In 2010, Sasso et al[10] first 
reported a novel attenuation parameter that was based 
on the ultrasonic properties of  the radiofrequency back-
propagated signals acquired by the FibroScan® guided 
by vibration-controlled transient elastography. This new 
parameter has the advantages of  being a non-ionizing, 
relatively inexpensive, painless, and operator and ma-
chine independent method. The overall intraclass cor-
relation coefficient for the determination of  hepatic st-
eatosis by means of  CAP in HIV and/or hepatitis virus 
infection was 0.84 (95%CI: 0.77-0.88)[31], suggesting that 
CAP measurement represents an observer-independent 
method.
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Figure 1  Controlled attenuation parameter distribution for different steatosis grades or body mass index levels. A: Controlled attenuation parameter distribu-
tion in patients with different steatosis grades (n = 152); B: CAP distribution in patients with different BMI levels (n = 152); C: CAP distribution in patients with BMI 
levels with either no steatosis or steatosis less than 5% (n = 63); D: CAP between NAFLD and CHB patients with the same degree of fatty deposition (n = 89). 1Fisher’
s exact test was used; 2No NAFLD patients in S0. CAP: Controlled attenuation parameter; BMI: Body mass index; NAFLD: Non-alcoholic fatty liver disease; CHB: 
Chronic hepatitis B.

  Steatosis AUC (95%CI) P  value Cut-off 
(dB/m)

Sensitivity 
(95%CI), %

Specificity 
(95%CI), %

PPV
 (95%CI), %

NPV
 (95%CI), %

  S0 vs S1-S3 (≥ 5%) 0.92 (0.88-0.97) < 0.001 253 88.8 (79.9-94.2) 82.5 (70.5-90.6) 87.8 (78.8-93.4) 83.9 (71.9-91.6)
  S0-S1 vs S2-S3 (≥ 34%) 0.92 (0.87-0.97) < 0.000 285 93.3 (80.7-98.3) 83.2 (74.4-89.5) 70.0 (56.6-80.8) 96.7 (90.1-99.2)
  S0-S2 vs S3 (≥ 67%) 0.88 (0.82-0.94) < 0.001 310 92.3 (62.1-99.6) 79.1 (71.3-85.4) 29.3 (16.6-45.7) 99.1 (94.4-99.9)

Table 3  Diagnostic accuracy of controlled attenuation parameter and its suggested optimal cut-off values

AUC: Areas under the curve; PPV: Positive predictive value; NPV: Negative predictive value.
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In the first publication[10], CAP values ​​were signifi-
cantly correlated with steatosis grade (Spearman correla-
tion ρ = 0.81, P < 10-16), which were similar to our results 
(ρ = 0.76, P < 0.001). Our study identified median (IQR) 
CAP values for the S0, S1, S2 and S3 steatosis grades 
to be 211 (181-240) dB/m, 270 (253-305) dB/m, 330 
(302-360) dB/m, and 346 (313-363) dB/m, respectively. 
CAP values were significantly different between S0 vs 
S1 and S1 vs S2 groups, but were not significantly differ-
ent between the S2 vs S3 groups. Combined with other 
clinical trial results[9,12,32], we believe that CAP values can 
identify more than 5% steatosis, but are less effective in 
identifying close steatosis grades, especially for moderate 
to severe steatosis. The reason for this may be that BMI 
was increasing together with the fat content in the liver, 
and the discriminability of  the CAP measurement using 
the M probe was limited by BMI.

Inflammation and biochemical indicators such as ALT 
and bilirubin have been demonstrated to influence LSM 
measurement, and different liver disease aetiologies may 
lead to different cut-off  values. Therefore, multivariate 
linear regression was used to evaluate which parameters 
are related to CAP values. After adjustment, only steato-
sis grade and BMI were independent predictive factors 

of  CAP values. In this work, CAP values did not appear 
to be influenced by inflammation, fibrosis or aetiology. 
These results were similar to those obtained in other 
studies[9]. It was previously found that LSM values are 
significantly correlated with BMI, especially in NAFLD 
patients[19]. In our study, BMI was also independently as-
sociated with CAP, and elevated BMI may influence the 
accuracy of  CAP values in detecting liver steatosis. To 
control the confounding factors, we determined the im-
pact of  BMI in 63 CHB patients with steatosis less than 
5%. Significant differences were still found, especially 
between the normal and overweight groups. In other 
studies, the optimal cut-off  of  CAP values for significant 
steatosis (≥ 10%) in patients with BMIs ≥ 28 kg/m2 [12] 
was higher than in patients with low BMIs[10] (283 dB/m 
vs 237.7 dB/m). The reason for this phenomenon might 
be that subcutaneous fat is involved in the measurement 
using the M probe in patients with a skin-liver capsule 
depth distance greater than 25 mm, strengthening the 
degree of  attenuation[33]. It is already known that sub-
cutaneous adipose tissue may lead to overestimation of  
liver stiffness. Therefore, the choice of  probe during an 
examination should depend on the distance between the 
probe and the liver. Compared with the M probe, the XL 

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Se

0.0    0.1     0.2    0.3    0.4     0.5    0.6    0.7     0.8    0.9    1.0
1-Sp

S ≥ 5%, AUC = 0.92 (0.88-0.97)
S ≥ 34%, AUC = 0.92 (0.87-0.97)
S ≥ 67%, AUC = 0.88 (0.82-0.94)

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Se

0.0      0.1     0.2     0.3     0.4     0.5     0.6      0.7     0.8     0.9      1.0
1-Sp

S0 vs  S1, AUC = 0.87 (0.80-0.94), n  = 107
S1 vs  S2, AUC = 0.81 (0.71-0.91), n  = 76
S2 vs  S3, AUC = 0.62 (0.45-0.79), n  = 45
S0 vs  S2, AUC = 0.97 (0.94-1.00), n  = 95
S1 vs  S3, AUC = 0.92 (0.85-0.99), n  = 57
S0 vs  S3, AUC = 0.99 (0.98-1.00), n  = 76

Figure 2  Receiver operating characteristic curves. A: Receiver operating characteristic curve for controlled attenuation parameter in the diagnosis of hepatic ste-
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probe reduces TE failure and facilitates reliable LSM in 
NAFLD patients[34]. However, CAP measurements are 
currently available only using the M probe and under de-
velopment for the XL probe.

In the present study which involved a Chinese popu-
lation, we suggest CAP cut-off  values of  253 dB/m, 285 
dB/m, and 310 dB/m should be used for the diagnosis 
of  S ≥ 5% (S0 vs S1-S3), S ≥ 34% (S0-S1 vs S2-S3), and 
S ≥ 67% (S0-S2 vs S3), respectively. The ROC curves and 
corresponding AUCs were also calculated to assess the 
CAP performance. The results are consistent with several 
other reports[8,10], suggesting that this non-invasive test 
has a high accuracy for the detection of  steatosis. The 
performance of  CAP was also excellent for the detection 
of  significant steatosis (≥ 10%) with AUCs of  0.84[11], 
0.81[12] or 0.80[8], higher than those for HSI (0.65)，FLI 
(0.72) and M65 (0.68)[12,26]. CAP provides a high abil-
ity to identify steatosis (more than 5%) compared with 
unenhanced CT or ultrasonography (more than 30%). 
CAP performance between two steatosis grades for dif-
ferentiating individual grades of  steatosis was also excel-
lent; however, it showed poor accuracy in differentiating 
between adjacent grades of  steatosis, especially for S2 vs 
S3 (AUC = 0.62).

Our study has some limitations. First, liver biopsies 
were used as the gold standard and interpreted by two 
experienced hepatopathologists, however, biopsies are 
not the best reference for liver steatosis measurement. 
Determination of  the percentage of  hepatocytes contain-
ing lipid vesicles is highly subjective, and steatosis grading 
corresponds only to a semiquantitative scale. Therefore, 
objective tools such as MRS together with liver biopsies 
may be better for the assessment of  hepatic steatosis. 
Second, our sample size was limited due to the difficulty 
in obtaining liver biopsies from NAFLD patients and val-
id CAP measurements from obese patients. Thus, further 
studies including large cohorts of  patients are needed to 
validate our preliminary data in patients with NAFLD or 
CHB. Third, this clinical trial was performed only in the 
Chinese Han population, and more tests should be car-
ried out between different ethnicities.

In conclusion, our study shows that the novel CAP 
appears to be a promising tool for the non-invasive de-
tection and quantification of  hepatic steatosis in patients 
with either NAFLD or CHB. CAP values can be evalu-
ated simultaneously with LSM to assess hepatic fibrosis. 
This new parameter has the advantages of  being a sim-
ple, non-invasive, inexpensive, painless, and operator and 
machine independent method, and displays good applica-
tion prospects. More than 5% steatosis is an acceptable 
pathological diagnosis of  fatty liver and this clinical trial 
has shown that CAP values can be identified. Therefore, 
we believe that CAP may be an alternative method to ul-
trasonography for epidemiological investigations of  fatty 
liver. However, this new method is limited by BMI, and 
CAP values in obese patients may be overestimated. The 
CAP method requires further evaluation in studies using 
adequate references, including studies using large samples 

of  patients with different aetiologies.

COMMENTS
Background
Although liver biopsy is regarded as the gold standard to assess hepatic ste-
atosis, its use has several limitations. Recently, a novel non-invasive tool based 
on ultrasound attenuation was developed to assess liver steatosis. The aim of 
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(CAP) measurements in assessing steatosis, in a cohort of consecutive nonal-
coholic fatty liver disease (NAFLD)/chronic hepatitis B (CHB) patients in China, 
using liver biopsy as the reference.
Research frontiers
In 2010, a novel attenuation parameter was reported which was based on the 
ultrasonic properties of the radiofrequency back-propagated signals acquired 
by the FibroScan® guided by vibration-controlled transient elastography. In the 
first publication, CAP values were significantly correlated with steatosis grade. 
In their clinical trial, they believe that CAP can identify more than 5% steatosis, 
but is less effective in identifying close steatosis grades, and this new method is 
limited by BMI.
Innovations and breakthroughs
This study shows that the novel CAP appears to be a promising tool for the non-
invasive detection and quantification of hepatic steatosis in patients with either 
NAFLD or CHB. They firstly reported in the Chinese population, and suggested 
that CAP cut-off values of 253 dB/m, 285 dB/m, and 310 dB/m should be used 
for the diagnosis of S ≥ 5% (S0 vs S1-S3), S ≥ 34% (S0-S1 vs S2-S3), and S 
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operator- and machine-dependency and the ability to detect only patients with 
more than 30% steatosis. CAP can identify more than 5% steatosis and assess 
steatosis quantitatively and dynamically. Therefore, they believe that CAP may 
be an alternative method to ultrasonography for epidemiological investigations 
of fatty liver. 
Terminology
FibroScan® is now widely used to obtain LSMs, which relate to liver fibrosis, and 
has shown good results for the diagnosis of cirrhosis in chronic liver disease. 
The evaluation of ultrasound attenuation has been implemented with the Fibro-
Scan® using a novel proprietary algorithm called the CAP. The new FibroScan® 
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