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Introduction: Controlled attenuation parameter (CAP), mea-
sured by transient elastography, has been suggested as a
noninvasive method for the detection and quantification of
steatosis. We aimed to assess the accuracy of CAP to detect
steatosis in patients with chronic liver disease (CLD) com-
pared with liver histology and to evaluate factors that cor-
relate with the CAP value. Methods: Patients with CLD who
underwent liver biopsy and simultaneous CAP determina-
tion were consecutively enrolled. CAP was measured using
the M probe of FibroScan® (Echosens, Paris, France). Histo-
logically, steatosis was categorized as absent (S0: <5%), mild
(51:5-33%), moderate (S2: 34-66%) and severe (S3: >66% of
all hepatocytes). Results: We analyzed 159 patients with CLD
(61% men, mean age 47.9 + 12.9 years). We found a positive
correlation between CAP and steatosis in histology (r; =
0.869, p < 0.001), arterial hypertension (r;=0.222, p = 0.005),
type 2 diabetes mellitus (r; = 0.279, p < 0.001), body mass

index (BMI; r;=0.533, p < 0.001), total cholesterol (r; = 0.442,
p <0.001), triglycerides (r; = 0.272, p = 0.001), and non-alco-
holic fatty liver disease (NAFLD; ry = 0.588, p < 0.001). In the
multivariate analysis, BMI >25 (odds ratio [OR] 48.4, 95% con-
fidence interval [Cl] 23.78-72.95, p < 0.001), serum total cho-
lesterol (OR 3.803, 95% CI 2.203-13.889, p = 0.008), and
NAFLD etiology (OR 40.8, 95% Cl 15.01-66.66, p = 0.002)
were independently associated with higher CAP values. We
did not find any significant correlation between CAP and the
grade of necroinflammatory activity (r, = 0.063, p = 0.808) or
fibrosis (r, = 0.071, p = 0.713) in histology and with alanine
aminotransferase (ry = 0.190, p = 0.356) or aspartate amino-
transferase (r;=0.117, p = 0.142). Optimal CAP cutoff values
for detecting steatosis >S1, >S2, and >S3 were 206.5, 232.5,
and 282.5 dB/m, respectively. CAP performance was 0.822,
0.956, and 0.976 for diagnosing steatosis >S1, >5S2, and >S3,
respectively. Conclusions: CAP had an excellent diagnostic
accuracy for the detection of steatosis in diverse CLD pa-
tients. A CAP value cutoff of <282.5 dB/m excludes severe
steatosis >S3 with an accuracy of 98%.
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Acuidade Diagndstica do Parametro de Atenuacao
Controlada para Detecao de Esteatose Hepatica em
Doentes com Doenca Hepatica Crénica

Palavras Chave
Parametro de atenuagdo controlada - Elastografia transitéria -
Esteatose - Doenca hepatica crénica - Bidpsia hepatica

Resumo

Introducdo: O Parametro de Atenuacgao Controlada (CAP)
medido por elastografia hepatica tem sido sugerido como
um método nao invasivo para detecdo e quantificacao de
esteatose. O objetivo deste estudo foi avaliar a acuidade
do CAP na avaliacdo da esteatose hepatica nos doentes
com doenca hepatica crénica (DHC) comparativamente a
histologia e avaliar os fatores que se correlacionam com o
valor de CAP. Métodos: Incluidos os doentes com DHC
que realizaram simultaneamente bidpsia hepatica e ava-
liagdo do CAP. Para avaliacdo do CAP foi utilizada a sonda
M do Fibroscan® (Echosens,Paris, France). Na histologia, a
esteatose foi categorizada em ausente (S0: <5%), ligeira
(51:5-33%), moderada (52: 34-66%) e grave (S3: >66% de
hepatécitos). Resultados: Foram analisados 159 doentes
com DHC (61% homens; idade média 47.9 + 12.9 anos).
Verificou-se uma correlacdo positiva entre o CAP e estea-
tose na histologia (r;=0.869, p < 0.001), hipertenséo arte-
rial (rs = 0.222, p = 0.005), diabetes mellitus tipo 2 (r; =
0.279, p < 0.001), indice de massa corporal (r;=0.533, p <
0.001), colesterol total (r;=0.442, p < 0.001), triglicerideos
(rg=10.272, p = 0.001) e NAFLD (r; = 0.588, p < 0.001). Na
anélise multivariada, IMC>25 mg/kg? (odds ratio [OR]
48.4, 1C 95%: 23.78-72.95, p < 0.001), o colesterol sérico
(OR3.803, 1C 95%: 2.203-13.889, p = 0.008) e etiologia NA-
FLD (OR 40.8, IC 95%: 15.01-66.66, p = 0.002) associaram-
se de forma independente a valores de CAP mais eleva-
dos. O CAP nao se correlacionou com o grau de atividade
necroinflamatoria (rs = 0.063, p = 0.808) ou de fibrose na
histologia (rs = 0.071, p = 0.713) nem com o valor de ALT
(rs=0.190, p = 0.356) ou AST (r;=0.117, p = 0.142). O me-
Ihor cutoff para diagnéstico de esteatose >S1, >S2 e >S3
foi 206.5 dB/m, 232.5 dB/m e 282.5 dB/m, respetivamente.
A acuidade do CAP para diagnéstico de esteatose >ST1,
>S2 e >S3, CAP foi 0.822, 0.956 e 0.976, respetivamente.
Conclusées: O CAP apresentou elevada acuidade diag-
nostica na detecao de esteatose em doentes com doenca
hepatica crénica. Um valor de CAP inferior a 282.5 dB/m
exclui esteatose >S3 com 98% de acuidade.

© 2016 Sociedade Portuguesa de Gastrenterologia
Publicado por S. Karger AG, Basel

162 GE Port ] Gastroenterol 2017;24:161-168
DOI: 10.1159/000453364

Liver steatosis is one of the most common conditions
in chronic liver disease (CLD) with an increasing preva-
lence of 16-45% in the western society, 9-29% in the east-
ern society, 76% in the obese, and 46-80% in heavy alco-
holics [1-3]. Regarding the global pandemy of obesity
and metabolic syndrome, the incidence of nonalcoholic
fatty liver disease (NAFLD) is increasing worldwide, and
it is now the most common cause of CLD in both devel-
oped and developing countries [4-6]. Furthermore, ste-
atosis can act as a co-factor of fibrogenesis in patients
with CLD of other etiologies such as chronic hepatitis C
and B virus infection and alcoholic liver disease. Regard-
less of the etiology, hepatic steatohepatitis can progress to
end-stage liver disease such as liver cirrhosis or hepato-
cellular carcinoma [3, 7-9]. Thus, an early and accurate
diagnosis of hepatic steatosis seems to be important for
an appropriate management of patients with CLD.

Liver biopsy is still regarded as the gold standard in the
diagnosis of steatosis. However, this procedure has sev-
eral limitations such as invasiveness, potential sampling
error, and inability to be readily repeated for an adequate
patient follow-up [10, 11]. Alternative noninvasive meth-
ods, mainly involving conventional imaging, have been
proposed to detect steatosis [12-14]. Ultrasonography
(US) is the imaging technique of choice for detecting ste-
atosis given its low cost, safety, and wide availability com-
pared to computed tomography or magnetic resonance.
However, US can only reliably detect steatosis greater
than 20-30% and cannot accurately discriminate steato-
sis from fibrosis [14-16]. To overcome these limitations,
transient elastography (TE) has recently been introduced
in order to evaluate both steatosis and fibrosis simultane-
ously. Hepatic steatosis is determined by the controlled
attenuation parameter (CAP), which is based on the
properties of US signals acquired by the Fibroscan®
(Echosens, Paris, France). CAP is an estimate of the total
ultrasonic attenuation at the central frequency of the M
or XL probe of the Fibroscan and is expressed in decibel
per meter (dB/m). This parameter can be measured along
with liver stiffness (LS) measurement, is machine inde-
pendent, and can be assessed by an operator who does not
have any US imaging skills [17-21].

Some recent studies have shown that CAP significant-
ly correlates with the grade of steatosis in patients with
CLD of different etiologies [22-24]. However, the accu-
racy of CAP for quantifying steatosis in patients with
CLD varies among studies. Furthermore, parameters cor-
relating with CAP (either clinic, laboratory, or histologi-
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cal) are not well established. In our study, we aimed to
assess the performance of CAP to detect and quantify ste-
atosis in a group of patients with CLD compared with
liver histology (reference method). We also aimed to eval-
uate the clinical, laboratory, and histological factors that
correlate with CAP.

Study Population

From June 2013 to June 2015, 159 patients with CLD who un-
derwent CAP measurement and liver biopsy at our tertiary referral
center (Centro Hospitalar Sdo Jodo, Porto, Portugal) were con-
secutively recruited. The indications to perform liver biopsy were
to assess the degree of inflammatory activity and fibrosis and to
establish a definite diagnosis in cases of uncertainty. Exclusion cri-
teria were (i) age lower than 18 years; (ii) other etiology than
chronic hepatitis B or C, autoimmune hepatitis, alcoholic liver dis-
ease or NAFLD; (iii) TE invalid/unreliable measure, and (iv) insuf-
ficient specimen size in liver biopsy.

Methods

Demographic, anthropometric, clinical, and biochemical pa-
rameters were collected on the day of the procedures if no previous
results were available from the last month and prospectively col-
lected in a database created for this purpose. Blood tests includ-
ed hemoglobin, leukocytes and platelet count, albumin, fasting
glucose, aspartate aminotransferase, alanine aminotransferase,
y-glutamyltranspeptidase, alkaline phosphatase, total bilirubin,
prothrombin time, total cholesterol, high-density lipoprotein cho-
lesterol, low-density lipoprotein cholesterol, and triglycerides.

All patients underwent TE using the Fibroscan M probe on the
same day as liver biopsy after fasting for at least 8 h. TE was per-
formed by a trained operator on the right lobe of the liver through
the intercostal spaces with the patient lying in the dorsal decubitus
position and the right arm in maximal abduction. Ultrasound at-
tenuation (CAP) was only calculated when the LS value was valid
in order to ensure an accurate attenuation. A reliable LS value was
defined using the following 3 criteria: (i) at least 10 valid shots, (ii)
a success rate (SR: the ratio of valid shots to the total number of
shots) of at least 60%, and (iii) an interquartile range (IQR) of less
than 30% of the median LS value (IQR/M\30%). The median value
of 10 successful measurements was selected as the representative
value. TE results were expressed as kilopascals (kPa) for LS and
dB/m for CAP.

All liver samples were obtained by a percutaneous approach
using the Menghini technique. Liver specimens were formalin
fixed and paraffin embedded, and 3-mm slides were stained with
hematoxylin-eosin and Masson trichrome. Only specimens with a
minimum of 8 portal tracts were analyzed by 2 experienced hepa-
topathologists who were blinded for CAP results. Liver fibrosis
stage and necroinflammation were evaluated using the METAVIR
or Brunt scoring system, according to the liver disease etiology.
Steatosis was estimated by visual assessment as a percentage of he-
patocytes with fatty accumulation and categorized in the following
staging systems: absent (S0: <5%), mild (S1: 5-33%), moderate (S2:
34-66%), and severe (S3: >66%).

Controlled Attenuation Parameter and
Steatosis

Table 1. Baseline characteristics of the study population (N = 159)

Age, years 47.9£12.9
Male 97 (61.0)
Body mass index
<18.5 3(1.9)
18.5-24.9 80 (50.3)
25.5-29.9 49 (30.8)
>30.0 27 (17.0)
Diabetes mellitus 28 (17.6)
Arterial hypertension 38(23.9)
Dyslipidemia 79 (49.7)
Etiology
NAFLD 67 (42.1)
HCV 32(20.1)
HBV 23 (14.5)
Autoimmune hepatitis 20 (12.6)
Alcohol 17 (10.7)

Laboratory parameters

Hemoglobin, g/dL 14.6 (13.5-16.1)

Leukocyte count, g/dL 6.6 (5.2-7.9)
Platelet count, x10°/L 193 (159-245)
Aspartate aminotransferase, IU/L 44 (30-66)
Alanine aminotransferase, IU/L 57 (38-98)

116 (39-240)
111 (71-126)

y-Glutamyltransferase, IU/L
Alcaline phosphatase, IU/L

Serum bilirubin, mg/dL 0.8 (0.6-1.1)
Fasting plasma glucose, mg/dL 90 (85-105)
Total cholesterol, mg/dL 181 (156-219)
High-density lipoprotein, mg/dL 45 (40-59)

112 (85-138)
107 (76-154)

Low-density lipoprotein, mg/dL
Triglyceride, mg/dL

Values are presented as n (%), mean + standard deviation, or
median (interquartile range). HBV, hepatitis B virus; HCV,
hepatitis C virus; NAFLD, non-alcoholic fatty liver disease.

Statistical Analysis

SPSS 22.0 for Windows (SPSS, Chicago, IL, USA) was used for
statistical analysis. Categorical variables were described as absolute
frequencies (1) and relative frequencies (%); continuous variables
were described as mean + standard deviation (parametric distribu-
tions) or as median and percentiles (nonparametric distributions).
The normality of the continuous variables was tested using the
Kolmogorov-Smirnov test and the respective histogram. The Stu-
dent ¢ test was used to compare quantitative variables with a nor-
mal distribution, and the Mann-Whitney U test was used to com-
pare the quantitative variables without a normal distribution. Any
groups with more than 2 quantitative variables were compared us-
ing the Kruskal-Wallis test. A Pearson x test was used to compare
categorical variables. The Spearman rank-order correlation test
(rs) was used to assess any correlation between CAP and clinical,
laboratory, and histological parameters. A multivariate logistic re-
gression was performed using the variables that provided a statisti-
cally significant association with CAP on the univariate analysis.
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Table 2. Transient elastography and histological data (N = 159)

Histology
Steatosis grade
S0 (<5%) 30 (18.9)
S1(5-33%) 52(32.7)
S2 (34-66%) 36 (22.6)
S3 (>66%) 41 (25.8)
Fibrosis (METAVIR score)
FO 39 (24.5)
F1 29 (18.2)
F2 30 (18.9)
F3 24 (15.1)
F4 37 (23.3)
Necroinflammatory activity
Absent 16 (10.1)
Mild 95 (59.7)
Moderate 45 (28.3)
Severe 3(1.9)

Transient elastography

Success rate 100 (91-100)

Liver stiffness, kPa 8.5(5.4-13.8)
IQR, liver stiffness, kPa 1.1 (0.6-2.0)
CAP, dB/m 238 (198-297)
IQR, CAP, dB/m 35 (24-46)

CAP according to the histological grade of steatosis, dB/m
S0 (<5%) 184.5 (127-200)
S1 (5-33%) 213.5(193-234)
S2 (34-66%) 262.5 (237-294)
S3 (>66%) 324.0 (303-345)

Values are presented as n (%) or median (IQR). IQR,
interquartile range; CAP, controlled attenuation parameter.

The area under the receiver-operating characteristics curve (AU-
ROC) was used to evaluate the performance of CAP in diagnosing
steatosis using liver biopsy as the reference.

We included 159 patients with CLD who underwent
CAP measurement and liver biopsy on the same day. The
mean age of the patients was 47.9 + 12.9 years, and 97
(61.0%) were male. The etiology of CLD was NAFLD in
67 (42.1%) patients, viral chronic hepatitis in 55 (34.6%),
autoimmune hepatitis in 20 (12.6%), and alcohol in 17
(10.7%) patients. Baseline characteristics of the popula-
tion are summarized in Table 1.

The median LS and CAP values were 8.5 kPa (IQR 5.4-
13.8) and 238 dB/m (IQR, 198-297), respectively. The
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Fig. 1. Box plots of CAP according to steatosis in liver biopsy. The
top and bottom of the boxes are the first and third quartiles, re-
spectively. The length of the box represents the interquartile range
within which 50% of the values were located. The line through the
middle of each box represents the median. The error bars show the
minimum and maximum values (range). CAP, controlled attenu-
ation parameter; SO, absent hepatic steatosis (<5%); S1, mild he-
patic steatosis (5-33%); S2, moderate hepatic steatosis (34-66%);
S3, severe hepatic steatosis (>66%).

histological grade of steatosis was SO in 30 (18.9%) pa-
tients, S1 in 52 (32.7%), S2 in 36 (22.6%), and S3 in 41
(25.8%) patients. Thirty-seven (23.3%) patients had cir-
rhosis according to the METAVIR score, and 95 (59.7%)
had mild necroinflammatory activity in histology. TE and
liver biopsy data are detailed in Table 2. The median CAP
value increased significantly according to the histological
grade of steatosis: SO, 184.5 (127-200) dB/m; S1, 213.5
(193-234) dB/m; S2, 262.5 (237-294) dB/m; and S3, 324.0
(303-345) dB/m (Fig. 1, p < 0.001).

Correlation of CAP with Clinical, Laboratory, and

Histological Parameters

We found a positive correlation between CAP and ste-
atosis in histology (7 = 0.869, p < 0.001), arterial hyper-
tension (ry = 0.222, p = 0.005), type 2 diabetes mellitus
(ry=0.279, p < 0.001), body mass index (BMI; r, = 0.533,
p <0.001), total cholesterol (r, = 0.442, p < 0.001), triglyc-
erides (ry = 0.272, p = 0.001), and NAFLD (r, = 0.588, p <
0.001). We did not find any significant correlation be-
tween CAP and the grade of necroinflammatory activity
(rs=0.063, p = 0.808) or fibrosis (r, = 0.071, p = 0.713) in
histology and with alanine aminotransferase (r; = 0.190,
p = 0.356) or aspartate aminotransferase (r; = 0.117, p =
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Table 3. Correlation of CAP with clinical, laboratory, and
histological parameters

Table 5. CAP cutoff values for the diagnosis of steatosis grades >S1,
=852, and >S3

Parameter r p

Steatosis (histology) 0.869 <0.001
BMI 0.533 <0.001
Type 2 DM 0.279 <0.001
Arterial hypertension 0.222 0.005
Total cholesterol 0.442 <0.001
Triglycerides 0.272 0.001
AST 0.117 0.142
ALT 0.190 0.356
Necroinflammatory activity 0.063 0.808
Fibrosis 0.071 0.713
NAFLD 0.588 <0.001

Spearman rank-order correlation test. ALT, alanine

aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; CAP, controlled attenuation parameter; DM, diabetes
mellitus; NAFLD, non-alcoholic fatty liver disease.

Table 4. Risk factors for higher CAP values (multivariate analysis)

Factors OR CI 9% p

BMI >25 48.4 23.781-72.952 <0.001
Total cholesterol ~ 3.8 2.203-13.889 0.008
NAFLD? 40.8 15.010-66.663 0.002

2 Versus no NAFLD. BMI, body mass index; CAP, controlled
attenuation parameter; CI, confidence interval; NAFLD, non-
alcoholic fatty liver disease; OR, odds ratio.

0.142) (Table 3). In the multivariate analysis, a BMI >25
(OR 48.4, 95% confidence interval [CI]: 23.78-72.95, p <
0.001), dyslipidemia (OR 3.803, 95% CI 2.203-13.889,
p=0.008), and NAFLD etiology (OR 40.8,95% CI 15.01-
66.66, p = 0.002) were independently associated with
higher CAP values (Table 4).

CAP Performance in the Assessment of Steatosis in

CLDs

Optimal CAP cutoff values for detecting steatosis >S1,
252, and =83 were 206.5 dB/m, 232.5 dB/m, and 282.5
dB/m, respectively. Table 5 shows CAP optimal cutoff
values and corresponding sensitivity (Se), specificity (Sp),
positive predictive value (PPV) and negative predictive
value (NPV) for different steatosis thresholds. CAP was
more accurate for predicting higher grades of steatosis:

Controlled Attenuation Parameter and
Steatosis

CAP cutoff
value, dB/m  206.5 232.5 282.5
Se, % 81.6 93.5 95.1
Sp, % 76.5 84.1 89.0
PPV, % 92.7 84.6 75.0
NPV, % 53.6 93.2 98.1
Median AUC 0.822 0.956 0.976
(IQR) (0.732-0.913) (0.927-0.986) (0.958-0.995)

AUC, areaunder curve; CAP, controlled attenuation parameter;
IQR: interquartile range; NPV, negative predictive value; PPV,
positive predictive value; Se, sensitivity; Sp, specificity; S1, hepatic
steatosis 5-33%; S2, hepatic steatosis 34-66%; S3, hepatic steatosis
>66%.

AUROC 0.822 for 2S1 (Se 81.6%, Sp 76.5%, PPV 92.7%,
NPV 53.6%), 0.956 for >S2 (Se 93.5%, Sp 84.1%, PPV
84.6%, NPV 93.2%), and 0.976 for >S3 (Se 95.1%, Sp
89.0%, PPV 75.0%, NPV 98.1%). ROC curves for CAP
performance for detecting steatosis >S1, 252, and >S3
are shown in Figure 2. AUROC: for distinguishing be-
tween each of the steatosis grades were 0.795 (0.700-
0.890) for SO versus S1, 0.975 (0.939-1.000) for SO versus
S2, 1.000 (1.000-1.000) for SO versus S3, 0.868 (0.791-
0.944) for S1 versus S2, 0.951 (0.887-0.992) for S1 versus
S3,and 0.826 (0.735-0.917) for S2 versus S3, respectively.

In our study, applying CAP in everyday clinical prac-
tice, CAP performed well as a noninvasive tool for quan-
tifying steatosis in patients with CLDs.

We found that CAP had an excellent accuracy for di-
agnosing steatosis, with an AUC of 0.956 and 0.976 for
steatosis >S2 and >S3, respectively. CAP performance for
diagnosing steatosis >S1 was lower, with an AUC of
0.822. In a meta-analysis assessing the CAP accuracy for
steatosis detection, the AUROCs were 0.85, 0.88, and 0.87
for 2S1, 252, and 283, respectively [25]. Compared with
the cited meta-analysis CAP accuracy for steatosis detec-
tion was higher in our study, which may be explained by
the small number of patients witha BMI>30 (only 17.0%).
Indeed, some studies have shown that CAP accuracy is
impaired by an increased BMI [26, 27]. CAP accuracy
varies among studies, some of them showing a better di-
agnostic performance of CAP to identify severe steatosis
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Fig. 2. Predictive ability of CAP for hepatic steatosis. The areas under the receiver-operating characteristic curve
analysis for CAP in diagnosing hepatic steatosis. S1, mild hepatic steatosis (>5-33%; S2); S2, moderate hepatic
steatosis (34-66%); S3, severe hepatic steatosis (>66%); AUC, area under the curve; CI, confidence interval.

grades and others showing that CAP is more accurate in
assessing less severe hepatic steatosis [18, 25-29]. Fur-
thermore, Myers et al. [21] reported that the diagnostic
performance of CAP to identify severe steatosis was sub-
optimal, and the ability to differentiate between steatosis
grades 2 and 3 was not satisfactory in the studies by Sasso
et al. [17] and de Lédinghen et al. [19]. In addition, Jung
etal. [30] showed a high steatotic burden (steatosis grade
3 or high CAP values) was selected as the independent
risk factor of discordant results between LB and CAP. It
has been known that LS values become more reliable
when advanced fibrosis or cirrhosis exists, thus the op-
posite phenomenon of LS and CAP needs to be clarified.
Jung et al. [30] hypothesized that the correlation between
ultrasonic attenuation and the amount of hepatic steato-
sis may be diminished, especially when the steatosis is
severe. However, only a small proportion of patients had
a S3 grade in their study, which may have lowered the di-
agnostic performance of CAP in patients with a high ste-
atotic burden, thus these results need to be confirmed in
larger prospective studies.

In the above-cited meta-analyses assessing CAP accu-
racy for steatosis detection, the summarized sensitivity
and specificity values were 0.78 and 0.79 for >S1, 0.85and
0.79 for 252, and 0.83 and 0.79 for S3 [25]. In our study,
thesensitivityand specificitywere 81.6/76.5%, 93.5/84.1%,
and 95.1/89.0% for the median optimal CAP cutoft values
of 206.5 dB/m, 232.5 dB/m, and 282.5 dB/m for predic-
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tion of 2S1, >S2, and S3 steatosis grade, respectively. One
must highlight that CAP cutoff values vary among studies
depending on liver disease etiology, prevalence of differ-
ent BMIs, prevalence of different steatosis grades in the
study group and the desired objective (maximum speci-
ficity and sensitivity, maximum accuracy, cutoft to obtain
a greater specificity for a sensitivity higher than 0.90, etc.).
In our study, the optimal cutoff values were defined by
maximizing the sum of sensitivity and specificity (maxi-
mum Youden index). In this study, the PPV of CAP for
steatosis >S2 and >S3 was 84.6 and 75.0%, respectively.
However, the NPV was excellent (93.2 and 98.1%, respec-
tively), which suggests that CAP may be a useful clinical
tool to help exclude, rather than confirm, the presence of
moderate or severe steatosis.

In the present study, CAP did not correlate with the
grade of fibrosis or necroinflammatory activity in histol-
ogy. Similar results have been reported in other studies,
confirming the utility of CAP for diagnosing steatosis in-
dependently of the disease stage or necroinflammatory
activity [26, 28, 30]. The value of CAP positively corre-
lated with arterial hypertension, dyslipidemia, type 2 DM,
and BMI (all components of metabolic syndrome evalu-
ated in this study) and in the multivariate analysis, BMI
>25 (OR 48.4, 95% CI 23.78-72.95, p < 0.001) and serum
total cholesterol (OR 3.803, 95% CI 2.203-13.889, p =
0.008) were independently associated with higher CAP
values. Lédinghen et al. also reported similar findings in
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a prospective study involving 5,323 examinations and
suggested that these findings may have important impli-
cations for current and future applications in patients
with metabolic syndrome, especially with NAFLD [31].
In fact, it seems that the evolution of CAP values can be
related to the evolution of the metabolic syndrome, and
thus CAP may allow us to easily follow the evolution of
patients with metabolic syndrome or NAFLD.

Our study has some limitations. First, we included pa-
tients with CLD due to various etiologies. Considering
that the diagnostic performance can vary according to the
etiology, the results may have been influenced. However,
recent studies have shown that the accuracy of CAP was
similar among different etiologies including viral hepati-
tis and NAFLD, suggesting that heterogeneous etiologies
may not have a major influence on our results. Second, in
our cohort, only a small proportion of patients (17.0%)
had a BMI >30, which may have influenced CAP perfor-
mance. This was due to the fact that, at our center at the
time of the study, CAP measurement software was not
installed in the XL probe that was specially designed to
assess LS in overweight and obese patients. Finally, we
could not show the relation between CAP and waist cir-
cumference since this parameter was not consistently
evaluated.

In conclusion, CAP had excellent diagnostic accuracy
for diagnosing moderate and severe steatosis in patients

with diverse CLD, which can noninvasively follow pa-
tients with distinct liver diseases. CAP performance was
not influenced by the degree of fibrosis or inflammatory
activity in histology. Due to the excellent NPV, CAP may
be a useful clinical tool to help exclude, rather than con-
firm, the presence of moderate or severe steatosis.
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