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Abstract: Fibrosis-4 (FIB4), transient elastography (TE), and acoustic radiation force impulse (ARFI)
are popular modalities to assess liver fibrosis. Their cutoff values for degrees of fibrosis vary between
studies. The influence of hepatic steatosis on fibrosis measurements for different etiologies was
evaluated. Data from a consecutive series of patients who received fibrosis measurement were included
for the training group. An additional series with histology served as the validation group. A standardized
protocol was performed for both TE and ARFI, mostly by a single technician. Patients with alcoholism,
autoimmune disease, active inflammation, or who were receiving therapy were excluded. The training
group included 215 patients and the validation group included 221. The correlation of liver stiffness
between TE and ARFI was good (R2 linear = 0.798; p < 0.001). Different correlations between ARFI
and TE were noted between high and low control attenuation parameter (CAP) values (cutoff: 290 dB/m),
especially in the non-hepatitis B subgroups. Relatively lower FIB4 and TE values were seen in the high
CAP versus low CAP in patients with histology-proven non-alcoholic fatty liver disease and chronic
hepatitis C. FIB4 cutoff values were >25% lower among F2-F4 stages and the TE cutoff value for F4
was 8.5% lower in the high versus low CAP group. Such findings were not observed in chronic hepatitis
B. Different fibrogenesis mechanisms between hepatitis B and non-B are discussed. We conclude that
hepatic steatosis significantly impacts FIB4 and TE fibrosis measurements in non-hepatitis B-related
liver diseases. Fibrosis grade should be interpreted with caution in severe steatosis.

Keywords: acoustic radiation force impulse imaging; transient elastography; liver fibrosis; liver
steatosis; viral hepatitis

1. Introduction

Liver inflammation and the subsequent scaring process will induce liver fibrosis. Liver cirrhosis
is an end stage of hepatic fibrosis characterized by distortion of the hepatic architecture and change
of blood perfusion. Patients with cirrhosis are susceptible to a variety of complications and their life
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expectancy can be markedly reduced. Subjects with moderate fibrosis is generally an indication for
specific therapy to prevent liver cirrhosis. The gold standard for liver fibrosis evaluation is a liver
biopsy. However, a biopsy is an invasive procedure with risks of bleeding, infection or organ injury.
Many non-invasive methods have been developed for the evaluation of liver fibrosis.

The fibrosis-4 (FIB4) index, transient elastography (TE) and acoustic radiation force impulse (ARFI)
imaging are the three most popular non-invasive modalities for the assessment of liver fibrosis [1–5].
However, the cutoff values for fibrosis staging vary between institutes and liver disease etiologies
(Supplementary Table S1). These three modalities are generally well-correlated, but they each have
different advantages and limitations. FIB4 is calculated from routine laboratory data in addition to
age [6]. It is inexpensive but has a relatively low area under the receiver operating characteristic curve
(AUROC) values [7]. TE measurement by FibroScan (Echosens, Paris, France) is a well-standardized
modality for the measurement of both liver fibrosis and steatosis [8–10]. Although the AUROC,
sensitivity, and specificity of TE are all excellent, with values near 0.9 for the diagnosis of Hepatitis C
Virus (HCV)-related liver cirrhosis [1,10,11], a considerable failure rate in the presence of obesity has
been well documented [12]. The FibroScan XL probe was designed to overcome this issue; however,
selecting between the FibroScan M and XL probes remains a problem, as does comparing data collected
between the two probes [8,13–16]. In addition, without guided imaging, the measurements may
be misleading if focal lesions in the right hepatic lobe are present [17]. In contrast, ARFI enables
the selection of an optimal location for measurements. However, the study protocol for ARFI is
relatively poorly standardized, and there are concerns regarding inter-observer and inter-location
variation [18]. It should be noted that conventional ultrasound is also useful in screening for liver
cirrhosis [19,20]. However, it is a subjective modality, and the bright liver echo pattern may mask
the coarseness of the liver parenchyma in the presence of steatosis [21]. Ultrasound based-elastography
has the great advantage of enabling the measurement of liver stiffness in patients with steatosis [2,8,9].
The prevalence of hepatic steatosis is increasing; it was around 20% between 2003 and 2015 and is
expected to increase to 27% by 2030 [22–24]. Since there are currently different staging cutoff values
for various etiologies (Supplementary Table S1), this study sought to improve the interpretation of
liver fibrosis. The effects of hepatic steatosis and various etiologies on non-invasive modalities to
determine liver stiffness were evaluated in non-biopsy cases, and the findings were validated in
histology-proven cases.

2. Materials and Methods

2.1. Patients

A consecutive series of patients who received a diagnosis of liver fibrosis and underwent laboratory
evaluations between January and August 2017 were retrospectively enrolled in the initial non-biopsy
training group. An additional series of patients who underwent liver histology studies between
July 2016 and February 2019 were prospectively enrolled in the biopsy group.

Hemogram blood testing, liver biochemistry, and serology tests were performed for all patients,
as described in our previous reports [7,18]. The patients were divided into three groups according to
the presence or absence of viral markers: patients seronegative for hepatitis B surface antigen (HBsAg)
and HCV antibodies (anti-HCV) were classified into the non-B/non-C liver cirrhosis (NBNC) group;
while patients seropositive for either HBsAg or anti-HCV were classified into the chronic hepatitis B
(CHB) or chronic hepatitis C (CHC) group, respectively. For patients who received liver histology study,
those in the NBNC group with fat cell fractions greater than 5% were classified as having non-alcoholic
fatty liver disease (NAFLD).

All patients considered for this study were over 18 years of age. Patients with decompensated
liver disease, an alanine aminotransferase (ALT) level >180 IU/mL, a gamma glutamyl transpeptidase
level >250 U/L, toxic hepatitis, alcoholism, autoimmune liver diseases, dual viral infection, or who
were receiving therapy were excluded.
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This study was approved by the Institute Review Board of Chang Gung Memorial Hospital
(IRB:104-2353C, 201801283B0 and 201601928B0). Written informed consent was obtained from all
participants prior to commencing the study.

2.2. Methods

All participants received the following evaluations within four weeks of the liver histology study:
hemogram, liver biochemistry, assessment of viral markers, ARFI, and TE. All related data were
officially reported in the hospital’s electronic database prior to obtaining the liver histology report.
The FIB4 index was calculated according to the method published by Vallet-Pichard et al. [6]. The FIB-4
values were calculated automatically using the formula: age (years) × AST [U/L]/(platelets [109/L]
× (ALT [U/L])1/2).

TE measurements (FibroScan 502 touch machine; Echosens) were obtained according to
the manufacturer’s standard protocol. After at least three hours of fasting, ten measurements were done
from the right intercostal space with the patient in the supine posture. Selection of the M or XL probe
was determined by the device. Liver steatosis was measured by the control attenuation parameter (CAP)
value during the TE study. ARFI (Acuson S2000; Siemens Healthcare, Erlangen, Germany) imaging was
conducted according to the published guidelines by obtaining measurements in two locations [25],
with slight modification [7,18]. Briefly, two locations from the right intercostal space were selected
for assessment; one was at the right upper liver and the other was at the right lower liver based
on optimal 2D imaging. At each location, 10 measurements were performed with the area of
interest perpendicular to the skin. The mean of the medians from the two locations was recorded.
Patients maintained slow spontaneous breathing during the measurements. Most of the measurements
were conducted by an ultrasound technologist with 25 years of experience.

The liver fibrosis status in the non-biopsy group was estimated according to our experience in
ARFI studies (in press, JMU 2019). The cutoff values for the estimated fibrosis scores of <2, 2, 3,
and 4 were as follows: 1.25, 1.32, 1.79 m/s for the NBNC group; 1.22, 1.32, 1.46 m/s for the CHB group;
and 1.23, 1.37, 1.71 m/s for the CHC group. The severity of liver fibrosis in the biopsy group was
determined according to the METAVIR fibrosis grading system [26]. For patients with non-alcoholic
fatty liver diseases (NAFLD), diagnosis and fibrosis grading were based on the criteria published
by Kleiner et al. [27]. All TE data were correlated with the ARFI measurements and then stratified
according to the CAP value.

2.3. Statistics

Patient characteristics were expressed as the number and percentage, or the mean ± standard
deviation (SD), as appropriate. Continuous variables of the three independent groups were compared
using Student’s t-test and one-way analysis of variance (ANOVA) with Bonferroni correction.
Categorical variables were tested using Fisher’s exact test, the chi-square test, or the chi-square
test for trend, as applicable. A generalized linear model was used for correlation analysis between
the ARFI and TE studies, and the interaction between different CAP groups was also analyzed.
The receiver-operating characteristic (ROC) curves and AUROC values were calculated to determine
the best predictive points for different histology fibrosis scores. After determining the ideal cutoff

values, diagnostic sensitivity and specificity were calculated for discrimination of F2 to 4, F3 to 4,
and F4 versus other fibrosis stages. Statistical analyses were performed using SPSS software (version 22;
SPSS Inc., Chicago, IL, USA), and a p-value of <0.05 was considered to indicate statistical significance.

3. Results

A total of 215 patients who underwent FIB4, TE, and ARFI measurements were included
retrospectively in the non-biopsy group. In this group, 66 cases were classified as NAFLD, 82 as CHB,
and 67 as CHC. An additional group of 221 consecutive patients who underwent liver histology studies
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were enrolled in the validation group. In this group, 125 cases were classified as NAFLD, 70 as CHB,
and 26 as CHC (Figure 1).
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Figure 1. Flow chart of study patients.

In the non-biopsy training group, more men were included than women (p < 0.001; Table 1a),
particularly in the CHB subgroup. The CHB subgroup had the youngest mean age (53.38 ± 10.91),
followed by the NBNC (57.10 ± 11.10) and CHC (62.48 ± 9.67) subgroups (statistical significance of
differences can be summarized by the following formula: [(NBNC = CHB) , CHC]). The body
mass index (BMI) was higher in the NBNC subgroup than in the viral hepatitis subgroups
[NBNC , (CHB = CHC)]. The platelet count was lower in the CHC subgroup than in NBNC
subgroup [NBNC , CHC], while the AST and ALT levels were lower in the CHB subgroup than in
the other two subgroups [CHB , (NBNC = CHC)]. The estimated fibrosis score 4 was least frequent in
the CHB subgroup (14.6%), followed by NBNC (24.2%), while it was the highest in the CHC (31.3%)
subgroup (p = 0.033).

Table 1. (a) Demography of patients without liver histology study; (b) Demography of patients received
liver histology study.

(a)
Total Cases NBNC (N) 66 HBV (B) 82 HCV (C) 67 Multiple Comparisons

Male (%) 44 (66.7) 76 (92.7) 35 (52.2) B , (N = C)
Body mass index 26.80 ± 4.60 24.89 ± 3.34 24.81 ± 3.83 N , (B = C)
Age (year) 57.10 ± 11.10 53.38 ± 10.91 62.48 ± 9.67 (N = B) , C
AST (IU/L) 51.53 ± 49.51 35.05 ± 13.29 56.12 ± 30.66 B , (N = C)
ALT (IU/L) 52.35 ± 38.47 35.54± 19.05 61.88 ± 39.80 B , (N = C)
Platelets (109/L) 203.3± 76.91 179.9 ± 67.77 164.06 ± 60.04 N , C
Spleen index 18.77 ± 8.77 18.98 ± 10.36 17.61 ± 8.19 NS
Estimated fibrosis score *
4 (%) 16 (24.2) 12 (14.6) 21 (31.3) B , (N = C)
3 (%) 8 (121.1) 11 (13.4) 14 (20.9) P = 0.033
2 (%) 5 (7.6) 12 (14.6) 2 (3.0)
51 (%) 37 (56.1) 47 (57.3) 30 (44.8)

* Cutoff values of meanARFI (m/sec) for fibrosis scores 1~4 in different etiologies: NBNC (1.79,1.32,1.25); CHB
(1.46,1.32,1.22); CHC (1.71,1.37,1.23)
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Table 1. Cont.

(b)
Total Cases NAFLD (N) 125 HBV (B) 70 HCV (C) 26 Multiple Comparisons

Male 75 (60.0 %) 40 (57.1 %) 11 (42.3 %) NS
HCC 1 (0.8 %) 9 (12.9 %) 4 (15.4 %) N , (B = C)
Age (year) 49.85 ± 13.43 52.03 ± 11.01 57.91 ± 8.35 N , C
Body mass index 27.95 ± 3.97 26.60 ± 4.83 27.34 ± 4.42 NS
AST (IU/L) 58.22 ± 29.21 55.27 ± 40.33 68.92 ± 40.30 NS
ALT (IUL) 92.70 ± 41.16 73.07 ± 50.14 76.23 ± 55.55 N , B
Bilirubin (mg/dL) 0.74 ± 0.34 0.91 ± 0.87 0.81 ± 0.26 NS
Platelets (109/L) 251.0 ± 64.1 191.2 ± 60.8 189.1 ± 73.8 N , (B = C)
Prothrombin time INR 1.03 ± 0.11 1.08 ± 0.08 1.13 ± 0.11 N , (B = C)
Spleen index (cm2) 17.16 ± 6.38 15.81 ± 6.34 15.78 ± 5.75 NS
Fibrosis score
4 8 (5.6 %) 13 (18.6%) 9 (34.6%) N , (B = C)
3 30 (24.0 %) 19 (27.1 %) 9 (34.6%)
2 9 (7.2 %) 18 (25.7%) 2 (7.7%)
51 79 (63.2 %) 20 (28.6%) 6 (23.1%)
Steatosis grade
0 <5% 0 (0 %) 27 (38.6%) 9 (34.6%) N , (B = C)
1 5–33% 29 (23.2 %) 26 (37.1%) 9 (34.6%)
2 34–66% 35 (28.0 %) 6 (8.6%) 4 (15.4%)
3 >66% 61 (48.8 %) 11 (15.7%) 4 (15.4%)

In the biopsy group, hepatocellular carcinoma (HCC) was more frequent among the chronic
hepatitis subgroups than the NAFLD subgroup ([NAFLD , (HCB = CHC)]; Table 1b). The mean age
was younger in NAFLD (49.85 ± 13.43 years) than CHC (57.91 ± 8.35 years, p = 0.007). ALT levels were
elevated in the NAFLD subgroup compared to the other two subgroups [NAFLD , (CHB = CHC)].
The platelet count was higher, and the prothrombin time (INR) was lower, in the NAFLD subgroup
than in the viral hepatitis subgroups [NAFLD , (CHB = CHC)]. Lower fibrosis grades with
higher fat cell fractions were noted in the NAFLD subgroup than in the viral hepatitis subgroups
[NAFLD , (CHB = CHC)]. Sixteen-one (48.8%) patients in the NAFLD subgroup had fat cell
fractions greater than 66%, compared to only 15.4% and 15.7% of patients in the CHB and CHC
subgroups, respectively. Liver stiffness was successfully measured by TE and ARFI in all study patients.
However, 5 patients with ARFI measurement interquartile ranges (IQR)/median values greater than 15%
and two with TE measurement IQR/median values greater than 30% were excluded from this study.

In the non-biopsy group, lower liver stiffness values measured by FIB4, ARFI, and TE were noted
in the CHB subgroup in comparison to the CHC subgroup [(B , C); Table 2a]. CAP levels were higher
in the NBNC subgroup than in the CHC subgroup (N , C).

Table 2. (a) Liver fibrosis and steatosis parameters in patients who did not receive liver histology study;
(b) Liver fibrosis and steatosis parameters in patients who received liver histology study.

(a)

NAFLD (N)
N = 66

CHB (B)
N = 82

CHC (C)
N = 87 Multiple Comparisons

Mean ARFI, m/sec 1.40 ± 0.59 1.24 ± 0.36 1.57 ± 0.60 B , C
Location A 1.40 ± 0.61 1.24 ± 0.37 1.57 ± 0.60 B , (N = C)
Location B 1.38 ± 0.61 1.24 ± 0.36 1.57 ± 0.61 B , (N = C)
IQR/Median 0.08 ± 0.03 0.08 ± 0.03 0.08 ± 0.03 NS
TE, kPa 10.00 ± 10.14 8.43 ± 8.82 11.84 ± 9.85 B , C
IQR/Med 0.11 ± 0.11 0.10 ± 0.05 0.09 ± 0.04 NS
CAP, dB/m 265.3 ± 54.2 256.7 ± 54.5 249.2 ± 52.4 NS
FIB4 2.47 ± 2.46 2.27 ± 1.89 3.43 ± 2.44 (N = B) , C



Appl. Sci. 2019, 9, 1961 6 of 12

Table 2. Cont.

(b)

NAFLD (N) CHB (B) CHC (C)
Multiple Comparisons

N = 125 N = 70 N = 26

Mean ARFI, m/s 1.34 ± 0.53 1.45 ± 0.58 1.71 ± 0.67 N , C
Location A 1.35 ± 0.56 1.45 ± 0.56 1.69 ± 0.69 N , C
Location B 1.32 ± 0.51 1.45 ± 0.61 1.73 ± 0.68 N , C
IQR/Median 0.08 ± 0.04 0.09 ± 0.05 0.09 ± 0.06 NS
TE, kPa 8.95 ± 4.82 10.53 ± 7.80 15.43 ± 12.04 (N = B) , C
IQR/Median 0.10 ± 0.04 0.10 ± 0.04 0.10 ± 0.05 NS
CAP, dB/m 304.4 ± 43.0 264.5 ± 46.9 254.5 ± 46.0 N , (B = C)
FIB4 1.39 ± 0.92 2.11 ± 1.42 3.09 ± 1.96 N , B , C
Histology
Fibrosis score 1.58 ± 1.16 2.31 ± 1.16 2.73 ± 1.31 N , (B = C)
Fat cell % 58.10 ± 28.57 23.50 ± 29.20 24.42 ± 29.75 N , (B = C)

In the biopsy group, liver fibrosis scores more severe in the viral hepatitis subgroups than
the NBNC subgroup [N , (B = C); Table 2b]. The liver stiffness measurements were generally more
severe in CHC than in NAFLD [(N , C); Table 2a]. The fat cell fraction was higher in the NAFLD
subgroup [N , (B = C)] than in the viral hepatitis groups.

The CAP values were correlated with the histology fat cell fractions (R2 linear = 0.615,
Spearman’s rho p < 0.001) in all participants. However, the correlation reached a plateau when
the CAP values were ≥290 dB/m (R2 linear = 0.009).

The correlation between the TE and the mean ARFI value in total cases was good (R2 = 0.798,
Spearman’s rho p < 0.001). In the presence of severe steatosis, the TE value was relatively lower than
the ARFI value, which was evident by the lower slope among the high CAP versus the low CAP patients
in both the biopsy and non-biopsy groups (Figure 2). This pattern was seen in the NAFLD and CHC
patients, but not in the CHB patients. In the CHB patients within the non-biopsy group, liver stiffness
values measured by TE were paradoxically higher in the high CAP patients than in the low CAP patients.

When patients in the NAFLD and CHC subgroups were stratified by CAP and histological fibrosis
scores, the mean fibrosis values measured by FIB4 index tended to be lower in the high CAP patients
than in the low CAP patients at the various fibrosis stages (Table 3a, p ≤ 0.002). As for the TE studies,
significant or marginal differences in mean values between the high versus low CAP groups are listed
in Table 3a (p = 0.03–0.071). A similar pattern was not present in the ARFI measurements in non-CHB
patients (Table 3a). Such a trend was not present in the various fibrosis grades among patients with
CHB between the low and high CAP groups (Table 3b).
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Figure 2. Correlation between Tranient elastography (TE) and Acoustic radiation force impulse
(ARFI) fibrosis measurements in the various control attenuation parameter (CAP) and etiology groups.
(a) The correlations between the high and low CAP groups differed significantly in all etiology groups
(p < 0.001). A similar pattern of lower measurements of TE liver stiffness in the high CAP group versus
the low CAP group was found in non-B/non-C liver cirrhosis (NBNC) and chronic hepatitis C (CHC)
patients. Paradoxically, higher TE liver stiffness measurements were recorded in the high CAP patients
than in the low CAP patients among those with CHB. (b) Similar correlation patterns were noted in
the biopsy group for each etiology subgroup with a smaller difference between high CAP verse low
CAP group in those with CHB.

Table 3. (a) CAP grades and fibrosis measurements of NAFLD and CHC patients by different modalities;
(b) CAP grades and fibrosis measurements of CHB patients by different modalities.

(a)

CAP <290 dB/m CAP = 290 dB/m

Metavir No Mean ± SD No Mean ± SD p Value

Mean ARFI (m/sec)
≥2 36 1.72 ± 0.55 30 1.79 ± 0.77 0.659
≥1 56 1.50 ± 0.54 76 1.41 ± 0.63 0.416
Total 64 1.44 ± 0.54 87 1.37 ± 0.60 0.487

TE (kPa)
≥2 36 16.24 ± 9.92 30 12.71 ± 5.32 0.071
≥1 56 12.46 ± 9.56 76 9.38 ± 4.68 0.030
Total 64 11.59± 9.23 87 8.95 ± 4.56 0.038

FIB4
≥2 33 3.02± 1.63 31 1.88 ± 1.20 0.002
≥1 56 2.37 ± 1.62 76 1.38± 0.96 0.000
Total 64 2.20 ± 1.58 87 1.30 ± 0.93 0.000
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Table 3. Cont.

(b)

CAP <290 dB/m CAP = 290 dB/m

Fibrosis score No Mean ± SD No Mean ± SD p Value

Mean ARFI (m/sec)
≥2 39 1.57 ± 0.63 11 1.67 ± 0.56 0.631
≥1 49 1.46 ± 0.60 18 1.49 ± 0.54 0.845
Total 52 1.43 ± 0.60 18 1.49 ± 0.54 0.718

TE (kPa)
≥2 39 12.14± 9.14 11 12.69 ± 5.75 0.852
≥1 43 10.94 ± 8.61 16 10.37 ± 5.56 0.798
Total 52 10.58 ± 8.48 18 10.37 ± 5.56 0.923

FIB4
≥2 39 2.53 ± 1.50 11 1.88 ± 0.99 0.189
≥1 43 2.35 ± 1.54 16 1.56 ± 0.94 0.046
Total 52 2.29 ± 1.52 18 1.56 ± 0.94 0.059

Since the NAFLD and CHC subgroups had similar behavior in liver stiffness measurements,
we evaluated their liver stiffness cutoff values between high and low CAP groups together (Table 4).
We found that there was a 25.1% to 30.7% reduction in FIB4 cutoff values between the high CAP versus
low CAP groups of patients with moderate fibrosis to cirrhosis (F2-4). The TE cutoff value for diagnosis
of liver cirrhosis was 8.5% lower in the high cap versus low cap group. There was no difference (−2.4%
to 1.3%) in ARFI cutoff values between the high and low CAP groups in different fibrosis stages.

In addition to the parameter of FIB4 index, differences between CAP groups were comprised
of higher AST level (68.27 ± 41.48 vs. 54.03 ± 19.57 U/L, p = 0.013) and older age (57.21 ± 12.37
vs. 48.85 ± 11.76 years, p < 0.001) in the low CAP versus the high CAP group.

Table 4. Effect of hepatic steatosis on cutoff values of liver fibrosis scores in NAFLD and CHC patients.

CAP < 290 dB/m CAP ≥ 290 dB/m Cutoff

AUROC Cutoff Sensitivity Specificity AUROC Cutoff Sensitivity Specificity Difference % *

F4 (N = 10 vs. <F4 (N = 54) F4 (N = 7) vs. <F4 (N = 81)

ARFI m/s 0.911 1.655 0.800 0.852 0.949 1.695 0.857 0.889 −0.04 −2.4%
TE kPa 0.914 13.00 0.900 0.852 0.959 11.90 0.857 0.877 1.1 8.5%

FIB4 0.824 2.417 0.800 0.741 0.905 1.675 0.857 0.815 0.742 30.7%

F3-4 (N = 32) vs. <F3 (N = 32) F3-4 (N = 24) vs. <F3 (N = 64)

ARFI m/s 0.938 1.290 0.813 0.875 0.882 1.273 0.833 0.797 0.017 1.3%
TE kPa 0.928 9.25 0.813 0.844 0.886 9.000 0.792 0.797 0.25 2.7%

FIB4 0.896 1.762 0.781 0.719 0.795 1.251 0.708 0.703 0.511 29.0%

F2-4 (N = 29) vs. <F2 (N = 35) F2-4 (N = 31) vs. <F2 (N = 57)

ARFI m/s 0.917 1.225 0.886 0.897 0.838 1.243 0.806 0.772 −0.018 −1.5%
TE kPa 0.905 8.850 0.829 0.828 0.891 8.750 0.839 0.789 0.1 1.1%

FIB4 0.885 1.641 0.800 0.739 0.797 1.229 0.742 0.737 0.412 25.1%

* Compared with cutoff value in CAP < 290 dB/m group.

4. Discussion

We found that hepatic steatosis has a significant effect on liver fibrosis measurements by TE or
FIB4 in both the biopsy and non-biopsy groups. While this phenomenon mainly occurred in patients
with NAFLD or CHC, it also occurred with low effect in those with CHB.

To better understand the value and limitations of CAP, we correlated CAP with semi-quantified
fat cell fraction by liver histology. The correlation was linear in all participants (R2 linear = 0.615)
and reached a plateau when the CAP value was ≥ 290 dB/m (R2 linear = 0.009). Our findings are
consistent with those of previous studies. [28,29] Based on this observation, we divided our patients
into high and low CAP groups using a cutoff value of 290 dB/m.
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In the non-biopsy training group, the correlation between TE and ARFI was good for all three
etiologies (Figure 2a). However, the linear regression slopes differed between the high and low
CAP patients among the NBNC and CHC subgroups (Figure 2a). These findings were also noted in
the validation biopsy group (Figure 2b). In addition, when NAFLD or HCV patients in the biopsy
group were stratified by CAP and histology fibrosis scores, significantly lower TE (p = 0.071–0.030)
and FIB4 (p ≤ 0.002, Table 3a) measurements in the F2-F4 stages were noted in the high CAP group
than in the low CAP group. Our findings confirm the findings by Gaias et al. [30], which showed
that liver stiffness values were lower than expected in NAFLD patients with advanced fibrosis (F3)
and severe steatosis (fat cell fraction >33%).

Regarding the TE and FIB4 measurements, values in the high CAP patients tended to be lower than
those in the low CAP patients (Table 3a). When the cutoff values in the NAFLD and CHC subgroup
were evaluated together, the FIB4 cutoff values in moderate fibrosis to cirrhosis (F2 to 4) were 25.1%
to 30.7% lower in the high CAP groups than in the low CAP groups (Table 4). Similar findings were
observed for the TE cutoff value. The cutoff value for diagnosis of liver cirrhosis was 8.5% lower in
the high CAP than the low CAP group. Therefore, liver stiffness measurements should be interpreted
with caution for patients with severe steatosis in cases of NAFLD or CHC. ARFI measurement is less
influenced by steatosis, and the differences between CAP groups were small (−2.4% to 1.3%).

It is interesting to note that liver steatosis confers minor effects on liver stiffness measurements in
patients with CHB (Table 3b). We suspect that this phenomenon is related to the different fibrogenesis
rates and fat cell fractions in CHB cases compared to other etiologies. CHB was associated with
a relatively lower fat cell fraction in accordance with other previous studies [31,32]. HBV infection leads
to lower levels of triglycerides, which may affect the development of NAFLD [33]. Furthermore, HBV X
protein can inhibit the secretion of apolipoprotein B, which is an important component in the formation
of very-low-density and low-density lipoproteins [34,35]. HBV-infected individuals have been shown
to have significantly higher serum adiponectin levels compared to healthy individuals [36], and hepatic
steatosis is inversely associated with adiponectin level [37]. In addition to the lower hepatic fat
cell fraction, Dong et al. [38] reported that in a series of 81 CHB patients who underwent TE, ARFI,
and Forns index measurements, inflammation, rather than hepatic steatosis, significantly impacted
the level of fibrosis measured by all three modalities. These findings are consistent with the results of
this study, possibly indicating that the fibrosis structure differs between CHB and other etiologies.

Several characteristics can be mentioned according to the various etiologies of fibrogenesis.
Both NAFLD and CHC are associated with slow, progressive inflammation and fibrogenesis [39,40],
and liver cirrhosis developed over several decades after diagnosis. In CHB patients, however, a severe
flare-up can rapidly progress to liver cirrhosis within months or years due to bridging hepatic
necrosis [41–43]. In addition, an uneven distribution of inflammation with the presence of relatively
non-inflamed zones can be seen in these patients [44]. These manifestations indicate that fibrosis in
CHB happens quickly and is less dense than non-HBV fibrosis. Our previous ARFI study proposed that
different severities of inflammation may account for the differences observed between CHB and CHC
patients [18]. In this study, even with the exclusion of patients with ALT levels >180 IU/L, liver stiffness
measurements differed between the low and high CAP patients in the NAFLD and CHC subgroups, but
not in the CHB subgroup. A report from Furuya et al. revealed that macronodular liver regeneration
was more likely to occur in HBsAg positive than in non-HBsAg positive liver cirrhosis (49.0% vs. 37.2%,
p < 0.01) [45], which might be related to the uneven distribution of bridging hepatic necrosis and fibrosis
in patients with HBV-related liver cirrhosis. This observation supports the supposition that the structure
of fibrosis may differ between HBV and non-HBV-related liver cirrhosis.

One of the cases in this series showed liver cirrhosis that had rapidly developed seven months
after an ALT flare-up. This process was evident based on consecutive liver biopsies, which showed
a progression from bridging hepatic necrosis to bridging fibrosis, and finally the formation of cirrhotic
nodules. This inflammatory response induced HBeAg seroconversion and viral clearance. The fibrosis
spontaneously regressed to METAVIR F1 34 years later (Supplementary Figure S1). Although we have
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only detailed one such case in this report, similar cases of bridging hepatic necrosis with rapid
progression to cirrhosis [41–43] and spontaneous resolution of liver cirrhosis [46] have been published.

We conclude that hepatic steatosis greatly impacts the FIB4 and TE measurements of fibrosis in
non-HBV-related liver diseases, possibly due to structural differences in liver fibrosis between HBV-
and non-HBV-related liver diseases. The cutoff values may need to be adjusted for patients with
severe steatosis.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/9/9/1961/
s1, Figure S1: A 22-year-old HBeAg positive female rapidly developed liver cirrhosis that spontaneously
resolved 34 years later, Table S1: Cutoff values in different fibrosis grades.
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