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Abstract
Purpose We aimed to compare the diagnostic accuracy of magnetic resonance imaging (MRI) and transient elastography 
(TE) in assessing liver fibrosis and steatosis in patients with chronic liver disease (CLD).
Methods Patients who underwent liver biopsy or liver surgery at two academic hospitals between 2017 and 2021 were ret-
rospectively recruited. The stages of liver fibrosis and steatosis were evaluated using histologic examination. Liver stiffness 
(LS) was assessed using MR elastography  (LSMRE) and TE  (LSTE). Liver steatosis was assessed using proton density fat 
fraction (PDFF) and controlled attenuation parameter (CAP).
Results The mean age of the study population (n = 280) was 53.6 years and male sex predominated (n = 199, 71.1%). Non-
alcoholic fatty liver disease was the most prevalent (n = 127, 45.5%), followed by hepatitis B virus (n = 112, 40.0%). Hepa-
tocellular carcinoma was identified in 130 patients (46.4%). The proportions of F0, F1, F2, F3, and F4 fibrosis were 13.2%, 
31.1%, 9.6%, 16.4%, and 29.7%, respectively.  LSMRE had a significantly greater AUROC value than  LSTE for detecting F2–F4 
(0.846 vs. 0.781, P = 0.046), whereas  LSMRE and  LSTE similarly predicted F1–4, F3–4, and F4 (all P > 0.05). The proportions 
of S0, S1, S2, and S3 steatosis were 34.7%, 49.6%, 12.5%, and 3.2%, respectively. PDFF had significantly greater AUROC 
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values than CAP in predicting S1-3 (0.922 vs. 0.806, P < 0.001) and S2-3 (0.924 vs. 0.795, P = 0.005); however, PDFF and 
CAP similarly predicted S3 (P = 0.086).
Conclusion MRI exhibited significantly higher diagnostic accuracy than TE for detecting significant fibrosis and mild or 
moderate steatosis in patients with CLD.

Graphical abstract

Keywords MR elastography · Proton density fat fraction · Transient elastography · Controlled attenuation parameter · 
Histology

Abbreviations
CLD  Chronic liver disease
HCC  Hepatocellular carcinoma
LS  Liver stiffness
TE  Transient elastography
MRE  Magnetic resonance elastography
CAP  Controlled attenuation parameter
NAFLD  Nonalcoholic fatty liver disease
PDFF  Proton density fat fraction
LSMRE  Liver stiffness assessed using magnetic reso-

nance elastography
LSTE  Liver stiffness assessed using transient 

elastography
HCV  Hepatitis B and C virus
ROI  Region of interest
BMI  Body mass index
IQR  Interquartile range
PPV  Positive predictive value
NPV  Negative predictive value
AUROC  Areas under the receiver operating 

characteristic
CI  Confidence interval
ALT  Alanine aminotransferase

Introduction

Liver fibrosis is one of the main prognostic factors in chronic 
liver disease (CLD) as there is an exponential increase in the 
risk of liver-related complications with increasing fibrosis 
stage [1–3]. In addition, recent studies reported that super-
imposed liver steatosis was associated with a higher risk of 
hepatocellular carcinoma (HCC) [4]. Therefore, quantifying 
liver fibrosis and steatosis in patients with CLD is important 
to determine the prognosis and guide treatment decisions.

Liver biopsy represents the gold standard for the assess-
ment of fibrosis and steatosis in patients with CLD [5]. 
However, several issues, including invasiveness, patient 
discomfort, and risk of sampling error due to the heteroge-
neity in the distribution of fibrosis or steatosis, have been 
continuously raised [6–10]. Accordingly, several alternative 
non-invasive tests are increasingly being used to improve the 
stratification and prognostication of patients with CLD [11].

Vibration-controlled transient elastography (TE) is the 
most widely validated diagnostic method for the measure-
ment of liver stiffness (LS). However, the LS value obtained 
by TE can overestimate the severity of fibrosis in cases, 
including inflammation or obstructive cholestasis [12–16]. 
Magnetic resonance elastography (MRE) is thought to be 
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more reliable than TE in the assessment of LS because it can 
examine the larger area of liver parenchyma using a mag-
netic resonance imaging (MRI) machine. Although several 
studies including meta-analysis suggested the superiority of 
MRE than TE for detecting significant or advanced fibro-
sis and cirrhosis, other study of 62 biopsy-proven NAFLD 
patients showed comparable diagnostic accuracy for signifi-
cant and advanced fibrosis. [17–19].

The controlled attenuation parameter (CAP) implemented 
on TE enables rapid assessment of liver steatosis. However, 
the suboptimal performance of CAP for quantifying steatosis 
has been reported. Furthermore, in patients with nonalco-
holic fatty liver disease (NAFLD), CAP has been reported 
to be outperformed by proton density fat fraction (PDFF), 
a MRI-based method that quantitatively assesses liver stea-
tosis [18, 20]. However, in CLD with various etiology, only 
small-sized studies comparing MRI and TE in assessing 
liver fibrosis and steatosis have been performed.

This study aimed at the comparison of the diagnostic 
accuracy of LS assessed using MRE  (LSMRE) and TE  (LSTE) 
for determining the degree of liver fibrosis and PDFF and 
CAP for assessing liver steatosis in patients with CLD.

Materials and methods

Study population

This cross-sectional study included patients with CLD who 
had undergone a liver biopsy, surgical resection, or liver 
transplantation between August 2017 and March 2021 
and were referred to the Korea University Anam Hospital 

and Yonsei University Severance Hospital. Each subject 
underwent MRE, PDFF, TE, and CAP, and the time inter-
val between those and liver biopsy, surgical resection, or 
liver transplantation was < 6 months (Fig. 1). The exclusion 
criteria were as follows: (a) age < 18 years, (b) insufficient 
clinical or laboratory information, (c) history of decompen-
sation, (d) obstructive cholestasis, (e) liver congestion, (f) 
acute hepatitis, and (g) infiltrative liver diseases.

Hepatitis B and C virus (HCV) infection was defined 
as positive for hepatitis B surface antigen and anti-HCV, 
respectively. Diagnosis of NAFLD was established by the 
absence of significant alcohol intake (weekly consump-
tion > 140 g for men or > 70 g for women), absence of other 
causes of CLD, and fat accumulation of more than 5% of the 
liver weight in liver biopsy specimens [21].

Histopathological evaluation

Histopathological analysis was performed on specimens 
from percutaneous liver biopsy (n = 143), surgical resection 
(n = 86), or liver transplantation (n = 51). Ultrasonography-
guided liver biopsies were performed by expert radiologists 
or hepatologists experienced with more than 200 liver biop-
sies. A transthoracic approach was routinely used with the 
patient in the supine position. Biopsy was performed using 
an 18- or 20-gauge Tru-cut needle, and two specimens were 
obtained from each patient to acquire a sample of sufficient 
size for analysis and to reduce histologic errors.

Each liver tissue was analyzed by two experienced 
pathologists who were blinded to the patients’ clinical 
information. The minimum adequacy of the specimen was 
defined as a length longer than 2 cm [8]. Liver fibrosis was 

Fig. 1  Flowchart of patients. 
MRE magnetic resonance 
elastography, PDFF proton 
density fat fraction, TE transient 
elastography
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staged according to the Nonalcoholic steatohepatitis Clini-
cal Research Network scoring system in NAFLD and the 
METAVIR scoring system in other etiologies, ranging from 
F0 to F4 [6, 7]. Liver steatosis was graded on the basis of the 
percentage of hepatocytes with macrovesicular fat: S0 (none 
or less than 5%), S1 (mild steatosis = 6–33%), S2 (moderate 
steatosis = 34–66%), and S3 (severe steatosis = greater than 
66%) [22].

Magnetic resonance elastography

MRE examinations were performed using the 3.0-T scanner 
(Magnetom Skyra, Siemens Healthineers, Erlangen, Ger-
many; Discovery 750w, GE Healthcare, Milwaukee, WI, 
USA). In the supine position, the passive acoustic driver was 
placed on the right upper abdominal wall, with its center at 
the level of the xiphoid process. Driver power amplitude of 
50% was used for each patient during the study period. MRE 
was performed using a phase-contrast imaging technique, 
which applies motion-encoding gradients in synchronization 
with a 60-Hz external shear wave induced in the abdomen. 
Four contiguous slices were obtained during breath-hold at 
the end of expiration. After the magnitude and phase images 
were obtained, an inversion algorithm installed in the MRI 
unit automatically processed raw data images to create the 
wave images and the elastograms with confidence maps of 
a 95% confidence threshold.

A radiologist with 10 years of experience in abdomi-
nal radiology drew three or four freehand areas of the 
region of interest (ROI), carefully avoiding the following 
areas: cross-hatched areas on the superimposed 95% con-
fidence map, areas of poor wave propagation or wave dis-
tortion, liver dome, large blood vessels, and focal hepatic 
mass.  LSMRE is calculated using the following equation: 
 LSMRE = (m1w1 + m2w2 + m3w3 + m4w4)/(w1 + w2 + w3 + w4), 
where m1, m2, m3, and m4 are the mean LS values measured 
on up to four elastograms, and w1, w2, w3, and w4 are the 

sizes of the corresponding ROIs [23]. Detailed parameters 
for MRE are described in Table 1.

Magnetic resonance imaging‑based proton density 
fat fraction

PDFF examinations were performed during a single breath-
hold, using commercially available chemical shift-encoded 
pulse sequences of q-DIXON (Siemens Healthineers, Erlan-
gen, Germany) or IDEAL IQ (GE Healthcare, Milwaukee, 
WI, USA). A radiologist with 10 years of experience in 
abdominal radiology drew four oval ROIs (≥ 4  cm2) in each 
of the right anterior, right posterior, left medial, and left 
lateral segments of the liver, carefully avoiding large blood 
vessels and focal hepatic mass. For the measurement of stea-
tosis using PDFF, the mean values of the four ROIs were 
calculated for statistical analysis [24]. Detailed parameters 
for PDFF are described in Table 1.

Transient elastography

At each hospital, the  LSTE was obtained using TE (M-probe, 
Fibroscan: EchoSens, Paris, France) by an experienced oper-
ator who had conducted at least 500 examinations. Patients 
were examined after overnight fasting using M probes, con-
sidering the patients’ body mass index.  LSTE (kPa) and CAP 
(dB/m) measurements were recorded until 10 valid measure-
ments were obtained for each patient. The median value was 
considered representative of the elastic modulus of the liver. 
Only procedures with at least 10 valid measurements, a suc-
cess rate of at least 60%, and an interquartile range (IQR) to 
median value ratio of 30% were considered reliable [11, 25].

Statistical analysis

Demographic and laboratory data were presented as 
mean ± standard deviation for continuous variables and 
numbers with percentages for categorical variables. The 

Table 1  Detailed parameters for magnetic resonance elastography and proton density fat fraction

Vendor/parameters Elastography Proton density fat fraction

Vendor Magnetom Skyra, Siemens Discovery 750w, GE Magnetom Skyra, 
Siemens

Discovery 750w, GE

Pulse sequence 2D gradient-recalled echo 2D spin-echo q-DIXON IDEAL IQ
Echo-planar imaging

Field of view (mm) 420 × 295 380 × 380 380 × 304 400 × 320
Repetition time (msec) 25 1000 9 7.2
Echo time (msec) 17–20 63 1 3
Acquisition matrix 128 × 63 64 × 64 160 × 115 160 × 128
Slice thickness (mm) 5 8 3 6
Flip angle (º) 25 90 4 4
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distribution of mean LS and steatosis values in each fibrosis 
and steatosis group were compared using Kruskal–Wallis 
test and trend test was performed. Trend test was conducted 
using linear regression analysis with severity of liver fibrosis 
or liver steatosis applied as an ordinal value. Sensitivity, 
specificity, positive predictive value (PPV), and negative 
predictive value (NPV) at optimal cutoff values for estimat-
ing fibrosis and steatosis were evaluated. The optimal cutoff 
values were chosen by maximizing the Youden index on 
the estimated curves (sensitivity + specificity-1). For the 
discrimination ability of mean LS and steatosis values, the 
areas under the receiver operating characteristic (AUROC) 
curves and 95% confidence intervals (95% CI) were esti-
mated. The standard error of AUROC was estimated under 
nonparametric assumption and asymptotic confidence inter-
val was presented. The AUROC values of each assessment 
were compared using the DeLong test [26]. We performed 
fivefold cross-validation to avoid potential bias. The 95% CI 
was estimated based on the normal distribution theory. Post 
hoc power analysis was performed to verify the soundness 
of the accurate comparison using the pROC package of R 
software. Regression analyses of the clinical and histopatho-
logical characteristics of patients were performed to identify 
predictors associated with  LSMRE and  LSTE. A two-tailed P 
value < 0.05 was considered statistically significant. Statisti-
cal analyses were performed using SPSS software (version 
25.0; International Business Machines Corp.) and R soft-
ware (version 3.6.1; R Foundation for Statistical Computing, 
Vienna, Austria).

Results

Patient characteristics

Among the 343 patients who were considered eligible, 42 
were excluded according to our exclusion criteria. Finally, 
280 patients were selected for the statistical analysis. Histo-
pathological evaluation was performed through liver biopsy 
in 143 patients, surgical resection in 86 patients, and liver 
transplantation in 51 patients. The median time interval 
between imaging examinations and pathological results was 
0.8 (interquartile range, 0.2–3.2) months. Table 2 details the 
features and characteristics of the enrolled patients.

The mean age was 53.6 years and the male sex was pre-
dominant (199 patients, 71.1%). NAFLD was the most 
prevalent etiology (127 patients, 45.5%), followed by hepa-
titis B virus (112 patients, 40.0%). HCC was present in 130 
patients (46.4%). The mean platelet count and alanine ami-
notransferase (ALT) level were 184.3 ×  109/L and 92.8 IU/L, 
respectively. The proportions of patients in each fibrosis 
stage were 13.2% (n = 37), 31.1% (n = 87), 9.6% (n = 27), 
16.4% (n = 46), and 29.7% (n = 83) in stages 0, 1, 2, 3, and 4, 

respectively. When patients were classified according to the 
grade of hepatic steatosis, 34.7% (n = 97), 49.6% (n = 139), 
12.5% (n = 35), and 3.2% (n = 9) of patients had grade 0, 1, 
2, and 3 steatosis, respectively.

Assessment of liver fibrosis

The  LSMRE and  LSTE were measured to assess the diagnos-
tic accuracy for the stratification of the liver fibrosis stage. 
The mean  LSMRE for fibrosis stages 0, 1, 2, 3, and 4 were 
2.5, 2.7, 3.3, 3.4, and 5.4 kPa, respectively (Kruskal–Wallis 
test P < 0.001). The mean  LSTE (n = 263) for fibrosis stages 
0, 1, 2, 3, and 4, were 8.5, 8.8, 9.0, 12.5, and 19.9 kPa, 

Table 2  Baseline characteristics of patient population (n = 280)

Variables are expressed as mean ± standard deviation or n (%)
INR international normalized ratio

Variables Values

Demographic variables
 Age, years 53.6 ± 20.3
 Male 199 (71.1)
 Etiology
  Hepatitis B virus 112 (40.0)
  Hepatitis C virus 12 (4.3)
  Nonalcoholic fatty liver 127 (45.4)
  Alcohol 7 (2.5)
  Others 22 (7.9)

 Hypertension 120 (42.9)
 Diabetes 94 (34.1)
 Body mass index 26.4 ± 21.4
 Hepatocellular carcinoma 130 (46.4)

Laboratory variables
 Hemoglobin, g/dL 13.2 ± 2.4
 Platelet count, ×  109/L 184.3 ± 80.0
 Serum creatinine, mg/dL 0.8 ± 0.2
 INR 1.1 ± 0.3
 Aspartate aminotransferase, IU/L 90.7 ± 79.2
 Alanine aminotransferase, IU/L 92.8 ± 84.0
 Total bilirubin, mg/dL 1.3 ± 1.0
 Serum albumin, g/dL 3.9 ± 0.6
 Triglyceride, mg/dL 139.6 ± 111.3
 Total cholesterol, mg/dL 148.8 ± 55.3
 Fibrosis stage
  F0/F1/F2/F3/F4 37 (13.2)/87 

(31.1)/27 
(9.6)/46 
(16.4)/83 
(29.7)

 Steatosis grade
  S0/S1/S2/S3 97 (34.7)/139 

(49.6)/35 
(12.5)/9 (3.2)
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respectively (Kruskal–Wallis test P < 0.001). We found 
stepwise increases in the  LSMRE and  LSTE with increasing 
histologic severity of liver fibrosis (all P < 0.001 using the 
trend test) (Fig. 2).

AUROC values of LSMRE and LSTE in in staging liver 
fibrosis

The AUROC values of  LSMRE and  LSTE in staging liver 
fibrosis are presented in Table 3. The AUROC values of 
 LSMRE for differentiating between stage F0 vs. F1–4, F0–1 
vs. F2–4, F0–2 vs. F3–4, and F0–3 vs. F4 were 0.734 (95% 
CI 0.640–0.829), 0.846 (95% CI 0.801–0.890), 0.841 (95% 
CI 0.796–0.887), and 0.904 (95% CI 0.868–0.939), respec-
tively. Corresponding values of  LSTE were 0.680 (95% CI 
0.574–0.787), 0.781 (95% CI 0.714–0.829), 0.807 (95% CI 
0.745–0.855), and 0.852 (95% CI 0.803–0.901), respectively.

Comparison of diagnostic accuracies for staging 
liver fibrosis between LSMRE and LSTE

LSMRE had a significantly greater AUROC value than  LSTE 
for detecting METAVIR stages F2–F4 (0.846 vs. 0.781, 
P = 0.046, post hoc statistical power = 0.81). In fivefold 
cross-validation analysis, the AUROC value of  LSMRE was 
greater than that of  LSTE for detecting F2–F4 (0.761 vs. 
0.712). Moreover,  LSMRE and  LSTE similarly predicted the 
F1–4 stage (AUROC = 0.734 vs.0.680, P = 0.457), F3–4 
stage (AUROC = 0.841 vs. 0.807, P = 0.259), and F4 stage 
fibrosis (AUROC = 0.904 vs. 0.852, P = 0.093) (Fig. 3).

Cutoff values of LSMRE and LSTE for staging liver 
fibrosis

The potential cutoff values of  LSMRE and  LSTE for the 
detection of each liver fibrosis stage were evaluated. The 

cutoff values of  LSMRE for differentiating between stage 
F0 vs. F1–4, F0–1 vs. F2–4, F0–2 vs. F3–4, and F0–3 vs. 
F4 were 2.4, 3.1, 3.2, and 3.4 kPa, respectively. The corre-
sponding values of  LSTE were 6.5, 11.2, 11.5, and 11.7 kPa, 
respectively.

Using a cutoff value of 3.1 kPa,  LSMRE had a sensitiv-
ity of 71.8%, specificity of 83.9%, positive predictive value 
(PPV) of 84.8%, and negative predictive value (NPV) of 
70.3% for detecting significant fibrosis (F2–4).  LSTE of 
11.2 kPa predicted significant fibrosis with a sensitivity of 
57.9%, specificity of 88.1%, PPV of 85.7%, and NPV of 
63.0%.

For the prediction of F4 fibrosis,  LSMRE had a sensitivity 
of 85.5%, specificity of 79.7%, PPV of 64.0%, and NPV of 
92.9% with a cutoff value of 3.4 kPa. Using a cutoff value 
of 11.7 kPa,  LSTE showed a sensitivity of 81.1%, specificity 
of 82.5%, PPV of 64.5%, and NPV of 91.8% for detecting 
cirrhosis. The representative images of MRE and TE are 
presented in Fig. 4.

Effects of clinical and histopathological 
characteristics on LSMRE and LSTE

The results of regression analysis for predictors associated 
with  LSMRE and  LSTE are presented in Table 4. In multivari-
ate analysis, liver fibrosis was the only significant predictor 
of  LSMRE (β = 2.679, 95% CI 1.536–3.823, P < 0.001) and 
 LSTE (β = 2.613, 95% CI 1.508–3.718, P < 0.001).

Assessment of steatosis

Fat accumulation obtained using PDFF and CAP was com-
pared with the steatosis grade obtained by liver histology. 
The mean proportions of steatosis obtained using PDFF 
were 2.4%, 10.6%, 22.7%, and 34.8% for S0, 1, 2, and 3, 
respectively (Kruskal–Wallis test P < 0.001). The mean 

Fig. 2  The mean  LSMRE (A) and  LSTE (B) according to each META-
VIR fibrosis stage (F0 to F4). The horizontal line through each box 
represents the median and each box represents data from the 25th to 

the 75th percentile. The separate asterisks and circles represent outli-
ers. LSMRE liver stiffness assessed using magnetic resonance elastog-
raphy, LSTE liver stiffness assessed using transient elastography
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Fig. 3  The area under the 
receiver operating characteristic 
curve of  LSMRE and  LSTE for 
staging liver fibrosis; F1–4 (A), 
F2-4 (B), F3–4 (C), and F4 (D). 
LSMRE liver stiffness assessed 
using magnetic resonance 
elastography, LSTE liver stiff-
ness assessed using transient 
elastography

Fig. 4  A 48-year-old male patient with newly diagnosed hepatocellu-
lar carcinoma underwent MRE and TE. A Representative image of 
MRE is shown with the freehand ROI drawn on the liver. The area of 
the ROI and the measured mean stiffness are 4693  mm2 and 3.2 kPa, 
respectively. Final liver stiffness was calculated as 3.1  kPa by the 
equation integrating the total of four MRE measurements. Using a 

cutoff value of 3.1 kPa, liver fibrosis stage of F2–4 was suggested. B 
Summary of TE measurement is shown with the final liver stiffness of 
8.1 kPa, which suggests liver fibrosis stage of F1–4 based on a cutoff 
value of 6.5 kPa. Liver resection was performed, and the histopatho-
logic grade of liver fibrosis was F2. MRE magnetic resonance elas-
tography, TE transient elastography, ROI region of interest
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CAP values were 240.1 dB/m, 288.6 dB/m, 323.7 dB/m, and 
326.4 dB/m for S0, 1, 2, and 3, respectively (Kruskal–Wal-
lis test P < 0.001). Stepwise increases in the steatosis values 
obtained using PDFF and CAP with increasing histologic 
severity of liver steatosis were found (all P < 0.001 using 
the trend test) (Fig. 5).

The AUROC values of PDFF and CAP in staging liver 
steatosis

The AUROC values of PDFF and CAP for differentiating 
between each liver steatosis grade are presented in Table 3. 
The AUROC values of PDFF for differentiating between 
grade S0 vs. S1–3, S0–1 vs. S2-3, and S1–2 vs. S3 were 

0.922 (95% CI 0.889–0.956), 0.924 (95% CI 0.876–0.973), 
and 0.958 (95% CI 0.917–0.998), respectively. Correspond-
ing values of CAP were 0.806 (95% CI 0.750–0.863), 0.795 
(95% CI 0.719–0.871), and 0.760 (95% CI 0.538–0.981), 
respectively.

Comparison of diagnostic accuracies for staging 
liver steatosis between PDFF and CAP

PDFF showed significantly greater AUROCs than CAP in 
predicting S1–3 (0.922 vs. 0.806, P < 0.001, post hoc sta-
tistical power = 0.96) and S2–3 (0.924 vs. 0.795, P = 0.005, 
post hoc statistical power = 0.94). In fivefold cross-validation 
analysis, the AUROC value of PDFF was greater than that of 

Table 4  Predictors for  LSMRE and  LSTE

LSMRE liver stiffness assessed using magnetic resonance elastography, LSTE liver stiffness assessed using transient elastography, CI confidence 
interval

Variables Rating LSMRE LSTE

Univariate Multivariate Univariate Multivariate

β (95% CI) P value β (95% CI) P value β (95% CI) P value β (95% CI) P value

Age Years 0.044 (0.030 to 
0.058)

 < 0.001 0.008 (− 0.007–
0.022)

0.284 0.165 (0.069 to 
0.261)

0.002 0.007 (− 0.104–
0.117)

0.903

Sex 0 = women; 
1 = men

0.386 (− 0.083 to 
0.855)

0.106 1.627 (− 1.385 to 
4.639)

0.273

Body mass 
index

kg/m2 − 0.086 (− 0.131 
to − 0.041)

 < 0.001 0.022 (− 0.022–
0.067)

0.324 − 0.373 (− 0.682 
to − 0.064)

0.014 0.051 (− 0.305–
0.406)

0.778

Aspartate ami-
notransferase

IU/L 0.007 (0.005 to 
0.010)

 < 0.001 0.001 (− 0.002–
0.004)

0.390 0.040 (0.023 to 
0.057)

 < 0.001 0.019 (− 0.005–
0.042)

0.122

Alanine ami-
notransferase

IU/L 0.003 (0.001 to 
0.006)

0.013 0.001 (− 0.001–
0.004)

0.269 0.022 (0.005 to 
0.038)

0.008 0.006 (− 0.016–
0.027)

0.596

Fibrosis F0-F4 0.754 (0.639 to 
0.869)

 < 0.001 2.679 (1.536–
3.823)

 < 0.001 3.092 (2.219 to 
3.964)

 < 0.001 2.613 (1.508–
3.718)

 < 0.001

Steatosis S0-S3 − 0.664 (− 0.934 
to − 0.393)

 < 0.001 − 0.151 (− 0.416–
0.115)

0.264 − 2.548 (− 4.325 
to − 0.770)

0.008 − 0.322 (− 2.340–
1.696)

0.754

Fig. 5  Liver steatosis value measured by PDFF (A) and CAP (B) 
according to each steatosis grade (S0-3). The horizontal line through 
each box represents the median and each box represents data from the 

25th to the 75th percentile. The separate asterisks and circles repre-
sent outliers. PDFF proton density fat fraction, CAP controlled atten-
uation parameter
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CAP for detecting S1–3 (0.852 vs. 0.760) and S2–3 (0.906 
vs. 0.840). For the detection of S3 steatosis as compared 
with S0–2, PDFF and CAP had similar AUROC values 
(0.958 vs. 0.760, P = 0.086) (Fig. 6).

Cutoff values of PDFF and CAP for staging liver 
steatosis

We evaluated the potential cutoff values of PDFF and CAP 
for the detection of each liver steatosis grade. The cutoff 
values of PDFF for differentiating between grade S0 vs. 
S1–3, S0–1 vs. S2–3, and S0–2 vs. S3 were 4.2%, 11.9%, 
and 18.9%, respectively. The corresponding values of CAP 
were 256, 294, and 298 dB/m, respectively.

Using a cutoff value of 4.2%, PDFF had a sensitivity of 
85.7%, specificity of 87.6%, PPV of 93.2%, and NPV of 
75.7% for detecting mild steatosis (S1–3). A CAP value of 
256 dB/m predicted a mild steatosis with a sensitivity of 
82.0%, specificity of 69.7%, PPV of 83.0%, and NPV of 
68.1%.

For the prediction of S2–3 steatosis, PDFF had a sensitiv-
ity of 97.7%, specificity of 76.8%, PPV of 45.7%, and NPV 
of 99.4% with a cutoff value of 11.9%. Using a cutoff value 
of 294 dB/m, CAP showed a sensitivity of 84.2%, specificity 
of 71.2%, PPV of 34.4%, and NPV of 96.2% for detecting 
moderate steatosis. The representative images of MRE and 
TE are presented in Fig. 7.

Discussion

In this study, we compared the diagnostic accuracy of TE 
and MRE for determining the degree of liver fibrosis and 
CAP and PDFF for assessing liver steatosis. We found 
positive correlations between both  LSMRE and  LSTE and 
the degree of histologically confirmed liver fibrosis. Posi-
tive correlation was also found between CAP and PDFF and 

the degree of histologically confirmed liver steatosis. We 
also found that  LSMRE was significantly more accurate than 
 LSTE in identifying subjects with significant fibrosis (F2–4), 
whereas  LSMRE and  LSTE similarly predicted advanced 
fibrosis (F3–4) and cirrhosis (F4). In addition, PDFF had a 
significantly greater diagnostic accuracy than CAP in pre-
dicting mild (S1–3) or moderate steatosis (S2–3), whereas 
both had similar diagnostic accuracy in predicting severe 
steatosis (S3).

Our study has several clinical implications. First, liver 
fibrosis is the single most important factor that determines 
the outcome of patients with CLD. Therefore, early detec-
tion and assessment of the severity of liver fibrosis are cru-
cial, because early medical intervention to improve liver 
fibrosis could yield better clinical outcomes [27–29]. In our 
study, we found a stepwise increase in  LSMRE and  LSTE in 
association with the degree of liver fibrosis (all P < 0.001), 
in agreement with those of previous studies [18, 30, 31]. 
The increase in LS occurs in small increments during the 
early stages of fibrosis (F0–2), but in larger increments in 
advanced stages of fibrosis (F3–4), which might help MRE 
and TE accurately identify more advanced stages of fibrosis. 
Moreover, the diagnostic accuracy, reflected by AUROC, 
showed a trend to increase in association with the increase 
in histologic fibrosis grade.

Second, the diagnosis of early compensated liver cirrho-
sis is clinically important, because the risk of HCC devel-
opment and decompensation abruptly increases in these 
patients [32]. In addition, early diagnosis of significant liver 
fibrosis is of paramount importance, because early medical 
intervention might help delay the progression of fibrosis to 
liver cirrhosis or even a higher chance of fibrosis regression, 
resulting in favorable long-term outcomes [21, 33]. In our 
study,  LSMRE had a significantly greater diagnostic accu-
racy than  LSTE in detecting significant liver fibrosis (F2–F4) 
(AUROC 0.846 vs. 0.781, P = 0.046). Using a cutoff value 

Fig. 6  The area under the receiver operating characteristic curve of PDFF and CAP values for staging liver steatosis; S1–3 (A), S2–3 (B), and S3 
(C). PDFF proton density fat fraction, CAP controlled attenuation parameter
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of 3.1 kPa, MRE had a sensitivity of 71.8% and a specific-
ity of 84.8%. This finding might indicate that MRE might 
overcome the well-known unsatisfactory diagnostic accuracy 
of TE in identifying subjects with significant liver fibrosis. 
However, it should be further investigated who can benefit 
from MRE assessment in diagnosing fibrotic burden and 
predicting long-term outcomes during the course of liver 
disease, because of the high cost and low accessibility of 
MR devices.

Third, in our study, steatosis was not associated with 
 LSMRE or  LSTE (all P > 0.05). In accordance with our 
results, a recent study with CHB patients demonstrated no 
significant difference in LS value obtained with TE accord-
ing to the severity of hepatic steatosis among patients with 
F2–F4 fibrosis [34]. In addition, a recent study reported the 
negligible effect of liver steatosis on the cutoff value of LS 
measured using MRE to discriminate significant liver fibro-
sis [30].

Fourth, hepatic fat accumulation is receiving increas-
ing attention, because the prevalence of fatty liver dis-
ease and concurrent liver steatosis in other CLDs is dra-
matically affecting developed countries. In our study, a 
significant stepwise association between PDFF and CAP 
value and histologic degree of liver steatosis was found 
(all P < 0.001). PDFF had a significantly higher diagnos-
tic accuracy than CAP in predicting S1–3 (AUROC 0.922 
vs. 0.806, P < 0.001) and S2–3 (AUROC 0.924 vs. 0.795, 
P = 0.005) steatosis. To date, two studies have demonstrated 

the superior diagnostic accuracy of PDFF to that of CAP in 
assessing the degree of histologic liver steatosis in patients 
with NAFLD. One study showed a significantly higher diag-
nostic accuracy of PDFF than CAP in diagnosing all stages 
of liver steatosis [18]. In contrast, the other demonstrated 
an inferior diagnostic accuracy of CAP compared to that 
of PDFF in detecting S2–3 and S3 steatosis [35]. Although 
some controversy still remains, based on previous studies 
and ours, the diagnosis of liver steatosis using PDFF might 
be more accurate than, or at least similar to, that of CAP.

Lastly, we included patients with different etiologies, to 
compare the diagnostic accuracy of TE and MRE in vari-
ous etiologies of CLD patients. Most studies have evaluated 
patients with single etiology, such as NAFLD [18–20, 30], 
metabolic-associated fatty liver disease [35], or alcoholic 
liver disease [31].

Despite several strengths, we are also aware of the pitfalls 
in our study, which remain unresolved. First, we used his-
topathological information as the gold standard; however, 
it is also subjected to intra- and inter-observer variability 
and sampling errors. Second, selection bias may be pre-
sent, because of the retrospective design of the study with 
a biased selection of subjects with MR assessment. Third, 
the AUROCs and cutoff values of  LSMRE for detecting F2–4 
and F3–4 were lower than those reported in previous stud-
ies [17–20]. We assume that the relatively small number of 
patients, especially in subgroups of advanced fibrosis might 
affect the diagnostic accuracy of MRE, representing lower 

Fig. 7  A 63-year-old male patient with newly diagnosed hepatocel-
lular carcinoma underwent magnetic resonance PDFF and CAP. A 
Representative image of PDFF measurement is shown with the oval 
ROI drawn on the right posterior section of the liver. The area and 
the mean fat fraction of the ROI are 7.8   cm2 and 6.0%, respectively. 
Final liver fat fraction was 5.6%, which was calculated by averaging 
the total of four ROI measurements. Liver steatosis grade of S1–3 

was suggested, using a cutoff value of 4.2%. B Summary of TE meas-
urement is shown with the CAP value of 183 dB/m, which suggests 
liver steatosis grade of S0 based on a cutoff value of 256 dB/m. Liver 
resection was performed, and the histopathologic grade of liver stea-
tosis was S1 with a 10% of hepatocytes containing macrovesicular 
fat. PDFF proton density fat fraction, TE transient elastography, CAP 
controlled attenuation parameter, ROI region of interest
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AUROC and cutoff values. In addition, small number of 
patients in subgroups of moderate and severe liver steatosis 
might limit the accurate evaluation of the diagnostic accu-
racy of PDFF and CAP. Fourth, although recent studies show 
the predictive value of MRE in outcome of CLD patients, we 
could not analyze that because of the short follow-up period; 
however, those have no histologic results [36, 37]. Lastly, 
although the drawing of ROIs on the MR images is not yet 
fully standardized, we tried to minimize the potential bias 
by measuring three or four ROIs.

In conclusion, MRI exhibited significantly higher diag-
nostic accuracy than TE for detecting significant fibrosis 
and mild or moderate steatosis in patients with CLD. How-
ever, the limited availability of MR devices in specific areas 
should be resolved for the widespread use of MRI-based 
assessment for liver fibrosis and steatosis.
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