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Abstract
Nonalcoholic fatty liver disease (NAFLD) is entering a new era in terms of diagnosis and conceptualization. The term 
NAFLD is considered to not reflect current knowledge. Metabolic dysfunction-associated fatty liver disease (MAFLD) 
has been suggested as a more appropriate overarching term by experts in this field. Regarding NAFLD progression, most 
patients die from non-liver-related diseases, even patients with advanced fibrosis. Liver biopsy is essential for the diagnosis 
of nonalcoholic steatohepatitis (NASH); it is the only procedure that reliably differentiates NAFLD from NASH. Recently, 
various noninvasive methods for diagnosing steatosis and fibrosis have been developed. Ultrasound attenuation measurements 
and proton density fat fraction with magnetic resonance imaging (MRI) have been developed as imaging tools for predicting 
steatosis. Fibrosis-4 index and NAFLD fibrosis score are complex scores for predicting fibrosis in patients with NAFLD. In 
addition, elastography based on ultrasound and MRI has been developed as an imaging tool for predicting fibrosis. There 
is a strong correlation between values from various real-time shear wave elastography devices and transient elastography, 
which is the gold standard for ultrasound-based measurements of liver stiffness. In conclusion, NAFLD is at a turning point 
in terms of its conceptualization, terminology, and diagnostics. It is now time to reconfirm the role of ultrasonography for 
the assessment of NAFLD.
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Introduction

Suppression and elimination of chronic hepatitis B virus 
and hepatitis C virus infection have become realistic 
goals. Non-B non-C hepatocellular carcinoma (HCC) 
now accounts for one-third of all cases of HCC in Japan 
[1]. The main etiology of non-B non-C HCC is fatty liver 
disease, which is caused by alcohol consumption, lifestyle-
related diseases, or both [1]. In the past, fatty liver dis-
ease associated with low alcohol consumption was called 
nonalcoholic fatty liver disease (NAFLD). A change in 
nomenclature from NAFLD to metabolic dysfunction-
associated fatty liver disease (MAFLD) has been proposed 
[2]. NAFLD with progression of fibrosis is a leading cause 
of liver disease-related mortality (HCC, liver failure, or 
esophageal variceal hemorrhage) and liver transplantation 
[3]. In this review article, we describe new trends such as 
new terminology and noninvasive imaging assessment in 
NAFLD and nonalcoholic steatohepatitis (NASH), espe-
cially in Japan. In addition, we describe the new role of 
and problems associated with ultrasonic examinations in 
NAFLD and NASH practice.

Definitions and risk factors

NAFLD is characterized by excessive hepatic fat accu-
mulation related to insulin resistance. NAFLD is defined 
by the presence of steatosis in > 5% of hepatocytes based 
on histological analysis or a proton density fat fraction 
(PDFF) > 5.6% [4] based on magnetic resonance imag-
ing (MRI). In most patients with NAFLD, this disease is 
commonly associated with metabolic comorbidities such 
as obesity, type 2 diabetes mellitus, and dyslipidemia. 
NAFLD can be categorized histologically into nonalco-
holic fatty liver (NAFL) or NASH. NAFL is defined as 
the presence of steatosis in > 5% of hepatocytes without 
evidence of hepatocellular injury in the form of hepatocyte 
ballooning. NASH is defined as the presence of steatosis 
in > 5% of hepatocytes and inflammation with hepatocyte 
injury (e.g., ballooning), with or without any fibrosis. 
Definitive diagnosis of NASH requires a pathological find-
ing with liver biopsy. The diagnosis of NAFLD requires 
the exclusion of secondary causes such as drug-related 
NAFLD as well as daily alcohol consumption < 30 g for 
men and < 20 g for women [5]. Alcohol consumption above 
these limits indicates alcoholic liver disease. The relation-
ship between alcohol intake and liver injury depends on 
several cofactors such as types of alcoholic beverages con-
sumed, drinking patterns, duration of drinking habit, and 
individual or genetic susceptibility. In particular, patients 

who consume moderate amounts of alcohol may still be 
predisposed to NAFLD if they have metabolic risk factors. 
Of note, the overall impact of metabolic risk factors on the 
occurrence of steatosis appears to be higher than that of 
alcohol in these patients [6].

New terminology

Although pharmacotherapies for NAFLD are in develop-
ment, response rates appear modest. The heterogeneous 
pathogenesis of metabolic fatty liver diseases and inaccu-
racies in terminology and definitions necessitate a reap-
praisal of nomenclature to inform clinical trial design and 
drug development. Recently, a group of experts sought to 
integrate the current understanding of patient heterogene-
ity captured under the acronym NAFLD and suggest termi-
nology that more accurately reflects pathogenesis to help 
with patient stratification for management. These experts 
reached the consensus that NAFLD does not reflect current 
knowledge. MAFLD was suggested as a more appropriate 
overarching term [7]. This recommendation will help the 
research community update the nomenclature and sub-phe-
notype the disease to accelerate the development of new 
treatments.

The proposed criteria for a positive diagnosis of MAFLD 
are based on histological (biopsy), imaging, or blood bio-
marker evidence of fat accumulation in the liver (hepatic 
steatosis), in addition to one of the following three criteria: 
overweight/obesity, presence of type 2 diabetes mellitus, 
or evidence of metabolic dysregulation. Metabolic dys-
regulation is defined by the presence of at least two meta-
bolic risk abnormalities: waist circumference ≥ 102/88 cm 
in Caucasian men and women (or ≥ 90/80  cm in Asian 
men and women); blood pressure ≥ 130/85 mmHg or spe-
cific drug treatment; plasma triglycerides ≥ 150 mg/dL 
(≥ 1.70 mmol/l) or specific drug treatment; plasma high-
density lipoprotein cholesterol < 40 mg/dL (< 1.0 mmol/L) 
for men and < 50 mg/dL (< 1.3 mmol/L) for women or 
specific drug treatment; prediabetes (i.e., fasting glucose 
levels 100–125 mg/dL (5.6–6.9 mmol/L), or 2-h post-load 
glucose levels 140–199 mg/dL (7.8–11.0 mmol) or HbA1c 
5.7–6.4% (39–47 mmol/mol)); homeostasis model assess-
ment-insulin resistance score ≥ 2.5; plasma high-sensitivity 
C-reactive protein level > 2 mg/L. In addition, MAFLD con-
comitant with other liver diseases was suggested as follows: 
"exclusion of alcohol-associated fatty liver disease based 
on current criteria for alcohol use disorder, viral infections 
(human immunodeficiency virus, hepatitis B virus, hepatitis 
C virus), drug-induced liver injury, autoimmune hepatitis 
either at baseline or at follow-up is not a prerequisite crite-
rion for diagnosis. Patients who meet the criteria to diagnose 
MAFLD as described above and who also have one of these 



513Journal of Medical Ultrasonics (2020) 47:511–520 

1 3

concomitant conditions should be defined as having dual (or 
more) aetiology fatty liver disease."

Epidemiology, especially in Asia

The prevalence of NAFLD pooled across Asian countries 
was estimated to be 27.4% (95% confidence interval [CI], 
23.3–31.9%) [8]. In Japan, the prevalence of NAFLD ranges 
from 24.6 to 29.7% [9, 10], similar to the prevalence in 
China and South Korea. NASH is present in at least 20% 
of obese adults and children and at least 5% of overweight 
adults and children [11]. The prevalence of NASH pooled 
across Asian countries in patients with biopsy-proven 
NAFLD is 63.5% (95% CI 47.7–76.8%) [8]. NASH has 
emerged as the most common cause of cryptogenic cirrho-
sis and HCC worldwide. A study from India showed that 
NAFLD accounts for about 63% of all cases of cryptogenic 
cirrhosis [12]. In Japan, cirrhosis is now the fourth most 
common cause of death (4.7%) in patients with type 2 diabe-
tes mellitus, and HCC is the leading cause of cancer-related 
death (8.6%) [13].

The estimated prevalence of NAFLD in the United States 
is approximately 23.5%. The prevalence of NASH is esti-
mated to be between 1.5 and 6.5% [14, 15]. The pooled 
estimated incidence for NAFLD in Western countries is 28 
per 1000 person-years (95% CI 19.3–40.6 per 1000 person-
years) [14, 16].

Most NAFLD cases worldwide are related to metabolic 
comorbidities, suggesting a bidirectional association. Meta-
bolic comorbidities are risk factors for NAFLD and NASH, 
and the prevalence of NAFLD and NASH is high in patients 
with metabolic comorbidities. In a recent meta-analysis of 
patients with diabetes, the prevalence of NAFLD was 57.8% 
(95% CI 53.9–61.6%), whereas the prevalence of NASH was 
65.3% (95% CI 51.7–76.7%) and the prevalence of advanced 
fibrosis (fibrosis ≥ F3) was 15.1% (95% CI 8.2–26.1%) [17]. 
In addition to type 2 diabetes mellitus, most morbidly obese 
patients undergoing bariatric surgery have NAFLD, 20–30% 
have NASH, and 10% have advanced fibrosis [18].

We recently evaluated clinical risk factors for progression 
of liver fibrosis in 1562 middle-aged (36–64 years) patients 
with NAFLD and less severe liver fibrosis (Fibrosis-4 
[FIB-4] index < 1.3) [19]. During follow-up, 186 patients 
progressed to advanced fibrosis (FIB-4 index > 2.67). The 
3-year, 5-year, 7-year, and 10-year cumulative incidences of 
progression to advanced fibrosis were 4.4%, 6.7%, 11.0%, 
and 16.7%, respectively. Univariate analysis showed that 
age, albumin concentration, and type 2 diabetes mellitus 
were significantly associated with progression to advanced 
fibrosis. Multivariate analysis with adjustment for age, 
smoking, body mass index, albumin, estimated glomerular 
filtration rate, dyslipidemia, type 2 diabetes mellitus, and 

steatosis showed that age ≥ 50 years (hazard ratio [HR], 
2.121; 95% CI 1.462–3.076; p < 0.001), albumin concentra-
tion < 4.2 g/dL (HR, 1.802; 95% CI 1.285–2.528; p < 0.001), 
and presence of type 2 diabetes mellitus (HR, 1.879; 95% 
CI 1.401–2.520; p < 0.001) were independently associated 
with progression to advanced fibrosis. Conversely, degree 
of steatosis was not associated with progression to advanced 
fibrosis. The respective 3-year, 5-year, 7-year, and 10-year 
cumulative incidences of progression to advanced fibrosis 
were 3.6%, 5.0%, 8.2%, and 12.9% in patients without type 
2 diabetes mellitus (n = 1,077) and 6.1%, 10.4%, 16.7%, and 
24.0% in patients with type 2 diabetes mellitus (n = 485; 
p < 0.001). Therefore, we concluded that type 2 diabetes 
mellitus was associated with progression to advanced liver 
fibrosis in middle-aged patients with NAFLD, even in those 
with less severe liver fibrosis.

Few studies have evaluated the incidence of obesity and 
NAFLD in Asia. The annual incidence of obesity in 2008 
was 0.70% in Chinese subjects aged 35–74 years. The inci-
dence was higher in women (0.77%) than men (0.61%), in 
northern (0.93%) than in southern China (0.51%), and in 
rural (0.73%) than in urban areas (0.65%) [20]. The inci-
dence of obesity in Japanese subjects, aged 40–69 years-
old and non-obese at baseline, was 0.3–1.1% in men and 
0.6–1.2% in women living on the main islands, and 0.8–3.7% 
in men and 1.4–3.1% in women living on Okinawa, between 
1993 and 2003 [21]. The incidence of NAFLD in Japan was 
52.3 (95% CI 28.3–96.8) per 1000 person-years in 2005 [8]. 
Among non-obese Chinese, 8.9% developed NAFLD in the 
5 years from 2006 to 2011 [22].

NAFLD progression

Patients with histologic NASH, especially those with some 
degree of fibrosis, are at the greatest risk for progression 
to cirrhosis and liver-related mortality [23]. However, the 
most common cause of death in patients with NAFLD and 
NASH is cardiovascular disease; liver-related disease is 
among the top three causes of death [14, 23]. A meta-analy-
sis suggested rates of liver-related and overall mortality to be 
0.8 (range 0.3–1.8) per 1000 and 11.8 (range 7.1–19.5) per 
1000 person-years among patients with NAFLD, and 15.4 
(range 11.7–20.3) per 1000 and 25.6 (range 6.3–103.8) per 
1000 person-years among patients with NASH, respectively 
[8]. With an increasing number of patients with cirrhosis, 
NAFLD has become one of the most common underly-
ing causes of HCC and the second to third most common 
indication for liver transplantation [14]. These data show 
that progressive NAFLD and NASH make up an increas-
ing proportion of patients with HCC and patients listed for 
liver transplantation [24, 25]. The progression of NASH is 
nonlinear, with some patients experiencing progression and 



514 Journal of Medical Ultrasonics (2020) 47:511–520

1 3

others experiencing spontaneous regression [23]. This com-
plex pattern requires noninvasive diagnostic and prognostic 
biomarkers that can help clinicians identify patients at the 
highest risk for progressive liver disease. Clinically, patients 
with NAFLD and metabolic comorbidities are at the great-
est risk for progression [26–28]. In addition, patients with 
fibrosis stage ≥ 2 on liver biopsy are at risk for liver-related 
and non-liver-related mortality [29, 30]. Some patients with 
metabolic comorbidities may not meet the pathologic crite-
ria for NASH, such as patients with cryptogenic cirrhosis 
or severe steato-fibrosis [14, 31]. Both groups are excluded 
from clinical trials of NASH, but they experience poor long-
term prognosis, similar or worse to the prognosis of patients 
with cirrhosis secondary to NASH [31]. In clinical practice, 
all patients with advanced fibrosis should be considered in 
a similar fashion.

Recently, we evaluated all-cause mortality in 4073 
patients with NAFLD based on the NAFLD fibrosis score 
(NFS) [32]. Of the 4073 patients, 179 died during follow-up, 
but only nine deaths were due to liver-related diseases. Of 
the 170 patients who died due to non-liver-related diseases, 
83 (48.8%), 42 (24.7%), and 45 (26.5%) patients died due 
to malignancy, cerebrovascular or cardiovascular disease, 
and benign diseases (excluding cerebrovascular and cardio-
vascular disease), respectively. Figure 1 shows the cumula-
tive incidence of liver-related and non-liver-related disease 
mortality using the competitive risk method. Multivariate 
analysis showed that intermediate and high NFS were inde-
pendently associated with each disease category: malig-
nancy, HR 2.163 (95% CI 1.354–3.457) and HR 4.814 (95% 
CI 2.323–9.977); cerebrovascular and cardiovascular dis-
ease, HR 2.265 (95% CI 1.141–4.497) and HR 8.482 (95% 
CI 3.558–20.220); and benign disease, HR 3.216 (95% CI 
1.641–6.303) and HR 5.558 (95% CI 1.923–16.070), respec-
tively. Conversely, steatosis severity was not associated with 
risk of mortality in the multivariate analysis. Therefore, we 

concluded that progression of liver fibrosis severity is asso-
ciated with mortality from various non-liver-related causes 
in patients with NAFLD.

Pathogenesis: lifestyle and genes

A high-calorie diet, excess saturated fat intake, refined 
carbohydrates, sugar-sweetened beverages, high fructose 
consumption, and a Western diet [33] have all been associ-
ated with weight gain and obesity and, more recently, with 
NAFLD. High fructose consumption may increase the risk 
of NASH and advanced fibrosis, although the association 
may be confounded by excess calorie intake, unhealthy life-
style, or sedentary behavior [34], which are more common 
in patients with NAFLD [35].

Several genetic modifiers of NAFLD severity have been 
identified [36]. The best-characterized genetic association 
is PNPLA3, initially identified in genome-wide association 
studies and confirmed in multiple cohorts and ethnicities as 
a modifier of NAFLD severity across the entire histological 
spectrum [37, 38]. Recently, the TM6SF2 gene has been 
reported as another disease modifier [39, 40] that may have 
clinical utility for risk stratification in liver-related versus 
cardiovascular morbidity. The PNPLA3 rs738409 variant 
also confers susceptibility and affects the histological pattern 
of NAFLD and fibrosis in obese children and adolescents 
[41]. A NASH risk score based on four polymorphisms has 
been validated in obese children with elevated levels of liver 
enzymes [42].

Liver‑related complications

Like other chronic liver diseases, NAFLD and NASH induce 
fibrosis progression in some patients, eventually leading to 
cirrhosis and its complications. However, due to the close 
association between NAFLD and metabolic syndrome, most 
patients die of cardiovascular disease or cancer rather than 
liver-related complications. However, given the high number 
of patients with NAFLD, many would still develop liver-
related complications even if they only represent a small 
proportion of all patients with NAFLD. Therefore, it is not 
surprising that NAFLD and NASH represent an important 
cause of HCC and end-stage liver disease in the Western 
world [24, 43].

Since NAFLD has not been a research focus in Asia until 
recently, clinical outcome data are scarce. In a retrospective 
study of 6508 Japanese patients with NAFLD diagnosed 
with ultrasonography, only 16 (0.25%) patients developed 
HCC during a median follow-up of 5.6 years [44]. In another 
cohort of 307 patients with biopsy-proven NAFLD in 
Hong Kong, two (0.65%) developed HCC and one (0.33%) 

Fig. 1  Cumulative incidence of mortality from liver-related disease 
versus non-liver-related disease in 4073 patients with NAFLD. Red 
indicates non-liver-related disease mortality. Blue indicates liver-
related disease mortality. NAFLD nonalcoholic fatty liver disease



515Journal of Medical Ultrasonics (2020) 47:511–520 

1 3

developed hepatorenal syndrome and hepatic encephalopa-
thy during a median follow-up of 49 months [45]. In another 
cohort of 612 patients with clinical indications for cardiac 
catheterization and, therefore, a high metabolic burden, only 
two (0.33%) patients developed primary liver cancer during 
3679 patient-years of follow-up. No other patients developed 
liver decompensation [46]. Taken together, liver-related 
complications do not appear to be a major problem in Asian 
patients with NAFLD in the short-to-intermediate term.

Extrahepatic diseases associated 
with NAFLD and NASH

A number of studies have demonstrated an association 
between NAFLD and ischemic heart disease [46, 47], 
obstructive sleep apnea [48], and colorectal neoplasia [49]. 
This topic has recently been reviewed and will not be dis-
cussed in detail here [50]. Although most of these studies 
corrected for other metabolic factors with multivariable 
analysis, there might still be residual confounding factors. A 
causal relationship between NAFLD and these extrahepatic 
disorders has not been established. Type 2 diabetes melli-
tus, obesity, and other components of metabolic syndrome 
are strongly associated with NAFLD in a dose-dependent 
manner [51]. Our data on causes of death in patients with 
NAFLD are presented in the “Progression of NAFLD” 
section.

Diagnosis

Liver biopsy

Liver biopsy is essential for the diagnosis of NASH. It is 
the only procedure that reliably differentiates NAFL from 
NASH, despite limitations due to sampling variability [52]. 
NAFL encompasses: (1) steatosis alone, (2) steatosis with 
lobular or portal inflammation and no ballooning, or (3) 
steatosis with ballooning but no inflammation [53]. The 
diagnosis of NASH requires the joint presence of steatosis, 
ballooning, and lobular inflammation [53–55]. Other histo-
logical features can be seen in NASH but are not necessary 
for diagnosis, such as portal inflammation, polymorphonu-
clear infiltrates, Mallory-Denk bodies, apoptotic bodies, 
clear vacuolated nuclei, microvacuolar steatosis, and meg-
amitochondria. Perisinusoidal fibrosis is also frequently 
observed, but it is not part of the diagnostic criteria. The 
term burned-out NASH describes regression of advanced 
disease (steatosis, inflammation, or ballooning) in patients 
with metabolic risk factors.

Noninvasive assessment

Steatosis

In primary care centers, steatosis should be identified with 
ultrasonography, because it is more widely available and 
cheaper than the gold standard, magnetic resonance imag-
ing (MRI). However, several limitations of ultrasonogra-
phy, including operator dependency, subjective evaluation, 
and limited ability to quantify the amount of fatty infil-
tration, have raised concerns. Ultrasonography has lower 
sensitivity for less severe grades of steatosis. In a study of 
100 living donors for liver transplantation, Ryan et al. [56] 
showed that ultrasound could not detect steatosis when it 
was present in less than 10% of hepatocytes. Ultrasound 
detected only 55% of patients with steatosis in 10–19% of 
hepatocytes and 72% of patients with steatosis in 20–29% 
of hepatocytes [56]. In a study by Dasarathy et al. [57], 
hepatorenal echo contrast and liver brightness were able to 
identify ≥ 20% steatosis with a sensitivity of 96.4% and a 
specificity of 97.8%. The criteria for vascular attenuation 
had lower sensitivity and specificity (60.7% and 97.8% 
for portal vein blurring and 92.9% and 95.6% for hepatic 
vein blurring, respectively). To detect the same degree of 
steatosis, poor visualization of the diaphragm had 39.3% 
sensitivity and 93.3% specificity.

Several studies have assessed hepatic steatosis based 
on ultrasound attenuation measurements obtained using 
an ultrasound scanner [58–60]. The controlled attenuation 
parameter (CAP) in FibroScan (Echosens, Paris, France) 
is currently used in practice. de Lédinghen et  al. [58] 
reported that for the diagnosis of > 10% hepatic steato-
sis, > 33% steatosis, and > 66% steatosis, the area under the 
receiver operating characteristic curve (AUROC) for CAP 
was 0.79 (95% CI 0.74–0.84), 0.84 (95% CI 0.80–0.88), 
and 0.84 (95% CI 0.80–0.88), respectively, in 440 patients 
who underwent liver biopsy. However, FibroScan is not an 
imaging modality and it requires a dedicated probe.

Recently, several attenuation imaging methods, such 
as attenuation imaging (ATI; Canon Medical Systems, 
Tokyo, Japan), ultrasound-guided attenuation parameter 
(UGAP; GE Healthcare Japan Co., Ltd., Tokyo, Japan), 
and attenuation coefficient (ATT; Hitachi, Tokyo, Japan), 
have been developed as new ultrasound-based methods for 
the assessment of hepatic steatosis [61–68].

We recently investigated the diagnostic ability of ATI 
to detect histologically diagnosed steatosis in 148 patients 
with chronic liver disease [61]. We found that ATI val-
ues increased significantly with increasing steatosis grade 
(p < 0.001). The AUROCs of ATI for diagnosing steato-
sis grades ≥ 1, ≥ 2, and 3 were 0.85 (95% CI 0.72–0.88), 
0.91 (95% CI 0.84–0.97), and 0.91 (95% CI 0.82–0.99), 
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respectively. Additionally, ATI values increased signifi-
cantly with increasing steatosis grade (p = 0.002), even 
in obese patients. The diagnostic ability of ATI for ste-
atosis grades ≥ 1, ≥ 2, and 3 in obese patients was 0.72 
(95% CI 0.54–0.90), 0.72 (95% CI 0.55–0.90), and 0.78 
(95% CI 0.55–1.00), respectively. Furthermore, ATI val-
ues increased significantly with increasing steatosis grade 
(p < 0.001) in patients with NAFLD. The AUROCs of ATI 
for diagnosing steatosis grades ≥ 1, ≥ 2, and 3 in patients 
with NAFLD were 0.77 (95% CI 0.61–0.94), 0.88 (95% 
CI 0.77–0.99), and 0.86 (95% CI 0.69–1.00), respectively.

In addition, we recently investigated the diagnostic ability 
of these coefficients to detect steatosis identified by PDFF 
on MRI in 126 patients with non-B non-C chronic liver dis-
ease [66]. We found that the correlation coefficient (r) for 
PDFF values and attenuation coefficient values was 0.746 
(95% CI 0.657–0.815; p < 0.001), corresponding to a strong 
relationship. The AUROCs of attenuation coefficients for 
diagnosing steatosis grades ≥ 1, ≥ 2, and 3 as determined 
by PDFF were 0.922 (95% CI 0.870–0.973), 0.874 (95% 
CI 0.814–0.934), and 0.892 (95% CI 0.835–0.949), respec-
tively. The r for PDFF values and attenuation coefficient val-
ues was 0.559 (95% CI 0.391–0.705; p < 0.001) in patients 
with mild or no steatosis (grade ≤ 1). In addition, the r for 
PDFF values and attenuation coefficient values was 0.773 
(95% CI 0.657–0.853; p < 0.001) in obese patients (body 
mass index ≥ 25 kg/m2). The AUROCs of attenuation coeffi-
cients for diagnosing steatosis grades ≥ 1, ≥ 2, and 3 as deter-
mined by PDFF were 0.884 (95% CI 0.792–0.976), 0.863 
(95% CI 0.778–0.947), and 0.889 (95% CI 0.813–0.965), 
respectively.

PDFF measurement is an MRI-based method for nonin-
vasive quantitative assessment of hepatic steatosis. MRI-
determined PDFF values were reported to have good correla-
tion with histologically determined hepatic steatosis grades 
in patients with hepatic steatosis [69–74]. Imajo et al. [4] 
reported that the diagnosis of liver steatosis grade using 
MRI-determined PDFF measurements was superior to CAP 
in patients with NAFLD who underwent liver biopsy. They 
reported that the AUROCs for PDFF and CAP were 0.96 
(95% CI 0.92–1.00) and 0.88 (95% CI 0.80–0.95; p = 0.048), 

respectively, for detecting grade ≥ 1 steatosis; 0.90 (95% 
CI 0.82–0.97) and 0.73 (95% CI 0.64–0.81; p < 0.001) for 
detecting grade ≥ 2 steatosis; and 0.79 (95% CI 0.65–0.94) 
and 0.70 (95% CI 0.58–0.83; p = 0.015) for detecting grade 
3 steatosis. In addition, MRI-determined PDFF was reported 
to be a more accurate diagnostic tool than biopsy-based his-
tologic assessment of hepatic steatosis because of the spatial 
variability in steatosis and the invasiveness of liver biopsy 
[63]. Therefore, MRI-determined PDFF is considered to be a 
novel, precise, and accurate noninvasive imaging biomarker 
for the diagnosis of hepatic steatosis.

One of the major criticisms with MRI-determined PDFF 
assessments is the equipment and cost associated with MRI 
scanners, along with the technical expertise required to per-
form and interpret readings. Therefore, this MRI method is 
far less largely available globally [69]. On the other hand, 
ultrasound systems are relatively cheap and more widely 
available. Therefore, it is hoped that ultrasound attenuation 
measurements will become widely popular as a noninvasive 
and accurate assessment modality for hepatic steatosis.

Fibrosis

Fibrosis is the most important prognostic factor in NAFLD. 
The degree of fibrosis is correlated with liver-related out-
comes and mortality [75]. The presence of advanced fibrosis 
identifies patients in need of in-depth hepatological inves-
tigation, including, on a case-by-case basis, confirmatory 
biopsy and intensive therapy. Monitoring of fibrosis pro-
gression is also necessary at various time intervals. The 
2018 American Association for the Study of Liver Disease 
Practice Guide recommends four noninvasive tests to evalu-
ate hepatic fibrosis: FIB-4 index, NFS (Table 1), transient 
elastography (TE, FibroScan), and magnetic resonance 
elastography (MRE) [76]. Kanwal et al. [77] showed that 
a FIB-4 index > 2.67 was associated with increased risk of 
HCC not only in patients with known cirrhosis but also in 
those without a prior diagnosis of cirrhosis. When utilizing 
noninvasive tests to stratify patients for HCC screening by 
risk, a higher threshold is desirable to maximize specificity 
(90%). TE of 16.1 kPa and MRE of 5 kPa may be considered 

Table 1  FIB-4 index and NFS as typical complex scores for predicting fibrosis

FIB-4 fibrosis-4, NFS nonalcoholic fatty liver disease fibrosis score, AST aspartate aminotransferase, ALT alanine aminotransferase

Score Formula Lower cutoff Upper cutoff AUROC for 
advanced 
fibrosis

FIB-4 index AST (IU/L) × age (years)/platelet count (× 109/L) × ALT (IU/L)1/2 1.3 2.67 0.86
NFS − 1.675 + 0.037 × age (years) + 0.094 × body mass index (kg/

m2) + 1.13 × impaired fasting glycemia or diabetes (yes = 1, 
no = 0) + 0.99 × (AST/ALT) − 0.013 × platelet count 
(× 109/L) − 0.66 × albumin (g/dL)

− 1.455 0.676 0.84
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as cut-off values for noninvasive detection of cirrhosis in 
HCC screening [76]. In recent years, a two-step diagnostic 
algorithm that combines these evaluations has become wide-
spread [78–80] to identify patients with advanced fibrosis. 
The simplest, FIB-4 index, is usually the first step, and in 
the United States TE is usually recommended as the sec-
ond step [79, 80]. Since the FIB-4 index has a high nega-
tive predictive value, it is useful for excluding patients with 
advanced fibrosis. There is no problem with the FIB-4 index 
being used as the first step in the primary care setting. How-
ever, among hepatologists, the lower cut-off value should 
be 1.45 [81], 1.3 [82], or 2.0, because the FIB-4 index can 
overpredict in the elderly [83, 84]. The possibility that the 
FIB-4 index may be falsely low in patients with diabetes is 
not controversial, but it is appropriate to use it as the first 
screening step for the 2 billion patients with NAFLD [78]. 
On the other hand, TE is not widely used. There are great 
expectations for serum markers. In Europe, the enhanced 
liver fibrosis test, consisting of hyaluronic acid, tissue inhibi-
tor of matrix metalloproteinase type 1, and procollagen type 
III amino-terminal peptide, is commonly used as the second 
step [85]. A validation study of the efficacy of the enhanced 
liver fibrosis test was conducted in Japan [86]. In Japan, 
liver fibrosis markers such as type IV collagen 7S- and Mac-
2-binding protein glycosylation isomer are generally used by 
hepatologists. Elevated type IV collagen 7S, which reflects 
severe fibrosis [87, 88], is associated with an increased risk 
of extrahepatic cancer and overall mortality in Japanese 
patients with biopsy-proven NAFLD [89].

TE is the gold standard for ultrasound-based measurement 
of liver stiffness. Real-time shear wave elastography (SWE) 
has also recently emerged as an ultrasound-based technique for 
noninvasive evaluation of liver stiffness [90–92]. This method 
can easily and accurately assess the degree of liver fibrosis 
using ultrasound images in clinical practice. Although ultra-
sound-based SWE devices are being sold by several compa-
nies, few studies have directly compared TE with SWE results 
obtained using various ultrasound devices in the same patient. 
Many studies have reported the usefulness of TE and SWE for 
the assessment of liver fibrosis in patients with chronic liver 
disease. However, the optimal cut-off values vary by device, 
making it difficult to directly compare measurements obtained 
using different devices and follow up with patients. Thus, it 
is essential to establish regression equations to convert SWE 
values into TE values that are used as the reference standard. 
Therefore, we investigated correlations to generate regression 
equations between TE and SWE values and to compare the 
ability of each method to diagnose liver fibrosis in 109 patients 
with chronic liver disease who underwent liver biopsy and 
same-day evaluation of liver stiffness using six ultrasound 
devices [93]. We found that liver stiffness measured by all 
six ultrasound devices increased significantly as liver fibrosis 
stage advanced (p < 0.001). Receiver operating characteristic 

curve analysis for predicting significant fibrosis (≥ F2) and 
cirrhosis yielded AUROC values for TE of 0.830 (95% CI 
0.755–0.905) and 0.959 (95% CI 0.924–0.995), respectively. 
The AUROCs for predicting significant fibrosis (≥ F2) and 
cirrhosis (F4) based on SWE from all five ultrasound devices 
were above 0.8 and 0.9, respectively. Furthermore, the correla-
tion coefficients between TE values and SWE values from the 
five ultrasound devices were all above 0.8, indicating a strong 
relationship.

MRE is an MRI-based method for noninvasively and 
quantitatively assessing hepatic fibrosis. MRE values are 
reportedly strongly correlated with histologically determined 
hepatic fibrosis grade in patients with chronic liver disease 
[4, 94, 95]. Imajo et al. [4] reported that MRE was superior 
to TE for determining liver fibrosis grade in patients with 
NAFLD who underwent liver biopsy. They reported that the 
AUROCs for MRE and TE were 0.83 (95% CI 0.72–0.93) and 
0.78 (95% CI 0.70–0.87; p = 0.466), respectively, for detect-
ing stage ≥ 1 fibrosis; 0.91 (95% CI 0.86–0.96) and 0.82 (95% 
CI 0.74–0.89; p = 0.001) for detecting stage ≥ 2 fibrosis; 0.89 
(95% CI 0.83–0.94) and 0.88 (95% CI 0.79–0.97; p = 0.426) 
for detecting stage ≥ 3 fibrosis; and 0.97 (95% CI 0.94–1.00) 
and 0.92 (95% CI 0.86–0.98; p = 0.049) for detecting stage 4 
fibrosis (cirrhosis).

Conclusion

NAFLD is at a turning point in terms of its conceptualization, 
terminology, and diagnostics. Ultrasonography is inexpensive 
and widely available, and the latest technology of this modality 
has enabled noninvasive and objective assessment of hepatic 
fibrosis and steatosis. It is now time to reconfirm the role of 
ultrasonography for the assessment of NAFLD.
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