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Abstract
It is estimated that 30% of the adult population in 
Japan is affected by nonalcoholic fatty liver disease 
(NAFLD). Fatty changes of the liver are generally di-
agnosed using imaging methods such as abdominal 
ultrasonography (US) and computed tomography (CT), 
but the sensitivity of these imaging techniques is low 
in cases of mild steatosis. Alanine aminotransferase 
levels may be normal in some of these patients, war-
ranting the necessity to establish a set of parameters 
useful for detecting NAFLD, and the more severe form 
of the disease, nonalcoholic steatohepatitis (NASH). 
Although liver biopsy is currently the gold standard for 
diagnosing progressive NASH, it has many drawbacks, 
such as sampling error, cost, and risk of complications. 
Furthermore, it is not realistic to perform liver biopsies 
on all NAFLD patients. Diagnosis of NASH using vari-
ous biomarkers, scoring systems and imaging methods, 
such as elastography, has recently been attempted. 

The NAFIC score, calculated from the levels of ferritin, 
fasting insulin, and type Ⅳ collagen 7S, is useful for the 
diagnosis of NASH, while the NAFLD fibrosis score and 
the FIB-4 index are useful for excluding NASH in cases 
of advanced fibrosis. This article reviews the limitations 
and merits of liver biopsy and noninvasive diagnostic 
tests in the diagnosis of NAFLD/NASH.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Liver biopsies remain a gold standard, al-
though the procedure has several limitations for the 
diagnosis of nonalcoholic steatohepatitis (NASH). The 
NAFIC score, calculated from the levels of ferritin, fast-
ing insulin and type Ⅳ collagen 7S, is useful for diag-
nosing NASH, while the nonalcoholic fatty liver disease 
fibrosis score and the FIB-4 index are useful for exclud-
ing NASH in cases of advanced fibrosis.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most 
prevalent form of  chronic liver disease in the world. Ac-
cording to a cooperative study group comprised of  10 in-
stitutions in Japan [Japan Study Group of  NAFLD (JSG-
NAFLD)], 29.7% of  health checkup examinees (41.0% 
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of  men and 17.7% of  women) had NAFLD[1], making 
it a major national disease of  the 21st century. The long-
term outcomes of  NAFLD patients have been reported 
in several studies. Compared with matched control 
populations, NAFLD patients have an increased overall 
mortality, with the most common cause of  death being 
cardiovascular disease (28% of  total deaths). In addition, 
there is an increased risk of  death from a variety of  ex-
trahepatic malignancies (25% of  total deaths) and from 
liver disease (13% of  total deaths), which is the third 
leading cause of  death for these patients and the elev-
enth leading cause in the general population[2]. NAFLD 
can be classified as either nonalcoholic steatohepatitis 
(NASH) or simple steatosis. NASH carries a high risk of  
liver disease-related mortality such as deaths from hepatic 
cirrhosis and hepatocellular carcinoma. Simple steatosis, 
however, has a low risk of  liver disease-related mortality. 

NASH can be differentiated from simple steatosis only 
by liver biopsy and is diagnosed when all of  the follow-
ing 3 criteria are met: (1) macrovesicular fatty change of  
hepatocytes; (2) inflammatory cell infiltration; and (3) 
ballooning degeneration of  hepatocytes. However, liver 
biopsy is invasive, has drawbacks such as sampling er-
ror and cost and is not possible for all NAFLD patients. 
Thus, it is necessary to establish a method to efficiently 
detect progressive NASH in NAFLD patients to decrease 
liver disease-related mortality. This review summarizes 
the current limitations and problems of  liver biopsy and 
noninvasive diagnostic methods for NAFLD/NASH in 
Japan and other countries and outlines future prospects 
for improved diagnostic practices. 

NAFLD DIAGNOSIS
According to the latest guidelines established by the 
American Association for the Study of  Liver Diseases 
(AASLD)[3], NAFLD is diagnosed when the following 4 
criteria are met: (1) fatty change of  the liver is observed 
by imaging or histologically; (2) no marked alcohol drink-
ing habit is present (ethanol intake of  < 210 g/wk for 
men and < 140 g/wk for women); (3) no presence of  
other factors inducing fatty change of  the liver; and (4) 
no concomitant factors causing chronic liver disease are 
present. This section of  the review focuses on diagnostic 
imaging methods and scoring systems for fatty change of  
the liver. 

Usefulness and limitations of imaging methods in 
diagnosing fatty change of the liver
Simple, minimally invasive ultrasonography (US) is used 
for the imaging diagnosis of  fatty liver in many cases. 
However, the sensitivity is low in mild cases with a fatty 
change of  less than 20%-30%[4,5]. The dependency of  the 
diagnosis on the subjective judgments of  operators is also 
problematic[6]. Computed tomography (CT) is objective 
and capable of  measuring the amount of  visceral fat[6,7], 
but radiation exposure and cost are negative aspects of  
this methodology. Moreover, although fatty liver is diag-
nosed when the liver-to-spleen CT ratio (the L/S ratio) is 

below 0.9, the sensitivity is not high, and fatty liver can-
not be ruled out even if  the L/S ratio is 0.9 or higher[8]. 
Particularly, in cases of  obesity and metabolic syndrome 
and in the absence of  other factors inducing abnormal 
liver function, NAFLD/NASH should be considered 
even if  fatty liver is not evident by imaging. It has been 
revealed that NAFLD/NASH is latently present in pa-
tients who are monitored for liver disorder of  unknown 
causes. When liver biopsy was performed in 354 patients 
with abnormal liver function and in whom the disease 
could not be definitely diagnosed serologically, 64% had 
NAFLD[9]. In another study, liver biopsy was performed 
in 81 patients with chronic abnormal liver function of  
unknown cause, and simple steatosis and NASH were 
observed in 41 and 26 patients, respectively[10], suggesting 
the importance of  performing liver biopsy. The severity 
of  fatty change is not correlated with the advancement 
of  fibrosis; rather, it decreases with the progression of  
fibrosis in NASH. Therefore, the grade of  fatty change 
from imaging analysis should not be employed as an 
evaluation criterion for NAFLD severity. Magnetic reso-
nance (MR) spectroscopy is reportedly the most accurate 
method for the quantification of  fatty change[7,11-13], but 
currently, its use is limited to research.

The usefulness of  US for the diagnosis of  NAFLD 
is evaluated, to some extent, because of  its simplic-
ity. Recently, quantification of  fatty change using US 
to supplement elastography has also occasionally been 
reported, and further development of  this application 
is expected[14]. It is impossible to differentiate between 
NASH and simple steatosis using any imaging methods. 
At the same time, certain US and CT findings, such as ir-
regularity of  the liver surface, blunt margins of  the liver, 
and splenomegaly, suggest the presence of  chronic liver 
diseases, including NASH with advanced fibrosis, and 
can indicate the need for further attention. It has recently 
been reported that the differentiation between NASH 
and simple steatosis is possible using contrast-enhanced 
US[15].

Scoring systems for diagnosing fatty change of the liver
Because imaging has limited diagnostic value for NAFLD, 
as described above, the prediction of  fatty change of  the 
liver from general laboratory test values has been inves-
tigated. As shown in Table 1, various indices have been 
proposed, including the fatty liver index (FLI)[16], NAFLD 
liver fat score, hepatic steatosis index (HSI)[17], and Steato 
Test (ST)[18]. According to a report from Italy[19], FLI, 
calculated from the body mass index (BMI), waist cir-
cumference, and γ-glutamyl transferase (γGT) and triglyc-
eride (TG) levels, is an independent risk factor for liver-
related mortality. HSI, formulated based on data from 
approximately 10000 Korean patients, is a simple index 
calculated only from BMI, the aspartate aminotransferase 
(AST)/alanine aminotransferase (ALT) ratio (AAR), sex, 
and the presence or absence of  diabetes mellitus (DM)[17] 
Both the sensitivity and specificity of  HSI are favorable 
compared to that observed in other scoring systems. A 
validation study involving Japanese patients is expected. 
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CURRENT STATUS AND PROBLEMS 
OF LIVER BIOPSY FOR DIAGNOSIS OF 
NASH: IS LIVER BIOPSY NECESSARY?
Pros and cons of liver biopsy for NAFLD
There is some controversy surrounding whether liver bi-
opsy should be actively performed to make a definite di-
agnosis of  NAFLD and its prognosis and to differentiate 
it from other diseases or if  it should be avoided as much 
as possible[20]. Liver biopsy is essential to the definite di-
agnosis of  NASH and is considered very useful in differ-
entiating NASH from other diseases, making a prognosis, 
and judging the effects of  therapeutic intervention. How-
ever, liver biopsy is inefficient in many non-advanced cas-
es and has several drawbacks, such as sampling error and 
high cost, as described below. Furthermore, pathologists 
differ in their diagnosis and recognition of  liver biopsy 
results, and there is no established treatment method for 
NASH even when it is diagnosed by liver biopsy. In the 
guidelines recently published by the AASLD, liver biopsy 
is suggested for complications of  metabolic syndrome 
and a high serum ferritin level in patients with NASH, as 
well as in those suspected of  having advanced fibrosis[3].

Limitations of liver biopsy
Sampling error: Only 1/50000 of  the whole liver tis-
sue is sampled during a liver biopsy, for which sampling 
error is of  concern. To prevent sampling errors, it is es-
sential to collect a sufficient amount of  tissue; the use 
of  a thick needle[21] and collection of  2 or more samples 
with a sufficient length are recommended. Making an ac-

curate diagnosis of  NASH is dependent on the length of  
the specimens[22], with a necessary length of  15-16 mm 
or longer to accurately evaluate fibrosis[23]. Ratziu et al[24] 
excised and compared two percutaneous liver biopsy 
samples from each of  51 NAFLD patients and observed 
that the consistency in fatty change was relatively high 
(78%), but the fibrosis stage was different between the 
two samples in 41% of  the patients. In 35% of  the cases 
with bridging fibrosis observed in one sample, only mild 
or no fibrosis was noted in the other sample. The incon-
sistency in ballooning degeneration of  hepatocytes, an 
essential feature for the diagnosis of  NASH, was 18%, 
suggesting that NASH may be overlooked when only one 
sample is collected. In other reports, the results differed 
by one or more stages between specimens biopsied from 
the left and right lobes in 30% of  the patients[25], and the 
inflammatory findings were more inconsistent than those 
of  fatty change and fibrosis between biopsied specimens 
from the left and right lobes[26]. The assessment criteria 
for the pathological diagnosis recently proposed by the 
AASLD specify that the right lobe should be biopsied 
first, and when the left lobe is biopsied before treatment, 
a sample should also be biopsied from the left lobe after 
treatment to judge the therapeutic effect[27].

Inter- and intra-observer variability: Inter- and intra-
observer variability also presents a serious problem for 
the pathological diagnosis of  NAFLD. Younossi et al[28] 
reported that the evaluations of  fatty change (κ = 0.64) 
and fibrosis (κ = 0.60) were highly consistent among ob-
servers, but that the evaluation of  inflammatory activity 
was inconsistent at a high rate (κ =0.33). It has also been 
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  Index Author
(nation)

Paper (yr) No. of subjects
(fatty liver/ non-

fatty liver)

Parameters Cutoff 
values

Sens-
itivity

Speci-
ficity

AUROC Diagnostic 
methods for 

hepatic steatosis

  FLI Bedogni
(Italy)

BMC 
Gastroenterology (2006)

228/268 BMI, waist circumference, 
triglyceride, γGT

< 30
> 60

87.0%
61.0%

64.0%
86.0%

0.84 US

  NAFLD liver
  fat score1

Kontronen
(Finland)

Gastroenterology (2009) 470 MetS, type Ⅱ diabetes, IRI, 
AST, AST/ALT ratio

-0.64 86.0% 71.0% 0.872

0.863
MRS

  HSI Lee (South 
Korea)

Dig Liver Dis (2010) 5362/5362
 (sex- and age- 

matched)

8 × AST/ALT ratio + BMI 
+ (+ 2 for females, + 2 for 
diabetes)

< 30
> 36

93.1% 92.4% 0.812 US

  ST Poynaud
(France)

Comp Hepatol
(2005)

744/140 12 parameters4 0.30
0.72

90% 90.0% 0.792

0.803

0.863

0.723

Biopsy

Park 
(South 
Korea)

Korean J Hepatol
(2011)

145/311 ALT/AST > 1.5 (= 1 point)
γGT > 50 IU/L (= 1 point)
TG > 150  mg/dL (= 1 
point)
BMI
  23-24.9 (= 2 points)
  ≥ 25 (= 3 points)

3 71.7% 75.9%  0.797 US

Bajaj
(India)

Indian J Med Res
 (2009)

39/82 IRI +1.6 × BMI + 1.9 × FPG 1.6 84.6% 76.0%  0.76 US

Table 1  Indexes for the prediction of liver steatosis

1PNPLA3 did not improve diagnostic accuracies; 2Estimation group; 3Validation group; 4Alanine aminotransferase (ALT), α2-macroglobulin, apolipoprotein 
A-I, haptoglobin, total bilirubin, γ-glutamyl transferase (γGT), cholesterol, triglycerides, glucose, age, gender and body mass index (BMI). ROC: Receiver 
operating characteristics curve; US: Ultrasonography; MetS: Metabolic syndrome; MRS: Magnetic resonance spectroscopy, IRI: Immuno-reactive insulin; 
FPG: Fasting plasma glucose. FLI: Fatty liver index; HSI: Hepatic steatosis index; ST: Steato Test; AST: Aspartate aminotransferase; NAFLD: Nonalcoholic 
fatty liver disease; AUROC: Area under the receiver operating characteristic curve.
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these findings, the following consensus has been reached 
in Japan: the gold standard for the diagnosis of  NASH 
is liver biopsy, and NASH is diagnosed when all of  the 
following 3 pathological findings are observed (i.e., those 
in types 3 and 4 of  Matteoni’s classification): (1) mac-
rovesicular fatty change of  hepatocytes; (2) inflammatory 
cell infiltration; and (3) ballooning degeneration of  hepa-
tocytes. However, the differentiation between types 2 and 
3 of  Matteoni’s classification depends on the judgment 
of  ballooning degeneration of  hepatocytes, which is 
subjectively made by observers. Thus, the Nonalcoholic 
Steatohepatitis Clinical Research Network (NASH-CRN) 
proposed the classification of  these two types by scoring 
the severities of  fatty change (0-3 points), inflammation 
(0-3), and ballooning degeneration of  hepatocytes (0-2) 
(0-8 points in total) by a system termed the NAS scoring 
system[37]. Cases with a score of  5 or higher or 2 or lower 
are regarded as NASH and non-NASH, respectively, and 
those with a score between these values are regarded as 
borderline cases. A NAS validation study was performed 
at NASH-CRN-affiliated institutions, and the utility of  
the system was reported in the United States. However, 
some researchers deem a NASH threshold of  5 points or 
higher as too insensitive, and they believe that it should 
be set at 4 or higher[38]. NAS is markedly reproducible, 
requires no special staining, is applicable for pediatric 
NASH, and is useful for assessing therapeutic effects in 
clinical studies. However, NAS is incapable of  diagnos-
ing NASH in patients with burned-out NASH, in whom 
fatty changes and inflammatory cell infiltration resolving 
in fibrosis has progressed; i.e., inflammatory findings have 
been improved by treatment and only fibrosis remains. 
Moreover, a divergence has been reported in pathological 
diagnosis using NAS between general and liver-special-
ized pathologists[39]. It has recently been reported in the 
United States that Matteoni’s classification scheme more 
faithfully reflects the diagnosis and prognosis of  NASH 
than NAS[40]. In the future, NAS may be used as an index 
for judging therapeutic effects rather than as a diagno-
sis tool for NASH. Therefore, it is desirable to employ 
Matteoni’s classification when a diagnostician skilled in 

shown that inter-observer variability remained even when 
training in histopathological observation was provided in 
an effort to reduce these inconsistencies[29]. In that study, 
the post-intervention κ value (0.39) was not significantly 
different from the pre-intervention κ value (0.27). Mea-
sures to solve this problem are needed. 

Risk and complications: Regarding the complications 
of  liver biopsy, the incidence of  pain is reportedly 20%, 
but it increases to 84% when a mildly unpleasant feeling 
is included in the assessment. The incidence of  serious 
complications and mortality has been reported to be 
0.3%-0.57% and 0.01%, respectively[30-32]. To decrease 
complications, operators that are trained by an instructor 
with sufficient experience should perform biopsies, and 
operation with a US guide and the use of  an aspiration-
type biopsy needle are recommended[33,34].

Problems with pathological diagnosis: The pathologi-
cal features of  typical NASH, in addition to fat deposi-
tion in hepatocytes, include inflammatory cell (neutrophil 
and lymphocyte) infiltration in lobules, ballooning degen-
eration of  hepatocytes, Mallory-Denk bodies, pericellular 
fibrosis, sinusoidal fibrosis, giant mitochondria, eosino-
philic necrosis, and iron deposition. However, few NASH 
patients show all of  these typical findings, and there are 
no integrated criteria to diagnose NASH based on them. 
Matteoni et al[35] classified NAFLD into 4 types: type 1, fat 
deposition alone; type 2, fat deposition and inflammatory 
cell infiltration in the parenchyma; type 3, fat deposition 
and ballooning degeneration of  hepatocytes; and type 4, 
type 3 criteria plus Mallory-Denk bodies or fibrosis. The 
authors observed that the liver disease-related mortality 
during an approximately 8-year follow-up period was only 
1.7% in the type 1-plus-type 2 group, but significantly 
increased to 11% in the type 3-plus-type 4 group. They 
proposed the definition of  types 3 and 4 as NASH from 
a prognostic viewpoint (Table 2). Later, Rafiq et al[36] 
followed the course for a longer period and reported 
that liver disease-related mortality was only 2.7% in the 
first group but was 17.5% in the second group. Based on 

  Criteria (yr) Classifications Definitions of NASH Characteristics

  Matteoni (1999) Type 1: steatosis alone
Type 2: steatosis with inflammation
Type 3: steatosis with hepatocyte balloning
Type 4: Type 3 plus MDB or fibrosis

Type 3 or 4 Depend on the subjective judgments of observers
(existence of hepatocyte balloning)
Well correlation with liver-related mortality
Inflammation is not included

  NAS (2005) Steatosis (0-3)
Inflammation (0-3)
Hepatocyte balloning (0-2)

Total  scores: 5 to 8 Numerical score
Low sensitivity, NAS ≥ 4 may be better 
Fibrosis is not included
No significant correlation with liver-related mortality

Total: 0 to 8 Recommended use for assessing the therapeutic effect 
during clinical studies

  Younossi (2011) Steatosis
Hepatocyte balloning
MDB
Fibrosis

Steatosis 
+ Hepatocyte balloning
or + MDB
or + Fibrosis

Inflammation is not included
Well correlation with Matteoni’s classification
Can diagnose so-called burned-out NASH
Essential validation study

Table 2  Pathological criteria for the diagnosis of nonalcoholic steatohepatitis

MDB: Mallory-Denk bodies; NAS: Nonalcoholic fatty liver disease activity score; NASH: Nonalcoholic steatohepatitis.

Sumida Y et al . Diagnosis in NAFLD/NASH



479 January 14, 2014|Volume 20|Issue 2|WJG|www.wjgnet.com

diagnosing NASH is present. Matteoni’s classification is 
useful for routine clinical practice, single-facility clinical 
studies, and investigation of  long-term prognosis, such as 
carcinogenesis. However, NAS is useful for multicenter 
clinical studies involving several diagnosticians, many 
patients, and evaluation of  the short-term therapeutic ef-
fects of  drugs. According to a new definition of  NASH 
proposed by Younossi et al[41], NASH is diagnosed for 
(1) any degree of  steatosis along with centrilobular bal-
looning and/or Mallory-Denk bodies or (2) any degree 
of  steatosis along with centrilobular pericellular/perisi-
nusoidal fibrosis or bridging fibrosis. Younossi’s criteria 
almost perfectly agree with Matteoni’s classification, and 
these two definitions of  NASH correlated significantly 
with the prediction of  a higher liver-related mortality 
rate. Younossi’s criteria, which placed high importance 
on the presence of  fibrosis, would enable the diagnosis 
of  burned-out NASH in patients. Finally, Younossi’s cri-
teria are now accepted by the NAFLD/NASH clinical 
practice guideline committee (under the chairmanship of  
Prof. Sumio Watanabe, Juntendo University) organized 
by the Japan Society of  Gastroenterology. In Japan, the 
diagnosis of  NASH will be based on the presence of  he-
patic steatosis plus ballooning, Mallory-Denk bodies, or 
fibrosis in the near future (Table 2).

Miscellaneous: Liver biopsies may be performed at 
outpatient clinics to reduce costs overseas, but biopsy 
patients are hospitalized for several days in Japan. Per-
forming liver biopsies for all NAFLD patients in Japan, 
estimated at 10 million, would be prohibitively expensive, 
and no cost-benefit analysis has been performed to date. 
In regard to the follow-up after liver biopsy, Toyoda et al[42] 
reported a very low follow-up rate in NAFLD patients 
compared with that in viral hepatitis patients, suggesting 
the need for more patient education.

NONINVASIVE DIAGNOSTIC METHODS 
FOR NASH
Several extensive reviews from Western countries have 
previously discussed noninvasive diagnostic methods for 
NASH or advanced fibrosis[43-45]. However, most of  these 
papers described a simple enumeration of  noninvasive 
tests. Thus, we here review biomarkers or scoring sys-
tems with critical appraisal to establish diagnostic algo-
rithms that can be applicable even for Asian patients with 
NAFLD in clinical practice. Various parameters of  oxi-
dative stress, inflammation, apoptosis, and fibrosis have 
been reported to be useful for the noninvasive diagnosis 
of  NASH[46]. Interest in cytokeratin in viral and nonviral 
hepatitis has been rapidly increasing during recent years, 
especially as proposed circulating biomarkers of  hepatic 
necrosis and apoptosis[47]. Among those, circulating levels 
of  cytokeratin-18 (CK18) fragments have been investi-
gated extensively as novel biomarkers for the presence 
of  steatohepatitis in patients with NAFLD. A recent 
meta-analysis, consisting of  10 studies with 838 patients, 
showed that CK18 fragments may be a useful biomarker 

for screening NASH[48]. Although these are very encour-
aging results, currently, this assay is not commercially 
available. Furthermore, as each study utilized a study-spe-
cific cut-off  value, there is not an established congruent 
cut-off  value for identifying steatohepatitis. According 
to the AASLD guidelines, CK18 is not recommended in 
routine clinical practice[3]. 

Differentiation between NASH and simple steatosis
Yilmaz et al[45] extensively reviewed biochemical diag-
nostic tests for differentiating simple steatosis from 
NASH. Here, we summarize scoring systems including 
multiple serum tests. The first evaluation of  NASH was 
the HAIR scoring system, reported from Australia. This 
system comprises three scored components-hypertension 
(HTN), ALT level, and insulin resistance (IR)-that were 
established based on data from 105 weight loss surgery-
treated obese patients[49]. Later, Palekar et al[50] of  the 
Mayo Clinic investigated 80 NAFLD patients and re-
ported the use of  six criteria - age ≥ 50 years old, female 
sex, BMI ≥ 30 kg/m2, AST ≥ 45 IU/L, AAR ≥ 0.8, 
and hyaluronic acid ≥ 55 ng/mL - of  which any three, 
when met, allowed the diagnosis of  NASH with a sensi-
tivity and specificity of  74% and 66%, respectively. The 
NashTest, developed in Europe, predicts the disease on 
the basis of  13 parameters[51]. A recently proposed equa-
tion (2.627 × ln [AST] + 2.13 for DM) comprises only 2 
items, AST and the presence or absence of  DM, attach-
ing greater importance to simplicity[52]. Campos et al[53] 
proposed a NASH clinical scoring system composed of  
HTN, type 2 DM, AST ≥ 27 IU/L, ALT ≥ 27 IU/L, 
sleep apnea syndrome, and race (other than blacks). 
Nice’s French group recently reported the Nice model, 
in which CK18, ALT, and the presence or absence of  
metabolic syndrome is scored[54]. However, it is unclear 
whether these scoring systems are applicable for Japanese 
NAFLD patients because these reports from Western 
countries were based on severely obese patients treated 
with bariatric surgery, and no validation study has been 
adequately performed. 

In Japan, Shimada et al[55] reported that early NASH 
and simple steatosis could be differentiated by a combi-
nation of  3 values: adiponectin (≤ 4.0 μg/mL), homeo-
stasis model assessment of  insulin resistance (HOMA-IR) 
(≥ 3.0), and type 4 collagen 7S (≥ 5.0 ng/mL). How-
ever, adiponectin cannot be measured at general practice 
sites. JSG-NAFLD proposed the NAFIC score, which 
comprises three items-ferritin, fasting insulin, and type 
4 collagen 7S - for the screening of  NASH. These three 
variables were extracted as factors independently contrib-
uting to NASH in an analysis of  177 NAFLD patients. 
The NAFIC system assigns one point for 200 (female) 
or 300 (male) ng/mL or higher ferritin, one point for 10 
μU/mL or higher fasting insulin, and two points for 5.0 
ng/mL or higher type 4 collagen 7S. The total of  these 
points is regarded as the NAFIC score (Table 3), and the 
possibility of  NASH is high when the NAFIC score is 2 
or higher. The usefulness of  this scoring system has been 
verified in a validation study involving 442 patients[56]. 
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The three variables constituting the NAFIC score are 
parameters associated with the pathology of  NASH, 
such as oxidative stress, IR and fibrosis. The relevance of  
the scoring parameters to NASH pathology and the fact 
that no complex calculation is required are advantageous. 
However, there are also problems to be addressed, such 
as the scoring of  insulin-treated patients, usefulness for 
races other than Japanese, cost, and coverage by national 
health insurance. No established scoring system to screen 
for NASH is currently available, but the utility of  the 
NAFIC score is expected to be investigated by a large-
scale study in Japan. 

Diagnosis of NASH with advanced fibrosis
Noninvasive diagnosis of  liver fibrosis is one of  the most 
rapidly evolving fields in recent years. A recent extensive 
review mentioned noninvasive diagnostic tests, includ-
ing routine clinical parameters, fibrosis biomarkers, and 
imaging techniques in chronic hepatitis C, alcoholic liver 
disease, and NAFLD/NASH[44]. The stage of  fibrosis 
has generally been diagnosed according to Brunt’s crite-
ria[57] or Kleiner’s classification as proposed by NASH-
CRN[37]. According to Brunt’s criteria, the severity of  he-
patic fibrosis is defined in terms of  the following stages: 
Stage 1, zone 3 perisinusoidal fibrosis; Stage 2, zone 3 
perisinusoidal fibrosis with portal fibrosis; Stage 3, zone 
3 perisinusoidal fibrosis and portal fibrosis with bridging 
fibrosis; and Stage 4, cirrhosis[57]. Kleiner’s classification 
differs from Brunt’s criteria in that Stage 1 is subdivided 
into three substages: Substages 1a and 1b are zone 3 peri-
sinusoidal and differ only by the character of  collagen 
disposition (delicate or dense, respectively), and Substage 
1c is portal or periportal (representing the pediatric pat-
tern)[37]. Advanced fibrosis is classified as Stage 3 or 4.

A French group proposed the BAAT score (0-4 
points) as a system to predict the grade of  fibrosis, in 
which 1 point each is assigned to BMI ≥ 28 kg/m2, ALT 
2 or more times greater than the normal upper limit, age 
≥ 50 years old, and TG ≥ 1.7 mmol/L. For the dif-

ferentiation of  patients with Stage 2 or higher fibrosis, 
the negative predictive value (NPV) of  a 0-1 point score 
was 100%. The same group developed the FibroTest, 
which is composed of  bilirubin, γGT, γ globulin, hapto-
globin, and α2-macroglobulin. From the United States, 
the Mayo Clinic proposed the NAFLD fibrosis score 
(NFS) [= -1.675 + 0.037 × age (year) + 0.094 × BMI 
(kg/m2) + 1.13 × IFG/DM (with = 1, without = 0) + 
0.99 × AAR-0.013 × platelets (PLT) (× 109/L) - 0.66 ×
Alb (g/dL)], calculated from readily measured routine pa-
rameters such as the age, PLT, albumin (Alb) level, AAR, 
fasting hyperglycemia (impaired fasting glucose, or IFG) 
or DM, and BMI (Table 3)[58]. NFS has been confirmed 
to be useful in predicting the progression of  fibrosis 
regardless of  whether the ALT level is normal or abnor-
mal, even in bariatric surgery-treated obese patients. NFS 
is advantageous because it contains no items that require 
a special test and has been validated in many studies. The 
latest AASLD guidelines recommend the use of  NFS for 
decision making for the application of  liver biopsy[3]. Al-
though NFS contains no items that require a special test, 
the calculation is complex, and the score is intermediate 
(NFS = -1.455 to 0.676) in approximately 25%-30% of  
patients [between low (NFS < -1.455) and high (NFS > 
0.676) scores][2] for whom a liver biopsy is still unavoid-
able. The results of  a validation study of  NFS performed 
in China have been recently published[59], and the NPV 
of  a low score was favorable and useful for the exclu-
sion of  advanced cases. However, the positive predictive 
value (PPV) of  a high score was low, showing that the 
usefulness of  NFS for detecting advanced cases in Asians 
remains questionable. 

In the United States, Harrison et al[60] proposed a sim-
ple system, the BARD score, assigning one, two, and one 
point to BMI ≥ 28 kg/m2, AAR ≥ 0.8, and DM, respec-
tively, and reported that the possibility of  Stage 3 or 4 is 
very high when the total score is 2 or higher. The NPV 
was high, and the results were favorable in validation 
studies performed in Poland and Argentina. However, 

  Index NAFIC score NAFLD
fibrosis score

FIB4 index

  Object Predicting NASH Excluding severe fibrosis (stage 3-4)
  Formula   Ferritin > 200 (female), 300 (male) ng/mL (= 1 point) -1.675 + 0.037 × age (yr) + 0.094 × BMI 

(kg/m2) + 1.13 × impaired fasting glycemia 
/DM (yes = 1, no = 0) + 0.99 × AAR – 0.013 

× PLT (× 109/L) - 0.66 × Alb (g/dL)

Age (yr) × AST (IU/L)/(PLT 
(109/L) × √ALT (IU/L)  Fasting insulin > 10 μU/mL (= 1 point)

  Type 4 collagen 7S > 5.0 ng/mL (= 2 points)
Total: 0-4 points

  Cut-off values 1 2 -1.455 0.676    1.30   2.67
  Sensitivity 94%1 66%1 82%1 51%1 74% 33%

88%2 60%2 77%2 43%2

  Specificity 48%1 91%1 77%1 98%1  71% 98%
43%2 87%2 71%2 96%2

  Positive predictive value 31%1 90%1 56%1 90%1 43% 80%
66%2 85%2 52%2 82%2

  Negative predictive value 86%1 67%1 93%1 85%1 90% 83%
75%2 64%2 88%2 80%2

Table 3  Scoring systems for picking up nonalcoholic steatohepatitis or severe fibrosis in nonalcoholic fatty liver disease

1Estimation group; 2Validation group. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AAR: AST/ALT ratio; BMI: Body mass index; DM: 
Diabetes mellitus; PLT: Platelets; NASH: Nonalcoholic steatohepatitis; NAFLD: Nonalcoholic fatty liver disease.
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the usefulness of  the BARD score for Japanese popula-
tions is questionable because the Japanese have lower 
BMIs than Western populations[61]. 

The FIB-4 index, calculated as: [age (year) × AST 
(IU/L)]/[PLT (109/L) × ALT (IU/L)], was proposed 
as a parameter of  the progression of  fibrosis in patients 
superinfected with human immunodeficiency virus/
hepatitis C virus  and was also investigated with regard to 
application for NAFLD (Table 3)[62]. Unlike other scoring 
systems, the FIB-4 index has the ability to identify Stage 
3 or higher fibrosis. This index is advantageous because 
it is based on test values that are routinely measured in 
health checkups, the number of  items is small, and the 
index is not influenced by the BMI. In a study performed 
by JSG-NAFLD involving Japanese subjects, the FIB-4 
index was the most useful in differentiating patients with 
advanced fibrosis[63]. Furthermore, the usefulness for pa-
tients with normal ALT is comparable to that for patients 
with abnormal ALT[64]. Similar findings were confirmed 
in England: the FIB-4 index value was low in approxi-
mately 80% of  the patients diagnosed with NAFLD 
during a health checkup, whereas a high value was noted 
in only approximately 1% of  patients. As a parameter 
used alone, PLT is expected to be useful but carries the 
caveat that the counts are relatively high when fibrosis is 
severe. It has been shown that advanced fibrosis patients 
can be simply excluded using a combination of  PLT 
and AAR (PAAR) (the possibility of  Stage 3 or higher 
fibrosis is very low when the platelet count is 1950000 or 
greater with an AAR below 0.8)[65]. The AST to platelet 
ratio index (APRI) {[(AST level/upper limit of  normal 
AST)/PLT (109/L)] × 100}, originally developed for 
hepatitis C patients, has also been suggested as a useful 
strategy for predicting significant fibrosis due to NASH. 
McPherson et al[66] compared five scoring systems, AAR, 
APRI, BARD, NFS, and the FIB-4 index, in a study in-
volving 145 English NAFLD patients. Evaluation based 
on area under the receiver operating characteristic curve 
(AUROC) demonstrated that the FIB-4 index was the 
most favorable (0.86), followed by AAR (0.83), NFS 
(0.81), BARD (0.77), and APRI (0.67), and the PPVs 
of  the FIB-4 index and of  NFS were 75% and 79%, 
respectively. On the basis of  these results, the authors 
recommended the FIB-4 index and NFS. The Nippon 
score was reported from a multicenter study performed 
with Japanese subjects in Nagasaki, Japan. The score was 
calculated by assigning one point each to the following 
characteristics: female sex, an age ≥ 60 years old, and 
the presence or absence of  type 2 DM and hypertension 
(4 points in total). Although this system is very simple, it 
has not been confirmed to be superior to other scoring 
systems. Other scoring systems such as FibroMeter have 
been proposed as tests for the probability of  advanced 
fibrosis, but additional studies are necessary for their vali-
dation. The above information suggest that, overall, the 
NFS and the FIB-4 indexes are the most recommendable 
scoring systems that are expected to be useful for Japa-
nese patients because these systems have been relatively 

well validated in Japan and in other countries. However, 
both systems require further evaluation by performing 
prospective multicenter validation studies. The useful-
ness of  elastography has attracted attention recently. 
FibroScan is very useful in predicting the progression of  
fibrosis in NAFLD patients[67], and is covered by national 
health insurance in Japan as of  October 2011. 

Scoring systems useful for predicting liver 
carcinogenesis and making a prognosis 
There has been no study on the association of  liver dis-
eases with carcinogenesis, but Kawamura et al[68] reported 
that the annual liver carcinogenic rate in NAFLD patients 
was 0.043% and that APRI was useful in predicting liver 
carcinogenesis. It was recently reported that the scores 
derived from the fibrosis-predicting scoring systems NFS, 
APRI, and FIB-4 also serve as prognostic factors[69]; how-
ever, the prognostic value of  these scores still requires 
verification in Japan. 

Proposal of a diagnostic algorithm for NAFLD 
There have been no established algorithms for the diag-
nosis of  NAFLD/NASH. An algorithm for the manage-
ment of  NAFLD was suggested by Rafiq et al[70]. Liver 
biopsies should be considered if  NAFLD patients show 
potential signs of  cirrhosis, such as a hard edge of  the 
liver, AST > ALT, and low albumin or platelets, or have 
abnormal ALT levels for more than 6 mo in spite of  un-
dergoing diet change and exercise therapy.

Based on the results of  the multicenter study per-
formed by JSG-NAFLD, it can be concluded that the 
FIB-4 index is useful for excluding advanced fibrosis 
patients[63], whereas the NAFIC score is useful for de-
tecting NASH[56]. Thus, we would like to propose a di-
agnostic algorithm for NAFLD based on these data, as 
shown in Figure 1. First, the FIB-4 index is applied to 
every NAFLD patient. If  the FIB-4 index is higher than 
2.67, liver biopsy should be performed immediately. If  
the FIB-4 index is lower than 1.30, follow-up is recom-
mended. If  the FIB-4 index is between indeterminate 
ranges, an NAFIC score should be calculated. If  the 
NAFIC score is above 2 points, liver biopsy should be 
considered. In our cooperative study with institutions 
performing health checkups, the FIB-4 score was high, 
intermediate, and low in approximately 1%, 19% and 
80% of  the NAFLD patients, respectively[65]. Accord-
ingly, patients other than those with a low FIB-4 score, 
i.e., approximately 20% of  the NAFLD patients, will be 
treated by hepatologists. 

GENETIC PREDISPOSITION ASSOCIATED 
WITH THE PATHOGENESIS OF NAFLD/
NASH
Genome-wide association studies (GWAS) offer a power-
ful technique for discovering novel associations between 
single-nucleotide polymorphisms (SNPs) and disease 
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phenotypes. Romeo et al[71] first reported that a SNP in 
patatin-like phospholipase domain-containing protein 3 
(PNPLA3) (rs738409 [G], encoding I148M), also termed 
adiponutrin, on chromosome 22 was strongly associated 
with increased hepatic fat levels, as well as with hepatic 
inflammation. This allele was most commonly observed 
in Hispanics, the group most susceptible to NAFLD 
among the 2111 subjects that comprised a mixed study 
population of  Hispanics, African Americans, and Euro-
pean Americans. PNPLA3 is highly expressed in adipose 
tissue as well as in the liver, and the overexpression of  
PNPA3 promotes lipogenesis in mouse primary hepato-
cytes. In humans, hepatic PNPLA3 messenger RNA ex-
pression appears to be correlated with hepatic triglyceride 
content. Association studies[72-76], including one meta-
analysis[76], confirm that the I148M polymorphism is also 
a strong modifier of  NASH and progressive hepatic in-
jury in various populations throughout the world. In ad-
dition to PNPLA3, other SNPs associated with NAFLD 
include neurocan, lysophospholipase-like 1, glucokinase 
regulatory protein, protein phosphatase 1 regulatory 
subunit 3b, and apolipoprotein C3[77-79]. However, it is 
unknown whether screening for these SNPs can facilitate 
the diagnosis of  NASH or advanced fibrosis. 

CONCLUSION
Currently, liver biopsy is essential for the diagnosis of  
NASH, but in the future, combining scoring systems 
and imaging methods may efficiently diagnose NAFLD/
NASH. Whether these scoring systems reflect the long-
term prognosis and carcinogenesis potential remains to 
be investigated. The development of  an improved scor-
ing system that will prove useful for efficiently detecting 
NASH and reducing liver disease-related deaths is ex-
pected in the future. 
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