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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the hepatic 
manifestation of metabolic syndrome, and is the most 
common type of chronic liver diseases in the majority 
of developed countries. NAFLD shows a wide spectrum 
of disorders including simple steatosis, nonalcoholic 
steatohepatitis (NASH), and cirrhosis. While simple 
steatosis is recognized to be benign and stable, NASH 
is considered to be an aggressive form of the disease 
progressing to cirrhosis. Currently, differentiation be-
tween NASH and simple steatosis can be done only by 
liver biopsy. Despite many proposals and revisions, the 
histological criteria for the differentiation have not been 
perfected yet. In this review article, the changes in the 
histopathologic criteria of NAFLD during the last three 
decades are summarized, and perspectives of the fu-
ture changes are demonstrated. The discussion focuses 
on how pathologists have been dealing with “hepato-
cellular ballooning”. Loose criteria, in which hepatocel-
lular ballooning was not required for the diagnosis of 
NASH, were applied in many clinical studies published 
in around 2000’s, whereas a strict criterion based on 
the presence/absence of hepatocellular ballooning was 
approved recently. Hence, simple and reliable methods 

of identifying ballooned hepatocytes are being sought. 
Clinical and pathological predictors of NAFLD-related 
hepatocarcinogenesis will also be sought in the future.
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Core tip: The differentiation between nonalcoholic ste-
atohepatitis and simple steatosis can be done only by 
liver biopsy. Through many proposals and revisions, 
the histological criteria for the differentiation have been 
changed. The changes in the criteria during the last 
three decades are exhibited in this review article, with 
a special interest in “hepatocellular ballooning”.
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INTRODUCTION
In newly proposed disease entities, or even in already 
established ones, the definitions and diagnostic criteria 
may be revised repeatedly. The revisions are led by altera-
tions in recognition of  the disease, changes in morbidity 
and social healthcare strategy in each era, elucidation of  
the pathologic mechanisms, etc. Hence, these changes 
probably occur more frequently in a disease of  unknown 
etiology. Nonalcoholic fatty liver disease (NAFLD) and 
its aggressive form, nonalcoholic steatohepatitis (NASH), 
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are representative examples.
Although NASH/NAFLD have generally been ac-

cepted as independent diseases since Ludwig’s monu-
mental publication in 1980[1], minor revisions regarding 
definition, criteria (mainly histopathologic features and 
a cutoff  level of  alcohol consumption) and diagnostic 
algorithm have continued to be made. A goal of  the 
revisions is establishment of  accurate selection criteria 
to extract NAFLD cases that are most likely to prog-
ress to cirrhosis or to hepatocellular carcinoma (HCC). 
The selected patients become subjects of  follow-up and 
therapeutic interventions[2,3]. NAFLD is considered to be 
the most common chronic liver disease in the majority 
of  developed countries, and clarification of  the high-risk 
group of  NAFLD patients is the most critical issue in 
current hepatology.

Noninvasive clinical methods, which can evaluate 
the degree of  steatosis and can diagnose NAFLD in 
some cases, have been developed[4,5]. However, since they 
cannot evaluate inflammatory activity, the diagnosis of  
NASH still requires histological examination[4]. It is not 
possible to perform liver biopsy in every NAFLD patient, 
and thus, the detailed pathobiological and clinicopatho-
logic characteristics of  NASH/NAFLD have not yet 
been elucidated. Consequently, the histopathologic crite-
ria for the diagnosis of  NASH/NAFLD have changed 
repeatedly. The ambiguous and wandering criteria have 
confused general pathologists.

What are the reliable histopathologic markers of  true 
NASH? No one can provide an appropriate answer to 
this substantial query. I review the 30-year history of  the 
revision process that contained many trials and errors 
(Table 1). This review may not only introduce a clue to 
the answer, but also provide a direction for future studies 
on NASH/NAFLD.

BEFORE “LUDWIG” (-1979)
The proposal of  NASH as a new disease entity by Lud-

wig et al[1] in 1980 was truly the first milestone in NASH/
NAFLD research. Historically, many pathologists prior 
to Ludwig focused on fatty livers and cirrhosis associated 
with morbid obesity or diabetes[6-13]. Histologic pictures 
shown in the earlier reports were of  NASH/NAFLD 
according to the current diagnostic criteria. They had 
noticed even some morphological features of  this type 
of  fatty livers rather different from alcoholic fatty liv-
ers, such as low percentages of  Mallory-Denk body and 
siderosis and frequent nuclear glycogen[11-13]. However, 
due to the facts that most fatty livers did not progress 
to fibrosis and cirrhosis[13,14], and that livers could physi-
ologically store a certain amount of  lipid, there had been 
for a long time controversy regarding the pathologic sig-
nificance of  lipid accumulation in livers. In other words, 
fatty change was considered as an innocent bystander, 
not harmful, and an accompanying phenomenon caused 
by hepatotoxic pathogens[15].

There was no obvious definition of  the physiologi-
cal level of  hepatic fat. Galambos et al[16] studied hepatic 
histopathologic findings corresponding to abnormal 
laboratory test results in obese patients. In that study, the 
authors defined > 33% fatty change as an abnormal/
pathologic condition. There was no explanation about 
how the authors determined 33% as the normal limit. 
This fact indicates that the value of  33% was acceptable 
without any explanations as the normal limit at that time.

Undiscovered hepatitis C virus (HCV)[17] might have 
disturbed to recognize NASH/NAFLD as independent 
hepatic disorders. Especially HCV genotype 3 is now 
known to be able to cause prominent hepatic steatosis 
as well as necroinflammation[18]. Pathologists might have 
misunderstood NASH as viral hepatitis, and simultane-
ously, HCV-related hepatitis as primary steatotic liver 
disease. The potential overlap of  NASH/NAFLD and 
HCV-related hepatitis is still a focus of  debate[19,20].

In that era, earlier than Ludwig’s, many reports con-
cerning NASH/NAFLD were published from Japanese 
institutes[7,21,22]. Although the medical interest had not 
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Table 1  Histological criteria for diagnosis of nonalcoholic steatohepatitis used in the previous studies (1980-preset)

Ref. Year Steatosis Inflammatory cell 
infiltration

Hepatocellular 
necrosis

Hepatocellular 
ballooning

Mallory-Denk 
body

Pericellular 
fibrosis

Ludwig et al[1] 1980 ≥ Moderate + +
Falchuk et al[23] 1980 ≥ Moderate + +
Diehl et al[26] 1988 ≥ Mild +  +1  +1

Nagore et al[25] 1988 ≥ Mild + + + +
Lee et al[35] 1989 ≥ Mild + +
Powell et al[28] 1990 ≥ Moderate +
Wanless et al[29] 1990 ≥ 5% +
Bacon et al[36] 1994 ≥ Minimal +
Laurin et al[37] 1996 ≥ Minimal +
George et al[38] 1998 ≥ Minimal +
Younossi et al[32] 1998 > 1/3 + +
Matteoni et al[33] 1999 > 1/3 + +  +2

Brunt et al[41] 1999 > 0% +
Dixon et al[44] 2001 ≥ Mild + +  +1  +1

Neuschwander-Tetri et al[2] 2003 ≥ 5% + +
Bedossa et al[51] 2012 > 5% +  +3

1Either one; 2Modified in 2009[34]; 3Normal-sized hepatocyte with clear reticular cytoplasm. +: Required; Blank: Not required.



been directed to metabolic syndrome, Japanese pioneer 
researchers investigated fatty liver disorders with keen ob-
servations and deep insights. Surprisingly, they suggested 
that fatty change was a first step of  NAFLD progression 
to cirrhosis and dysfunctions of  hepatocellular organelles 
including endoplasmic reticulum were pivotal[7,22]. These 
are completely identical with the present recognitions of  
pathological mechanisms of  NASH/NAFLD.

AFTER “LUDWIG” (1980-1999)
The current disease concept and terminology of  NASH 
were established only by a single pathologic report 
entitled “Nonalcoholic steatohepatitis: Mayo Clinic ex-
periences with a hitherto unnamed disease” written by 
Ludwig et al[1] in 1980. At present, it is well recognized 
that the contribution of  this breakthrough article to 
hepatology is too large to be estimated. The report con-
sisted of  clinicopathologic reviews of  twenty cases of  
NASH. Their inclusion criteria, namely diagnostic criteria 
of  NASH, were extremely simple and clear: non-habitual 
drinkers with liver damage that was indistinguishable 
from alcoholic injury histologically. The authors pro-
posed to categorize all types of  liver damages fulfilling 
the criteria into one disease entity named NASH. A little 
confusion might have arisen because NASH included 
fatty liver disorders associated with nutritional distur-
bances and even drug-induced damage as well as those 
associated with morbid obesity and diabetes. In addition, 
the definition of  “nonalcoholic” became a big issue; they 
excluded only obvious alcohol abusers.

In the same year (1980), Falchuk et al[23] published 
their article entitled “Pericentral Hepatic Fibrosis and 
Intracellular Hyalin in Diabetes Mellitus”, and suggested 
that an inflammatory hepatic disorder associated with di-
abetes mellitus was an intermediate illness between fatty 
liver and cirrhosis. The contents of  the papers by Ludwig 
et al[1] and Falchuk et al[23] complemented each other, and 
emphasized the independence and importance of  NASH 
among chronic liver diseases. However, the etiopathology 
of  NASH was not elucidated, and the concept of  NASH 

did not gain complete acceptance for about 20 years. As 
proof, some articles very similar to the earlier studies than 
1980 were published, and different terms such as diabetic 
hepatitis and fatty liver hepatitis were used instead of  
NASH[24,25]. A study seeming to have repeated the Lud-
wig’s original work also appeared. It was not surprising 
that the results of  those studies validated the presence of  
the new disease, NASH, and its progressive nature[25,26].

A growing interest produced one substantial question: 
what kind of  fatty liver disorders is truly progressive? Two 
scientific streams, which still influence today’s research 
trends, sprang from the query. The diagnostic criteria in 
the streams have been gradually modified.

One of  the scientific streams was to highlight specific 
findings of  NASH/NAFLD. Clain et al[27] systematically 
reviewed previous papers on NAFLD, and concluded 
that the presence of  perivenular/pericellular fibrosis (Fig-
ure 1) potentially indicated a progressive disease[9]. Powell 
et al[28] confirmed that NASH was actually a slowly pro-
gressing disease, and tried to classify NASH on the basis 
of  steatosis, inflammation, Mallory-Denk bodies and 
fibrosis. However, they could not find a relationship with 
prognosis. Wanless et al[29] accentuated the importance of  
hepatocellular ballooning (Figure 1), and made a diagno-
sis of  NASH according to the presence of  steatosis and 
ballooning. In that article, histologically abnormal lipid 
accumulation was defined as fatty change that affected 
more than 5% of  hepatocytes. There was no obvious evi-
dence for the definition of  “more than 5%”. A previous 
biochemical analysis revealed that normal livers (livers of  
healthy persons) could store lipids comprising less than 
5% of  liver weight[30]. Accordingly, “more than 5%” has 
been used as a standard value for defining pathologic 
hepatic lipid accumulation until now. Teli et al[31] defined 
NASH as hepatic steatosis with lobular inflammation, 
hepatocellular ballooning, Mallory-Denk bodies, and 
hepatocellular necrosis. They suggested that non-NASH 
NAFLD (namely, simple steatosis, and steatosis with 
portal inflammation) did not progress to NASH and cir-
rhosis. This stream led to the NAFLD classification of  
Younossi et al[32] and to Matteoni’s classification[33]. Hepa-
tocellular ballooning was a key finding for their classifica-
tion. Later they insisted on the necessity of  hepatocellular 
ballooning in diagnosis of  NASH (Table 1)[34]. In their 
original classification, however, they used a term “steato-
hepatitis” for type 2 NAFLD, which was steatosis with 
lobular inflammation but without ballooning.

The other scientific stream was to establish a score 
system based on semi-quantitative analyses of  the histo-
logical severity of  liver damage. The trial was initiated by 
Diehl et al[26], followed by Lee et al[35] They evaluated the 
degree of  steatosis, inflammatory cell infiltration, hepato-
cellular damage, Mallory-Denk bodies, and fibrosis using 
four- or five-step scales. Unfortunately, they failed to find 
a relationship between the scores and prognoses. Bacon 
et al[36] also performed a semi-quantitative analysis using 
a system similar to Diehl’s system, but did not described 
its relationship with prognosis. Whilst the cutoff  alcohol 
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Figure 1  Typical case of nonalcoholic steatohepatitis showing hepatocel-
lular ballooning and perivenular/pericellular fibrosis (Azan-Mallory stain; 
Original magnification, × 200).
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in which hepatocellular ballooning was officially recom-
mended as a factor in the diagnosis of  NASH. They did 
not notice the controversy about NASH diagnostic crite-
ria[44] and the kaleidoscope changes of  the criteria in that 
period.

In 2005, the NAFLD activity score (NAS), which was 
considered as a type of  modified Brunt’s system, was 
developed and published by Kleiner et al[45] This also led 
to a simplistic recognition that a NAS of  over 5 points is 
NASH[46], and led to further confusion in the laboratory 
and clinical settings.

On the other hand, Younossi et al[47] confirmed that 
hepatocellular ballooning was a predictor of  liver-related 
death in their follow-up study, and insisted that Matteo
ni’s classification was superior to Brunt’s system or NAS. 
Brunt et al[48,49] also cautioned about the presence of  cases 
of  non-NASH NAFLD showing NAS ≥ 5 and cases of  
NASH showing NAS ≤ 4, to avoid misusage of  NAS. 
Through their discussions and controversies[49], the diag-
nostic criteria of  NASH/NAFLD were revised and stan-
dardized hastily. Hepatocellular ballooning finally became 
the most important finding in the diagnosis of  NASH.

However, the difficulty in correctly identifying hepato-
cellular ballooning subsequently became a critical issue[50]. 
To overcome this problem, Bedossa et al[51] proposed a 
semi-quantitative method in which all hepatocytes with 
clear reticular cytoplasm were defined as ballooning and 
graded by the cellular size. The same research group has 
recently published a new diagnostic algorithm in which 
hepatocellular ballooning is a root node of  the binary 
tree[52].

Examination of  specific markers for ballooning has 
been recommended as a method to determine it objec-
tively. Hepatocellular ballooning is a result of  degenera-
tion and fragmentation of  cytoskeleton intermediate 
filaments, cytokeratin (CK) 8/18, and an aggregates of  
the degenerated CK 8/18 is a Mallory-Denk body[53]. 
Immunohistochemical staining for CK 18, ubiquitin and 
p62 can be applied to detect hepatocellular ballooning. A 
negative result for the presence of  CK 18 in hepatocytes 
can be interpreted as degenerative disappearance of  CK 
18, and the presence of  ubiquitin-, p62-, and CK 18-posi-
tive intracellular inclusions indicates aggregation of  de-
generated CK 18 (Figure 2). The usefulness of  ubiquitin 
immunohistochemistry in the diagnosis of  NASH was 
first suggested in 2000[44,54]. Recently, the significance of  
these special stainings has been reconfirmed[55,56].

Alternatively, controversy about such excessive wei
ghting to hepatocellular ballooning in the diagnosis may 
arise. Perivenular/pericellular fibrosis (Figure 1) should 
be highlighted more because of  its close association to 
hepatocellular ballooning and its potential linkage to cir-
rhosis[9]. The diagnostic criteria of  NASH/NAFLD still 
remain to be improved.

FUTURE DIRECTIONS
Although the histological criteria of  NASH/NAFLD 
have been revised during the last three decades, there has 

consumption ensuring “nonalcoholic” was strict (less 
than 20 g ethanol/d; it is almost same as the current stan-
dard, < 30 g for men and < 20 g for women[3]), they used 
a very loose histological criterion for diagnosing NASH. 
The minimal diagnostic requirements were only steatosis 
and inflammatory cell infiltration into lobular areas. Vari-
ous clinical studies of  NASH using loose diagnostic crite-
ria similar to theirs were published thereafter[37,38]. Finally, 
even simple steatosis was recognized to be one aspect in 
the spectrum NASH and to be an ongoing change poten-
tially progressing to more severe NASH or cirrhosis[39]. 
The well-known “two-hit theory” presented in the same 
year was generated through analogous hypothetical think-
ing[40]. Brunt’s system[41] was established and published in 
such research background. They evaluated the severity of  
NASH using a histological score composed of  inflam-
mation grade and fibrosis stage similar to the METAVIR 
score[42]. The NASH severity score was used in many clin-
ical studies, and contributed to the subsequent flowering 
of  research on NASH. Unexpectedly, however, fairly mild 
fatty liver disorders were implicated in NASH cohorts by 
being diagnosed as grade 1 NASH. The original purpose 
of  Brunt’s system was to show a standard for evaluation 
of  the severity of  NASH. They did not seem to intend 
primarily to present a diagnostic criterion of  NASH[43]. 
The expanded understanding (or misunderstanding) of  
NASH had rapidly spread, apart from the inventors’ idea.

AFTER BRUNT AND MATTEONI 
(2000-PRESENT)
About ten years after the flowering of  NASH/NAFLD 
research in Western countries, Japanese hepatologists also 
began to study NASH/NAFLD aggressively, due to the 
wide prevalence of  metabolic syndrome in the beginning 
of  the 21st century. Many NASH/NAFLD researchers 
in Japan understood that the minimum requirements for 
diagnosis of  NASH were Brunt’s grade 1 (without he-
patocellular ballooning) and Matteoni’s type 2 NAFLD. 
Their recognitions had been conserved even after the de-
cision of  the AASLD Single Topic Conference in 2002[2], 

A B

Figure 2  Typical immnohistochemical findings of nonalcoholic steatohep-
atitis. A: Cytokeratin (CK)18; B: Ubiquitin. Stained (brown) small aggregates 
are seen in ballooned hepatocytes with CK18-negative cytoplasms (arrows) 
[Immunoperoxidase; original magnifications, (A) × 150 and (B) × 200].
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been an absolute premise: cirrhosis is a final advanced 
form of  NAFLD. However, recent reports of  HCC as-
sociated with NAFLD may deny the central dogma of  
the NASH/NAFLD concept. Surprisingly, considerable 
numbers of  such HCCs arose from non-cirrhotic stea-
totic livers or even from livers with simple steatosis (Figure 
3)[57-59]. Accumulation of  cellular damage without major 
morphological changes and acceleration of  cellular se-
nescence may lead to hepatocarcinogenesis[59,60]. The facts 
will possibly lead to a paradigm shift in medical strategies 
for NAFLD.

How do we select which NAFLD patients to follow 
up? What is a true prognostic factor of  NAFLD? Is it a 
histological finding? These are the ultimate themes for 
NAFLD researchers.

CONCLUSION
While reviewing the 30-year history of  changes in the 
histological criteria for the diagnosis of  NASH/NAFLD, 
the importance of  hepatocellular ballooning in the diag-
nosis of  NASH, imperfectness of  the present criteria, 
and necessity of  exploring new predictors of  hepatocar-
cinogenesis were elucidated. Further collection of  evi-
dence is necessary to solve these problems, and patholo-
gists will play central roles in this process.
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