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Abstract

Background The prevalence of nonalcoholic fatty liver
disease (NAFLD) and metabolic syndrome have been
increasing worldwide. The associations between metabolic
factors and the histologic severity of NAFLD have not yet
been clarified. Therefore, we studied the relationships
between relevant metabolic factors and the histological
severity of NAFLD.

Methods In a cross-sectional multicenter study conducted
in Japan, we examined 1,365 biopsy-proven NAFLD
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patients. The frequencies of underlying lifestyle-related
diseases and their relationships to the NAFLD histology
were investigated.

Results The hepatic fibrosis stages (Stage 0/1/2/3/4) were
22.6/34.1/26.7/14.5/2.1 (%) in the male patients, and 16.2/
31.7/23.9/21.6/6.6 (%) in the female patients. Dyslipidemia
was present in 65.7 % (hypertriglyceridemia, 45.3 %;
increased low-density lipoprotein cholesterol, 37.5 %;
decreased high density lipoprotein cholesterol, 19.5 %) of
patients. Hypertension was present in 30.2 %, and diabetes
mellitus (DM) in 47.3 %. The fibrosis stage increased with
age, especially in postmenopausal females. The body mass
index was positively correlated with the fibrosis stage.
Deterioration of glucose control was positively correlated
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with the fibrosis stage, this correlation being more promi-
nent in females. Multivariate analysis identified age and
DM as significant risk factors for advanced fibrosis. No
significant correlation of the fibrosis stage was observed
with hypertension. There was a negative correlation
between the serum triglyceride levels and the fibrosis stage.
Conclusions DM appeared to be a significant risk factor
for advanced fibrosis in patients with NAFLD, and would
therefore need to be properly managed to prevent the
progression of NAFLD.

Keywords NAFLD - Histology - Diabetes mellitus -
Retrospective study

Abbreviations

NAFLD Nonalcoholic fatty liver disease
NASH Nonalcoholic steatohepatitis

IR Insulin resistance

DM Diabetes mellitus

NAFL Nonalcoholic fatty liver

BMI Body mass index

CT Computed tomography

AST Aspartate aminotransferase

ALT Alanine aminotransferase

GGT Gamma glutamyl transpeptidase

ChE Cholinesterase

HDL High density lipoprotein

LDL Low-density lipoprotein

FPG Fasting plasma glucose

HbAlc Hemoglobin Alc

FFA Free fatty acid

CRP C-reactive protein

IRI Immunoreactive insulin

HOMA-IR Homeostasis model assessment-insulin
resistance

SD Standard deviation

IGT Impaired glucose tolerance

NGT Normal glucose tolerance

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the
most commonly encountered chronic liver disease in the
world. According to Japanese annual health check reports,
9-30 % of Japanese adults suffer from NAFLD [1-3].
Since it is now known that almost 10-20 % of individuals
with NAFLD have nonalcoholic steatohepatitis (NASH),
the prevalence of NASH is estimated to be 1-3 % in the
adult Japanese population, similar to the prevalence
reported from Western countries.

Nonalcoholic fatty liver disease includes a wide spec-
trum of liver diseases, ranging from nonalcoholic fatty liver
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(NAFL), a benign and non-progressive condition, to
NASH, which can progress to liver cirrhosis and hepato-
cellular carcinoma even in the absence of a history of
significant alcohol consumption [4-7]. Furthermore,
NASH is considered to be the hepatic manifestation of
metabolic syndrome, and has been shown to be associated
with obesity, insulin resistance (IR) and abnormalities of
glucose and lipid metabolism [8—16]. Importantly, the rates
of nonalcoholic fatty liver (NAFL) and NASH are expected
to continue to grow with the developing pandemic of
obesity and diabetes mellitus, to become global public
health concerns.

Owing to the difficulties in diagnosing NAFLD (NAFL
and/or NASH) and referral bias, it has been difficult to
determine the prognostic factors in patients with NAFLD.
NAFLD is a complex disease with multiple etiopathoge-
netic factors, including obesity, type 2 DM, dyslipidemia,
hypertension, and other diseases associated with metabolic
dysregulations. Recent reports have suggested that DM is
an independent risk factor for NAFLD [17-19]. Despite the
high prevalence and potentially serious nature of this dis-
ease, relatively little is known about the metabolic factors
that might be associated with the histological severity of
NAFLD.

The purpose of this study was to conduct a retrospective
investigation of the association between metabolic factors
and the histologic severity of NAFLD in a large cohort of
Japanese patients with NAFLD.

Patients and methods
Patient population

A total of 1,365 biopsy-proven NAFLD patients seen
between 2001 and 2012 were enrolled from institutes
affiliated with the Japan Study Group of NAFLD (JSG-
NAFLD), represented by the following nine hepatology
centers in Japan: Hiroshima University, Kyoto Prefectural
University of Medicine, Yokohama City University, Kochi
Medical School, Saga Medical School, Osaka City Uni-
versity, Nara City Hospital, Kurume University, and Sais-
eikai Suita Hospital. A portion of the patients (76.8 %;
1,048 out of 1,365) had also been involved in the previous
JSG-NAFLD study [20, 21]. Informed consent was
obtained from each patient, and the study was conducted in
conformity with the ethical guidelines of the 7th revision of
the Declaration of Helsinki (in October 2008) [22] and the
approval of the ethics and research committees of the
hospitals. In all patients, the current and past daily alcohol
intake was less than 20 g per day; details regarding alcohol
consumption were obtained independently by at least two
physicians and confirmed by close family members. None
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of the patients were receiving any medications that could
cause NASH. Among the patients, those with the following
disorders were excluded: secondary causes of steatohepa-
titis, drug-induced liver disease, alcoholic liver disease,
viral hepatitis, autoimmune hepatitis, primary biliary
cirrhosis, ol-antitrypsin deficiency, hemochromatosis,
Wilson’s disease, and biliary obstruction. [23].

Study design

A complete physical examination was performed on each
patient within 1 month prior to the liver biopsy, as reported
previously [24]. The body mass index (BMI) was calcu-
lated as the weight (kg) divided by height (m)-squared.
Obesity was defined as a BMI of greater than 25, according
to the criteria of the Japan Society for the Study of Obesity
[25]. Computed tomography (CT) was used to determine
the visceral fat area at the level of the umbilicus [26], as
previously reported [24]. Dyslipidemia was diagnosed
based on serum cholesterol levels higher than 220 mg/dl
and/or high-density lipoprotein cholesterol levels lower
than 40 mg/dl and/or triglyceride levels over 150 mg/dl.
Hypertension was diagnosed if the patient was on antihy-
pertensive medication and/or had a resting recumbent
blood pressure of > 130/85 mmHg on at least two occa-
sions. Hyperuricemia was diagnosed based on serum uric
acid levels higher than 7.0 mg/dl. DM was diagnosed
according to the 2006 World Health Organization (WHO)
criteria [27].

Venous blood samples were taken in the morning fol-
lowing overnight fasting for 12 h. The laboratory evalua-
tion in all patients included a blood cell count, hemoglobin,
platelet count; and the serum levels of aspartate amino-
transferase (AST), alanine aminotransferase (ALT), AST/
ALT ratio, lactate dehydrogenase (LDH), alkaline phos-
phatase (ALP), gamma glutamyl transpeptidase (GGT),
cholinesterase (ChE), total bilirubin, direct bilirubin,
albumin, total cholesterol, triglycerides, high density lipo-
protein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, fasting plasma glucose (FPG), hemoglobin
Alc (HbAlc), immunoreactive insulin (IRI), ferritin, uric
acid, free fatty acid (FFA), and hyaluronic acids, were
measured periodically during the treatment using the
standard techniques of clinical chemistry laboratories.

Insulin resistance was calculated by the homeostasis
model assessment-insulin resistance (HOMA-IR) using the
following formula: HOMA-IR = fasting insulin (pU/
ml) x plasma glucose (mg/dl)/405 [28].

Pathology

Patients enrolled in this study underwent percutaneous
liver biopsy under ultrasonic guidance after obtaining

informed consent. Formalin-fixed, paraffin-embedded liver
sections were stained routinely with hematoxylin-eosin,
silver reticulin, and Masson trichrome. All the specimens
were examined by an experienced pathologist who was
unaware of the clinical and biochemical data of the
patients. Histological diagnosis for NAFLD was performed
according to the methods of Matteoni et al. [6]. Grading
and staging was classified according to Brunt et al. [29] and
Kleiner et al. [30], as previously reported. In brief, steatosis
was graded as follows: grade 1 (5-33 % of hepatocytes
affected), grade 2 (34-66 % of hepatocytes affected), or
grade 3 (> 66 % of hepatocytes affected). Necroinflam-
mation was graded from grade 0 (absent) to 3 (1, occatonal
ballooned hepatocytes and no or very mild inflammation; 2,
ballooning of hepatocytes and mild-to-moderate portal
inflammation; 3, intra-acinar inflammation and portal
inflammation). Fibrosis was staged from grade O (absent) to
4 (1, perisinusoidal/pericellular fibrosis; 2, periportal
fibrosis; 3, bridging fibrosis; 4, cirrhosis).

Statistical analyses

The data were statistically analyzed using R software,
version 3.0.0. Continuous variables were expressed as
mean =+ standard deviation (SD). Qualitative data are
expressed as numbers, with percentages shown in
parentheses.

Statistically significant differences in the quantitative
data were determined using the ¢ test or Mann—Whitney
U test. Multivariate analysis was carried out by logistic
regression. Differences were considered to be statistically
significant at P values of less than 0.05.

Results
Patient characteristics

A total of 1,365 biopsy-proven patients with NAFLD were
enrolled in this study. The demographic and clinical
characteristics of the male and female NAFLD patients are
shown in Supplemental Table 1. Of the total, 709 were
males. The mean age of the patients was 51.0 £ 14.9 years
(45.7 & 15.1 and 56.8 £ 12.4 years for males and females,
respectively). Whereas no significant differences were
observed in the BMI, blood pressure, waist circumference,
and visceral fat area between the male and female patients,
the subcutaneous fat area and L/S ratio were significantly
higher in the female patients. Statistically significant dif-
ferences were observed in the white blood cell count,
hemoglobin, and serum levels of transaminases, AST to
ALT ratio, LDH, ALP, GGT, ChE, total and direct biliru-
bin, albumin, triglycerides, HDL cholesterol, fasting
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Table 1 Prevalences of metabolic abnormalities in NAFLD patients

Variable Percentage

BMI > 25 73.0

Hypertension . 39.9

Dyslipidemia 65.7
Hypertriglyceridemia 453
Hyper-LDL cholesterolemia 37.5
Hypo-HDL cholesterolemia 19.5

DM 473

Hyperuricemia 30.2

glucose, HbAlc, ferritin, uric acid, and hyaluronic acid
between the male and female patients, as shown in Sup-
plemental Table 1.

The frequencies of the metabolic abnormalities in the
NAFLD patients are shown in Table 1. Obesity, as defined
by the criteria of the Japan Society for the Study of
Obesity, was seen in 73.0 % of the NAFLD patients,
hypertension was found in 39.9 %, dyslipidemia in 65.7 %
(hypertriglyceridemia, 45.3 %; hyper-LDL cholesterole-
mia, 37.5 %; hypo-HDL cholesterolemia, 19.5 %), type 2
diabetes in 47.3 %, and hyperuricemia in 30.2 % of the
patients.

Distribution of the metabolic factors by the histological
findings

The fibrosis stages (Stage 0/1/2/3/4) were 22.6/34.1/26.7/
14.5/2.1 (%) in males, and 16.2/31.7/23.9/21.6/6.6 (%) in
females, respectively. The distribution of the fibrosis stage
in the different age groups in both genders is shown in
Supplementary Fig. 1. Whereas the percentage of patients
with advanced fibrosis (Stage 3 and 4) increased gradually
with age in both genders, significant increase was seen after
the age of 60 years in the females.

The prevalences of obesity (BMI > 25) for each fibrosis
stage are shown in Supplementary Fig. 2. The percentages
of patients with obesity for each fibrosis stage (Stage 0/1/2/
3/4) were 61.3/73.3/79.9/86.4/80.0 (%) in males, and 57.1/
72.9/74.4/759/74.4 (%) in females, respectively. The
prevalence of obesity showed a linear increase with pro-
gression of the fibrosis stage in the male NAFLD patients.
However, no such increase was observed in the female
NAFLD patients between Stage 1 and Stage 4.

The prevalences of dyslipidemia for each fibrosis stage
are shown in Figs. 1 and 2. The percentages of patients
with hypertriglyceridemia for each fibrosis stage (Stage
0/1/2/3/4) were 56.3/57.7/54.8/51.0/26.7 (%) in males, and
34.0/39.5/39.1/30.2/12.2 (%) in females, respectively. The
percentages of patients with hyper-LDL cholesterolemia
for each fibrosis stage (Stage 0/1/2/3/4) were 38.6/36.2/
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Fig. 1 Prevalence of hypertriglyceridemia for each stage of fibrosis.
The horizontal axis shows the fibrosis stage and the longirudinal axis
shows the percentage of patients with hypertriglyceridemia

Hyper LDL cholesterolemia (%)

Fibrosisstage Fibrosisstage
{nate) {fenale)

Fig. 2 Prevalence of hyper-LDL cholesterolemia for each stage of
fibrosis. The horizontal axis shows the fibrosis stage and the
longitudinal axis shows the percentage of patients with hyper-LDL
cholesterolemia

41.3/30.4/18.2 (%) in males, and 43.4/38.0/43.6/36.8/11.1
(%) in females, respectively. The prevalence rates of
dyslipidemia (hypertriglyceridemia and hyper-LDL cho-
lesterolemia) decreased with progression of the fibrosis
stage, especially in Stage 4.

The prevalence of hypertension for each fibrosis stage
was shown in Fig. 3. The percentages of patients with
hypertension for each fibrosis stage (Stage 0/1/2/3/4) were
17.9/34.0/40.3/51.4/42.9/35.3 (%) in males, and 35.3/50.0/
47.7/50.0/23.9 (%) in females respectively.

The prevalences of impaired glucose tolerance, includ-
ing DM, for each fibrosis stage are shown in Fig. 4. The
percentages of patients with DM for each fibrosis stage
(Stage 0/1/2/3/4) were 23.7/32.8/53.7/65.8 (%) in males,
and 34.7/45.2/60.9/64.7 (%) in females, respectively. The
percentages of patients with impaired glucose tolerance
(IGT) in each fibrosis stage (Stage 0/1/2/3/4) were 6.6/18.5/
17.6/16.2 (%) in males, and 15.3/10.6/14.1/14.1 (%) in
females, respectively. The percentages of patients with
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Fig. 3 Prevalence of hypertension for each stage of fibrosis. The
horizontal axis shows the fibrosis stage and the longitudinal axis
shows the percentage of patients with hypertension
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Fig. 4 The glucose tolerance pattern for each fibrosis stage in male
and female NAFLD patients. The horizontal axis shows the fibrosis
stage and the longitudinal axis shows the normal glucose tolerance,
impaired glucose tolerance, or DM

normal glucose tolerance (NGT) were 69.7/48.7/28.7/17.9
(%) in males, and 50.0/44.2/25.0/21.2 (%) in females,
respectively. The percentage of patients with DM increased
with progression of the fibrosis stage in both male and
female NAFLD patients.

Factors associated with advanced fibrosis

Factors associated with advanced fibrosis were examined
(Table 2). NAFLD patients with advanced fibrosis were
older, more likely to be female, and obese. The BMI,
visceral fat area, and liver/spleen (L/S) ratio were signifi-
cantly higher in NAFLD patients with advanced fibrosis.
Furthermore, significant increases of the serum level of
AST, AST/ALT ratio, ALP, GGT, total and direct biliru-
bin, fasting glucose, HbAlc, IRI, HOMA-IR, ferritin, FFA,
and hyaluronic acid, and decreases of hemoglobin, platelet
count, ChE, albumin, total cholesterol, triglycerides, LDL

cholesterol, and uric acid were observed in the patients
with advanced fibrosis. In cases with high fasting plasma
glucose levels, HOMA-IR does not reflect insulin resis-
tance exactly, and was assumed to be a reference level. To
investigate the factors that might be related to the pro-
gression to advanced fibrosis, univariate analysis was per-
formed between NAFLD patients with advanced fibrosis
and those with no or mild fibrosis, as shown in Table 3.
The results of the analysis revealed obesity (BMI > 25),
hypertension, hypotriglyceridemia, hyper-LDL cholester-
olemia, DM, and hyperuricemia as risk factors for
advanced fibrosis. Multivariate analysis identified older
age, low serum triglyceride and DM as risk factors for
advanced fibrosis.

Discussion

Many factors have been reported to be implicated in the
pathogenesis of NAFLD, including obesity, DM, dyslipi-
demia and hypertension. However, it is still unclear how
the metabolic factors might affect the pathogenesis and
progression of NAFLD [11, 20, 31-34]. Therefore, iden-
tifying the risk factors for the deterioration of NAFLD
would be useful for designing therapeutic strategies not
only for the liver itself, but also for these metabolic dis-
eases. Whereas a large number of papers have reported the
differences in the clinical features between NAFL and
NASH, comparisons of the clinical features by the histo-
logical severity are scarce. In this study, we retrospectively
investigated the associations between metabolic factors and
the histologic severity of NAFLD in a large cohort of 1,365
biopsy-proven NAFLD patients, considered as one of the
largest-scale studies in the world to date.

The first important finding of our study was that the
severity of fibrosis advanced gradually with age in the male
patients with NAFLD, while it increased only in those
women over 60 years of age. This gender difference may
be attributable to menopause in females [35, 36].

The second important finding of our study was the
association between obesity and fibrosis severity in
NAFLD patients. We compared the prevalence of obesity
and the histological severity of NAFLD. As shown in
Supplementary Fig. 2, whereas the prevalence of obesity
increased with the progression of fibrosis in males, the
prevalence remained at approximately 70 % in all age
groups of females.

It has been reported that 42-72 % of patients with
NAFLD, including NASH, have dyslipidemia [37, 38].
Consist with these reports, dyslipidemia was present in
65.7 % of patients in our study, including hypertriglyceri-
demia in 45.3 %, increased serum low-density lipoprotein
cholesterol in 37.5 %, and decreased serum high-density
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Table 2 Comparison for the demographic and clinical characteristics between patients with mild (Stage 0-2) and advanced (Stage 3, 4) fibrosis

with NAFLD
Variable All cases Stage 0-2 Stage 3, 4 P value P value
(n = 1,365) (n = 1,062) (n = 303) (after adjustment
for age/sex)

Age 51+ 149 49 £15.0 57 £12.8 <0.0001

Gender (male/female) 709/656 591/471 118/185 <0.0001

Clinical and anthropometric measure
Body mass index (kg/m®) 279 £ 4.8 277 £ 4.8 28.6 £ 4.7 0.0006 <0.0001
BMI > 25 (%) 73.0 71.2 79.5 0.0054 <0.0001
Waist circumference (cm?) 96.7 £ 13.5 96.1 + 124 98.1 £ 154 0.2372 0.0239
Subcutaneous fat area (cm?) 220.7 £ 103.9 221.1 £ 110.7 219.7 £ 87.1 0.4631 0.4865
Visceral fat area (cm?) 1519 £ 65.9 1444 4+ 56.8 168.5 £ 80.3 0.0025 0.0007
L/S ratio 0.75 £ 0.30 0.73 £ 0.29 0.81 £ 0.32 0.0013 0.3528
Blood pressure sys. (mmHg) 127 £ 16.9 127 &+ 15.7 124 4+ 21.3 0.5343 0.0867
Blood pressure dia. (mmHg) 77 £ 11.1 77 £11.0 76 £ 11.5 0.6701 0.6802

Laboratory studies
White blood cells (/i) 6,330 &+ 1,616.9 6,348 + 1,583.4 6,272 £ 1,717.7 0.7037 0.6377
Hemoglobin (g/dl) 145+ 1.6 146 £ 1.6 1424+ 16 <0.0001 0.6617
Platelet count (x 10/l 22.4 £ 10.0 237 £104 18.0 £ 6.7 <0.0001 <0.0001
AST (IU/1) 57 £ 389 52 4+ 36.0 72 + 44.6 <0.0001 <0.0001
ALT (IU/1) 88 + 60.3 87 £ 60.2 92 + 60.4 0.1319 0.0003
AST/ALT 0.72 £ 0.3 0.67 £0.3 0.89 + 04 <0.0001 <0.0001
LDH IU/1) 210 + 55.1 209 % 56.7 213 £ 49.9 0.1446 0.5835
ALP (IU/D) 258 &£ 111.0 250 4+ 103.5 284 £ 130.1 <0.0001 0.0003
GGT dU/1) 91 + 103.4 88 + 103.2 101 £+ 103.4 <0.0001 0.0023
ChE (IU/D) 374 + 106.5 383 + 104.7 345 4+ 107.3 <0.0001 0.0004
Bilirubin, total (mg/dl) 0.89 4 0.39 0.86 £ 0.36 0.97 £ 045 0.0024 0.7731
Bilirubin, direct (mg/dl) 0.21 £0.16 0.19 £0.13 0.26 &+ 0.22 <0.0001 0.2974
Albumin (g/dl) 4.46 + 043 4.50 4 0.39 4.29 + 0.50 <0.0001 <0.0001
Total cholesterol (mg/dl) 209 + 419 212 +41.5 200 + 41.6 <0.0001 <0.0001
Triglyceride (mg/dl) 164 + 102.6 170 &+ 107.7 145 + 79.7 <0.0001 0.0226
HDL cholesterol (mg/dl) 51 + 157 51+ 162 51 £ 139 0.3545 0.0297
LDL cholesterol (mg/dl) 130 + 379 133 +£37.2 123 + 38.8 <0.0001 0.0009
Fasting plasma glucose (mg/dl) 114 £ 37.8 111 £ 36.1 123 4 41.4 <0.0001 0.0001
HbAlc (NGSP) (%) 632412 626+ 12 6.67 £ 14 <0.0001 0.0003
IRI (WIU/ml) 152 + 185 13.7 £ 11.7 20.1 £ 314 <0.0001 <0.0001
HOMA-IR 4.89 + 10.0 398 £5.6 6.84 + 155 <0.0001 0.0012
Ferritin (ng/ml) 260.2 £ 4758 2558 £ 5224 275.4 £ 254.5 0.5642 0.5421
Uric acid (mg/dl) 59415 6.0+ 1.5 57+ 13 0.0297 0.8563
Free fatty acid (nEg/1) 041 £ 0.3 036 £ 0.3 0.56 £ 0.3 <0.0001 <0.0001
Hyaluronic acid (ng/ml) 64.3 + 168.9 422 & 669 145.8 4 329.9 <0.0001 <0.0001

Comparison between patients with mild (Stage 0-2) and advanced (Stage 3, 4) fibrosis using the Chi-square test for binary varjables and logistic
regression of group indicator on continuous variables

lipoprotein cholesterol in 19.5 % of patients. However, as
the third important finding of our study, dyslipidemia
tended to decrease in prevalence as the fibrosis stage pro-
gressed. Multivariate analysis revealed a negative correla-
tion between the serum triglyceride levels and the fibrosis
stage (OR = 0.5687, 95 % CI 0.394-0.821). This result
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may reflect a deterioration of lipid metabolism with the
progression of liver fibrosis towards liver cirrhosis.

The fourth finding of our study was the recognition of a
relationship between hypertension and the fibrosis severity
in NAFLD patients. In our NAFLD population, hyperten-
sion was present in 30.2 %. Whereas no obvious trends in
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Table 3 Multiple regression analysis to identify predictive factors for the advanced fibrosis

Variable All cases  Stage 0-2  Stage 3,4  Univariate odds P value  Multivariate odds P value
ratio (95 % CI) ratio (95 % CI)

Age (mean) 51.0 49.2 57.5 1.042 (1.032-1.053) <0.0001  1.036 (1.021-1.051)  <0.0001

Female (%) 48.1 44.4 61.1 1.967 (1.516-2.553) <0.0001  1.180 (0.787-1.768) 0.423

BMI > 25 (%) 73.0 71.2 79.5 1.566 (1.149-2.133) 0.0045 1.568 (0.991-2.481) 0.0545

Hypertension (%) 39.9 38.0 473 1.468 (1.063-2.027) 0.0198  0.943 (0.641-1.387) 0.7640

Hypertriglyceridemia (%) 453 82.7 34.7 0.566 (0.432-0.739) <0.0001  0.663 (0.453-0.970) 0.0343

Hyper-LDL cholesterolemia (%)  37.5 39.6 30.7 0.676 (0.496-0.920) 0.0129  0.885 (0.596-1.313) 0.5444

Hypo-HDL cholesterolemia (%)  19.5 19.7 18.9 0.836 (0.671-1.343) 0.7680 -

- DM (%) 473 42.1 64.9 2.544 (1.948-3.320) <0.0001  2.387 (1.603-3.553)  <0.0001

0.684 (0.485-0.965) 0.0308 1.058 (0.693-1.617) 0.793

Hyperuricemia (%) 30.2 32.1 24.4

the prevalence of hypertension were observed in females,
comparison of the relationship between the prevalence of
hypertension and the stage of fibrosis, except for Stage 4,
revealed a tendency towards increase in the prevalence of
hypertension with progression of the fibrosis stage. In
general, blood pressure is considered to have an effect on
the rate of progression of NAFLD. Systolic and diastolic
blood pressures have been reported to be correlated with
the liver fat content, and patients with systolic hypertension
were reported to be correlated with the liver fat contents,
and patients with systolic hypertension were reported to
show a two-fold higher risk of development of NAFLD
[39]. As shown in Fig. 3, the decrease in the rate of
hypertension in NAFLD patients with Stage 4 liver fibrosis
might be, at least in part, attributable to the hyperdynamic
circulation, characterized by peripheral vasodilation and
increased portal resistance, observed in patients with liver
cirrhosis [40, 41].

Impaired glucose tolerance is well known to accompany
NAFLD. While it appears clear that abnormal glucose
tolerance, including DM, is a risk factor for NAFLD and
vice versa, the relationship between abnormal glucose
tolerance and the histological severity of NAFLD is still
unknown. The fifth finding in our study was that the
prevalence of DM increased with progression of the
fibrosis stage (Fig. 4). Multivariate analysis identified DM
as an independent risk factor for advanced fibrosis
(OR = 2.8573, 95 % CI 1.941-4.207). In vitro, high glu-
cose and high insulin concentrations, which are often
observed in patients with NAFLD, were shown to stimulate
connective tissue growth factor expression, which is known
as one of the important mechanisms involved in the pro-
gression of hepatic fibrosis [42]. Furthermore, the cirrhotic
condition is suspected to facilitate the development of
hyperinsulinemia and hyperglycemia via the deteriorated
liver function [43, 44]. Taken together, it would be rea-
sonable to consider DM as both a cause and result of
NAFLD [45].

In conclusion, we have reported the prevalences of
lifestyle-related diseases, such as obesity, dyslipidemia,
hypertension, and DM, in NAFLD patients according to the
stage of fibrosis. Multivariate analysis identified DM as a
significant risk factor for advanced fibrosis. Accordingly,
impaired glucose tolerance, including DM, should be
properly evaluated and managed for preventing the pro-
gression of NAFLD, even in the early stages of NASH.

Contflict of interest The authors declare that they have no conflict
of interest.
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Abstract

Non-alcoholic fatty liver disease (NAFLD) is considered to be a hepatic manifestation of
metabolic syndrome. NAFLD has become an important public health issue because of its
high prevalence. NAFLD consists of two clinicopathological entities: simple steatosis,
which generally follows a benign non-progressive clinical course, and non-alcoholic ste-
atohepatitis (NASH), which may progress to cirrhosis and hepatocellular carcinoma. The
diagnosis of NAFLD is based on the following three criteria: non-alcoholic, detection of
steatosis either by imaging or by histology, and appropriate exclusion of other liver
diseases. Alcoholic liver disease can occur when daily alcohol consumption exceeds 20 g
in women or 30 g in men. Thus, non-alcoholic indicates lower levels of these alcohol
consumptions. However, there is still no clear consensus regarding the threshold alcohol
consumption for defining non-alcoholic liver disease. Then, there is the strong recommen-
dation for a change in the nomenclature, such as use of the term metabolic fatty liver and
metabolic steatohepatitis. NASH has emerged as a clinicopathological entity, and even
now, a liver biopsy remains the gold standard for making a definitive diagnosis. However,
liver biopsy has several drawbacks. In general practice, NAFLD is a convenient-to-use
term for the diagnosis and management of these patients, and serum biomarkers that
indicate the severity of fibrosis serve as clinically useful tools for the identification of
NAFLD in patients with bridging fibrosis or cirrhosis. In the future, improved understand-
ing of the pathogenesis of NASH and new technologies may contribute to the diagnostic

process and provide reliable, non-invasive alternatives to liver biopsy.

Changes in diet and lifestyle have resulted in a dramatic increase
in the prevalence of obesity and metabolic syndrome in Western
countries and many Asian countries. This has resulted in a signifi-
cant increase in the incidence of non-alcoholic fatty liver disease
(NAFLD), which is considered to be a hepatic manifestation of
metabolic syndrome. NAFLD has become an important public
health issue because of its high prevalence. NAFLD consists of
two clinical entities: simple steatosis and non-alcoholic steato-
hepatitis (NASH). Currently, NAFLD is the most common cause
of chronic liver disease in these countries. In this review, we
summarize the current concepts relating to the characteristics and
diagnosis of NAFLD/NASH.

Nomenclature of NAFLD/NASH

NAFLD is characterized by excessive accumulation of fat, or
steatosis, in the liver in individuals with a history of a little or no
alcohol consumption. While simple steatosis accounts for 80-90%
cases of NAFLD, NASH accounts for the remaining 10-20%.
Simple steatosis is mostly a benign non-progressive clinical entity,
while NASH can progress to cirrhosis or even hepatocellular car-
cinoma (HCC). NASH is histologically characterized by hepatic
steatosis associated with evidence of liver cell injury (ballooning
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degeneration) and inflammation, steatohepatitis, and varying
degrees of fibrosis; these histological features are indistinguish-
able from those of alcoholic hepatitis. NASH has emerged as a
distinct clinicopathological entity,"® and even now, a liver
biopsy still remains the “gold standard” for making a definitive
diagnosis.

Traditionally, fatty disorders of the liver have been classified as
alcoholic or non-alcoholic (Fig. 1). Primary NAFLD/NASH is
associated with obesity, diabetes, or dyslipidemia, and the
so-called insulin resistance or metabolic syndrome. Secondary
NAFLD/NASH is rare and may be associated with many condi-
tions such as polycystic ovary syndrome, endocrine diseases, sleep
apnea, and pancreatoduodenal resection, etc. According to the
practice guideline proposed by American Association for the
Study of Liver Diseases, steatogenic medications are not included
as a cause of NAFLD; however, historically, drug-induced fatty
liver has been included under NAFLD. Therefore, the classifica-
tion is still confusing. Using the term “non-alcoholic” to describe
fatty liver disease associated with all other etiologies than alcohol
consumption renders the condition heterogeneous. Then, there is
the strong recommendation for a change in the nomenclature,
such as use of the term metabolic fatty liver and metabolic
steatohepatitis.>>® Thus, there is no consensus yet on the best
way to classify fatty disorders of the liver.
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short bowel syndrome

Figure 1 Fatty liver is classified as alcoholic or non-alcoholic. Then,
non-alcoholic fatty liver disease (NAFLD) is divided into simple steatosis
and non-alcoholic steatohepatitis (NASH) based on the histological
features. NAFLD/NASH is classified into two categories depending on
the causes: primary and secondary.
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Figure 2 The prevalence of non-alcoholic fatty liver disease (NAFLD)
by age and sex. Among men, the prevalence of NAFLD is around 40%
in each age group. In women, the prevalence gradually increased with
age.® A cross-sectional study: Japanese adults, n=5075. (#) Male;
(&) female (Source: Adapted from Eguchi et al.® with permission).

Clinical features of NAFLD/NASH

Epidemiology. According to data from annual health check-
ups, 10-40% of Japanese adults have ultrasonography (US)
-diagnosed NAFLD.™ NASH is observed in 10-20% of cases of
NAFLD, while the estimated prevalence of NASH is 1-8%. Age
and gender differences in both the prevalence and severity of
NAFLD/NASH are well known, which may just reflect the differ-
ences in the prevalence of obesity and metabolic syndrome in the
general population®™!! (Figs 2,3). The prevalence of NAFLD
increased with the severity of risk factors; it was 10-20% in
non-obese individuals, around 50% in those with a body mass
index (BMI) more than 25 kg/m® but less than 30 kg/m? and
around 80% in those with a BMI over 30 kg/m.>"? The prevalence
of NAFLD was around 50% in type 2 diabetes and around 50% in
patients with dyslipidemia. The prevalence of NAFLD also shows
ethnic differences; it is higher in Hispanics followed by white and
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Figure3 The age and sex distribution of the patients with biopsy-
proven non-alcoholic steatohepatitis. Women were significantly more
common above 50 years of age. () Male n=260; (&) female n=232
(Source: Adapted from Hashimoto et al.'").

lower in African Americans.”> Family members of subjects
with NAFLD are also at increased risk because of genetic
background.!*'?

Clinical features. NAFLD patients are usually asymptom-
atic until the condition progresses to liver cirrhosis. Therefore,
NAFLD is often detected based on the presence of hepatic ste-
atosis on abdominal US during routine health checkups or clini-
cal visits for other diseases among non-alcoholic individuals.
Most patients with NAFLD have insulin resistance; obesity, dia-
betes, or dyslipidemia. While NAFLD could be the result of
insulin resistance, a causal role of NAFLD in insulin resistance
has also been reported. Thus, there could be a vicious cycle
involving these diseases. NAFLD is no longer considered to
be a primary liver disease but rather as a part of metabolic syn-
drome.'® Blood chemistry shows mild elevation of transaminases,
and also other evidence for liver dysfunction in the cirrhotic
stage.

Natural history. The long-term prognoses of NAFLD,
including histologically diagnosed simple steatosis, NASH and
cirrhotic NASH have been reported from population-based studies
as well as hospital-based cohort studies (Table 1)."2% According
to these studies, the prognoses vary widely among these
conditions."™ Longitudinal histological studies have confirmed
the benign clinical course of simple steatosis, although a few
studies have reported the development of cirrhosis in some patients
with “simple steatosis.”® Progression to fibrosis in NASH appears
to occur more frequently among patients whose baseline liver
biopsies demonstrate greater necroinflammatory changes.*

It has been reported that as compared with individuals in the
general population, those with NAFLD show a lower-than-
expected survival with a standardized mortality ratio of 1.34 to
1.69 because of increases in the risk of cardiovascular diseases and
liver-related death.!”!%2023 The most common causes of death in
patients with NAFLD are cardiovascular disease and malignancy,
followed by liver-related death. However, overall, NAFLD appears
to be slowly progressive, with liver-related morbidity and mortal-
ity occurring only in a minority of subjects. The reported risk
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Table 1 Studies on Long-Term Mortality in NAFLD and NASH

E Hashimoto et al.

Author Diagnosis n Average Cirrhosis* HCC* Death
FIU tyears) 2r;90\/;e;ience :at baselines Overall Liver-related/
n (%) overall (%)

Adams et al.’’ NAFLD** 420 7.6 21 (5%) 2 53 (12.6%) 13.2%
<0>

Ekstedt et al.'® NAFLD**# 129 13.7 10 (7.8%) 3 26 (20.2%) 7.7%
<0>

Rafig et al.® NAFLD*#** 131 18.5 NR 1 78 (69.5%) 15.4%
<0>

Soderberg et al.?° NAFLD*** 118 21 9(7.6%) 5 47 (39.8%) 19.1%
<0>

Serensen et al?! NAFLD** 1800 6.2 0 4 NR NR
<0>

Teli et al?? Simple*** Steatosis 40 9.6 0 0 14 (35.0%) 0.0%
<0>

Dam-Larsen et al?® Simple*** Steatosis 170 20.4 2(1.2%) 0 48 (28.2%) 2.1%
<0>

Evans et al? NASH#*** 26 8.7 1{4%) 0 4(15%) 0.0%
<0>

Hui et al.® Cirrhotic-NAFLD*** 23 7.0 100% 0 6 (26%) 83.3%
<0>

Sanyal et al.® Cirrhotic-NAFLD* ** 152 10 100% 13 29 (19.1%) 69.0%
<3>

Yatsuji et al.?’ Cirrhotic-NAFLD*** 68 3.4 100% 21 19 (27.9%) 78.9%
<14 >

Séderberg et al?® Cirrhotic-NAFLD*#* 9 21 100% 3 8 (88.9%) 50.0%
<0>

Ascha et al® Cirrhotic-NAFLD** 195 3.2 100% 25 NR NR
<0>

*At the end of the follow-up period. **The diagnosis was made by imaging or liver biopsy. ***The diagnosis was made by liver biopsy.
F/U, follow up; HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic steatohepatitis; NR, not reported.

factors for the development of cirrhosis are older age, presence of
diabetes, and morbid obesity.?’

We conducted a comparative analysis of the natural history of
68 patients with biopsy-proven cirrhotic NASH and 69 age- and
sex-matched patients with liver cirrhosis associated with hepatitis
C virus infection (LC-C).”” The mean age of the patients with
cirrhotic NASH was 62.7 years. Patients with cirrhotic NASH
showed a similar survival rate to that of the patients with LC-C
(75.2% and 73.8%, respectively), although the rate of development
of HCC was lower (5-year HCC development rate: 11.3% for
cirrhotic NASH vs 30.5% for LC-C). The leading cause of death in
patients with cirrhotic NASH was HCC, followed by liver failure?’
(Fig. 4). All previous studies have confirmed that patients with
cirrhotic NASH exhibit a similar clinical course to those with
LC-C, and the reported rates of development of HCC in these
patients were similar to our data (around 10% at 5 years).20?>-28

Characteristics of HCC in NAFLD/NASH. Concerning
the risk factors for the development of HCC, we identified
advanced fibrosis, older age, histological low-grade inflammation,
and low aspartate aminotransferase (AST) levels as the risk factors
for presence of HCC.2' It is well known that when NASH
progresses to the end stage, the necroinflammatory changes and
serum transaminase levels gradually decline; therefore, presence
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Figure 4 The survival of cirrhotic non-alcoholic steatohepatitis (NASH)
patients with or without hepatocellular carcinoma (HCC. HCC) was a
significant risk factor for death of cirrhotic NASH patients.?” (—) NASH
with HCC; (--) NASH without HCC (Source: Adapted from Yatsuji
et al?).
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of low-grade inflammation and a low serum AST level may indi-
cate the end stage of cirrhotic NASH. Accordingly, the risk factors
for the development of HCC in patients with NASH are the fea-
tures of end-stage NASH and older age.

We compared the clinical features of 34 NASH-related HCC
(NASH-HCQC) patients and 56 age-, sex-, and treatment-matched
patients with hepatitis C virus infection-related HCC (HCV-
HCC).* As expected, there was a significantly higher prevalence
of obesity, diabetes, and dyslipidemia in the NASH-HCC group.
Serum transaminases were significantly higher in the HCV-HCC
group, while the serum gamma-glutamyl transferase level was
significantly higher in the patients with NASH-HCC. The 5-year
survival rate was 55.2%, and the 5-year recurrence rate after cura-
tive treatment was 69.8% in patients with NASH-HCC. The
survival and recurrence rates were similar in the two groups. HCC
in NASH may also be of multicentric origin, similar to the case of
HCC associated with viral hepatitis.

According to previous studies, 10-75% of all NASH-related
HCCs occur in patients with non-cirrhotic NASH.* The high
incidence of HCC arising from non-cirrhotic NASH may be partly
due to the fact that the diagnosis of NASH is based on histology,
and liver tissue can only be obtained by liver biopsy or surgery in
patients with preserved liver function. Moreover, end-stage cir-
rhotic NASH cannot be diagnosed with any confidence because of
its “burned out” histology. These points may introduce significant
bias. Further studies are required to clarify the true incidence of
HCC arising from non-cirrthotic NASH.

How is NAFLD/NASH diagnosed?

The diagnosis of NAFLD is based on the presence of the following
three criteria: non-alcoholic, detection of steatosis either by
imaging or by histology, and appropriate exclusion of other liver
diseases.'5 NASH is diagnosed based on the presence of steato-
hepatitis on liver biopsy. Given the lack of surrogate markers yet
for the diagnosis of NAFLD, it is important to exclude other liver
diseases such as alcoholic liver diseases, viral hepatitis, autoim-
mune liver diseases, and metabolic or hereditary liver diseases.
However, the prevalence of NAFLD is extremely high, NAFLD is
often complicated by other liver diseases such as viral hepatitis,
etc., and NAFLD exacerbates liver damage and reduces the
response to treatments. Epidemiological studies have shown that
alcoholic liver disease can occur when the daily alcohol consump-
tion exceeds 20 g in women and 30 g in men. Then, NAFLD is
diagnosed when the alcohol consumption is lower than the afore-
mentioned in the respective sexes. Serum transaminases are not
helpful for the diagnosis of steatosis because 50-80% of patients
with hepatic steatosis have normal transaminase levels. In stage 3
fibrosis, fibrosis markers such as hyaluronic acid, etc., are
elevated, and in the cirrhotic stage, reduction of the platelet count
and evidence of liver dysfunction such as elevation of the serum
bilirubin and ammonia, etc., are noted.

Imaging modalities. Abdominal US is currently the most
common method employed for qualitative assessment of hepatic
steatosis because it is non-invasive, widely available, cheap, and
provides useful information. Presence of hepatic steatosis on
abdominal US is usually defined based on the presence of at least
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Figure 5 This is an image of ultrasonography. Hepatic steatosis leads
to increased hepatorenal contrast, liver brightness, deep attenuation,
and vascular blurring. Ultrasonography is an acceptable first-line screen-
ing procedure for detection of steatosis in clinical practice.

two of the following findings: increased hepatorenal contrast, liver
brightness, deep attenuation, and vascular blurring (Fig. 5).
However, the diagnosis by US has several limitations; it is subjec-
tive, operator-dependent, shows poor sensitivity for the detection
of mild steatosis, and is a poor tool for quantifying the steatosis.
Both computed tomography (CT) and magnetic resonance
imaging (MRI) seem to be more objective and more sensitive
techniques for the quantification of steatosis, but MRI is still less
widely available and much more expensive. For the diagnosis of
steatosis by CT, the liver-to-spleen attenuation ratio is measured,
and the diagnosis of steatosis is made when the ratio is less than
0.9. Of course, CT also has limitations with respect to the diagno-
sis of steatosis, including poor sensitivity for the detection of mild
steatosis, X-ray exposure of the patients, and unavailability for
patients with hemosiderosis. Unfortunately, none of these imaging
modalities is useful for the diagnosis of NASH.

Concerning interference with the detection of steatosis by
advanced fibrosis, the decrease in the detection sensitivity is
marked for both US and CT.* The sensitivity of US and CT for
advanced fibrosis is also decreased markedly in patients with
severe steatosis and obese patients, being more marked for US. An
awareness of these disadvantages of the common imaging modali-
ties would be useful for a more precise diagnosis of hepatic
steatosis and fibrosis in patients with NAFLD.

Liver biopsy. The principal histological features of NASH
are as follows: presence of macrovesicular steatosis, ballooning
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Figure 6 This is a liver biopsy with Mallory staining for fibrosis. Mac-
rovesicular steatosis and prominent pericellular fibrosis around the
central vein are present (¥), while portal fibrosis is mild ({).

degeneration of the hepatocytes, and mixed lobular inflammation.
These characteristic pathological features with Mallory hyaline
and pericellular fibrosis are predominantly seen around the central
veins (zone 3) (Fig. 6). Atypical features have been reported in
pediatric cases and morbidly obese cases, such as more periportal
steatosis-(zone 1), little or no ballooning or Mallory hyaline, and
more portal-based chronic inflammation and fibrosis.

Three important pathological classifications have been proposed
for NAFLD: Matteoni’s classification, Brunt’s classification, and
the NALFD activity score (NAS). 3

In 1999, Matteoni et al.*® described a classification system that
served to distinguish between NASH and non-NASH. They
divided 132 NAFLD patients into four categories: type 1, steatosis
alone; type 2, steatosis with lobular inflammation only; type 3,
steatosis with hepatocellular ballooning; and type 4, type 3 plus
either Mallory-Denk bodies or fibrosis. They confirmed the
benign clinical course of patients with type 1 or 2 NAFLD and the
progressive clinical course of patients who had either type 3 or 4
NAFLD. As a result of these differences, these authors defined
type 1 and type 2 histological forms of NAFLD as “non-NASH,”
and type 3 and type 4 as NASH. However, this classification did
not include an assessment of the severity or pattern of NASH, such
as the degree of steatosis, inflammation, location of these changes
(i.e. lobular or portal), or the degree of fibrosis.

In the same year as Matteoni’s classification system was pub-
lished, Brunt efal*® proposed a semiquantitative grading and
staging system for NASH. This classification was applicable to
only NASH and not to the entire spectrum of NAFLD.

In 2005, the NASH Clinical Research Network Pathology Com-
mittee developed and validated a histological scoring system based
on Brunt’s classification, NAS, as a semiquantitative instrument
by which to judge treatment responses or disease progression in
clinical studies.”” The NAS system addresses the full spectrum of
NAFLD and is applicable to both adult and pediatric NAFLD
patients. The score is determined as the unweighted sum of the
scores for steatosis (0-3), lobular inflammation (0-3), and bal-
looning degeneration (0-2). A score of = 5 correlated with the
diagnosis of NASH made independently by an experienced
pathologist without using the score; likewise, scores of less than 3
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were correlated with “not NASH,” and scores of 3 or 4 were
regarded as borderline. In regard to fibrosis, stage 1 referred to
perisinusoidal fibrosis in zone 3 (perivenular area: delicate [1A]
and dense [1B]), and detection of portal fibrosis without perisinu-
soidal fibrosis was defined as 1C. Stage 2 was characterized by
perisinusoidal and portal/periportal fibrosis. Stage 3 was defined as
bridging fibrosis and stage 4 as cirrhosis. Although the authors
reminded us that the NAS system was never intended to be used
for the diagnosis of NASH, NAS has frequently been used as a
surrogate method for establishing the diagnosis of NASH. Then,
they assessed the relation between NASH diagnosed by NAS and
pathological diagnosis of steatohepatitis (in this case, NASH) and
found that the definitive diagnosis of NASH was not always cor-
related with threshold values of the NAS.*® They concluded that
clinical pathologists should be encouraged not to use NAS as a
categorical approach for the diagnosis of NASH.

Younossi et al.¥ assessed the ability to predict the long-term
liver-related mortality based on the pathological characteristics.
The study cohort consisted of 209 patients with biopsy-proven
NAFLD who were followed up for at least 5 years. The results of
their multivariate analysis identified only fibrosis as an indepen-
dent predictor of liver-related mortality. According to the findings
of this study, assessment of the severity of hepatic fibrosis is
essential for determining the prognosis in patients with NASH.*

Indication of liver biopsy. NASH has emerged as a dis-
tinct clinicopathological concept, and even now, biopsy evaluation
is considered the “gold standard” for a definitive diagnosis.
However, liver biopsy has several drawbacks; it is an expensive
and invasive procedure and is fraught with the possibility of sam-
pling error and variability in pathologist interpretation. Moreover,
given the extremely high prevalence of NAFLD, a liver biopsy
would be poorly suited as a diagnostic test for NASH. Accord-
ingly, at present, liver biopsy may only be considered in NAFLD
patients who are considered to be at an increased risk of develop-
ing NASH with advancing fibrosis or are suspected to have coex-
isting other chronic liver diseases.> In general practice, NAFLD is
a convenient-to-use term for the diagnosis and management of
these patients, and serum biomarkers that indicate the severity of
fibrosis serve as clinically useful tools for the identification of
NAFLD in patients with bridging fibrosis or cirrhosis.

Non-invasive assessment of NASH and advanced
fibrosis in NAFLD. Recently, several biochemical markers
and imaging modalities have been reported for predicting NASH
and the severity of hepatic fibrosis.##" An ideal biomarker should
be simple to measure, accurate, reproducible, inexpensive, and
readily available. In general, while most of the biomakers and
scoring systems show similar accuracy for the detection of
advanced fibrosis, their accuracy is weak for the diagnosis of mild
fibrosis. The NAFLD Fibrosis Score is a widely validated scoring
system for predicting the severity of fibrosis that is based on six
readily assessable clinical variables (age, BMI, hyperglycemia,
platelet count, albumin, AST/alanine aminotransferase ratio).*
Several imaging techniques have also been advocated as non-
invasive diagnostic tests for NASH. US-based transient elastogra-
phy or FibroScan has shown promising results for assessment of
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the severity of liver fibrosis and degree of steatosis. However, these
modalities are expensive and not widely available.

Pathogenesis of NASH

The development of NASH is thought to initiate from basal ste-
atosis as the first hit, followed by a “second hit” that is capable of
inducing necroinflammation; this hypothesis is the so-called “two-
hit theory.”#34° The second hit can include oxidative stress, espe-
cially that arising from mitochondrial stress, insulin resistance,
inflammatory cytokines, etc. Autophagy may also play an impor-
tant role in the pathogenesis of NASH. Recently, a new concept
to explain the pathogenesis of NASH was reported by Tilg
and Moschen, namely, the “multi-parallel hit” hypothesis.*® This
hypothesis, based on reports that endoplasmic reticulum stress and
cytokine-mediated stress can induce steatosis as well as necroin-
flammation, suggests that multiple hits act together in the devel-
opment of NASH. Steatosis should therefore be considered as a
part of the liver’s early “adaptive” response to stress rather than as
the first hit in disease progression.

I have summarized the characteristics and diagnosis of NAFLD/
NASH. There is still no clear consensus regarding the threshold
alcohol consumption for defining “non-alcoholic” liver disease. In
the future, a change in the nomenclature of NAFLD/NASH might
be needed because there are so many obese people who drink
much alcohol and show the histological features of steatohepatitis.
Liver biopsy currently remains the gold standard for the diagnosis
of NASH. In the future, improved understanding of the pathogen-
esis of NASH and new technologies may contribute to the diag-
nostic process and provide reliable non-invasive alternatives to
liver biopsy.
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Abstract

In Japan, there has been a gradual increase in cases of non-viral chronic liver diseases,
including non-alcoholic fatty liver disease (NAFLD), occurring with hepatocellular
carcinoma (HCC). First, a national survey investigating the etiology of HCC in Japan was
performed. Among HCCs based on non-viral disease, alcoholic liver disease with HCC
accounted for 7.2% of all HCCs, followed by chronic liver disease of unknown etiology
with HCC (5.1%) and NAFLD with HCC (2.0%). The clinical characteristics of these three
HCC groups were clearly different. In our second analysis, the HCC development rates
among liver cirrhosis with NAFLD, alcoholic cirrhosis, and cirrhosis with hepatitis C virus
(HCV) were compared. HCC development rates were 11.3%/5 years in NAFLD cirrhosis,
30.5%/5 years in HCV cirrhosis, and 12.5%/5 years in alcoholic cirrhosis, suggesting that
the hepatocarcinogenesis in NAFLD and alcoholic liver disease were similar but were
lower than that in HCV.

Using Cox hazards analysis, older age, higher serum y-glutamyl transpeptidase level, and
higher Child-Pugh score as risk factors of HCC were identified. Finally, clinical data of
NAFLD-HCC with the data for HCC with HCV (HCV-HCC) were compared. The per-
centage of NAFLD-HCC patients with des-gamma-carboxy prothrombin-positive was
higher than that with o-fetoprotein-positive. The S-year survival and recurrence rates
for NAFLD-HCC were almost similar to those for HCV-HCC. In Asian countries, the
prevalence of NAFLD is increasing. Therefore, elucidating the pathogenesis and clinical
features of HCC in patients with NAFLD is indeed an urgent problem.
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logical observations and experimental studies,*’ and there is

Introduction increasing evidence that NASH is a risk factor for HCC.%* We

Primary liver cancer is the fifth most common cancer worldwide
and the third most common cause of cancer mortality.'? Hepato-
cellular carcinoma (HCC) accounts for about 90% of primary liver
cancers. With respect to the underlying liver disease, the latest
nationwide report of the Liver Cancer Study Group of Japan
showed that hepatitis C virus (HCV)-related liver disease is the
most common underlying cause of HCC.> HCV-related HCC
accounts for 67% of all HCC cases, followed by 16% for hepatitis
B virus (HBV)-related HCC. The incidence of HCV-related HCC
has been gradually decreasing in recent years, while the incidence
of HCC associated with non-viral chronic liver disease has gradu-
ally been increasing.

In Pacific and Asian countries, the prevalence of non-alcoholic
fatty liver disease (NAFLD) in the general population is increasing
dramatically and ranges from 5% to 40%.“> NAFLD consists of
simple steatosis and non-alcoholic steatohepatitis (NASH), while
NASH comprises a wide spectrum of conditions from NASH
without fibrosis to cirrhosis. Obesity and diabetes mellitus have
been established as significant risk factors for HCC by epidemio-
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reported that HCC was a critical factor in the prognosis of NAFLD
cirrhosis.'® Therefore, there is an urgent need to elucidate patho-
genesis, clinical features, and treatments for these diseases,
especially NAFLD advanced stages and NAFLD-related HCC
(NAFLD-HCC).

In this review, we describe the survey of HCC in Japan that my
colleagues and I conducted, the rate at which HCC develops from
NAFLD, the risk factors for HCC in NAFLD, the clinical features
of NAFLD-HCC.

National survey of HCC

We performed a national survey investigating the etiology of HCC
in the Japanese population in 2010. The nationwide survey
included 14 530 HCC patients diagnosed during 2006-2009," of
whom 14.1% were positive for hepatitis B surface (HBs) antigen,
66.3% were positive for HCV-RNA, and 3.7% were positive for
both HBs antigen and HCV-RNA. Among those surveyed, 15.8%
of patients were diagnosed as having non-HBYV, non-HCV HCC.
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Among HCCs based on non-viral disease, alcoholic liver disease
with HCC (ALD-HCC) accounted for 7.2% of all HCCs, followed
by chronic liver disease of unknown etiology with HCC (unknown
HCC) (5.1%) and NAFLD with HCC (2.0%) (Fig. 1). The char-
acteristics of these three groups were clearly different from one
another (median age was 72 years for NAFLD-HCC, 68 years for
ALD-HCC, and 73 years for unknown HCC, P <0.01; female
gender was 38%, 4%, and 37%, respectively, P < 0.01) (Table 1).
Body mass index (BMI) and the prevalence of diabetes, hyperten-
sion, and dyslipidemia were significantly higher in patients with
NAFLD-HCC than in those with ALD-HCC and unknown HCC.
Serum levels of total bilirubin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and y-glutamyl transpeptidase
(GTP) were significantly higher in the ALD-HCC group compared
with the other groups, while the platelet count and serum albumin
level were lowest in the ALD-HCC group. The hemoglobin A,c
and fasting blood glucose levels were highest in the NAFLD-HCC
group. These data suggested that clinical characteristics of these
three HCC groups were clearly different from one another.
Regarding the etiology of HCC in Western countries, NAFLD-
HCC has been reported to account for 3.8-13% of all HCCs.'*!3 In
comparison with Western countries, the prevalence of NAFLD-
HCC is lower in Japan. This is not only due to the low incidence
of NAFLD-HCC but also to the high incidence of hepatitis virus-
related HCC in Japan. However, the incidence of NAFLD-HCC in
Japan is expected to increase in the future because of the rising
prevalence of NAFLD associated with obesity and/or diabetes.
To determine whether modest alcohol intake could influence
carcinogenesis in patients with unknown HCC, we divided the
patients into a no alcohol subgroup (alcohol consumption < 20 g/
day) and a modest alcohol intake subgroup (alcohol consumption
of 20-70 g/day) (Table 2). Among the no alcohol subgroup, the
prevalence of women was markedly higher (P <0.001) at 58%

Hepatocarcinogenesis in fatty liver

HBV + HCV
3%

Alcoholic -HCC 7.2%
Etiology unknown-HCC 5.1%
NAFLD-HCC 2.0%
Autoimmune Liver diseases 1.2%
(PBC + AIH + PSC)*

Congestive disease 0.1%
Metabolic disease™®* 0.1%

Figure 1 National survey in Japan. (2006-2009). Among the 14 530
patients with hepatocellular carcinoma (HCC), 14.1% were positive for
hepatitis B surface (HBs) antigen, 66.3% were positive for hepatitis C
virus {HCV)-RNA, and 3.7% were positive for both HBs antigen and
HCV-RNA. Among the HCC patients with non-viral liver diseases, alco-
holic liver disease with HCC (ALD-HCC) (7.2%) was the most common
diagnosis, followed by unknown HCC (5.1%). Non-alcoholic fatty liver
disease (NAFLD)-HCC (2.0%) was the third most common etiology.
() HCV; (B) hepatitis B virus (HBV); HBV + HCV; () alcoholic;
(1) NAFLD; (&) etiology unknown; (B) others. *AlH, autoimmune hepa-
titis; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis.
**Metabolic disease; Wilson disease, hemochromatosis, etc. Adapted
from Tokushige et al!

Table 1 Comparison among NAFLD-HCC, ALD-HCC, and unknown HCC

NAFLD-HCC ALD-HCC Unknown-HCC P value

(n=292) (n=991) (n=614)
Age at diagnosis 72 x84 68 = 9.1 73 =101 < 0.001
Gender (female) 38% 4% 37% < 0.001
BMi(kg/m?) 27.0+ 4.0 23.8 3.7 23.5 £ 4.1 < 0.001
Diabetes 70% 49% 43% < 0.001
Hypertension 60% 43% 46% <0.001
Dyslipidemia 35% 14% 15% < 0.001
Liver cirrhosis 62% 78% 52% < 0.001
Albumin {g/dL) 38x06 3.6 +0.6 3.6*+06 < 0.001
Total bilirubin (mg/dL) 09=+13 1.1x2 19 09 x17 < 0.001
AST (IU/L) 40 = 36 80 = 301 43 = 71 < 0.001
ALT (IU/L) 35+ 356 45 = 176 30 + 44 0.03
v-GTP (lU/L) 91 + 202 147 = 271 88 + 198 <0.001
FBS (mg/dL) 119 = 67 111+ 63 107 £ 63 < 0.001
HbA (%) 63x14 59+ 16 57 =14 < 0.001
Platelet count {x 109mm3) 141 £ 74 126 = 8.0 15.2 £ 9.1 < 0.001
AFP (ng/mL) 12 = 427 557 11 £ 368512 13.0 £ 94 155 0.284

Adapted from Tokushige et al."!

vGTP, gamma-glutamy! transpeptidase; AFP, o-fetoprotein; ALD, alcoholic liver disease; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; BMI, body mass index; FBS, fasting blood sugar; HbAic, hemoglobin Asc; HCC, hepatocellular carcinoma; NAFLD, non-alcoholic fatty

liver disease.
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Table 2 Comparison between the no alcohol and modest alcohol sub-
groups of unknown HCC

No alcohol Modest alcohol P value

intake intake

n=2316 n=214
Age at diagnosis 755 +10.2 72 £ 9.0 < 0.001
Gender (female) 58% 8% <0.001
BMI (kg/m?) 23.8=x45 235+ 34 0.396
Diabetes 41% 46% 0.214
Hypertension 45% 49% 0.424
Dyslipidemia 15% 15% 0.989
Liver cirrhosis 57% 42% 0.001
Albumin (g/dL) 3.6=+0.7 38x06 0.030
Total bilirubin (mg/dL) 09+15 08=+1.2 0.266
AST (IUL) 44 + 63 39 =73 0.081
ALT {IU/L) 29 + 45 29 = 42 0.455
¥GTP (IU/L) 75 =184 103.5 + 213 0.003
FBS (mg/dL) 106 = 51 110 = 56 0.050
HbA:. (%) 57+13 57+15 0.307
Platelet count (x 10%mm®) 14.6 = 9.0 16.8 £8.7 0.001
AFP (ng/mL) 13.3 =77 396 10 = 31196 0.378

Adapted from Tokushige et al."!

v-GTP, gamma-glutamyl transpeptidase; AFP, a-fetoprotein; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; FBS, fasting blood sugar; HbA:c, hemoglobin Asc; HCC, hepato-
cellular carcinoma.

versus only 8% in the modest alcohol subgroup. The mean age at
diagnosis of HCC was higher in the no alcohol subgroup than in
the modest alcohol intake subgroup (75.5 years vs 72 years,
P <0.001). Between the two subgroups, the modest alcohol intake
subgroup showed different clinical features in terms of unknown
HCC and showed the same trends in regard to gender, BMI,
lifestyle-related diseases, and y-GTP levels as the ALD-HCC
group.

These data suggested that a relatively low alcohol intake may
lead to the development of non-viral HCC. The alcohol consump-
tion criteria for diagnosis of alcoholic liver disease vary around the
world," !> and the alcohol consumption criterion for alcoholic liver
disease proposed by the Japanese Study Group of Alcoholic Liver
Disease is more than 70 g/day. Our data suggest that social or
modest intake of alcohol might have a more significant role in
hepatic carcinogenesis than is presently thought. In the future,
more detailed studies will need to be performed, including assess-
ment of alcohol metabolism genotypes.

HCC rate in patients with NAFLD

Kawamura et al. reported that rate of HCC was 0.51%/12 years
from all NAFLD, including simple steatosis.'® In NAFLD as a
whole, the development of HCC is rare. However, liver fibrosis is
the most important factor for development of HCC in any liver
disease. To make clear the hepatocarcinogenic power in NAFLD,
we compared the HCC development rates among liver cirrhosis
(LC) with NAFLD (NAFLD-LC), alcoholic cirrhosis (ALD-LC),
and cirrhosis infected with HCV (HCV-LC) in our hospital. HCC
development rates were 11.3%/5 years in NAFLD-LC, 30.5%/5
years in HCV-LC, and 12.5%/5 years in ALD-LC (Fig. 2).1%7
Sanyal et al. and Ascha et al. reported that the HCC development
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Figure 2 Hepatocellular carcinoma (HCC) rate in non-alcoholic fatty
liver disease (NAFLD) cirrhosis (NAFLD-LC), alcoholic liver disease-liver
cirrhosis (ALD-LC), and hepatitis C virus (HCV)-liver cirrhosis (HCV-LC).
The HCC rates in NAFLD-LC and ALD-LC were similar, and were
lower than that in HCV-LC. (m===) NAFLD; (= =) ALD; (---+) HCV. Adapted
from Yatsuji et al. and Kodama et al.’*"’

Table 3 The comparison between NAFLD-HCC (n=41) and NAFLD
without HCC (n = 533) by multivariate logistic regression model

Odds ratio 95% ClI P value
Age (older) 1.103 1.050~1.159 < 0.001
Gender (male) 4.680 1.803~12.146 0.002
Liver fibrosis 2,718 1.745~4.233 < 0.001
Activity 0.361 0.163~0.802 0.012
ALT 0.974 0.955~0.993 0.007
+GTP 1.005 1.001~1.009 0.008

v-GTP, gamma-glutamyl! transpeptidase; ALT, alanine aminotransferase;
Cl, confidence interval;, HCC, hepatocellular carcinoma; NAFLD, non-
alcoholic fatty liver disease.

rate in NAFLD cirrhosis was about 10-13% in 5 years and lower
than that of HCV-LC in the USA.'®!? These data almost match the
Japanese data. The rates of hepatocarcinogenesis in NAFLD and
alcoholic liver disease were almost identical but were lower than
that in chronic HCV liver disease.

Risk factors of NAFLD-HCC

To clarify the risk factors of HCC in NAFLD, we compared
clinical data between NAFLD-HCC and NAFLD without HCC
with a multivariate logistic regression model. Both NAFLD
patients with and without HCC were admitted to our hospital
between 1990 and 2011. NAFLD was diagnosed by liver biopsy.
Age, gender, BMI, diabetes, hypertension, dyslipidemia, blood
examinations (total bilirubin, albumin, AST, ALT, alkaline phos-
phatase [ALP], y-GTP, platelet, prothrombin time [PT]), and liver
histology findings (fibrosis grade, activity grade, and steatosis
grade) were analyzed as risk factors of HCC. In the results, older
age, male gender, advanced liver fibrosis, lower activity of liver
histology, lower ALT level, and higher y-GTP level were detected
as risk factors of HCC in the population with NAFLD-HCC
(Table 3). However, this analysis did not include the factor of
duration, and liver fibrosis is the most important factor for
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Table 4 Risk factors for HCC in the NAFLD-LC(n = 72) according to the
Cox hazards model

Hazard ratio 95% ClI P value
Age (older) 1.12 1.014-1.226 0.024
+GTP 1.01 1.002-1.022 0.023
Child-Pugh score 3.09 1.374-6.934 0.006

Adapted from Kodama et al."”

¥GTP, gamma-glutamyl transpeptidase; Cl, confidence interval; HCC,
hepatocellular carcinoma; LC, liver cirrhosis; NAFLD, non-alcoholic fatty
liver disease.

development of HCC. In the next analysis, we investigated the
risk factors for HCC in 72 NAFLD-LC patients with a Cox
hazards model. All NAFLD-LC patients were admitted to our
hospital between 1990 and 2011. NAFLD-LC was diagnosed by
liver biopsy. The patients with NAFLDH-LC were assessed with
regard to the development of HCC, and their risk factors for
HCC were analyzed. Age, gender, BMI, ascites, varices, encepha-
lopathy, diabetes, hypertension, dyslipidemia, blood examinations
(total bilirubin, albumin, AST, ALT, ALP, hypertension, y-GTP,
platelet, PT), and Child-Pugh score were analyzed as risk factors
of HCC. Older age, higher serum y-GTP level, and higher Child—
Pugh score were identified as risk factors in NAFLD-LC (Table 4),
and older age and Child-Pugh were confirmed by log-rank test."”
Kawamura et al. reported the risk factors for HCC in all NAFLD
patients as being old age, AST > 40 IU/mL, advanced fibrosis, and
diabetes mellitus.!® Ascha eral. reported that NASH patients
with cirrhosis had a greatly increased risk of liver cancer, and even
social alcohol consumption appeared to be the most significant
factor associated with the risk of HCC." Considering all of these
findings, we conclude that older age, male gender, advanced
fibrosis, y-GTP level, which was the marker of oxidative stress,
diabetes mellitus, and mild alcohol intake might be important
factors in the pathogenesis of HCC in NAFLD.

Clinical features of NAFLD-HCC

Finally, we compared the clinical data of NAFLD-HCC with the
data for HCC caused by HCV infection (HCV-HCC) in our hos-
pital. The percentage of NAFLD-HCC patients with des-gamma-
carboxy prothrombin-positive results was higher than that of
patients with o-fetoprotein-positive results.? Yasui ef al. also
showed the same profile of tumor markers in NASH-HCC.?' In our
hospital, the 5-year survival rate in the treated NAFLD-HCC
group was 55.2%, and the cumulative HCC recurrence rate at
5 years was 69.8% as opposed to a 5-year survival rate of 50.6%
and recurrence rate of 83.1% in the HCV-HCC group.?® The 5-year
survival and recurrence rates for NAFLD-HCC were almost
similar to those for HCV-HCC.

Zen et al. reported a case of HCC arising in a patient diagnosed
with NASH at 62 years old. At 66 years old, her first hepatic tumor
appeared. The pathological diagnosis of the first nodule was
“pseudolymphoma.” When she was 72 years old, three hepatic
tumors appeared and were diagnosed as moderately differentiated
HCC. At age 73, two more tumors appeared and were diagnosed as
well-differentiated HCC and a dyplastic nodule.® These results
suggested a multicentric occurrence of HCC in NASH, similar to
HCC based on viral hepatitis.
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We had measured anti-hepatitis B core (HBc¢) antibody to inves-
tigate the influence of HBV on the carcinogenesis of NAFLD-
HCC. The difference between the NAFLD-HCC group and HCV-
HCC group was not significant, and none of the NAFLD-HCC
patients had high HBc antibody titers that would have led to the
suspicion that they were HBV carriers. These findings therefore
suggested that even if HBV did influence carcinogenesis in
NAFLD, the influence would be minimal.

We reported that HCC was a critical factor in the prognosis of
NAFLD.!" Regular screening for HCC is extremely important,
especially in NAFLD patients with advanced fibrosis, and the
strong possibility of recurrence also warrants close attention.

In conclusion, in Asian countries, the prevalence of NAFLD is
increasing dramatically. Elucidating the pathogenesis, clinical fea-
tures, and treatment of HCC in NAFLD is an urgent problem.
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