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Non-alcoholic fatty liver disease (NAFLD) is the most common liver disorder in Western coun-
tries, and has become increasingly recognized as a public health problem in Taiwan. Patients
with non-alcoholic steatohepatitis, a more severe form of NAFLD, may progress to cirrhosis and
its related complications, including hepatocellular carcinoma. Since NAFLD is highly linked to
metabolic syndrome, such patients may have increased risks of complications related to both
liver disease and metabolic syndrome. Therefore, if we fail to cope with this growing health
problem, NAFLD may gradually replace viral hepatitis as the major etiology of liver disease
in Taiwan.
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Introduction

Non-alcoholic fatty liver disease (NAFLD), which describes
a condition of fat accumulation in the liver in the absence
of excessive alcohol consumption and specific causes of
hepatic steatosis,1 is the most common liver disorder in the
world, affecting 20e40% of the general population in
Western countries and 5e40% in the general population
across the Asia-Pacific region.2,3 The prevalence of NAFLD,
including the more aggressive non-alcoholic steatohepatitis
(NASH), is increasing in parallel with the growing pandemics
of obesity, type 2 diabetes mellitus (T2DM), and metabolic
syndrome.4 A certain proportion of NASH patients progress
to cirrhosis and its related complications, such as hepato-
cellular carcinoma (HCC).5 Previous studies showed that
10e29% of NASH patients may develop cirrhosis within 10
years,6 and 4e27% of these cirrhosis patients may have
HCC4 (Fig. 1). Therefore, NAFLD/NASH will gradually
become the major etiology of chronic liver disease
worldwide.

Large population-based surveys in the Asia-Pacific region
indicated that the prevalence rates of NAFLD range from
12% to 24% in population subgroups, depending on age,
gender, ethnicity, and geographic location (urban vs. rural).
In Taiwan, the prevalence of NAFLD is about 11.4e41% in
two studies,7,8 and the rates are higher in population
subgroups, from 66.4% in healthy taxi drivers9 to 80% in
obese individuals who attended weight reduction
programs.10 Although viral hepatitis continues to rage in
Taiwan, the health impact of NAFLD has become increas-
ingly recognized, and is likely to be a huge disease burden
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Figure 1 Natural history of nonalcoholic fatty liver disease
(NAFLD). NAFLD affects 20e40% of the general population in
Western countries and 5e40% across the Asia-Pacific region.
The prevalence of its more aggressive form, nonalcoholic
steatohepatitis (NASH), is about 6e13%. About 10e29% of NASH
patients progress to cirrhosis within 10 years, 40e62% of them
develop a complication of cirrhosis, and 4e27% of patients with
NASH-related cirrhosis may have hepatocellular carcinoma
(HCC) over time.
in the future. Therefore, it is time for us to formulate
strategies in advance to cope with this growing health
problem.
Diagnosis of NAFLD

Fatty liver or hepatic steatosis is characterized by triglyc-
eride accumulation within the cytoplasm of hepatocytes,
and includes a spectrum of liver disease from a benign
simple steatosis, steatohepatitis, to fibrosis, and may
progress to liver cirrhosis, liver failure, and hepatocellular
carcinoma.11 Several conditions have been linked to fatty
liver. Among them, alcoholic liver disease and NAFLD are
most common.

NAFLD is a more widely used term than “non-alcoholic
steatohepatitis,” which was originally developed by Ludwig
in 1979 to describe an alcoholic-like liver disease in
patients who do not drink alcohol12,13 on the basis of
histological findings. Patients with NAFLD usually have
slightly elevated liver enzyme values, deny excessive
alcohol consumption, and have negative laboratory tests
suggestive of viral hepatitis, autoimmune liver disease, and
congenital causes of chronic hepatitis.

Although fatty liver may be identified by imaging
modalities including ultrasonography, computed tomog-
raphy (CT), and magnetic resonance imaging with
a reasonably high sensitivity (w80% for 30% steatosis),14

steatohepatitis and fibrosis cannot be judged merely on
image findings. Several new imaging modalities and
biomarkers are emerging and may provide more detailed
information about hepatic tissue or even replace biopsy,
although most of them are not available on clinical prac-
tice, are expensive, need further validation, and remained
research tools up to now.1,15,16 Accordingly, liver histology
remains the gold standard for the diagnosis of NAFLD/
NASH.12,16,17 Because it is often impractical to use a path-
ological definition in clinical practice and research studies,
an operational definition of NAFLD has been proposed in the
Asia-Pacific region.18

According to the proposed Asian Pacific Association for
the Study of Liver operational definition, fatty liver can be
defined by the presence of at least two of three abnormal
findings on abdominal ultrasonography: diffusely increased
echogenicity (“bright”) liver with liver echogenicity greater
than kidney or spleen, vascular blurring, and deep attenu-
ation of ultrasound signal. NAFLD is highly likely provided
that the other causes of liver disease have been rigorously
ruled out, particularly significant alcohol intake (more than
140 g weekly in men, 70 g weekly in women), hepatitis B,
hepatitis C, and medication use. Alternatively, in patients
with otherwise unexplained alanine aminotransferase (ALT)
elevation, NAFLD is highly likely to be the cause if hepatic
imaging results compatible with fatty liver, and metabolic
risk factors are also present. However, in some clinical
settings, liver biopsy is usually the first-line procedure for
the diagnosis of NAFLD, such as in cases whose diagnosis are
uncertain, who are at risk of advanced hepatic fibrosis (in
the absence of clinical or imaging evidence of cirrhosis), or
had both chronic liver diseases other than NAFLD and
metabolic risk factors, or enrolled in clinical trials, or
subjected to laparoscopy for another purpose (because of
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reduced risk and greater convenience, e.g., cholecystec-
tomy, gastric banding),18 or during elective surgical
procedure (such as anti-obesity surgery).16 On the other
hand, liver biopsy should not be performed in patients with
recent weight change. A watchful period (4e6 months) is
useful, aimed at enforcing diet and lifestyle measures. If
these measures failed in weight loss, ALT normalization,
and a reduction of insulin resistance (IR), liver biopsy
should be considered after balancing the risk for advanced
fibrosis (age, diabetes, IR), patient motivation, and
competing comorbidities.16

Prevalence, clinical significance, and risk
factors of NAFLD worldwide

With the rising prevalence of obesity and T2DM worldwide,
NAFLD has become a major public health problem.19

Although NAFLD and NASH are now considered to be
common causes of chronic liver disease, an increasing
indication for liver transplantation and a possible cause of
HCC,12 it is difficult to determine the true prevalence of
NAFLD worldwide because of the problematic interpreta-
tion of data from various studies, such as referral bias,
population heterogeneity, study design, imaging modalities
used, and use of liver biopsies. On the basis of hepatic
imaging and/or quantification of hepatic triglyceride
content, the prevalence of fatty liver disease in Western
countries is estimated to be 24e42%, depending on gender
and ethnicity,12,13 and is higher in population subgroups,
such as 80% in obese individuals.20 Of particular note, about
3e15% of the general population has NASH.

Risk factors associated with the development of NAFLD
include older age, obesity, T2DM, as well as dyslipidemia.21

Therefore, NAFLD was conceptualized as a part of meta-
bolic syndrome (MetS).12,13,22,23 However, the association
of NAFLD with metabolic risk factors is only evident when
regional definitions of anthropometry are used.

NAFLD in the Asia-Pacific region

In the past, NAFLD has been thought to be uncommon in the
Asia-Pacific region because it was considered a disorder of
affluence, and in this region the burden of viral hepatitis is
huge.2,3 However, the major risk factors for NAFLD, like
glucose intolerance and T2DM, obesity, dyslipidemia, and
metabolic syndrome, are widely prevalent in the Asia-
Pacific region and increasing in geometric propor-
tions.19,24 Therefore, recent surveys by using ultrasonog-
raphy indicated that the prevalence of NAFLD in the
general population across Asia-Pacific region varies from 5%
to 30%.20 In addition, a study from Japan demonstrated
a 2.4-fold increasing prevalence of fatty liver over a 12-
year period,25 an implication that the prevalence is
indeed increasing in this region.

Prevalence and risk factors of NAFLD in Taiwan

Although some studies use laparoscopy or liver biopsy to
diagnose NAFLD in obese patients,26,27 the diagnostic
criteria for NAFLD among most epidemiologic studies in
Taiwan are based on the history without excessive alcohol
intake, chronic viral hepatitis, as well as known etiologies
of liver disease and ultrasonographic findings consistent
with fatty liver (Table 1).7e10,24,26,28,30e32,40,50,51 Several
studies on the general population and those undergoing
a health checkup showed the prevalence of NAFLD, ranging
from 11.4% to 41% in Taiwan.7,8 The prevalence is higher in
population subgroups, from 66.4% among 1635 volunteer
healthy taxi drivers (1541 males and 94 females)9 to 80% in
210 apparently healthy obese individuals who attended
weight reduction programs.10 In adolescents, the preva-
lence of NAFLD increased progressively from 16.0% in the
normal group to 50.5% in the overweight group, and 63.5%
among obese individuals.28

On the other hand, in a general population study that
included 11.4% (372/3260) individuals with elevated ALT,
NAFLD appears to be the most common cause of ALT
elevation and presumed liver injury in Taiwan, with
a prevalence of 33.6%, and followed by HBV (28.5%),
unexplained cause (21.8%), HCV (13.2%), both HBV and HCV
(2.2%), and excess alcohol consumption (0.8%). In addition,
the prevalence of ALT elevation in NAFLD was 18.1% (125/
691) in adults29 and 23.3% (20/86) in adolescents.28

Risk factors associated with the presence of NAFLD in
Taiwan have been examined in the general population, obese
persons, or individuals who received laparoscopy, and male
gender, older age, BMI, obesity, waist circumference, dia-
betes, hypercholesterolemia, hypertriglyceridemia, hyper-
tension, elevated ALT, homeostasismodel assessment-insulin
resistance (HOMA-IR), and hyperuricemia are the identified
risk factors.7,10,28,30,31 Of patients with metabolic disorders,
waist circumference and IR are independently associated
with fatty liver in obese individuals,10 and only hyper-
triglyceridemia was related to NAFLD in non-obese individ-
uals. In addition, presence of MetS, high blood pressure, and
high fasting glucose are independent factors related to an
increased risk of NASH.26

Therefore, the development of NAFLD in Taiwan is
closely associated with metabolic derangements, as
observed in other Asian countries. Metabolic disorders are
also related to ALT elevation in patients without known
etiologies of liver disease.
NAFLD and HCV in Taiwan

As hepatic steatosis is a well-known feature for patients
with HCV infection and may affect disease progression and
therapeutic response of antiviral therapy for Western
chronic hepatitis C (CHC) patients, it is thus important and
interesting to know the impact of hepatic steatosis on
Taiwanese CHC patients. To this end, Liu et al32 enrolled 95
naive Taiwanese patients infected with either hepatitis C
virus (HCV) genotype 1 (n Z 57) or 2 (n Z 38), receiving
interferon alone (n Z 41) or in combination with ribavirin
(n Z 54) therapy, and had available liver histological data.
In their study, about 44 (46%) patients had steatosis and
four (4%) patients had steatohepatitis. They demonstrated
the associations of steatosis and hyperglycemia (p Z 0.01),
hypertriglyceridemia (p Z 004), as well as body mass index
�27 (pZ 0.009), while not with HCV genotype or viral load.
Of note, the grade of steatosis correlated well with the



Table 1 NAFLD studies in Taiwan.

Key issue Authors (year) Case number Diagnosis What is known Reference

Prevalence and
Risk factors

Hsiao et al (2004) 210 Ultrasonography plus elevation
of serum ALT levels

The prevalence of NAFLD was 20.5% in obese patients.
Both insulin resistance and ferritin elevation were
significantly associated with NAFLD in obese patients.

10

Lin et al (2005) 187 (33 with
NAFLD)

Ultrasonography plus elevation
of serum AST and ALT levels

The HFE mutations may not contribute to iron
accumulation in CHC or NAFLD patients in Taiwan.

8

Chen et al (2006) 3245 Ultrasonography and history NAFLD is closely associated with elevated ALT, obesity,
diabetes mellitus, hypercholesterolemia,
hypertriglyceridemia, and hyperuricemia. Serum ALT level
was not a good predictor in individuals with NAFLD.

7

Huang et al (2007) 111 Laparoscopic bariatric surgery MetS and NASH were common in severely obese Taiwanese
adults. Presence of MetS, high blood pressure, and high
fasting glucose increased the risk of NASH.

26

Fan et al (2008) 126 Laparoscopic bariatric surgery Laparoscopic inspection of the abdominal cavity provides
important and additional information for the final
diagnosis of chronic liver diseases and detection of
possible pathology in patients.

24

Fu et al (2009) 220 Ultrasonography and testing
negative for serum HBsAg
and anti- HCV antibody

Obesity, ALT abnormality and elevated non-HDL-
cholesterol are risk factors for NAFLD in adolescents.
However, ALT alone is not a sufficient indicator; and
ultrasonography of the liver should be part of the routine
health examination of obese adolescents.

28

Tung et al (2011) 1635 Ultrasonography Gender-related differences of NAFLD. Hypertension,
hyperuricemia, higher AST, higher ALT,
hypertriglyceridemia, and higher fasting plasma glucose
were significantly related to NAFLD in males but not
related to NAFLD in females.

9

Risk factors of NAFLD include male gender, older age, BMI,
obesity, waist circumference, diabetes,
hypercholesterolemia, hypertriglyceridemia,
hypertension, elevated ALT, homeostasis model
assessment-insulin resistance (HOMA-IR) and
hyperuricemia.

7,10,26,28,30,31

NAFLD and HCV Liu et al (2005) 95 Pathology Hepatic steatosis in Taiwanese patients with CHC was
associated with metabolic syndrome, but not with HCV
genotype, advanced fibrosis or the response to antiviral
therapy.

32

Pathophysiologic
studies

Chu et al (2007) 144 (94 with
NAFLD)

Ultrasonography Modest correlations between plasma levels of TNF-alpha
with ALT and triglyceride, and NAFLD patients with
abnormal ALT had significantly higher plasma TNF-alpha
levels than controls.

40
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number of MetS parameters (pZ 0.018), but not with lower
sustained response rate. And the improvement of steatosis
after treatment (n Z 19) did not correlate with HCV
genotype (p Z 0.850) or sustained response to antiviral
therapy (p Z 0.246). Therefore, they concluded that
hepatic steatosis in Taiwanese patients with CHC was
associated with features of the metabolic syndrome, but
did not correlate with HCV genotype, advanced fibrosis, or
the response to antiviral therapy.32

Pathogenesis of NAFLD

In the traditional “two hit” model of NASH pathogenesis,
steatosis (the “first hit”) will sensitize the liver to the
“second hit,” such as oxidative stress, cytokines, free fatty
acids, as well as endoplasmic stress, and then leads liver to
inflammation, fibrosis, and ultimately cirrhosis.33 However,
because all of these “second hits” can contribute to both
steatosis and progressive liver disease, current lines of
evidence have implied that steatosis may be a part of the
liver’s early adaptive response to stress, rather than
a prerequisite “hit,” and the “second hit,” oxidative stress,
free fatty acids, endoplasmic stress, as well as cytokines
are the true “hit.”33e35 Therefore, in consideration of the
mechanisms of cellular injuries and fibrosis in NAFLD
patients, the “second hit” deserves much more attention.

Accordingly, many hepatic and extrahepatic mediators
have been identified to play important roles in the devel-
opment of inflammation and fibrosis of NASH/NAFLD
patients.16 Some of them are produced directly as results of
steatosis, hepatocyte injury, and apoptosis, such as IR,36

reactive oxygen species, and cytokines, or derived from
Kupffer cell, T-cell, hepatic stellate cells, and other
inflammatory cells37; meanwhile, others are released indi-
rectly as a response to hepatocyte injury or gut-derived
bacterial products,38 including lipopolysaccharide and adi-
pocytokines.39 Since all of them are potentially therapeutic
targets for NAFLD, studies focusing on these mediators and
mechanisms have increased dramatically and worldwide in
recent decades.

Pathophysiologic studies of NAFLD in Taiwan

Several studies in Taiwan have also examined the patho-
physiologic mechanisms of NAFLD. For example, Chu et al40

compared the differences of proinflammatory cytokines, IL-
6, and IL-8, as well as disease severity between 94 NAFLD
patients and 50 matched controls. They found that,
compared with control group, NAFLD patients had signifi-
cantly higher BMI (p < 0.001), fasting sugar (p Z 0.002),
cholesterol (p Z 0.017), and triglyceride (p < 0.001) level.
NAFLD patients with abnormal serum ALT had higher plasma
IL-8 levels (42.87 � 16.58 pg/mL) than control groups
(9.19 � 1.75 pg/mL, p Z 0.028), but with comparable
plasma IL-6 levels.40 In addition, the authors also evaluated
the role of TNF-alpha in the pathogenesis of NAFLD and
demonstrated differential plasma TNF-alpha levels
between NAFLD and healthy individuals. They found that
there were modest correlations between plasma levels of
TNF-alpha with ALT (r Z 0.25, p < 0.005) and triglyceride
(r Z 0.40, p < 0.001), and NAFLD patients with abnormal
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ALT had significantly higher plasma TNF-alpha levels than
controls (2.63 � 0.44 vs. 1.56 � 0.10 pg/mL, p Z 0.016).41

On the other hand, Lin et al8 examined HFE mutations
and iron accumulation among 125 healthy individuals, 29
patients with CHC, and 33 patients with NAFLD in Taiwan.
They found that all the enrolled participants were free
from C282Y mutation, and the distributions of H63D muta-
tion were comparable among healthy individuals, the CHC
group, and the NAFLD group. Although 34.48% of CHC
patients and 36.36% of NAFLD patients had increased serum
iron store, there was no significant difference in the prev-
alence of HFE mutations between patients with increased
serum iron store and those without in CHC or NAFLD group.
Therefore, they concluded that HFE mutations may not
contribute to iron accumulation in the CHC or NAFLD group
even when serum iron overload is observed in more than
one-third of these patients in Taiwan.8

Recently, Hsiao et al42 studied the beneficial effects of
pioglitazone in NAFLD patients by using a high fat diet mice
model and demonstrated the diminished oxidative damage
of pioglitazone in “NAFLD” mice. They found that the high-
fat diet induced hepatic steatosis may be improved by
adding pioglitazone. Moreover, the increased oxidative
stress and DNA damage, such as increased malondialdehyde
concentration and 8-oxoG staining in the high-fat diet
group, were attenuated by pioglitazone, and decreased
gene expressions of antioxidant defense mechanismdSod1,
Sod2, Ogg1, and MutY in the high-fat diet groupdwere
reversed by pioglitazone coadministration.42

In addition, different kinds of animal models were used
to explore the pathophysiologic mechanisms of NAFLD in
Taiwan. For examples, Lin et al. studied the mechanisms
that androgen/androgen receptor signaling regulates
insulin sensitivity in hepatic androgen receptor-knockout
mice 43. Yeh et al44 examined the effects of high energy
infusion and insulin treatment in diabetic rats. Chen et al45

examined the effects of Metformin on gene expression and
post-translational processing in laying hens. Amali et al46

used TAA-treated zebrafish as a model of steatohepatitis,
and Her et al47 also used zebrafish to study the link between
gankyrin, microRNAs, and liver steatosis. Interestingly, soft-
shelled turtle was also used to examine the effect of die-
tary highly unsaturated fatty acids on lipid peroxidation of
muscle and liver tissues in Taiwan.48
Assessment and management of NAFLD
patients

Because of the possibility of disease progression and a close
link with metabolic syndrome, patients with NAFLD should
be monitored for the changes in liver disease severity,
components, and complications of the MetS.15,18 Therefore,
several assays need to be used for the evaluation of liver
function and complications of cirrhosis, such as ALT,
platelet count, serum albumin, bilirubin, and prothrombin
time. Abdominal ultrasonography may also be performed
for the surveillance of HCC, particularly in patients with
NASH-related cirrhosis (cryptogenic cirrhosis). Neverthe-
less, more studies are required to determine the benefit
and cost-effectiveness of HCC surveillance in NAFLD
patients. In addition, insulin resistance (HOMA-IR) score,
which is calculated by serum glucose (mg/dL �
0.05551) � serum insulin (mU/L) divided by 22.5),49 and
complications of MetS are required for screening and
assessment, such as waist circumference (central obesity
for Asian criteria), body height and weight (BMI), fasting
blood glucose, serum lipids, blood pressure, and oral
glucose tolerance test (if fasting blood glucose is
S5.6 mmol/L, no history of diabetes).15

The rationale for NAFLD/NASH treatment is to prevent or
reverse hepatic injury induced by lipotoxicity.16 Although
the best management strategy for NAFLD is yet to be
defined, two strategies have been proposed at the 2009
European Association for the Study of the Liver meeting. The
first strategy is to correct IR and hyperinsulinemia as well as
reduce visceral adiposity, and the second is to prevent or
reverse hepatic cellular injury.16 For the first strategy,
weight loss, physical exercise, diet changes, reduction of
sedentary lifestyle, insulin-sensitizing agents, and anti-
obesity surgery are options, while lifestyle measures
including diet control and increasing physical activity such as
aerobic exercise are the first-line treatment and mainstay of
management recommended by the Asia-Pacific Working
Party on NAFLD.18 Accordingly, some weight reduction is
usually required, and even limited physical activity more
than none or any increase over baseline in physical exercise
is preferable. Although the minimal amount of weight loss
and physical activity has not been determined, targets
supported by several International Societies for diabetes
prevention could be applied in NAFLD/NASH patients.
Ideally, the best regimen for NAFLFD/NASH is a long-term,
multidisciplinary, and personalized approach,50 while the
most effective regimen and long-term adherence remain
unclear and need future studies.18

The role of pharmacotherapy remains investigational
and is not recommended for clinical practice. Specific
pharmacological treatment is not recommended for NAFLD
patients, but identified metabolic risk factors, such as
diabetes mellitus and dyslipidemia, should be treated and
screened for regularly. For example, use of statins to treat
hypercholesterolemia is safe and recommended. Obese
patients who do not respond to attempted lifestyle
measures should be referred to centers specializing in
obesity management. In those refractory to medical
measurements, consideration should be given to bariatric
surgery or gastric ballooning.15,18 For specific liver-directed
therapy to prevent or reverse hepatic cellular injury, as
there is still no approved medication for NAFLD/NASH, all
these liver-directed therapies should be considered exper-
imental for now and need to be further examined especially
for their long-term effects on histological endpoints and
safety in the near future.
Managements studies for NAFLD in Taiwan

In Taiwan, two studies examined the effects of treatments
on patients with ultrasound-diagnosed NAFLD.51,52 First,
Wang et al51 evaluated the safety and effectiveness of
rosiglitazone in 68 inadequately controlled type 2 diabetes
patients with NAFLD, and found that it was reasonably well
tolerated and might improve one-third of patients’ liver
function after treatment. In their study, only two (2.9%)
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patients discontinued the treatment due to increase of
aspartate aminotransferase (AST) or ALT levels to more
than three times the upper limit of normal, and among the
60 patients who completed the study treatment, mean
fasting plasma glucose, A1C, fasting plasma insulin, mean
ALT, and HOMA-IR were all significantly reduced, whereas
body weight was increased by a mean of 2.6 � 2.4 kg
(p < 0.001). In addition, 20 (33.3%) patients maintained
their normal AST and ALT levels for at least three consec-
utive measurements and through the end of the study
period. Second, Chen et al investigated the effects of
varied therapeutic lifestyle programs on 54 patients with
ultrasound-diagnosed NAFLD. They divided the participants
into three groupsd(1) diet plus exercise group (nZ 16), (2)
exercise group (n Z 23), (3) control group (n Z 15) dand
found that both 10-week diet-plus-exercise and exercise-
only therapeutic lifestyle programs are effective for
improving anthropometric indices, insulin sensitivity,
ultrasound findings, and physical fitness in NAFLD patients.
However, only the diet-plus-exercise program resulted in
significant improvement in liver biochemistry.52
Perspectives

The prevalence of NAFLD in Taiwan is similar to other Asian
countries. Along with the increasing trends in westernized
lifestyle (including overnutrition, sedentary lifestyle),
obesity, diabetes mellitus, as well as metabolic syndrome,
a further increase in the clinical significance of NAFLD/
NASH is anticipated. Of particular note is that NASH, albeit
mild and slowly progressive, indeed exists in Taiwan.53

Therefore, after the control of chronic hepatitis B and C,
NAFLD/NASH will become the most prominent liver disease
and prophylactic measure, and active management strat-
egies should be planned and implemented in time. Unfor-
tunately, essential information regarding the active
management of NAFLD remains deficient and more data are
needed before the development of a practical and effec-
tive guideline. For example, clinical trials including active
prophylactic measures and studies with long-term follow-
up, especially on the durability of management, are
needed. In addition, the diagnostic accuracy of all nonin-
vasive measurements used to identify liver fibrosis seldom
exceeds 75% to 80%.54 Furthermore, most of these
measurements are not available in our daily clinical prac-
tice55,56 and may not substitute for liver biopsy in the
management of NAFLD. Therefore, effective and practical
measurements to assess the severity of NAFLD are still
lacking. Finally, interaction between NAFLD and other liver
diseases is a concern, especially in Taiwan where viral
hepatitis is rampant. For example, diabetes and obesity
have been linked to several important malignancies,
including HCC, which is a well-known complication of
chronic hepatitis in Taiwan.57 However, patients with
chronic HCV infection are usually associated with a lower
serum lipid profiles than healthy adults,58 and a clearance
of HCV may increase the risk of cardiovascular diseases in
some participants.59 Therefore, the situations are more
complicated than ever, and not just a question of treat-or-
not. Several issues remain unsolved and need further
studies, such as the impact of NAFLD on disease progression
of other liver diseases or therapy, interactions, and path-
ophysiological mechanisms.

Acknowledgments

This work was supported by grants from the Buddhist Tzu
Chi General Hospital, National Taiwan University Hospital,
Liver Disease Prevention and Treatment Research Founda-
tion, the Department of Heath, and the National Science
Council, Executive Yuan, Taiwan. All authors declare the
independence of researchers from funders.

References

1. Schwenzer NF, Springer F, Schraml C, Stefan N, Machann J,
Schick F. Non-invasive assessment and quantification of liver
steatosis by ultrasound, computed tomography and magnetic
resonance. J Hepatol 2009;51:433e45.

2. Farrell GC. Non-alcoholic steatohepatitis: what is it, and why is
it important in the Asia-Pacific region? J Gastroenterol Hepatol
2003;18:124e38.

3. Chitturi S, Farrell GC, George J. Non-alcoholic steatohepatitis
in the Asia-Pacific region: future shock? J Gastroenterol Hep-
atol 2004;19:368e74.

4. Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver
disease and hepatocellular carcinoma: a weighty connection.
Hepatology 2010;51:1820e32.

5. Cohen JC, Horton JD, Hobbs HH. Human fatty liver disease: old
questions and new insights. Science 2011;332:1519e23.

6. Argo CK, Caldwell SH. Epidemiology and natural history of non-
alcoholic steatohepatitis. Clin Liver Dis 2009;13:511e31.

7. Chen CH, Huang MH, Yang JC, Nien CK, Yang CC, Yeh YH, et al.
Prevalence and risk factors of nonalcoholic fatty liver disease
in an adult population of Taiwan: metabolic significance of
nonalcoholic fatty liver disease in nonobese adults. J Clin
Gastroenterol 2006;40:745e52.

8. Lin TJ, Lin CL, Wang CS, Liu SO, Liao LY. Prevalence of HFE
mutations and relation to serum iron status in patients with
chronic hepatitis C and patients with nonalcoholic fatty liver
disease in Taiwan. World J Gastroenterol 2005;11:3905e8.

9. Tung TH, Chang TH, Chiu WH, Lin TH, Shih HC, Chang MH, et al.
Clinical correlation of nonalcoholic fatty liver disease in
a Chinese taxi drivers population in Taiwan: experience at
a teaching hospital. BMC Res Notes 2011;4:315.

10. Hsiao TJ, Chen JC, Wang JD. Insulin resistance and ferritin as
major determinants of nonalcoholic fatty liver disease in
apparently healthy obese patients. Int J Obes Relat Metab
Disord 2004;28:167e72.

11. Serfaty L, Lemoine M. Definition and natural history of meta-
bolic steatosis: clinical aspects of NAFLD, NASH and cirrhosis.
Diabetes Metab 2008;34:634e7.

12. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from
steatosis to cirrhosis. Hepatology 2006;43:S99e112.

13. Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 2002;
346:1221e31.

14. Fusamoto H, Suzuki K, Hayashi N, Sasaki Y, Kono M, Kasahara A,
et al. Obesity and liver disease: evaluation of fatty infiltration
of the liver using ultrasonic attenuation. J Nutr Sci Vitaminol
(Tokyo) 1991;37:S71e7.

15. Chan HL, de Silva HJ, Leung NW, Lim SG, Farrell GC. How
should we manage patients with non-alcoholic fatty liver
disease in 2007? J Gastroenterol Hepatol 2007;22:801e8.

16. Ratziu V, Bellentani S, Cortez-Pinto H, Day C, Marchesini G. A
position statement on NAFLD/NASH based on the EASL 2009
special conference. J Hepatol 2010;53:372e84.



534 C.-S. Hsu, J.-H. Kao
17. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ,
Cummings OW, et al. Design and validation of a histological
scoring system for nonalcoholic fatty liver disease. Hepatology
2005;41:1313e21.

18. Farrell GC, Chitturi S, Lau GK, Sollano JD. Guidelines for the
assessment and management of non-alcoholic fatty liver
disease in the Asia-Pacific region: executive summary. J Gas-
troenterol Hepatol 2007;22:775e7.

19. Yoon KH, Lee JH, Kim JW, Cho JH, Choi YH, Ko SH, et al.
Epidemic obesity and type 2 diabetes in Asia. Lancet 2006;368:
1681e8.

20. Amarapurkar DN, Hashimoto E, Lesmana LA, Sollano JD,
Chen PJ, Goh KL. How common is non-alcoholic fatty liver
disease in the Asia-Pacific region and are there local differ-
ences? J Gastroenterol Hepatol 2007;22:788e93.

21. Guha IN, Parkes J, Roderick PR, Harris S, Rosenberg WM. Non-
invasive markers associated with liver fibrosis in non-alcoholic
fatty liver disease. Gut 2006;55:1650e60.

22. Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J,
Hui JM, Fung C, et al. NASH and insulin resistance: insulin
hypersecretion and specific association with the insulin resis-
tance syndrome. Hepatology 2002;35:373e9.

23. Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic steatohe-
patitis: summary of an AASLD Single Topic Conference. Hep-
atology 2003;37:1202e19.

24. Fan JG, Zhu J, Li XJ, Chen L, Lu YS, Li L, et al. Fatty liver and
the metabolic syndrome among Shanghai adults. J Gastro-
enterol Hepatol 2005;20:1825e32.

25. Kojima S, Watanabe N, Numata M, Ogawa T, Matsuzaki S.
Increase in the prevalence of fatty liver in Japan over the past
12 years: analysis of clinical background. J Gastroenterol 2003;
38:954e61.

26. Huang HL, Lin WY, Lee LT, Wang HH, Lee WJ, Huang KC.
Metabolic syndrome is related to nonalcoholic steatohepatitis
in severely obese subjects. Obes Surg 2007;17:1457e63.

27. Chiu CC, Lee WJ, Wang W, Lee YC, Huang MT. Correlations of
laparoscopy with histology and laboratory studies on liver
diseases in bariatric patients. Obes Surg 2008;18:204e11.

28. Fu CC, Chen MC, Li YM, Liu TT, Wang LY. The risk factors for
ultrasound-diagnosed non-alcoholic fatty liver disease among
adolescents. Ann Acad Med Singap 2009;38:15e7.

29. Chen CH, Huang MH, Yang JC, Nien CK, Yang CC, Yeh YH, et al.
Prevalence and etiology of elevated serum alanine amino-
transferase level in an adult population in Taiwan. J Gastro-
enterol Hepatol 2007;22:1482e9.

30. Hsiao PJ, Kuo KK, Shin SJ, Yang YH, Lin WY, Yang JF, et al.
Significant correlations between severe fatty liver and risk
factors for metabolic syndrome. J Gastroenterol Hepatol 2007;
22:2118e23.

31. Tsai CH, Li TC, Lin CC. Metabolic syndrome as a risk factor for
nonalcoholic fatty liver disease. South Med J 2008;101:900e5.

32. Liu CJ, Jeng YM, Chen PJ, Lai MY, Yang HC, Huang WL, et al.
Influence of metabolic syndrome, viral genotype and antiviral
therapy on superimposed fatty liver disease in chronic hepa-
titis C. Antivir Ther 2005;10:405e15.

33. Day CP, James OF. Hepatic steatosis: innocent bystander or
guilty party? Hepatology 1998;27:1463e6.

34. Pan M, Cederbaum AI, Zhang YL, Ginsberg HN, Williams KJ,
Fisher EA. Lipid peroxidation and oxidant stress regulate
hepatic apolipoprotein B degradation and VLDL production.
J Clin Invest 2004;113:1277e87.

35. Feldstein AE, Werneburg NW, Canbay A, Guicciardi ME,
Bronk SF, Rydzewski R, et al. Free fatty acids promote hepatic
lipotoxicity by stimulating TNF-alpha expression via a lyso-
somal pathway. Hepatology 2004;40:185e94.

36. Paradis V, Perlemuter G, Bonvoust F, Dargere D, Parfait B,
Vidaud M, et al. High glucose and hyperinsulinemia stimulate
connective tissue growth factor expression: a potential
mechanism involved in progression to fibrosis in nonalcoholic
steatohepatitis. Hepatology 2001;34:738e44.

37. Kodama Y, Kisseleva T, Iwaisako K, Miura K, Taura K, De
Minicis S, et al. c-Jun N-terminal kinase-1 from hematopoietic
cells mediates progression from hepatic steatosis to steato-
hepatitis and fibrosis in mice. Gastroenterology 2009;137:
1467e77. e5.

38. Marra F, Gastaldelli A, Svegliati Baroni G, Tell G, Tiribelli C.
Molecular basis and mechanisms of progression of non-
alcoholic steatohepatitis. Trends Mol Med 2008;14:72e81.

39. Marra F, Bertolani C. Adipokines in liver diseases. Hepatology
2009;50:957e69.

40. Chu CJ, Lu RH, Wang SS, Chang FY, Lin SY, Yang CY, et al.
Plasma levels of interleukin-6 and interleukin-8 in Chinese
patients with non-alcoholic fatty liver disease. Hepatogas-
troenterology 2007;54:2045e8.

41. Chu CJ, Lu RH, Wang SS, Chang FY, Wu SL, Lu CL, et al. Risk
factors associated with non-alcoholic fatty liver disease in
Chinese patients and the role of tumor necrosis factor-alpha.
Hepatogastroenterology 2007;54:2099e102.

42. Hsiao PJ, Hsieh TJ, Kuo KK, Hung WW, Tsai KB, Yang CH, et al.
Pioglitazone retrieves hepatic antioxidant DNA repair in a mice
model of high fat diet. BMC Mol Biol 2008;9:82.

43. Lin HY, Yu IC, Wang RS, Chen YT, Liu NC, Altuwaijri S, et al.
Increased hepatic steatosis and insulin resistance in mice
lacking hepatic androgen receptor. Hepatology 2008;47:
1924e35.

44. Yeh SL, Lin MT, Chen WJ. MCT/LCT emulsion ameliorate liver
fat deposition in insulin-treated diabetic rats receiving total
parenteral nutrition. Clin Nutr 1998;17:273e7.

45. Chen WL, Wei HW, Chiu WZ, Kang CH, Lin TH, Hung CC, et al.
Metformin regulates hepatic lipid metabolism through acti-
vating AMP-activated protein kinase and inducing ATGL in
laying hens. Eur J Pharmacol 2011;671:107e12.

46. Amali AA, Rekha RD, Lin CJ, Wang WL, Gong HY, Her GM, et al.
Thioacetamide induced liver damage in zebrafish embryo as
adiseasemodel for steatohepatitis. JBiomedSci2006;13:225e32.

47. Her GM, Hsu CC, Hong JR, Lai CY, Hsu MC, Pang HW, et al.
Overexpression of gankyrin induces liver steatosis in zebrafish
(Danio rerio). Biochim Biophys Acta 2011;1811:536e48.

48. Lin WY, Huang CH. Fatty acid composition and lipid perox-
idation of soft-shelled turtle, Pelodiscus sinensis, fed different
dietary lipid sources. Comp Biochem Physiol C Toxicol Phar-
macol 2007;144:327e33.

49. Hsu CS, Liu CJ, Liu CH, Wang CC, Chen CL, Lai MY, et al. High
hepatitis C viral load is associated with insulin resistance in
patients with chronic hepatitis C. Liver Int 2008;28:271e7.

50. Bellentani S, Dalle Grave R, Suppini A, Marchesini G. Behavior
therapy for nonalcoholic fatty liver disease: the need for
a multidisciplinary approach. Hepatology 2008;47:746e54.

51. Wang CH, Leung CH, Liu SC, Chung CH. Safety and effective-
ness of rosiglitazone in type 2 diabetes patients with nonal-
coholic Fatty liver disease. J Formos Med Assoc 2006;105:
743e52.

52. Chen SM, Liu CY, Li SR, Huang HT, Tsai CY, Jou HJ. Effects of
therapeutic lifestyle program on ultrasound-diagnosed nonal-
coholic fatty liver disease. J Chin Med Assoc 2008;71:551e8.

53. Tseng PH, Liu CJ, Kao JH, Shun CT, Chen PJ, Chen DS. Disease
progression in a patient with nonalcoholic steatohepatitis. J
Formos Med Assoc 2008;107:816e21.

54. Sebastiani G, Alberti A. Non invasive fibrosis biomarkers reduce
but not substitute the need for liver biopsy. World J Gastro-
enterol 2006;12:3682e94.

55. Poynard T, Ratziu V, Charlotte F, Messous D, Munteanu M,
Imbert-Bismut F, et al. Diagnostic value of biochemical
markers (NashTest) for the prediction of non alcoholo steato



NAFLD in Taiwan 535
hepatitis in patients with non-alcoholic fatty liver disease. BMC
Gastroenterol 2006;6:34.

56. Ratziu V, Massard J, Charlotte F, Messous D, Imbert-Bismut F,
Bonyhay L, et al. Diagnostic value of biochemical markers
(FibroTest-FibroSURE) for the prediction of liver fibrosis in
patients with non-alcoholic fatty liver disease. BMC Gastro-
enterol 2006;6:6.

57. Chen CL, Yang HI, Yang WS, Liu CJ, Chen PJ, You SL, et al.
Metabolic factors and risk of hepatocellular carcinoma by
chronic hepatitis B/C infection: a follow-up study in Taiwan.
Gastroenterology 2008;135:111e21.

58. Hsu CS, Liu CJ, Liu CH, Chen CL, Lai MY, Chen PJ, et al.
Metabolic profiles in patients with chronic hepatitis C: a case-
control study. Hepatol Int 2008;2:250e7.

59. Corey KE, Kane E, Munroe C, Barlow LL, Zheng H, Chung RT.
Hepatitis C virus infection and its clearance alter circulating
lipids: implications for long-term follow-up. Hepatology 2009;
50:1030e7.


	Non-alcoholic fatty liver disease: An emerging liver disease in Taiwan
	Introduction
	Diagnosis of NAFLD
	Prevalence, clinical significance, and risk factors of NAFLD worldwide
	NAFLD in the Asia-Pacific region
	Prevalence and risk factors of NAFLD in Taiwan
	NAFLD and HCV in Taiwan
	Pathogenesis of NAFLD
	Pathophysiologic studies of NAFLD in Taiwan
	Assessment and management of NAFLD patients
	Managements studies for NAFLD in Taiwan
	Perspectives
	Acknowledgments
	References


