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Abstract

Obesity is a global epidemic contributing to an increas-
ing prevalence of obesity-related systemic disorders,
including nonalcoholic fatty liver disease. The rising
prevalence of nonalcoholic steatohepatitis (NASH) will
in the near future lead to end-stage liver disease in a
large cohort of patients with NASH-related cirrhosis and
NASH is predicted to be a leading indication for liver
transplantation in the coming decade. However, the
prevalence of obesity and the progression of hepatic
histological damage associated with NASH exhibit sig-
nificant ethnic disparities. Despite a significantly lower
body mass index and lower rates of obesity compared
to other ethnic groups, Asians continue to demonstrate
a significant prevalence of hypertension, diabetes, met-
abolic syndrome and NASH. Ethnic disparities in central
adiposity and visceral fat distribution have been hy-
pothesized to contribute to these ethnic disparities. The
current review focuses on the epidemiology of obesity
and NASH among Asian populations.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is
rapidly becoming a major contributor of chronic liver
disease worldwide. The increasing prevalence of NAFLD
among Asians reflects both an increasing awareness
and diagnosis and the increasing risk of obesity and
obesity-related diseases among this population. Ethnic
disparities in the impact of weight gain on the develop-
ment of obesity-related diseases is especially important
for Asian populations, who have greater rates of cen-
tral obesity and visceral deposition of fat and therefore
are at greater risk of obesity-related diseases, such as
NAFLD, at a lower body mass index.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) spans a spec-
trum of liver diseases that ranges from simple steatosis
of the liver to progressive inflammation and fibrosis, re-
sulting in non-alcoholic steatosis (NASH) and cirrhosis'".
While the definition of NAFLD relies heavily on the
clinical exclusion of significant alcoholic liver disease as
well as other concomitant chronic liver diseases that can
mimic similar histopathological features, one of the ma-
jor hallmark features of NAFLD is the consistent asso-
ciation with type 2 diabetes mellitus, hypertension, hyper-
lipidemia and obesity"™. The rising epidemic of obesity
and obesity-related diseases in many post-industrialized
countries has been accompanied by a concurrent rise in
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the prevalence of NAFLD. These emerging trends along
with our better understanding of the pathophysiology of
NAFLD clearly highlight the important role of obesity
and obesity-related diseases in the increasing prevalence
of NAFLD.

Several studies have reported the alarming increase in
obesity and metabolic syndrome in western countries'?,
One recent large population-based study in the United
States, utilizing data from the National Health and Nutri-
tion Examination Surveys from 2009-2010 (NHANES),
reported obesity rates of 35.5% among men and 35.8%
among women'". Furthermore, population based studies
utilizing United States census based data have demon-
strated a concurrent rise in the prevalence of obesity-
related diseases, such as hypertension and diabetes melli-
tus! ", Among the same population, several studies have
reported an increasing prevalence of NAFLD, suggesting
that the rising rates of NAFLD are a consequence of the
rising rates of obesity and metabolic syndrome in these
populations. In fact, a recent study by Charlton ez al™
estimates that the rising prevalence of NAFLD in the
United States population will soon lead to large cohorts
of patients with decompensated cirrhosis from NASH
and that NASH will soon become the leading indication
for liver transplantation in the United States.

However, the epidemiology of obesity and obesity-
related diseases demonstrates significant ethnic dispati-
ties. For example, several studies among both western
and eastern cohorts demonstrate that Asians as a group
consistently have a much lower body mass index (BMI)
compared to other ethnic groupsm’m. The relatively
lower BMI is not protective in Asians. The rates of
hypertension and diabetes mellitus, while somewhat
lower, still continue to demonstrate rising trends among
Asians™. In addition, cohort studies have demonstrated
that despite having significantly lower BMI than other
ethnic groups, Asians have a surprisingly high preva-
lence of NAFLD". While not entirely elucidated, one
emerging theory for this discrepancy between BMI and
NAFLD prevalence may result from ethnic differences
in the distribution of body fat, with more central adipos-
ity and visceral fat deposition reported among individu-
als of Asian ethnicity[zsfz()]. Nevertheless, the increasing
prevalence of obesity, metabolic syndrome and NAFLD
among the Asian population will contribute to a large
burden of chronic disease. The current paper reviews
the concerning rise in obesity and NAFLD, with a focus
on Asian populations.

OBESITY DISPARITIES

The global obesity epidemic has been associated with

the increasing burden of obesity-related diseases such as
coronary artery diseases, hypertension and diabetes mel-
litus”"?. In addition, a link has been established between
obesity and NAFLD such that obesity increases the risk
of progression of hepatic inflammation and fibrosis lead-
ing to NASH-related cirrhosis. However, one emerging
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theme in the study of obesity is the ethnic disparities in
the prevalence of obesity as well as the impact of weight
gain on the overall risk of obesity-related diseases.

Several studies have reported ethnic disparities in the
prevalence of obesity, with higher obesity rates in mi-
nority groups such as blacks and Hispanicsizn’ww. How-
ever, Asians as a group generally have a lower BMI and
lower prevalence of obesity compared to other ethnic
groupsmw. Despite lower obesity prevalence, higher rates
of metabolic syndrome have been reported in Asians
compared to other ethnic groups at similar BMI levels™.
These findings demonstrate that BMI thresholds for
defining overweight and obesity should not be applied
uniformly to all ethnic cohorts.

Current BMI categories set forth by the United
States Centers for Disease Control and Prevention
(BMI > 25 kg/rn2 as overweight and BMI > 30 l<g/nr12
as obese) were intended to predict an individual’s risk
of developing diseases associated with overweight and
obese categoriesml. Two large population-based longi-
tudinal studies, the San Antonio Heart Study and the
Insulin Resistance Atherosclerosis Study, demonstrated
a strong association of BMI with the risk of metabolic
syndrome. Obese individuals (BMI > 30 kg/mz) were
three to eight times more likely to develop metabolic
syndrome compared to individuals with BMI < 25
kg/m” Tn addition, the association of obesity and
metabolic syndrome with development of complications
such as cardiovascular disease and diabetes mellitus is
well established” ™. However, similar to ethnic dispari-
ties in the prevalence of obesity, the correlation of BMI
with obesity-related diseases is not uniform across all
ethnicities. For example, using data from NHANES,
Palaniappan ez al™” demonstrated that fasting insulin lev-
els, a marker of insulin sensitivity and risk of diabetes,
was 19%-26% higher in blacks and 17-22% higher in
Hispanics when compared to non-Hispanic whites with
similar BMI. This disparity was also noted among Asians,
with one study demonstrating significantly higher rates
of metabolic syndrome in Asians compared to other
ethnic groups with similar BMI. For example, Palaniap-
pan ¢t al”" demonstrated that the predicted prevalence
of metabolic syndrome in non-Hispanic white women
aged 55 years with BMI 25 kg/ m’ was 12% compated to
30% in Asians with similar demographics and BMI. Fur-
thermore, compated to white men with BMI 25 kg/ m’,
comparable prevalence of metabolic syndrome was seen
in Asian men with BMI 19.9 kg/m”.

Using data from the California Department of Public
Health and the United States Centers for Disease Control
and Prevention, our group performed an in-depth analysis
of ethnic disparities in obesity and obesity-related diseases
with a focus on Asian populations. From 1985 to 2011,
Asians as a group had the lowest BMI and lowest obe-
sity prevalence (Asians: 22.6 £ 3.3 kg/rn2 in 1985-1990
to 244 + 43 l<g/rn2 in 2006-2011; non-Hispanic whites:
242 + 4.1 kg/m” in 1985-1990 to 26.7 + 5.5 kg/m” in
2006-2011; blacks: 25.4 = 4.5 kg/m2 in 1985-1990 to 29.0
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Figure 1 Trends in body mass index over time stratified by ethnicity,
1985-2011, California behavioral risk factor survey database.

+ 6.9 kg/m” in 2006-2011; Hispanics: 25.0 + 4.1 kg/m’
in 1985-1990 to 28.3 + 5.8 l<g/m2 in 2006-2011) (Figure
1). Despite lower overall BMI, Asians had comparable or
even higher rates of hypertension and diabetes mellitus
compared to other ethnic groups. To evaluate whether
weight gain as measured by BMI affected ethnic groups
similarly, we created a multivariate logistic regression
model to assess the effect of each one unit increase in
BMI on the risk of hypertension or diabetes mellitus
(Table 1). In our cohort model, each one unit increase in
BMI was associated with 15% increased risk of hyper-
tension in Asians, compared with 11% increase among
non-Hispanic whites and 8% increase among blacks and
Hispanics. When evaluating the impact of weight gain on
the risk of diabetes mellitus, each one unit BMI was asso-
ciated with 15% increased risk of diabetes mellitus among
Asians, compared to 11% increase among non-Hispanic
whites, 7% increase among blacks and 8% increase among
Hispanics. These data suggest that despite having lower
BMI, weight gain as measured by BMI disproportionately
affects Asians to a greater degree. Furthermore, similar
risks of hypertension and diabetes mellitus among non-
Hispanic whites and blacks were seen in Asians at sig-
nificantly lower BMI. For example, risks of hypertension
among Asians with BMI > 22 kg/ m” were similar to non-
Hispanic whites with BMI > 27 kg/ m” and blacks with
BMI > 28 kg/ m’ (Figure 2). While many theories have
been proposed to explain these disparities, ethnic differ-
ences in body fat distribution may be a major contributing
factor. Previous studies evaluating the correlation of BMI
with percentage body fat demonstrated that blacks gener-
ally have more lean mass and less fat mass compared to
whites. In contrast, Asians have more central adiposity
and visceral fat distribution, which carries a greater risk of
developing cardiovascular and metabolic diseases™ ™.
Acknowledging these disparities, several studies have
suggested that current thresholds for defining obesity and
overweight in Asians may not accurately reflect the risk
of developing obesity-related diseases and BMI thresh-
olds should be lowered for Asian cohorts***. In 2000,
the World Health Organization Western Pacific Regional
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Office proposed a lower cutoff of BMI > 25 kg/m2 for
obesity in Asian populations[431. Several Asian countries
have begun to adopt this modified BMI categoriza-
tion"**. Additional studies have attempted to incorpo-
rate additional anthropometric tools to better stratify the
risk of metabolic diseases among Asians. Using a cross
sectional population-based survey study of 2947 patients
in China, Shao ¢ @/ demonstrated that waist-height ra-
tio was significantly better at predicting risk of metabolic
syndrome than BMI or waist circumference alone. Liu e¢#
al™ performed a similar evaluation among a cross sec-
tional cohort of 772 Chinese patients. BMI, waist circum-
ference and waist-hip ratio were found to have similar
predictive power for risk of metabolic diseases, such as
hypertension, diabetes mellitus and dyslipidemia. While
solely relying on BMI to predict risk of obesity-related
diseases such as NAFLD has several limitations, these
additional complementary anthropometric tools may im-
prove risk stratification.

DISPARATE ASSOCIATION OF NAFLD
AND BMI

While studies in western populations clearly indicate that
NASH will be a leading cause of chronic liver disease,
less is known about the epidemiology of NAFLD among
Asian populations. Recent community-based studies from
Asian countries, including Japan, China, Taiwan, and Ko-
rea, indicate that the overall NAFLD prevalence reaches
as high as 45% with year-specific analyses, demonstrating
a continued rise in NAFLD prevalence with time 7,
Additional studies from the Asia-Pacific region demon-
strated similar trends of NAFLD prevalence in India,
Malaysia, Singapore and Indonesia™ . Wong ez 4/’
performed a large cross-sectional study in Hong Kong
to assess the community prevalence of NAFLD using
proton nuclear magnetic resonance (p-NMR) spectros-
copy. A total of 922 patients randomly selected from the
Hong Kong census database without chronic liver disease
completed a full clinical assessment. Among this cohort,
p-NMR was utilized to measure intrahepatic triglyceride
content with a cutoff of 5% used to distinguish patients
with and without fatty liver disease. Transient elastogra-
phy was also utilized to assess for hepatic fibrosis with a
cutoff of 9.6 kPa to define advanced fibrosis. Overall, the
cohort was 42.2% men and average BMI was 22.8 *+ 3.5
kg/m” A total of 264 patients (26.8%) met the cutoff
for diagnosis of fatty liver disease. Average BMI among
the fatty liver disease cohort was 25.3 + 3.4 kg/ m’ and
among the non-fatty liver disease cohort was 21.8 * 3.0
kg/m’. Prevalence of advanced fibrosis was 3.7% (z =
8) and 1.3% (# = 7) among fatty liver and non-fatty liver
cohorts, respectively. A similar study was performed in
Shanghai that included 3175 adults that assessed for
prevalence of metabolic syndrome using criteria from the
National Cholesterol Education Program - Adult Treat-
ment Panel Il and for fatty liver with ultrasonography®.
Overall, 22.9% and 20.8% of individuals had metabolic
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Table 1 Increased odds of hypertension and diabetes associated with one unit increase in body mass index

Hypertension Diabetes
OR 95%Cl P value OR 95%Cl P value
Asian 115 1.13-1.18 <0.001 1.15 1.13-1.18 <0.001
Non-Hispanic White 111 1.10-1.11 <0.001 111 1.11-1.12 <0.001
Black 1.08 1.07-1.10 <0.001 1.07 1.06-1.09 <0.001
Hispanic 1.08 1.07-1.09 <0.001 1.08 1.07-1.09 <0.001
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Figure 2 Odds of (A) hypertension and (B) diabetes by ethnicity and body mass index categories.

syndrome and fatty liver, respectively. The risk for fatty
liver was increased among patients with abdominal obe-
sity (waist circumference > 90 cm in men and > 80 cm in
women: 32.8-fold increase), diabetes mellitus (31.6-fold
increase), dyslipidemia (22.6-fold increase) and hyperten-
sion (22.3-fold). Patients that met the diagnostic threshold
for metabolic syndrome had a nearly 40 times increased
risk for fatty liver. When stratified by BMI, those with
fatty liver disease and BMI < 25 kg/ m”had 36.1% preva-
lence of metabolic syndrome. Furthermore, the presence
of fatty liver disease was found to have the best positive
predictive value and attributable risk percentage in detect-
ing risk factor clustering for metabolic syndrome.
Variations in fat distribution have been implicated as
one potential reason for disparate associations between
BMI and NAFLD prevalence among Asian popula-
tions. It has been previously reported that the percent
body fat as well as fat distribution differs significantly
among Asian and non-Asian populations, such that
greater central and visceral adiposity is commonly seen in
Asians™ . It has also been implied that as a result of this
disparate distribution of fat, excessive amounts of vis-
ceral adipose tissue may occur in Asians not overweight
or obese using BMI cutoffs. Greater central adiposity
distribution is associated with higher risks of cardiovas-
cular disease and metabolic syndrome'™ . Furthermore,
ideal body weight may be different among different eth-
nicities and different world regions, such that while an
individual does not meet BMI threshold for obesity, he
may be significantly heavier than ideal body weight, and
this translates into increased risk of insulin resistance and
metabolic syndrome'® ™. For example, Chang ¢ a/™ per-
formed a prospective South Korean study of 15,347 men
to assess ultrasound-based diagnosis of fatty liver disease.
Even among men with BMI 18.5-22.9, mild weight gains
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of 0.6 to 2.3 kg were associated with 38%-73% increase
in the risk for fatty liver disease. This phenomena, termed
“metabolically obese”, namely the increased risk of insu-
lin resistance, metabolic syndrome and NAFLD despite
normal or lean BMI, has been more commonly seen in
Asian populations™™".

Another potential theory that may partially contribute
to the rising prevalence of NAFLD among Asian popu-
lations centers on the role of diet. Carbohydrates in the
form of rice are a central component of the Asian diet.
However, significant amounts of carbohydrates in the
diet can lead to accumulation of triglycerides within the
liver, which is mediated by glucose stimulated activation
of the liver transcription factor, carbohydrate responsive
clement-binding protein (ChREBP). This process over
time leads to significant hepatic steatosis and eventual
progression of disease towards NASH""™, However, the
impact of ChREBP on hepatic steatosis among individu-
als with significant carbohydrate exposure may not neces-
sarily correlate with development of insulin resistance.
A recent study by Benhamed ez a/™ evaluated ChREBP
over expressing mice fed a standard diet, demonstrat-
ing that despite having increased expression of genes
involved in lipogenesis/fatty acid esterification and resul-
tant hepatic steatosis, the mice remained insulin sensitive.
In addition, ChREBP over expressing mice fed a high-
fat diet also showed normal insulin levels and improved
insulin signaling and glucose tolerance compared with
controls, despite having greater hepatic steatosis.

NATURAL HISTORY OF NAFLD IN
ASIANS

The progression of inflammation and fibrosis in patients
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with NAFLD is not believed to differ significantly by
ethnicity. However, some earlier studies have suggested
that NAFLD may be less severe with slower progression
among Asian populationsm’m. This hypothesis is compli-
cated by several potential confounding factors. NAFLD is
a relatively more recent phenomenon in Asian countries
and the expected progression of disease leading to cit-
thosis may occut over the next several decades. Thus, the
emergence of fatty liver disease observed in the recent
era in Asian populations probably lags behind western
populations by several decades and the impact of large
cohorts of patients with chronic liver disease and cit-
thosis from NASH is expected to flood our health care
system in the coming years. Another potential contribut-
ing factor is the increasing awareness and subsequent
diagnosis of NAFLD among these Asian Pacific regions.
Furthermore, the previously reported disparate associa-
tion between BMI and metabolic syndrome that results
from ethnic disparities in central adiposity and visceral
fat distribution may alter the natural history of NAFLD
among this population.

Despite these potential caveats, it is generally agreed
that the progression of disease among patients with
simple steatosis is slow compared with other diseases,
such as hepatitis C virus (HCV), whereas patients with
histological evidence of NASH can progress more rap-
idly towards advanced fibrosis and cirrhosis™*"". Long-
term longitudinal studies have demonstrated increased
mortality among patients with both NAFLD and NASH
when compared to controls without underlying liver
disease”™™. Interestingly, the most common cause of
death among patients with NAFLD and NASH was car-
diovascular diseases, reflecting the close correlations of
NAFLD with metabolic syndrome and cardiovascular
disease outcomes. However, simple steatosis is not al-
ways benign and progression of disease, while slow, can
occur. In a single centered Hong Kong cohort, Wong ez
al®” conducted a prospective longitudinal study of 52
patients with biopsy proven NAFLD. Among patients
with simple steatosis on histology at baseline (7 = 13),
15% had normal histology, 23% still had simple steato-
sis and 62% had evidence of histological progression
towards NASH at 36 mo. While the small sample size
may limit the generalization of these findings, this study
raises awareness of the dynamic nature of steatosis and
that simple steatosis is not necessarily benign and may
warrant closer follow up.

However, progression of NAFLD to NASH-related
cirrhosis is cleatly associated with increased risks of
hepatic decompensation and liver-related mortality™ ",
Hui et a/*™ performed a prospective longitudinal cohort
study of 23 patients with clinically/pathologically con-
firmed NASH-related cirrhosis compared with 46 age
and gender matched HCV-related cirrhosis patients.
Over a median follow up of 60 mo (range 5-177 mo),
9/23 NASH-related cirrhosis patients developed hepatic
decompensation (8 with ascites or encephalopathy, 1
with variceal bleeding). The overall survival at 1, 3, and
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10 years was 95%, 90% and 84%, respectively. After
multivariate regression modeling, there was no signifi-
cant survival difference between the NASH-related
cirrhosis and HCV-related cirrhosis cohorts. A larger
United States study compared 152 patients with NASH-
related cirrhosis to 150 matched patients with HCV-
related cirthosis™. Over 10 years of follow up, NASH
patients had significantly lower mortality compared to
HCV patients but this mortality difference was primarily
seen in patients with Child Pugh Turcotte (CPT) class
A cirrhosis. Among patients with CPT class A cirrhosis,
NASH patients had significantly lower rates of hepatic
decompensation, development of ascites and hepatocel-
lular carcinoma (HCC). Similar findings were reported in
a large multi-center international study of 247 patients
with advanced fibrosis or cirrhosis secondary to NASH
compared to 264 chronic HCV patients with similar stag-
es of fibrosis”". Among the NASH cohort, there were
19.4% liver-related complications and 13.4% deaths or
liver transplantation over a mean follow up of 85.6 mo.
Among the HCV cohort, there were 16.7% liver-related
complications and 9.4% deaths or liver transplantations
over a mean follow up of 74.9 mo. After adjusting for
differences in baseline characteristics, cumulative inci-
dence of liver-related complications was significantly
lower in the NASH group compared to the HCV group.
However, the incidence of cardiovascular events and
overall mortality was not significantly different between
NASH and HCV cohorts. The results of these studies in-
dicate that while progtression of NAFLD towards NASH
cirrhosis is clearly associated with increased risks of he-
patic decompensation and mortality, these increased risks
may not be as high as that seen among the cohort of
chronic HCV cirrhosis patients.

NAFLD AND HCC

While the risks of HCC from chronic liver disease sec-
ondary to hepatitis B and HCV are better defined, the risk
of HCC among patients with NASH is less well known.
NASH-related HCC occurs primarily in the setting of
hepatic cirrhosis™”™, A large retrospective cohort study
from South Korea evaluated 329 patients with fatty liver
disease associated HCC and demonstrated an increase in
NAFLD-related HCC from 3.8% in 2001-2005 to 12.2%
in 2006-2010"". A United States based study evaluated
195 NASH-cirrhosis patients from 2003-2007 with se-
rial abdominal computed tomography and serum alpha-
fetoprotein every 6 mo with a median follow up of 3.2
years””. Among this cohort for NASH-related cirrhosis
patients, 12.8% (n = 25) developed HCC with an annual
cumulative HCC incidence of 2.6%. Several additional
studies, both in western and Asia-Pacific regions, report
on the progression of NASH-related cirrhosis towards
HCC but this rate of progression is significantly lower

than that seen among patients with cirrhosis secondary
to chronic HCV. Yasui e a/”” prospectively evaluated 412
NAFLD patients from 1990 to 2006. Among this cohort,
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Table 2 Etiology of liver disease among liver transplantation
recipients in the United States, 1992-2012, United Network

for Organ Sharing database 7 (%)

Liver disease Pre-MELD Post-MELD Post-MELD
etiology (1992-2002) (2003-2007) (2008-2012)
Acute liver failure 2390 (7.9) 1639 (6.9) 1285 (5.1)
Chronic HCV 9248 (30.7) 7970 (33.5) 7803 (31.2)
Chronic HBV 1419 (4.7) 802 (3.4) 604 (2.4)
HCC 466 (1.6) 1714 (7.2) 3423 (13.7)
ALD 5027 (16.7) 3704 (15.6) 3636 (14.6)
ALD +HCV 2495 (8.3) 1845 (7.8) 1529 (6.1)
NASH 8(0.1) 796 (3.3) 2162 (8.7)
AIH 1277 (4.2) 715 (3.0) 693 (2.8)
Cryptogenic 3460 (11.5) 2115 (8.9) 1634 (6.5)
PBC 1992 (6.6) 1009 (4.2) 795 (3.2)
PSC 1648 (5.5) 1(4.3) 922 3.7)
Metabolic 729 (2.4) 478 (2.0) 491 (2.0)

Metabolic includes Wilson disease, alpha-1 antitrypsin disease and
hemochromatosis. MELD: Model for end stage liver disease; HCV:
Hepeatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma;
ALD: Alcoholic liver disease; NASH: Non-alcoholic steatohepatitis; ATH:
Autoimmune hepatitis; PBC: Primary biliary cirrhosis; PSC: Primary
sclerosing cholangitis.

68 patients with NASH-related cirrhosis were compared
with 69 age and sex matched HCV-related cirrhosis pa-
tient controls to determine HCC risk. Overall, the 5-year
cumulative HCC rate was 11.3% for NASH patients and
30.5% for HCV patients. This lower HCC risk among
NASH-related cirrhosis patients compared with HCV-
related cirrhosis patients was confirmed in additional
studies.

While the majority of NASH-related HCC occurs
in patients with cirrhosis, several studies have reported
HCC development among non-cirthotic NASH patients,
with one Japanese study reporting rates of non-cirrhotic
NASH-related HCC ranging from 10%-75% of cas-
s’ The exact etiology for this non-cirrhotic pathway
towards HCC is unclear. However, studies have demon-
strated that obesity and diabetes mellitus, both of which
are closely associated with NAFLD, are independently as-
sociated with increased risk of HCC among patients with
chronic liver disease!" "™, Furthermore, Welzel ¢# a/""”
utilized the National Cancer Institute’s Surveillance, Epi-
demiology and End Results-Medicare database to evalu-
ate the impact of metabolic syndrome on overall HCC
risk among the general United States population. Among
a cohort of 3649 HCC cases and 195953 compatison co-
hort, metabolic syndrome (as defined by National Cho-
lesterol Education Program Adult Treatment Panel III
criteria) was associated with a significantly increased risk
of HCC (OR = 2.13, 95%CI: 1.96-2.13, P < 0.0001).

The implications of these findings on HCC screening
among NAFLD patients are a major public health issue.
While more studies evaluating the long-term HCC risk
among patients with NASH-related cirrhosis are needed,
it is reasonable to implement standard HCC screening
programs in this cohort as one would for patients with
cirthosis from other chronic liver disease etiologies.
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However, as with other chronic liver disease etiologies,
only a fraction of NASH-related cirrhosis patients will
develop HCC and the ability to better define the cohort
of patients from those who will not develop HCC will
be especially important in the management of this group
of patients. More studies are needed to investigate risk
factors for HCC development among this cohort that
will allow a more targeted approach towards risk strati-
fications and earlier detection and treatment of HCC.
However, the increasingly reported cases of HCC among
non-cirrhotic NAFLD patients introduce an unexpected
component to the commonly accepted pathogenesis of
HCC. Clearly, these patients do not carry the same HCC
risk as those patients with non-cirrhotic hepatitis B in-
fection. However, what distinguishes those patients with
non-cirrhotic NAFLD that develop HCC from those that
do not? What are the important risk factors that should
be incorporated into risk stratification models? How
should HCC screening programs be implemented among
this cohort? More studies are needed to better undetrstand
the risk factors associated with HCC development among
NASH patients with and without cirrhosis.

NAFLD AND LIVER TRANSPLANTATION

The increasing prevalence of patients with NASH who
develop cirrhosis and decompensated liver disease will
undoubtedly lead to a major increase in the number
of patients on the waiting list for liver transplantation.
Several studies have already predicted that as a result of
the obesity epidemic, the rising rates of NASH will be-
come a leading indication for liver transplantation (Table
2)!HS A recent study by Charlton e @/ retrospec-
tively evaluated liver transplantations in the United States
from 2001-2009 utilizing a national liver transplantation
database. This study demonstrated a significant increase
in the proportion of patients undergoing liver transplan-
tation for NASH from 1.2% in 2001 to 9.7% in 2009,
making NASH the third leading indication for liver
transplantation. Furthermore, the trajectory of increas-
ing prevalence of NASH among liver transplantation
recipients indicates that it will soon become the leading
indication for liver transplantation. It has also been sug-
gested that our current estimation of NASH prevalence
is an underestimation, as many patients with cirrhosis
secondary to cryptogenic cirrhosis may in fact be more
accurately categorized as NASH. This hypothesis is
supported by evidence demonstrating that cryptogenic
cirrhosis patients share many similar characteristics to
NASH patients, including risk factors associated with
metabolic syndrome, and many patients with cryptogenic
cirrhosis can in fact be more accurately categorized as
NASH"”"". Furthermore, the outcomes associated with
cryptogenic cirrhosis are also similar to those seen among
patients with NASH"""". Clearly, the rising prevalence
of obesity and NASH patients who develop decompen-
sated liver disease will soon become a significant cohort

impacting the liver transplantation waiting list.
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In Asia-Pacific regions, viral hepatitis and hepatocel-
lular carcinoma are the leading indications for liver trans-
plantation. Furthermore, unlike western countries, living
donor liver transplantations play a more significant role in
liver transplantation surgeries“wm]. With the continued
rising prevalence of NAFLD and NASH in this region,
NASH may soon become a leading contributor of end
stage liver disease and need for liver transplantation in the
Asia-Pacific regions.

CONCLUSION

The global obesity epidemic is associated with the in-
creasing prevalence of metabolic syndrome and NAFLD.
This phenomenon will contribute to an increasingly
large cohort of patients that will develop NASH-related
cirrhosis, decompensated liver disease and HCC. The
emergence of this cohort is on the horizon and will in-
troduce a significant disease burden in the field of liver
transplantation. However, there are significant ethnic

disparities in the prevalence and association of obesity
with development of NASH. Furthermore, it is not clear
if the risk factors associated with development of NASH
and progression to cirrhosis and HCC vary by ethnicity.
Our current focus on Asian populations clearly indicate
that despite having lower average BMI, Asians as a group
still maintain significant risks of metabolic syndrome and
NAFLD, resulting primarily from the disparately higher
central adiposity and visceral fat distribution seen in this
cohort. This may further contribute to relatively increased
risk of NASH development. More studies are needed to
identify factors that influence the ethnicity-dependent
rate of hepatic histological damage and the risk of HCC
in NASH patients.
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