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The Asia Pacific region is the most diverse and the most populous region in the world. Recent socioeconomic
changes have resulted in an emerging epidemic of non-communicable diseases such as type 2 diabetes and
nonalcoholic fatty liver disease. The prevalence of nonalcoholic fatty liver disease in Asian Pacific countries
now approximates that seen inWestern countries. This increase is fueled by rising obesity, partly due to adoption
of Western style diets and exposure to compounds such as high fructose corn syrup that are not included in
traditional diets. Furthermore, South Asian populations may be more genetically susceptible via the inheritance
of polymorphisms in apolipoprotein 3 that increase insulin resistance and nonalcoholic fatty liver disease.
Importantly, there remains a substantial lack of data on the incidence and natural history of nonalcoholic
steatohepatitis and subsequent complications such as hepatocellular carcinoma in Asian Pacific populations.
This information gap prevents estimation of current and future disease burden and impedes efforts to lobby
health policymakers to improve public healthmeasures, as given the size of Asian Pacific populations, prevention
rather than treatment of non-communicable diseases remains key. This review article addresses these issues and
highlights research priorities for nonalcoholic fatty liver disease within the Asia Pacific region. ( J CLIN EXP HEP-

ATOL 2012;3:106–113)
Consider this. In 1988, there were 40 million people
with type 2 diabetes in India.1 In 2011, India had 63
million diabetics and by 2030, that number is pre-

dicted to be a staggering 90 million.2 Nonalcoholic fatty
liver disease (NAFLD) the hepatic manifestation of the
metabolic syndrome is closely associated with type 2 diabe-
tes with NAFLD present in more than 50% of type 2 dia-
betics. Other countries in the Asia Pacific region have
faced a similar diabetes explosion; for example China had
8 million type 2 diabetics in 1996, 32 million by 2010
and is predicted to have around 60 million by 2030.2 The
data for diabetes incidence in Asian Pacific countries is
consistent and valid, and when considered with less robust
data on NAFLD, it suggests that the Asia Pacific could face
an eruption of metabolic liver disease over the next few de-
cades.

The reasons for this increase in type 2 diabetes (and
NAFLD) are partly explained by theories of socioeconomic
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effects on health. China and India, as developing countries,
are part of the way along the nutrition transition.3 This
theory represents changes in the health of a society with
economic growth and urbanization (Figure 1). Developed
countries of the Asia Pacific such as Australia andNew Zea-
land have been in stage 4 for some time, where life expec-
tancy is high but with an increased period of disability
due to non-communicable diseases related to the meta-
bolic syndrome, such as obesity and type 2 diabetes.
NAFLD is now the commonest cause of abnormal liver
function in stage 4 countries such as the United States
and is projected to be the leading cause of liver transplan-
tation in that country by 2020.4 The traditional cause of
advanced liver disease in the Asia Pacific region has been vi-
ral hepatitis, but current socioeconomic changes suggest
that metabolic liver disease may soon contribute an addi-
tional and substantial health burden.

The Asia Pacific region extends fromChina andMongo-
lia in the north to the tip of New Zealand in the south, and
includes more than 50 countries each with a unique cul-
ture, diet and economic predicament. This diversity is dif-
ficult to cover in a single paper, hence we have concentrated
on the two geographically and genetically distinct areas of
South Asia (covering India, Sri Lanka, Pakistan, Nepal and
Bangladesh) and East Asia (including China, Korea, Japan,
Taiwan). In this review, we detail published incidence and
prevalence figures for NAFLD, and will outline recent find-
ings on influential polymorphisms in South Asian popula-
tions compared with East Asian and Caucasian
l and Experimental Hepatology | June 2013 | Vol. 3 | No. 2 | 106–113
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Figure 1 Stages of the nutrition transition. Developing countries such as India and China are entering pattern 4 (Adapted from Popkin 20023).
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populations, and the implications these genetic differences
may have on the natural history. We discuss what is known
about the consumption of dietary components that influ-
ence progression of NAFLD, particularly high fructose
corn syrup and trans fats. We highlight the synergistic ef-
fect of viral hepatitis, obesity and type 2 diabetes on the in-
cidence of hepatocellular carcinoma in the Asia Pacific.
Current gaps in data that affect our ability to model future
disease burden and plan accordingly will be emphasized
and to conclude, a prioritized research agenda is proposed.
PREVALENCE AND INCIDENCE OF
NONALCOHOLIC FATTY LIVER DISEASE IN
ASIAN PACIFIC COUNTRIES

There are no prospective, long duration, methodologically
robust studies of NAFLD incidence from the Asia Pacific,
hence the true incidence is not known. In contrast, the
prevalence has been reasonably well studied in general pop-
ulations in a number of Asian Pacific countries and pub-
lished estimates are shown in Figure 2. Ultrasound has
been the principal diagnostic tool used, however ultra-
Journal of Clinical and Experimental Hepatology | June 2013 | Vol. 3 | No. 2
sound based studies that detect steatosis may underesti-
mate prevalence as the sensitivity compared with the
gold standard of liver biopsy is around 70%.5 More impor-
tantly, the advanced forms of NAFLD including nonalco-
holic steatohepatitis (NASH) and fibrosis cannot be
established at ultrasound and require alternative diagnos-
tic tools of liver biopsy or noninvasive techniques such as
ultrasound based elastography. Published data from the
Asia Pacific with other methods has been scarce, with a re-
cent exception.6 Overall, and in the context of these re-
search limitations, ultrasound based studies suggest that
the community prevalence of NAFLD in the Asia Pacific
is at least equal to that of Western countries.

East Asia
Prevalence studies of nonalcoholic fatty liver disease in
China have been available since the 1990s and indicate
a median prevalence of NAFLD of 10% that varies accord-
ing to location (urban or rural) and occupation.7 More re-
cent studies show an overall increase, but maintain the
environmental contrast. The highest published prevalence
is 27% in urban Hong Kong Chinese using magnetic
| 106–113 107



Figure 2 Prevalence of nonalcoholic fatty liver disease in Asian Pacific countries.
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resonance spectroscopy.6 Studies fromMainland China in-
dicate a prevalence of 25% in urban areas8 to 5% in rural
areas.9 In a study from Shanghai, where ultrasound was
performed on the same group of factory employees in
1995 and in 2002, diagnosis of NAFLD increased from
4% to 14%, while alcohol intake remained constant.10

Ultrasound based studies from other parts of East Asia
indicate a similar prevalence. In Japan, prevalence figures
from 9%11 to 18%12 to 29%13 have been reported. The
prevalence in Korea is estimated at 19%14 and up to 30%
in Indonesia.15

South Asia
The highest prevalence of NAFLD in the Asia Pacific region
exists in India and Sri Lanka. In urban populations in In-
dia, studies suggest up to 30% may have NAFLD,16 with
lower figures reported from people residing in railway col-
onies (16%).9 The prevalence in Sri Lanka has been re-
corded at 33%.17 There are no published figures for
Nepal or Bangladesh.
INFLUENTIAL GENETIC POLYMORPHISMS
AND THEIR IMPORTANCE IN THE ASIA
PACIFIC

South Asians may incur a ‘double-hit’ phenomenon when
it comes to NAFLD, with not only a rising prevalence due
to socioeconomic factors, but also a genetic predisposition
that influences incidence and natural history. Insulin resis-
tance, a key pathophysiological determinant of NAFLD18
108
is distinctly more common in South Asians than in other
ethnic groups of comparable weight and body mass index
(BMI). This ethnic specific association with insulin resis-
tance was first reported more than 20 years ago.19 Since
then, it has been shown that South Asians have a different
adipokine profile than Caucasians, with lower adiponectin
and higher leptin,20 and different anthropometrics with re-
duced lean body mass and greater visceral adiposity which
is proportionately related to insulin resistance.21,22 This
was quantitated in a study that compared insulin
resistance in young, lean, healthy subjects of similar
weight from South Asian, East Asian, Black, Hispanic
and Caucasian backgrounds, and demonstrated
a fourfold increase in insulin resistance in Indian males
compared with any other group.23 Further genetic studies
in Indian males have found that carriers of variant poly-
morphisms for the gene encoding apolipoprotein C3
which influences triglyceride metabolism were far more
likely to have NAFLD (38% of the carriers had NAFLD
compared with 0% of those who did not have these variant
alleles).24 These findings were validated in a group of Cau-
casian males24 however other studies have not consistently
reproduced this association,25 and further work is needed.
Genome-wide association studies have shown that a single
variant allele in PNAPLA3 also appears strongly linked
with hepatic fat content, but not with measures of insulin
resistance, and this was most striking in people with His-
panic ancestry.26

The salient question is whether a genetic predisposition
to insulin resistance is associated with faster progression to
© 2012, INASL
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advanced liver disease in South Asians. This has not been
studied, but large scale epidemiologic studies indicate
that the natural history of other conditions associated
with metabolic syndrome such as cardiovascular disease
is less favorable in South Asians. Indians have a higher in-
cidence of acute coronary syndromes at an earlier age and
a higher mortality from cardiovascular disease.27 This dif-
ference is not explained by conventional risk factors, and
South Asian ancestry is an independent risk factor in mul-
tivariate models. South Asians have a higher cumulative
burden of risk factors for cardiovascular disease at a youn-
ger age than their Caucasian counterparts.28 Given these
observations, there is an urgent need to study the natural
history of NAFLD in populations from the Asia Pacific,
and South Asians in particular.
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THE “WESTERNIZATION” OF DIET IN THE
ASIA PACIFIC

Epidemiologic studies suggest that two compounds in par-
ticular, trans fats and high fructose corn syrup, drive in-
flammation in NAFLD. These compounds are not part
of traditional diets, but as Asia Pacific adopts an increas-
ingly “Western” diet, higher consumption may play
a role in progression of NAFLD from benign steatosis to
an inflammatory and progressive form. Trans fats are by-
products produced during manufacture of saturated fats
and are contained in processed foods including baked
and fried foods. In animals, trans fats cause severe hepatic
inflammation29 and excess consumption in humans in-
creases hepatic transaminases. Furthermore, trans fats
have been implicated as an independent risk factor for car-
diovascular disease.30 The evidence for increased intake in
Indians is limited, although trans fats are contained in the
most commonly used cooking oil, Vanaspati, which is
cheap and widely available, and young Indian males have
a high intake of trans fats due to Vanaspati oil.31

High fructose corn syrup, primarily found in soft drinks
and to sweeten highly processed foods, has been recog-
nized to predispose to insulin resistance for some years.32

High fructose corn syrup increases hepatic lipogenesis,32

has a dense caloric content and impairs normal satiety.33

Observational data from the United States indicates that
fructose consumption is a risk factor for NAFLD in this
population,34 and this may be a target for public health
measures in the Asia Pacific given the increasing intake
of soft drink and aggressive marketing by transnational
soft drink companies in developing populations.
WHAT MIGHT BE THE FUTURE DISEASE
BURDEN OF NONALCOHOLIC FATTY LIVER
DISEASE IN THE ASIA PACIFIC?

In order to calculate the future burden of liver disease due
to NAFLD, and in standard units such as disability ad-
Journal of Clinical and Experimental Hepatology | June 2013 | Vol. 3 | No. 2
justed life years that can be compared with the burden
due to other chronic health disorders, we need data on
the annual incidence of NASH cirrhosis, NASH-related he-
patocellular carcinoma (HCC) and NASH-related mortal-
ity. This figure can then be applied to susceptible
populations to provide an estimate of expected new cases.
Prevalence statistics alone are insufficient to model health
care burden, and at present, we cannot calculate estimates
that can be used to lobby policymakers and advocate for
better patient care.

It is possible to estimate the current prevalence of
NASH in India and China indirectly by using data on
type 2 diabetes prevalence. In 2011, the current prevalence
of type 2 diabetes in India was estimated as 63 million2 al-
though some estimates are higher,35 and studies indicate
that around 70% of Indian diabetics have NAFLD.36–38

This would suggest that currently, there may be over 44
million people with NAFLD in India. A well conducted
population based study from India estimated that 31%
of people with NAFLD had at least mild NASH,39 suggest-
ing that there may be 13 million people with NASH in In-
dia at present. In large Indian transplant centers, 15% of
liver transplants are performed for NASH-related liver dis-
ease and 5% of liver transplants for hepatocellular carci-
noma (HCC) are NASH-related HCC (Dr S Gupta,
Centre for Liver and Biliary Sciences, New Delhi; personal
communication).

In China, assuming a conservative estimate of popula-
tion prevalence of NAFLD of 10%,6 there may be 130 mil-
lion Chinese with NAFLD. Recent studies on Hong Kong
Chinese patients with NAFLD using elastography esti-
mates that 4% have advanced fibrosis,7 equating to 5 mil-
lion Chinese currently with advanced fibrosis who are at
risk of end stage liver disease and HCC in the near future.
India's population is expected to overtake that of China's
in the next 2 decades, and while these figures are approxi-
mations only, to reduce disease burden in the Asia Pacific
region, prevention and treatment of NAFLD and its ad-
vanced forms in South Asia particularly is an important
focus.

The natural history of NAFLD and NASH in Asian Pa-
cific patients has not been studied in long term cohort
studies. A retrospective study with dual biopsies in 17 pa-
tients taken a median 6 years apart suggests that histolog-
ical progression among Chinese patients is comparable
with Caucasians.40 A retrospective study of Japanese
cirrhotics (n = 68) showed similar survival rates between
cirrhosis from NASH and HCV.41 Of importance, the
natural history of NAFLD is not inexorably one way,
with some studies suggesting that up to one third of Cau-
casian patients with NAFLD may have regression,42 partic-
ularly if patients lose weight, and this appears true for
Japanese cohorts.12 Interestingly, recent data from the
United States indicates that the prevalence of obesity has
now leveled off at around 30%,43 and this may reflect
| 106–113 109



NONALCOHOLIC FATTY LIVER IN ASIA PACIFIC MAHADY & GEORGE

N
A
FLD
saturation of the at-risk population in developed countries
which has not yet been reached in developing countries.

To improve accuracy of future predictions, we need
better data on the amount of advanced fibrosis in the
Asia Pacific, and thus we need to develop and validate
noninvasive tools in these populations. We need to test
and validate promising biomarkers such as cytokeratin-
18 in Asian populations.44 Predictive scores for fibrosis
that are useful in Caucasians may be less accurate in Asians
due to the inclusion of BMI45 as cut-offs for healthy BMI
are lower in Asian populations46 (Table 1). Hence, an
additional research priority is the development of ethnic-
specific predictive scores.
WHAT IS THE COMBINED IMPACT OF
METABOLIC SYNDROME, NONALCOHOLIC
FATTY LIVER DISEASE AND VIRAL HEPATITIS
IN THE ASIA PACIFIC ON THE RISK OF
ADVANCED LIVER DISEASE AND PRIMARY
LIVER CANCER?

Few long term studies on the effect of nonalcoholic fatty
liver disease complicating viral hepatitis in Asian Pacific
populations exist. A cross sectional analysis from Chinese
populations suggests that the metabolic syndrome
increases progression to advanced liver disease in concur-
rent hepatitis B infection.47 For people with hepatitis C
infection, an increased body mass index may accelerate fi-
brosis,48 and the cut-off at which this occurs may be lower
than in Caucasians because visceral adiposity is propor-
tionately higher in Asians.

Viral hepatitis, NASH and type 2 diabetes are all de-
scribed as independent risk factors for hepatocellular carci-
noma (HCC),49–51 and this combination appears
synergistic in inducing HCC.52 This association is stronger
in people with HCV infection than for HBV infection,52

possibly because the hepatitis C virus is directly involved
in inducing insulin resistance.53 In addition, emerging
data suggests that curative treatment for HCC may be
less effective in the presence of visceral fat, as data from
Taiwanese patients with NASH demonstrated that in-
creased visceral fat is associated with HCC recurrence after
treatment.54
Table 1 Body mass index and corresponding risk categories for
type 2 diabetes and cardiovascular disease in Asian
populations.46

Body mass index Risk category

Less than 18.5 kg/m2 Underweight

18.5–23 kg/m2 Increasing but acceptable risk

23–27.5 kg/m2 Increased risk

27.5 kg/m2 or higher High risk

110
WHAT DOES THE FUTURE HOLD FOR THE
PREVENTION AND TREATMENT OF
NONALCOHOLIC FATTY LIVER DISEASE AND
NONALCOHOLIC STEATOHEPATITIS IN THE
ASIA PACIFIC?

Given the size of the population of the Asia Pacific region,
prevention of diseases associated with obesity and insulin
resistance, rather than treatment of its sequelae, is the
key to controlling the epidemic. This necessitates a multi-
faceted, multidisciplinary approach. Interestingly, preven-
tative interventions may be highly valuable when started
in-utero. The ‘thrifty phenotype’ hypothesis suggests that
intrauterine malnutrition results in smaller birth weights
and predisposition to metabolic diseases in adult life.55

Clearly, proving causality in this theory is challenging,
but micronutrient supplementation to mothers in China
has resulted in increased birth weights in pregnant fe-
males56 and importantly, it is a low cost intervention.
For prevention, lifestyle modification remains the advo-
cated approach for NAFLD in Western countries57 and
randomized trials demonstrate histological benefit propor-
tional to weight loss.58 It is effective in reducing diabetes
incidence in populations across Asia including China59

and India.60 Lifestyle modification is the primary treat-
ment modality for NAFLD principally because it has
such an attractive risk to benefit profile. However, the dis-
advantages are the intensive patient education and support
required, and the long term outcomes can be disappoint-
ing. Even in controlled trials that enroll highly selected
and educated patients who are offered multiple individual-
ized sessions, weight loss with diets with varying macronu-
trient composition remains less than 4 kg at 2 years.61

Moreover, factors such as a high intake of sweetened soft
drinks that are increasingly relevant in the Asia Pacific
are negatively associated with durable long term weight
loss.62 Individually driven lifestyle modification is also
likely to be ill suited to populations where baseline educa-
tion is low. Research into awareness of diabetes in a general
Indian population highlights illustrates this problem. In
the CURES study in India, 25% of the population did
not know that a condition called diabetes existed and
88% were not aware that obesity and a sedentary lifestyle
were risk factors for diabetes.63 Furthermore, less than 1
in 5 people knew that diabetes was associated with chronic
ill health and complications. Physical activity alone is likely
to have varying efficacy across the Asia Pacific, with recent
reviews on global physical activity levels indicating that
countries such as China do well in areas such as the use
of active transportation to work where more than a quarter
of the population cycle or walk.64 There is little published
data on national physical activity levels in India, although
what exists suggests that urban populations generally lead
a sedentary lifestyle and physical activity is higher in rural
areas.65 During this phase of rapid urbanization of the Asia
© 2012, INASL



Table 2 Research priorities for the Asia Pacific region.

Topic What is currently known? High priority questions for the research agenda

NAFLD incidence No prospective, long duration incidence studies exist What is the incidence of NASH-related cirrhosis, HCC and
mortality in the Asia Pacific, particularly India and China?

Natural history A study from Japan suggests similar outcomes for
cirrhosis due to hepatitis C infection and NASH

Do South Asians, given different genetic profiles and known
differences on cardiovascular disease outcomes, have
accelerated disease progression and worse outcomes?

Diagnosis of
fibrosis

A study in Hong Kong Chinese suggested a low
prevalence of advanced fibrosis in the community

What is the current prevalence of early and advanced fibrosis due
to NAFLD in India and Sri Lanka?

Predictive scores are not valid for non-Caucasian
patients

Development of noninvasive predictive scores with validation
in different ethnicities

Knowledge of
disease
associated with
adverse lifestyles

Community knowledge of diabetes and its sequelae
is poor

How effective are interventions to modify lifestyle for Asian
Pacific patients with NAFLD?
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Pacific, governments should use this opportunity to inte-
grate measures of urban planning that facilitate active
work and leisure time.

Pharmacologic treatments used inWestern populations
for advanced NASH such as thiazolidinediones have been
shown to be effective in South Asians in improving insulin
resistance (although no liver related data exists), and the
benefit conferred may be greater than that experienced by
Caucasians.66 Bariatric surgery for complications of the
metabolic syndrome including NAFLD is very successful
in highly selected patients, producing superior metabolic
and histological benefits67,68 and the most recent, long
term data suggests excellent results in prevention of type
2 diabetes incidence compared with lifestyle modification
alone.69 Bariatric surgery in the Asia Pacific has become
more frequent over the last 5 years70 with laparoscopic ad-
justable gastric banding the most common procedure.
Clearly, however, the magnitude of at-risk populations in
the Asia Pacific region combined with the cost and re-
sources needed for vigilant peri-operative care, would ap-
pear to render bariatric surgery unfeasible as
a population wide treatment option.

WHAT CAN THE ACADEMIC COMMUNITY OF
HEPATOLOGISTS IN THE ASIA PACIFIC DO?

There are now a number of regional working parties that
have been established with a primary research focus on
NAFLD, including the Asia-Pacific Working Party on
NAFLD71 and the Japan NASH study group.72 These
groups are well placed to establish regionally important re-
search priorities, with a focus on data that is critically
needed to better manage NAFLD, and to steer funding
bodies to support these priorities in order to make a tangi-
ble difference with limited resources. Selected research pri-
orities for NAFLD in the Asia Pacific region are highlighted
in Table 2.
Journal of Clinical and Experimental Hepatology | June 2013 | Vol. 3 | No. 2
CONCLUSION

The Asia Pacific region is facing an epidemic of diseases re-
lated to the metabolic syndrome, including nonalcoholic
fatty liver disease. The increasing prevalence of nonalco-
holic fatty liver disease in the context of established viral
hepatitis and genetic susceptibility for populations within
the Asia Pacific is likely to result in a significant rise in end
stage liver disease over the coming decades. There remains
an information gap on the incidence of advanced liver dis-
ease and end stage complications of nonalcoholic fatty
liver disease, and research into these areas is urgently re-
quired to better inform health care planning.
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