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Nonalcoholic fatty liver (NAFL) is an emerging global epidemic which progresses to nonalcoholic steatohepatitis
(NASH) and cirrhosis in a subset of subjects. Various reviews have focused on the etiology, epidemiology, path-
ogenesis and treatment of NAFLD. This review highlights specifically the triggers implicated in disease progres-
sion from NAFL to NASH. The integrating role of genes, dietary factors, innate immunity, cytokines and gut
microbiome have been discussed. ( J CLIN EXP HEPATOL 2015;5:147–158)

Non alcoholic fatty liver disease (NAFLD) is an
emerging medical problem worldwide which af-
fects a significant proportion of the western pop-

ulation and there is gradual spread of this epidemic to
south-east Asian countries. NAFLD encompasses two en-
tities: Non-alcoholic fatty liver (NAFL) and Non-
alcoholic steatohepatitis (NASH). NAFL is defined as the
evidence of hepatic steatosis without inflammation either
by imaging or by histology in individuals without signifi-
cant alcohol consumption in whom secondary causes of
steatosis are absent.1 NASH on the other hand, is charac-
terized by the presence of both steatosis and inflammation
with evidence of hepatocyte injury in the form of
ballooning with or without fibrosis.1

The prevalence of NAFLD has been gradually increasing
and one third adult Americans have NAFLD.2 The preva-
lence in obese population may be as high 57.55–74%.3,4

The global spread of this epidemic is evidenced by the
presence NAFL in 36.8% of Mediterranean, 21.5% of
Iranians and 27% of urban Chinese adults.5–7 However, the
prevalence varies between countries and continents. The
prevalence in Europe is 20–30% while that in Japan varies
between 9 and 30%8,9 and in China between 5 and 24%.10

In India, the prevalence of NAFLD in urban population is
16%–32% while that in rural areas is approximately 9%.11–
13 Among the Asian countries the lowest prevalence is
observed in Singapore at 5%.10 Globally NAFLD has been
related to obesity and sedentary lifestyle. Interestingly both
NAFL and NASH have been observed in non-obese subjects
in Asians, which is referred to as the Asian paradox.11,14,15

Mere presence of fat in the hepatocytes is not considered
as a disease. As most of the subjects with NAFL do not
progress to NASH, differentiation between these two
conditions is paramount. Though liver histology is the
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gold standard in diagnosis of NAFL, the commonest
method used is transabdominal ultrasonography which
has a sensitivity of 100% and specificity of 90% when fat
on liver biopsy exceeds 20%.16Other non-invasivemodalities
used to diagnose NAFL includes transient elastography (Fi-
broscan) and Acoustic Resonance Magnetic Imaging (ARFI)
which measures liver stiffness and corresponds to presence
of fibrosis. Magnetic resonance spectroscopy is a quantita-
tive method of measuring liver fat but is limited in clinical
use due to lack of widespread availability and cost.17 Howev-
er, none of these available noninvasive tests can distinguish
simple steatosis from NASH. Although raised aspartate
aminotransferase and alanine aminotransferase levels are
considered by some as a marker of NASH, yet these enzymes
may be normal in many subjects with biopsy proven
NASH.18 A recent study using non-invasive tools have found
81% probability of differentiating NAFL from NASH using
Bayesian approach combining clinical, laboratory, and im-
aging data.19 Based on the modality used to diagnose
NAFL, the detection of disease varies. Ultrasound based
study from India has shown the prevalence of NAFLD to
be 16.6%12while in a study based on liver biopsy the presence
ofNASHwas 53%.20 In another study from costal eastern In-
dia, one fourth of patients had evidence ofNASHon liver bi-
opsy on presentation.21 In another Asian study involving 52
patients, biopsy proven NASH at presentation was found in
32.6% patients while 23% patients with baseline NAFL pro-
gressed to NASH.22 In contrast, a recent study from the
West with mean 6.6 years follow up, baseline NASH was
found in 75% patients with disease progression from
NAFL to NASH in 44% patients. Among those patients
with simple steatosis fibrosis progression was observed in
follow up liver biopsy which was statistically more in dia-
betic steatosis thereby suggesting that simple steatosis can
progress to clinically significant fibrosis.23 Similar data
from west suggests that among those with NASH only 21–
26% progress to cirrhosis over 8.2 years.24 Meta-analysis
have demonstrated that NAFLD increases the risk of all-
cause mortality.25 Therefore, aggressive management in
the form of dietary and lifestyle modification is required
in patients who has NASH when compared to those who
have simple steatosis. The riddle of progression from
NAFL to NASH and subsequently to cirrhosis is poorly un-
derstood. In this review, we present new insights into pro-
gression of NAFL to NASH, integrating the role of genes,
diet, immunological profile, cytokines, liver cell types, and
gut microbiota.

JOURNEY FROM NONALCOHOLIC FATTY
LIVER DISEASE TO NONALCOHOLIC
STEATOHEPATITIS

The spectrum of NAFLD ranges from simple steatosis to
NASH. The accumulation of fat above the physiological
level (<5%) in the hepatocytes (steatosis) is the pre-

requisite for development of NASH. Although NAFL is
almost universally present in obese individuals yet not all
of them progress to NASH. Similarly there are many indi-
viduals who may be non-obese physically but may be meta-
bolically obese and have NASH. This indicates that
multiple factors other than obesity and insulin resistance
are involved in the disease progression. The original
“two-hit hypothesis” considered steatosis to be the “first
hit”, which increased the sensitivity of the liver to the “sec-
ond hits” that leads to hepatocyte injury and ultimately
inflammation (NASH) and fibrosis.26 However, emerging
evidence suggests that the pathogenesis involves “multiple
hits”27 which progress parallel to each other and progres-
sion to NASH depends on the close interaction and cross
talk between host genes, environmental influences, gut mi-
crobiota and host immune system.28 The progression from
NAFL to NASH is poorly understood. The following sec-
tions will elaborate the various factors implicated in dis-
ease progression (Figure 1).

GENES IN NONALCOHOLIC FATTY LIVER
DISEASE

Considerable variation in severity of the disease and rate of
progression suggests a genetic predisposition for the dis-
ease. It is a polygenic disease with involvement of multiple
loci, environmental and nutrient interactions. Further-
more, in a substantial percentage (25–35%) of individuals,
the disease is thought to be contributed by a genetic
component.29 Common genetic variants at various loci
have consistently been associated with fatty infiltration.
Studies have shown that Asian Indians have a genetic pre-
disposition to have up to twofold increased hepatic fat
accumulation despite having a low BMI due to their ten-
dency to have more visceral adiposity.15 The major locus
among these is 22q13.31 which harbors the PNPLA3
gene. A particular single nucleotide polymorphism (SNP)
namely rs738409 showed strongest association with
NAFLD across various Genome wide association studies
(GWAS) in various populations30–32 and this is probably
one of the very few SNPs that were identified by GWAS
which was significant across various ethnicities. The SNP
is located in the 3rd exon of the gene and is mainly
expressed by liver and adipose tissue. The gene is
involved in triglyceride hydrolysis activity and the SNP
introduces an amino acid substitution from isoleucine to
methionine (I148M) that abolishes the function.33

PNPLA-I148M polymorphism has been shown to be asso-
ciated with increased necroinflammation, severe steatohe-
patitis and advanced fibrosis.34 In India, higher
frequency of C/G andG/G genotypes of the rs738409 poly-
morphismwas noted in NAFLD subjects and this was asso-
ciated with significantly higher fasting insulin, HOMA-IR,
alanine transaminase and aspartate transaminase levels.35

In addition to predisposing patients to severe disease,
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