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Non-alcoholic fatty liver disease (NAFLD) is an important cause of liver disease burden across the world. 
By definition, although the histopathologic features of NAFLD are identical to that of alcoholic liver disease, 
its diagnosis requires absence of significant alcohol use and absence of other causes of chronic liver disease. 
We now know that NAFLD is not simply a disease of the Western world. It is manifested across the world, 
in varying rates, across gender, across varying ethnicities, and in its association with other host factors. In this 
review article, the definition of NAFLD, its spectrum, ranging from mild steatosis to hepatocellular injury and 
inflammation defined as non-alcoholic steatohepatitis (NASH) is discussed. Mild steatosis is generally a stable 
disease whereas NASH can be progressive. Based on current published literature, current incidence and preva-
lence of NAFLD and NASH are discussed. It is also accepted that these processes will continue to increase in 
prevalence with the rise of obesity, type II diabetes, and associated metabolic syndrome. Some of the risk factors 
have been well-established and are discussed. In addition, this review also presents emerging associations with 
other risk factors for NAFLD. Natural history of NAFLD is variable depending upon the histologic subtypes 
and other underlying comorbidities and is discussed in this review as well. (J CLIN EXP HEPATOL 2012;2:135–144)
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Non-alcoholic fatty liver disease (NAFLD) is the 
most common cause of chronic liver disease (CLD) 
in the Western hemisphere. By some estimates, it 

affects 20–40% of the population in the USA.1 As the name 
suggests, NAFLD is a clinical entity in which patients have 
evidence of hepatic steatosis on imaging or histology and 
there is no secondary cause for the hepatic fat accumula-
tion such as alcohol, predisposing medications or other 
defined liver disorders. It has been accepted that as the 
prevalence of obesity and metabolic syndrome rises, it will 
herald a parallel rise of NAFLD across the world. The com-
mon metabolic risk factors include obesity, diabetes mel-
litus (DM), and dyslipidemia. Management of these risk 
factors is extremely important to halt the progression of 
NAFLD.

Non-alcoholic fatty liver disease includes a spectrum of 
liver disorders. At one end of this spectrum is simple he-
patic steatosis and the other end is non-alcoholic steato-
hepatitis (NASH) which is characterized by hepatocellular 

injury and inflammation, fibrosis sometimes leading to 
cirrhosis. Experts agree that patients with simple steatosis 
progress very slowly, if at all. On the other hand, NASH 
can be progressive, and can lead to complications such as 
cirrhosis and hepatocellular carcinoma (HCC). It is impor-
tant to note that the histologic characteristics of NAFLD 
are indistinguishable from alcoholic liver disease.2 There-
fore, the distinction is based on exclusion of excessive al-
cohol consumption. Furthermore, the diagnosis of NASH 
with associated fibrosis heralds a more significant prog-
nosis as it is more likely to progress to cirrhosis with com-
plications of hepatic failure and HCC. Non-alcoholic fatty 
liver disease should be suspected or considered in those 
who have risk factors as above of obesity, diabetes, dyslip-
idemia, or insulin resistance. It is generally expected to 
consider NAFLD in the differential diagnosis of elevated 
aminotransferase levels in individuals who are receiving 
drugs for conditions known to be associated with NAFLD.3 
In fact, NAFLD should be considered as the etiology of 
persistent elevation of serum alanine aminotransferase 
(ALT) levels for which another cause cannot be found.3

Incidence and Prevalence of Non-alcoholic Fatty 
Liver Disease and Non-alcoholic Steatohepatitis
Non-alcoholic fatty liver disease and its various manifesta-
tions are seen in all ethnic groups, across the globe and in 
both genders.4–15 It is difficult to quantify the true inci-
dence of NAFLD because of the variation in diagnosis 
and also due to the fact that a large number of patients 
may be asymptomatic. Nevertheless, a review of literature 
showed that the reported incidence of NAFLD varies 
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wildly. An outpatient hepatology clinic in England showed 
an incidence rate of 29 cases per 100,000 person years.4 
Two different studies from Japan have reported an inci-
dence rate of 31 and 86 cases per 100,000 person years.5,6

An interesting study from Japan reported an annual 
incidence rate of 10% based on baseline examination and 
follow-up period of 414 days among 3147 patients.6 In 
this cohort, weight gain and the presence of metabolic 
syndrome at baseline were independent predictors of de-
velopment of NAFLD.6,14 Another historical cohort study 
also from Japan using data from the routine health care of 
government employees has also shown that weight gain 
in those patients preceded the development of NAFLD 
and other features of the metabolic syndrome.5

In a study using proton magnetic resonance spectros-
copy of the liver in the USA, it was shown that the fre-
quency of hepatic steatosis varied based on ethnicity, more 
common in Hispanics (45%) than in whites (33%) and 
blacks (24%).7 The higher prevalence in Hispanics mirrors 
the similar higher prevalence of obesity and insulin resis-
tance in that group. However, the lower frequency of he-
patic steatosis in blacks was not explained by factors such 
as body mass index (BMI), insulin resistance, alcohol, or 
medication.7 In addition, interestingly in this group, the 
prevalence of hepatic steatosis was greater in men than in 
women among whites, 42% vs 24%, but this gender differ-
ence was not seen in blacks or Hispanics.7 Additionally, on 
liver biopsy samples of patients with NAFLD, Hispanics 
showed higher rates of liver injury with ballooning hepa-
tocytes and Mallory bodies; Asians had higher rates of bal-
looning and lobular inflammation and African Americans 
were less likely to have high grades of hepatic steatosis, 
lobular inflammation, and fibrosis.8 A Korean study in 
which liver biopsies were performed on 589 consecutive 
potential liver transplant (LT) donors reported NAFLD 
prevalence of 51%.9 In the USA, a study of living donors 
for adult to adult right lobe LT candidates that were biop-
sied showed that 20% of them were ineligible due to > 30% 
steatosis on biopsy samples.10 It is accepted that the preva-
lence of NAFLD varies greatly based on the population 
studied and based on the screening test such as liver en-
zymes, liver histology, or imaging.11 In high-risk groups 
with metabolic syndrome or surrogates of diabetes, obe-
sity, and dyslipidemia, there is a significantly higher prev-
alence in contrast to lower rates in unselected groups.11 
Nevertheless, even in the unselected group, however, there 
is still a wide variation in the prevalence with reported 
values anywhere from 3% to 36.9%.11

The true estimate for the prevalence of NASH is even 
more difficult due to the lack of histologic data and lim-
ited sensitivity of non-invasive methods for establishing 
the diagnosis. It is likely that NASH is greatly underdiag-
nosed as most affected patients are symptom-free and there 
is not a set criterion for routine non-invasive screening. In 
fact, non-invasive diagnostic testing for NASH is felt by 

most experts to be inadequate for diagnosing or staging 
the severity of this disease.12 The current gold standard in 
the diagnosis of NASH and NAFLD is liver biopsy which is 
invasive, costly, and fraught with potential sampling errors.

Historically, liver-associated enzymes have been used as 
surrogate markers for CLD but the problem with that is 
some patients have been shown to have significant liver 
disease in the setting of NAFLD and normal enzymes.13,14 
A recently published NAFLD practice guideline states that 
as liver biochemistries can be within normal ranges in pa-
tients with NAFLD and NASH, they may not be suffi-
ciently sensitive to serve as screening tests, whereas liver 
ultrasound is potentially more sensitive but is more ex-
pensive and cumbersome as a screening test.15 A study 
based on the National Health and Nutrition Examination 
Surveys (NHANES) using liver enzymes, conducted be-
tween 1988 and 2008 in the United States, suggested that 
while the prevalence of other causes chronic liver disease 
remained stable, the prevalence of NAFLD doubled in 
that time period.16 This study emphasizes the tremendous 
wave of liver disease-related to NAFLD that we can expect 
over the next few decades.

Risk Factors for Non-alcoholic Fatty Liver 
Disease
Age
There are many risk factors for NAFLD. Although NAFLD 
has been described in all ages, the prevalence of NAFLD 
increases with age.17 Age was noted to be in independent 
predictor of the development of NAFLD in Japanese 
women.6 In the USA, data from the third NHANES 
(NHANES III) showed that the peak prevalence of NAFLD 
was earlier in men; during the fourth decade as compared 
with the women with the peak in the sixth decade.18 Other 
studies have also shown that the prevalence of NAFLD in-
creases with age.19,20 In addition to that, it has been shown 
that the likelihood of disease progression to advanced 
fibrosis or mortality increases in older patients with 
NAFLD.21 In some series, it is hard to discern whether age 
is truly an independent risk factors as older patients often 
also have higher incidence of other risk factors such as 
metabolic syndrome, diabetes, and obesity. There have 
also been studies showing that components of metabolic 
syndrome will increase the risk for advanced fibrosis.22 
Certainly, those factors are more likely in an older age 
group. A study of biopsy confirmed NAFLD patients di-
vided into older, age 60 or greater, middle-aged, ages be-
tween 50 to 60 and younger group, < 50 done by Frith et al 
showed an asso ciation between the prevalence of NAFLD 
and fibrosis with age.19 Similarly, in a cohort of octogenar-
ians admitted to the rehabilitation department in a geriat-
ric hospital, the prevalence of NAFLD group of elderly 
patients, there was no association between NAFLD and 
metabolic syndrome.23 In contrast, it is important to note 
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Based on genotyping data to the epidemiology of NAFLD, 
the most important genetic contributor is most likely a 
polymorphism in adiponutrin/patatin-like phospholipase-3 
(PNPLA3); this encodes the I148M protein variant that 
has been identified to be the determinant of hepatic ste-
atosis and serum ALT levels.30 Hispanics were noted to have 
the highest rate of this allele.30 Outside of the Hispanic 
population, in a study of 253 Italian patients with NAFLD, 
the PNPLA3 polymorphism was shown to be associated 
with both steatosis and fibrosis severity.31 The mechanism 
for this is believed to be due to PNPLA3 predisposing to 
NAFLD by interrupting TG hydrolysis within hepato-
cytes.32 With regards to other factors, among the Asian 
Indian population, based on a study of 95 men, the 
APOC3 C-482T and T-455C polymorphisms were shown 
to be associated with an increase prevalence of insulin re-
sistance and NAFLD and it was later replicated in a non-
Asian Indian population.33 Another variant of the gene 
PNPLA3-S4531 is associated with significantly lower liver 
fat content and this correlates with it being more com-
mon in blacks (0.104), and less common in whites (0.003) 
and Hispanics (0.008).30 Another study of 7176 individuals 
who completed genome-wide association study of com-
puted tomography (CT)-detected hepatic steatosis con-
firms the importance of PNPLA3 variants in the degree of 
fat accumulation in the liver.34 There are multiple other 
genetic polymorphisms that have been implicated in pre-
disposing to NAFLD or NASH and may account for the 
racial and ethnic variations seen in populations. More 
research is on-going in this area.

Diabetes Mellitus Type II
Type II DM is an important aspect of the metabolic syn-
drome. We have known for years that type II diabetes and 
fatty liver have had a close relationship. In one recent 
study done of patients with type II DM, it was noted that 
there was a 69% prevalence of NAFLD on ultrasound im-
aging.35 It is also important to note that NASH and ad-
vanced fibrosis are often observed in diabetic patients that 
are asymptomatic clinically and in some cases with nor-
mal liver enzymes. Another recent study from India 
showed that 127 of 204 diabetic patients displayed fatty 
liver on ultrasound and among those who consented to 
a liver biopsy and had fatty liver on ultrasound, 87% had 
biopsy-proven NAFLD.36 In addition, the presence and 
predisposition to obesity and hyper-triglyceridemia in dia-
betic patients further amplifies the risk for developing 
steatosis. It is postulated that in diabetics and also in peo-
ple with insulin resistance, the rate of peripheral adipose 
lipolysis is increased which then leads to an influx of free 
fatty acids into the liver which are incorporated into he-
patic TGs and hepatic steatosis.37 There is also evidence 
that patients with diabetes and NAFLD have higher risk 
of progression, cirrhosis, and mortality than NAFLD 

that the increase in the prevalence of NAFLD is seen in all 
age groups, including young children and adolescents. It 
goes without saying that while age appears to be a logical 
risk factor for NAFLD and NASH, more definitive studies 
are needed in this area. It may simply be a longer duration 
of disease manifestation or it may be a preponderance of 
other risk factors in the elderly that seem to show a stron-
ger association with NAFLD and higher rate of progres-
sion to NASH and fibrosis.

Gender
More recent studies have also reported that male gender is 
a risk factor for fatty liver disease.24 However, there are 
conflicting data. The prevalence of NASH in Western pop-
ulation studies has suggested a female predominance 
of NASH, with women representing 60–83% of the diag-
noses.25 In another prospective study, the incidence of 
NAFLD was higher in men than in women.6,14 In an Asian 
study, of the 26,527 subjects receiving medical care, the 
prevalence of NAFLD was 31% in men and 16% in women.26 
In a retrospective study of 58 men and 307 women who 
underwent gastric bypass, the prevalence of NASH was 
noted to be 60.3% in men as compared with 30.9%.27 These 
results are interesting because given the patient popula-
tion, the two genders were similar to each other in terms 
of other risk factors and yet in this group, lower prevalence 
was noted among women. In another study of 400 adults 
in an Army medical center in the USA utilizing ultrasound 
and liver biopsy, it was shown that NAFLD patients were 
more likely to be male (58.9%).28 It is possible that NAFLD 
and it progression is different in men and women. More 
research is needed in this area.

Ethnicity and Race
The definitive implications of ethnicity and race as risk 
factors are unclear. Most likely the observed prevalence 
parallels the incidence of underlying metabolic syndrome 
and obesity as opposed to the ethnicity and race itself be-
ing a true risk factor. However, there are many unknowns 
in this area also. As mentioned previously, in the USA, the 
highest rates of NAFLD are seen in Hispanics, followed 
by whites and then blacks based on population studies.7 
Wagenknecht et al have reported that other markers for 
NAFLD are similar across ethnic groups and yet Hispanics 
do have the highest prevalence of NAFLD, hepatic steatosis, 
and elevated aminotransferase levels, followed by whites 
with the lowest rates in blacks.29 Yet, at the same time, 
other markers such as triglycerides (TGs) and age are only 
associated with NAFLD in Hispanics.29 It is possible that 
these apparent ethnic and familial differences are repre-
sentative of an underlying genetic susceptibility. There are 
reports of familial clusters of NAFLD. In a recent system-
atic review of NAFLD, the heritability of hepatic steatosis 
is reported at 0.27 based on large family-based cohorts.24 
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chronic anovulatory cycles, oligomenorrhea, and hirsut-
ism. Polycystic ovarian syndrome and its association with 
metabolic syndrome and shared features have led to ex-
tensive research in its association with NAFLD. In a pro-
spective study of Chilean women with PCOS, 41% were 
noted to have NAFLD based on ultrasonographic evi-
dence.56 In other studies of obese PCOS patients, the inci-
dence of NAFLD and NASH is even higher and that PCOS 
patients are to be considered a high-risk group for the 
development of NAFLD and NASH.57

Obstructive Sleep Apnea
Obstructive sleep apnea (OSA) is an increasing public 
health issue across the world with estimated prevalence of 
1–4% of general population and 25–35% of obese individu-
als.58 Human studies have indicated that OSA is associ-
ated with an increase in liver enzymes, and treatment of 
OSA has been shown to decrease liver enzymes.58 Studies 
have shown that sleep apnea patients have a significantly 
greater amount of visceral fat and insulin resistance com-
pared with obese controls, and indexes of sleep disordered 
breathing are positively correlated with visceral fat, but not 
with BMI or total or subcutaneous fat.59 Based on this, 
some experts suggest that OSA should be considered as 
part of the metabolic syndrome. Hypoxia, as is common in 
OSA patients, has been known to inhibit biogenesis and 
respiration of the mitochondria leading to decrease in the 
number and function of the mitochondria and this prob-
ably leads to insulin resistance.60 In a study of 101 patients 
undergoing bariatric surgery with extensive clinical and 
histologic data for whom polysomnography data were 
available, subjects with histologic NASH were found to 
have significantly lower lowest desaturation, lower mean 
nocturnal oxygen saturation, higher respiratory distur-
bance index, and higher ALT/aspartate aminotransferase 
ratio compared with non-NASH controls.61 Further stud-
ies are needed in this area to better understand but it 
appears that OSA most likely aggravates the development 
of NAFLD to NASH in obese individuals.

Miscellaneous Factors Associated with Fatty Liver
Non-alcoholic fatty liver disease has been associated 
with multiple other conditions such as surgical inter-
ventions, medications, and metabolic diseases. Obese pa-
tients who underwent jejunoileal bypass, once a popular 
weight loss surgery, were noted to be particularly prone to 
NAFLD and cirrhosis, such that this procedure is no lon-
ger done and reversal of the operation has been recom-
mended.62 Rapid weight loss, total parenteral nutrition, 
starvation, lipoatrophy, inborn errors of metabolism, pet-
rochemical exposures, refeeding syndrome, bacterial over-
growth, and certain pesticides have all been associated 
with abnormal liver-associated enzymes and NAFLD as 
described in the literature.12 In addition, although human 

patients without diabetes.38 Based on the NHANES III 
(1988–1994) data, Stepanova et al have noted that in that 
cohort of 991 subjects presumed to have NAFLD, the 
presence of type II diabetes was in independent predictor 
of mortality in addition to being a significant hazard for 
liver-related mortality.39

Elevated Cholesterol
Elevated cholesterol or more specifically hyper-triglyceri-
demia is frequently associated with both obesity and 
type II DM and is another important aspect of the meta-
bolic syndrome. Elevated cholesterol or hyper-triglyceride-
mia has been reported in 20–92% of patients with NAFLD 
but authors do note that most of these patients had other 
components of the metabolic syndrome.40 It is accepted as 
an established risk factor for the development of NAFLD. 
In a 2003 study of 282 subjects with fatty liver, using ultra-
sound imaging, it was noted that the prevalence of hyper-
triglyceridemia was 7 times more frequent than in the 
control group and about 3 times higher than in the group 
with mild steatosis.41

Obesity
It has been long established that obesity is a known 
risk factor for hepatic steatosis. In NAFLD, robust 
data come from the bariatric surgery population. Intra-
operative biopsies have become routine during bariatric 
surgery. Based on that data, there is compelling evidence 
that obesity is a strong risk factor for NAFLD and 
NASH. Ong et al reported that over 95% of bariatric sur-
gery patients had fatty liver, 20–30% had NASH, and 
10% had advanced fibrosis.13 Depending on the group, 
the median prevalence of NASH in the obese population 
is 33%, with a range from 10% to 56%.42–44,46–51 In addi-
tion, based on this large body of data from obese patients, 
the prevalence of simple steatosis ranges from 30% to 
37%.42,43 The more impressive data are that within obese 
patients; NAFLD ranges from 57% to 98% in nondiabetic 
obese patients.44–46 It is noteworthy, however, that in 
some patients, NAFLD is a risk factor based on presence 
of central obesity and not high BMI.52 Experts agree 
that central obesity as determined by waist-to-hip ratio 
is strongly associated with insulin resistance and hence 
even within a normal BMI, its presence in individuals 
counts as a criteria for metabolic syndrome and risk for 
NAFLD.

Polycystic Ovarian Syndrome
Recent advances in understanding of polycystic ovarian 
syndrome (PCOS) have established it as an entity strongly 
associated with insulin resistance and metabolic syndrome. 
It is the most common endocrine disease in the female 
population and affects about 10% of the female popula-
tion.53–55 The main clinical feature of PCOS includes 
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immunodeficiency virus (HIV) and hepatitis C virus (HCV) 
are distinct clinical entities that fall outside the spectrum 
of NAFLD, they do appear to exacerbate metabolic syn-
drome and hepatic steatosis.24

A number of medications have also been implicated and 
some are now considered known risk factors for NAFLD 
and NASH. A review of literature shows that glucocorti-
coids, amiodarone, tamoxifen, methotrexate, isoniazid and 
diltiazem and anti-retroviral therapy in HIV patients are 
the most common offending agents.12,63 As mentioned ear-
lier, emerging genomics data will probably identify as yet 
unknown genetic risk factors for the development of 
NAFLD and NASH.

Natural History of Non-alcoholic Fatty Liver 
Disease
There are a limited number of prospective, longitudinal 
studies with long-term histologic follow-up of patients 
with NAFLD. In addition, even liver biopsies are not fully 
accurate in assessing the severity and progression of dis-
ease. One community-based cohort study of NAFLD sub-
jects was noted to have a 34% increase in hazard ratio for 
overall mortality.64 Liver-related mortality is the third most 
common cause of death in large cohorts of patients with 
NAFLD.64,65 Based on NHANES III data and other cohorts, 
Ong et al reported that in patients with NAFLD, liver-
related mortality seems to be higher than that in the gen-
eral population, even when cofounders such as metabolic 

NAFLD

NASH Non-NASH

StableFibrosis

Cirrhosis

Hepatoma Liver failure

Death/liver
transplant

Majority

Stable

65–75%

Unknown

22–33%

40–60%
5–7 years

10% over
7 years

9–20%

25–35%

Figure 1b Natural history of NAFLD—modified from Ong, 2007.11

NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steato-
hepatitis.

Figure 1a Risk factors for non-alcoholic fatty liver disease.

Primary risk factors

Secondary risk factors

Type II
diabetes

Genetics Obesity

Dyslipidemia
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Insulin

resistance

Metabolic
syndrome

Family
history Obstructive

sleep apnea

Polycystic
ovary

syndrome
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Medications

Environmental
toxins

Non-alocholic fatty liver disease (NAFLD)

factors are adjusted (Figure 1b).21 A recent meta-analysis 
also demonstrated that NAFLD increases the risk for all-
cause mortality.66 True understanding of the natural his-
tory, however, is limited by lack of long-term follow-up, 
difficulties with diagnosis, under-diagnosis, and other 
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steatosis, 15% had normal liver enzymes at the 3-year 
follow-up, 23% remained at simple steatosis stage, 39% 
developed borderline NASH, and 23% developed NASH.72 
The limitation of this study was its small sample size so 
unlikely it can be generalized to a larger population. In 
another recent study of 257 NAFLD patients, based on 
liver biopsy results, it was noted that patients with histo-
logic diagnosis of NASH had higher liver-related mortality 
and died, on average, 6 years earlier than subjects without 
NASH.73 Overall, despite variations in data from different 
centers, it does appear that simple steatosis follows a more 
benign course for the liver disease and is likely only slowly 
progressive, if at all. Non-alcoholic steatohepatitis on 
the other hand should be considered a progressive liver 
disease.

Cirrhosis and Liver-related Mortality
Over a relatively short period of follow-up, about 2% of 
NASH patients progressed to decompensated liver disease 
despite histologic progression in 10–15% of those pa-
tients.74,75 Powell et al followed up 42 patients for a median 
of 4.5 years, with a range of 1.5–21.5 years. In that series, of 
all the patients that developed complications of cirrhosis, 
marked fibrosis, one case of HCC and death were all in 
patients that had features of NASH and not simple steato-
sis.75 Argo et al reviewed 221 NASH patients with a mean 
follow-up of 5.3 years. In that group, 37% showed progres-
sive fibrosis.76 It is important to mention, however, that in 
two other studies, 18% of patients showed a drop in their 
fibrosis score on a mean follow-up of 5.7 years and in an-
other, 29% of patients had regression of fibrosis on a mean 
follow-up of 3.2 years.22,77 Despite a lower risk of progres-
sion than alcohol-induced liver disease, NASH must be 
considered a risk factor for cirrhosis and increased liver-
related mortality. Just like any other patient with cirrho-
sis, they are at risk for development of ascites, variceal 
bleeding, hepatic encephalopathy, and development of 
HCC. In a cohort of 152 NASH subjects with cirrhosis fol-
lowed over 10 years, the rate of decompensation and liver-
related deaths was 45% and 14%, respectively.78 Rafiq et al, 
in a recent study, demonstrated a liver-related mortality of 
17.5% for the NASH cohort compared with only 2.7% for 
the non-NASH cohort with a median follow-up of 18.5 
years.79 In another study, during a mean follow-up of ap-
proximately 7 years done by Adams et al, 62% of patients 
sustained complications from cirrhosis and in that same 
group, liver-related mortality was 33%.22 Once cirrhosis 
develops in NASH patients, their overall 64 prognosis is 
negatively altered. Clinical course of patients who had pre-
sumed NASH-related cirrhosis was found by Ratziu et al 
to be similar to those with cirrhosis from hepatitis C 
although there were some limitations on that study.80

Additionally, it is important to note that most patients 
with cryptogenic cirrhosis in the USA are now considered 

confounding factors, particularly the greater risk of mor-
tality imparted by the underlying metabolic syndrome so 
prevalent in patients with NAFLD. Most of the data pub-
lished in literature stem from large tertiary care centers 
that routinely perform biopsy and have greater than typi-
cal follow-up and naturally it may not be representative of 
the population at large.

Non-alcoholic Steatohepatitis (NASH) and 
Non-NASH
In looking at the natural history of NAFLD, it is extremely 
important to separate out NASH from non-NASH sub-
type of NAFLD. As previously mentioned, NAFLD has a 
spectrum of disease manifestation. One end is the simple 
steatosis, also referred to as non-alcoholic fatty liver 
(NAFL). Patients with simple steatosis or NAFL just have 
steatosis without evidence of hepatocellular injury. At the 
other end of the spectrum, NASH is comprised of both 
steatosis and hepatocellular injury and may be associated 
with hepatic fibrosis. Prognosis is greatly altered based on 
whether patients have NASH or non-NASH. It is generally 
accepted that patients with simple steatosis progress very 
slowly, if at all. Patients with NASH are more likely than 
non-NASH group to have progressive liver disease and 
can experience complications such as cirrhosis and HCC. 
There are probably a wide range of factors that predispose 
patients to progress from simple steatosis to NASH, al-
though the exact rate of conversion is unknown. Lebovics 
and Rubin, in their recent review of NAFLD, cite this rate 
of conversion from simple steatosis to NASH at 20% over 
a 15-year follow-up.67 It has also been reported in small 
case series that uncontrolled metabolic risk factors were 
the driving forces for many patients in progression from 
simple steatosis to NASH.68 A few genomics studies, to 
date, have also implicated genetic factors associated with 
the progression of NAFLD, although these factors lack 
clinical application at this time.69

As noted previously, it is also interesting to note that 
while hepatic injury induced by NASH is similar to that 
seen in patients with alcoholic liver disease, NASH does 
appear to progress more slowly and is less severe on histol-
ogy than steatohepatitis caused by alcohol.70,71 Teli et al 
published their data in 1995 of a cohort of 40 patients 
with simple steatosis that were followed for a median of 
11 years, and included patients with or without risk fac-
tors for progression to NASH.71 In that series, 12 patients 
had abnormal liver tests but none progressed to NASH or 
cirrhosis and more importantly, of the 14 deceased pa-
tients; none sustained liver-related mortality.71 In another 
study, after 5 years of follow-up, both inflammation and 
ballooning, and mild fibrotic changes were seen in pa-
tients with simple steatosis.68 In a small series of 52 pa-
tients with NAFLD, who were evaluated 3 years after the 
initial diagnosis, among the patients that only had simple 
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and cardiovascular risk factors. Based on published litera-
ture, the outcomes of LT in cirrhotic NASH patients are 
similar to those with other etiologies of liver diseases un-
dergoing transplantation. The reported 5-year survival 
has ranged from 71% to 75% and recurrence is also com-
mon in the post-transplant liver occurring in 20–33% of 
cases with peri-portal fibrosis seen in 18% of patients by 
18 months.83,84

Cardiovascular Diseases
Any discussion of NAFLD is not complete without look-
ing at the cardiovascular disease (CVD) risk in that patient 
population. Given the fact that NAFLD and CVDs share 
similar risk factors of obesity, type II diabetes, insulin re-
sistance, dyslipidemia, and metabolic syndrome, it is not 
surprising that NAFLD patients have a higher incidence 
of cardiovascular events. However, there are data suggest-
ing that in patients with NAFLD, there is still a higher 
incidence of CVDs compared with matched controls inde-
pendent of other cardiovascular risk factors.14,85 Hence, in 
looking at the natural history of NAFLD, it is important 
to keep this issue in mind. The NAFLD and its manifesta-
tions are not only related to increase liver-related mor-
tality but also related to cardiovascular morbidity and 
mortality. Some authors have noted that CVD is a leading 
cause of death in cohorts of patients who have NAFLD.22,40 
It is possible that in addition to the shared underlying risk 
factors for atherosclerosis, there may be an increased risk 
by virtue of NAFLD itself.

Diabetes
We have previously stressed the importance of diabetes 
type II and its surrogate, insulin resistance as key factors 
in the pathogenesis of NAFLD and important risk factor 
for NASH. However, it is important to remember that 
NAFLD may precede and increase the risk of diabetes 
type II as well. Although more research is needed in this 
area, cohort studies have shed some light on this. Even after 
adjusting for potential confounding factors, it was noted 
in two separate studies in Korea and Japan that ultrasound 
diagnosed NAFLD portends an increased risk of develop-
ing diabetes type II (odds ratio 1.5–5.5) over 4–5 years.86,87

Resolution of Non-alcoholic Fatty Liver Disease
There is paucity of data in the literature regarding true 
resolution of NAFLD. This is further confounded by lack 
of long-term follow-up and sparse biopsy data on large 
population-based studies. The most compelling data to 
date come from the bariatric surgery population. Hepatic 
infiltration with fat was reduced in 65 of 91 patients in 
one study of patients biopsied at the time of bariatric sur-
gery and at follow-up.88 In another study of 90 biopsied 
bariatric surgery patients, 18% remained at the same de-
gree of steatosis, 28% showed improvement in steatosis 

to have had burned-out NASH. These patients have high 
prevalence of conditions associated with metabolic syn-
drome and NASH can re-occur after LT.24

Hepatocellular Carcinoma
There is some uncertainty about the risk of HCC in NASH 
or NAFLD patients. It is accepted by most experts that 
non-NASH patients with steatosis alone are not at risk for 
HCC. Of the NASH cohorts, patients with cirrhosis are 
thought to be at risk for development of HCC. The 2005 
American Association for the Study of Liver Diseases 
(AASLD) guidelines do recommend that all patients who 
are at high-risk, such as those with cirrhosis of any cause 
or certain noncirrhotic hepatitis B carriers, should be en-
rolled in surveillance programs for screening for HCC.81 
Hence, NASH-related cirrhotic patients certainly fall 
within these guidelines. Yatsuji et al put the incidence of 
HCC at 11.3% in 5 years for patients with cirrhosis second-
ary to NASH which is notable for a lower overall risk than 
patients with hepatitis C-related cirrhosis.82 Other experts 
have put the annual incidence of HCC in subjects with 
NASH-related cirrhosis to be approximately 2.6%.78 Given 
the body habitus (visceral obesity) and relative contraindi-
cation for LT (obesity, diabetes, coronary artery disease), 
a large number of patients with NASH do not get screen-
ing for HCC. In fact, these patients may present with large 
tumors which may not be amenable to treatment. At this 
time, the exact pathogenesis of NASH-related HCC re-
mains unclear although experts do agree that age and 
advanced fibrosis are established risk factors for HCC 
in NASH. In looking at the published data, while there 
are variations from study to study on the overall rate of 
NASH-related HCC, there is consistent evidence that the 
risk of HCC is greater with hepatitis C-related cirrhosis.

Liver Transplantation
Cirrhotic NASH patients with decompensated cirrhosis or 
hepatomas can be considered for LT. In reality, this is 
probably complicated by other underlying risk factors in 
that patient population with high incidence of diabetes 

Table 1 Rates of hepatocellular carcinoma cirrhotic patients 
due to non-alcoholic steatohepatitis vs chronic hepatitis C.

Patients with NASH 

or presumed NASH 

cirrhosis (%)

Patients with 

chronic hepatitis C 

cirrhosis (%)

Yatsuji et al82 11.3 30.5

Ratziu et al80 8 18

Sanyal et al78 6.7 17

Note that the duration of follow-up was variable in the three studies 
but all show a higher overall rate with hepatitis C vs NASH cirrhosis.
NASH: non-alcoholic steatohepatitis.
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and 54% reverted to normal hepatic tissue by the time of 
second biopsy.89

CONCLUSION
Over the past 20 years, we have had a much better under-
standing of NAFLD and NASH. On-going research and 
population data will give us additional information. Non-
alcoholic fatty liver disease and NASH will be a significant 
burden to the Western society and to the world as obesity 
rates and its associated comorbid conditions such as dia-
betes, dyslipidemia, and metabolic syndromes rise across 
the world. We know based on data previously discussed 
that as populations gain weight, NAFLD will follow. There 
are additional risk factors of PCOS, sleep apnea, plethora 
of medications, age in addition to the well-established ones 
that will surely increase the disease burden of NAFLD and 
its protean manifestations. Although simple steatosis sub-
type of NAFLD generally carries a good prognosis from a 
liver standpoint and is considered to be nonprogressive 
or slowly progressive, the same is not true of NASH. Non-
alcoholic steatohepatitis can lead to cirrhosis and its com-
plications. In the US alone, experts and epidemiologic 
data suggest that at least one-third of the population is 
obese and most likely has NAFLD and approximately 
2–5% have NASH.11 This incidence may indeed be even 
higher given the lack of biopsy data and lack of accurate 
non-invasive biomarkers for NAFLD. There are many un-
answered questions in many areas as identified above and 
on-going large-scale, long-term prospective studies look-
ing at outcomes will give more definitive answers.
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