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background
Non-alcoholic fatty liver disease (NAFLD) is a 

chronic liver disease that is rapidly increasing in inci-
dence and is currently the most common cause of liver 
disease worldwide. Its distribution is tightly linked to 
diabetes and obesity, two diseases that have reached 
epidemic proportions in many countries (Fig. 1), which 
is why lifestyle intervention is a key factor in managing 
patients with NAFLD. 

Non-alcoholic fatty liver disease is the result of 
the accumulation of lipid vacuoles in the cytoplasm of 
hepatocytes in individuals without a history of alcohol 
consumption, and it is characterized by the presence of 
histopathologic lesions that are similar to, if not exactly 
the same as, those seen in the context of alcoholic 
liver disease. The terminology was first introduced by 
Ludwig in 19801  and encompasses a spectrum of histo-
pathologic changes that range from pure steatosis of the 
liver to steatohepatitis with inflammation and fibrosis, 
leading to cirrhosis and in some cases to hepatocellu-
lar carcinoma. Cirrhosis is the third leading cause of 
death in patients with NAFLD and is rapidly becom-
ing a leading indication for liver transplantation.

terminology 
(from 2012 Practice Guidelines of the Am. Assoc. for 
the Study of Liver Disease [AASLD])

•	 Non-alcoholic Fatty Liver Disease (NAFLD): 
Encompasses the entire spectrum of fatty liver disease 
in individuals without significant alcohol consump-
tion, ranging from fatty liver to steatohepatitis and 
cirrhosis.

•	 Non-alcoholic Fatty Liver (NAFL): Presence of 
hepatic steatosis with no evidence of hepatocellular 
injury in the form of ballooning of the hepatocytes or 
no evidence of fibrosis. The risk of progression to cir-
rhosis and liver failure is minimal.

•	 Non-alcoholic Steatohepatitis (NASH): Presence 
of hepatic steatosis and inflammation with hepato-
cyte injury (ballooning) with or without fibrosis. This 
can progress to cirrhosis, liver failure, and rarely liver 
cancer.

•	 NASH Cirrhosis: Presence of cirrhosis with cur-
rent or previous histological evidence of steatosis or 
steatohepatitis.

•	 Cryptogenic Cirrhosis: Presence of cirrhosis with 
no obvious etiology. Patients with cryptogenic cirrhosis 
are heavily enriched with metabolic risk factors such as 
obesity and metabolic syndrome.

•	 NAFLD Activity Score (NAS): An unweighted 
composite of steatosis, inflammation, and ballooning 
scores. It is a useful tool to measure changes in liver 
histology in patients with NAFLD in clinical trials. 

definitive diagnosis
NAFLD is defined by the presence of hepatic 

steatosis either by imaging or histology in a patient 
without significant alcohol consumption, use of ste-
atogenic drugs, or hereditary disorder. There is no 
universally accepted definition of what constitutes 
significant alcohol consumption, but it is generally 
accepted that more than 21 drinks a week for men and 
more than14 drinks a week for women constitutes sig-
nificant alcohol consumption.2
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Fig.1. The rising incidences of diabetes and obesity. 

Sources: Mokdad AH et al. Diabetes Care. 2000;23:1278-83. Mokdad AH et al. JAMA. 1999;282: 

1519-22. Mokdad AH et al. JAMA. 2001:286;1195-200.
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prevalence
There are only a few large studies that looked at 

the prevalence of NAFLD but since most patients are 
asymptomatic until late in the course of the disease, it 
is widely accepted that the prevalence is underestimated 
in the general population.3,4,5 Data obtained from two 
studies that looked at potential living donors found that 
the histologically proven prevalence of NAFLD in this 
population was 20%-50%. Studies that used liver ultra-
sound to define the prevalence of NAFLD found that 
it ranges between 17%-46%. Published data obtained 
from autopsy studies show that between 2% and 3 % 
have histologic evidence of non-alcoholic steatohepatitis 
(NASH). In patients with severe obesity undergoing bar-
iatric surgery the prevalence of NAFLD can exceed 90% 
and up to 5% of these patients may have unsuspected 

cirrhosis. In the United States alone it is estimated that 
100 million individuals suffer from NAFLD 6,7,8,9,10

The current concept is that NAFLD is strongly 
linked to the metabolic syndrome which is defined by 
having at least three out five of the following condi-
tions: abdominal obesity, high triglycerides, Low HDL, 
hypertension, low fasting glucose (Table 2, next page).

The exact cause of NAFLD remains unknown but 
it is evident that it is not the same in all patients. Even 
though there is a strong association with the metabolic 
syndrome, not all patients with metabolic syndrome 
will develop NAFLD and not all patients with NAFLD 
have the metabolic syndrome.  It is currently believed 
that several “hits” are involved in the development of 
NAFLD, initially resulting in macrovesicular steatosis. 
Insulin resistance seems to play a key role in the cas-
cade of events that lead to the accumulation of lipids 
within the hepatocytes.

natural history
It is generally agreed that patients with simple 

steatosis (NAFL) will have a very slow progression 
to cirrhosis (approximately 4%) while patients with 
steatohepatitis (NASH) have an estimated risk of pro-
gression to cirrhosis of approximately 20%. Between 
30%-40% of patients with NAFLD will show a signif-
icant degree of fibrosis at the time of diagnosis and 
between 10%-15% will already have established cirrho-

sis. The coexistence of other diseases such as HCV in 
these patients can accelerate the progression of disease.

A study that followed 22 NAFLD patients with 
repeat biopsies for a mean of five years showed that 
most already had NASH on initial biopsy and that 
patients had a variable histological course.11 Of the 
22 patients, one third had progression of fibrosis and 
one-third of these had rapid progression to advanced 
fibrosis, with the only clinical correlate of histologic 
progression being a higher serum AST. It has also 
been suggested that NASH is possibly a major cause of 
“cryptogenic cirrhosis.” Although the natural history 
of NAFLD is ill-defined, it seems to be determined 
by the severity of histologic damage. The presence of 
hepatic fibrosis remains the most important determi-
nant of the patient outcome. Overall, patients with 
NAFLD have an increased mortality when compared 
with matched control populations (Table3).

laboratory findings
Nonalcoholic fatty liver disease is the most common 

cause of elevated liver chemistry test results. There are 
currently no specific laboratory tests to diagnose, or for that 
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Table 1: PREVALENCE OF NON-
ALCOHOLIC FATTY LIVER DISEASE 
AND STEATOHEPATITIS  
 
General population 

NAFLD: 20%-30% of the general 
population 

 NASH: 3% 
High risk population 

NAFLD: 50%-90% 
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matter, to monitor NAFLD. The 
most common findings are mild to 
moderate elevations of the ALT and 
AST, but unfortunately there is no 
correlation between their level of 
elevation and the severity of inflam-
mation or fibrosis seen on the liver 
biopsies. Approximately 30% to 
60% of patients with biopsy-proven 
NASH have normal ALT levels.1,12,13 
Some studies have shown that 
patients with a persistently elevated 
ALT have an increased risk of pro-
gression however patients with 
advanced fibrosis often can have 
normal liver enzymes. 

A new test on the horizon 
that is showing some promising 
results as a marker for the presence 
of steatohepatitis (NASH) is the 
determination of circulating levels 
of cytokeratin 18 (CK18), but it 
seems premature to recommend 
its use in the absence of supporting 
published data. In a multi-ethnic 
cohort, its sensitivity and specific-
ity in the detection of NASH were 
58% and 68% respectively.14,15

liver biopsy
Currently the only accurate 

way to assess the degree of steato-
sis, inflammation, and fibrosis in 
NAFLD patients is a tissue biopsy. 
Liver biopsy is an invasive pro-
cedure that has the potential for 
severe complications such as bleed-
ing, and it is relatively expensive. It 
should therefore only be performed 
when it will benefit patients by 
guiding therapeutic decisions. A 
recent article suggests the algorithm 
below when considering a biopsy in 
patients with the presumed diagno-
sis of NAFLD in whom serological 
evaluation is negative and alcohol 
has been excluded as a contributing 
factor.16  (Table 4, next page.)

A prerequisite for an accurate diagnosis is an ade-
quate liver biopsy that should be at least 2 cm. in length 

and contain at least 11 complete portal 
tracts. It is important to emphasize that 
liver biopsy is currently the only accu-
rate mean to diagnose NASH, since we 
know that a) patients whose first biopsy 
shows evidence of NASH will more 
likely progress to liver fibrosis; and b) 
biopsy is required prior to initiating 
treatment. The pathologist evaluating a 
liver biopsy must have a detailed clinical 
history of the patient with special atten-
tion to the patient’s serology studies, 
alcohol intake, and medication history 
since there are many different etiologies 
that must be considered in the differ-
ential diagnosis of a biopsy that shows 
steatosis. (Table 5)

histological findings
The histological findings are fairly 

well defined. In general they are divided into two main 
subtypes – those that show pure steatosis without 

Table 2: METABOLIC SYNDROME DEFINITIONS 
Study Inclusion and Exclusion Criteria 

Clinical diagnosis of metabolic 
syndrome: ATP III 

Clinical diagnosis of metabolic 
syndrome: IDF 

 
The diagnosis of the metabolic syndrome is made 
if three or more of the following are present: 
 
Waist circumference: 

Men       > 102 cm* 
Women >   88 cm* 

 
 
 
 
Triglycerides: 

≥ 1.70 mmol/L (≥150mg/dL) 
 
HDL Cholesterol: 

Men < 1.00 mmol/L 
      (≤ 40 mg/dL) 
  
Women < 1.30 mmol/dL 
      (≤ 50 mg/dL) 
 

 
Blood pressure: 

≥ 130/85 mmHg 
 
 
Fasting glucose:* 

≥ 5.6 mmol/L (≥ 100 mg/dL) 

 
The diagnosis of the metabolic syndrome is made if 
the following are present: 
 
Central obesity (Waist circumference): 

Men       > 94 cm (Europid)* 
Women > 80 cm (Europid)* 

 
Plus any two of the following four factors: 
 
Triglycerides: 

≥ 1.70 mmol/L (≥ 150mg/dL) or specific 
treatment for this lipid abnormality 

 
HDL Cholesterol: 

Men < 1.0 mmol/L 
       (≤ 40 mg/dL) 
Women < 1.3 mmol/dL 
       (≤ 50 mg/dL) or specific treatment  
       for this abnormality 
 

Blood pressure: 
≥ 130/85 mmHg or treatment for 
previously diagnosed BP abnormality 

 
Fasting glucose:* 

≥ 5.6 mmol/L (≥ 100 mg/dL) or treatment 
for previously diagnosed type 2 diabetes 

 

Key: *= Ethnic variations for waist circumference: IDF definition—Asians, Chinese and Japanese 
(recommendations for other ethnic groups being developed). ATP III definition—Asians only (as per IDF). 
*=No OGTT requirements—IGT not part of definition. 
 

Table 5: CAUSES OF HEPATIC 
STEATOSIS  
Macrovesicular steatosis 
 

• Excessive alcohol consumption 
• Hepatitis C (genotype 3) 
• Wilson’s disease 
• Lipodystrophy 
• Starvation 
• Parenteral nutrition 
• Abetalipoproteinemia 
• Medications (e.g. amiodarone, 

methotrexate, tamoxifen, 
corticosteroids) 

 
Microvesicular steatosis 

• Reye’s syndrome 
• Medications (valproate, anti-retroviral 

medicines) 
• Acute fatty liver of pregnancy 
• HELLP syndrome 
• Inborn errors of metabolism (e.g. LCAT 

deficiency, cholesterol ester storage 
disease, Wolman disease) 

 

 

Source: Br J Diabetes Vasc Dis © 2007 Sherbourne Gibbs LItd. 

Source: ASSLD Practice Guidelines
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Fig. 2: Histological Changes in Hepatic Steatosis With and Without 

Inflammation (From Rinella ME: Nonalcoholic Fatty Liver Disease: A sys-

tematic Review. JAMA. 2015;313(22):2263-2273)16

Fig. 3: Scoring Systems for Hepatic Fibrosis. (From Theise MD, Liver Biopsy Assessment in Chronic Viral Hepatitis; A Personal, Practical Approach. Mod. 

Path. 2007; 20: S3-S14.)

                  METAVIR scoring System              Batts-Ludwigs Grading Scheme

Table 4. Algorithm for determining need for a liver biopsy in patients with 

presumptive NAFLD (from Rinella ME: Non-alcoholic Fatty Liver Disease: 

A systematic Review. JAMA. 2015;313(22):2263-2273)
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inflammation (NAFL), and those that show steatosis 
with inflammation (NASH). (Figure 2, previous page.)

As stated previously, the presence of hepatic 
fibrosis is the most important factor that will 
determine the outcome of patients with NAFLD. 
Currently the two most commonly use scoring 
systems are the METAVIR and the Batts-Ludwigs 
(Bellow). (Figure 3, previous page.)

With the aid of special stains such as the trichrome 
stain the pathologist can identify even early lesions 
such as pericentral and perisinusoidal fibrosis typically 
seen in NASH.

SUMMARY
Non-alcoholic fatty liver disease is related predomi-

nantly to the metabolic syndrome, and thus is occurring 

with increasing prevalence. It is quickly becoming the 
No.1 cause of liver disease in the USA and in the near 
future will be the most common etiology of cirrhosis 
and need for liver transplantation. As with other eti-
ologies of cirrhosis, NAFLD cirrhosis incurs not only 
all the metabolic and hemodynamic dysfunctions of 
cirrhosis, but also the increased probability of hepa-
tocellular carcinoma. The factors leading to steatosis, 
and the additional factors needed to develop fibrosis, 
are largely unknown. Fortunately, the degree of liver 
steatosis and—in some circumstances—fibrosis, may 
regress with modification of diet and lowering of BMI. 
Currently, while imaging and laboratory studies are 
helpful, the liver biopsy remains a valuable modality 
to determine the presence and degrees of liver damage 
and fibrosis.
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