
A B S T R A C T

Nonalcoholic steatohepatitis (NASH) is an underdiagnosed

liver disease characterised by steatosis, necroinflammation

and fibrosis. This disease may eventually develop into

cirrhosis and hepatocellular carcinoma. NASH is highly

prevalent among obese individuals and among patients with

diabetes mellitus type 2. Nonalcoholic fatty liver (NAFL),

a precursor of NASH, is the main cause of elevated serum

liver enzymes among the general population. Insulin

resistance is a major aetiological factor in NASH. Gradual

weight loss, physical exercise and drugs that improve

insulin sensitivity are potential therapies.

A recent survey showed that 8% of an American population

has elevated serum aminotransferase levels.1 Most of these

persons have nonalcoholic fatty liver (NAFL). NAFL is

characterised by steatosis without inflammation or fibrosis.

It is a benign and reversible condition. However, in 20% of

cases, liver histology shows necroinflammation and some

degree of pericellular fibrosis. This is called nonalcoholic

steatohepatitis (NASH). NAFL can be considered as a pre-

cursor lesion of NASH. NASH progresses to cirrhosis in

20% of cases.2 To complete the terminology, both NAFL

and NASH are nonalcoholic fatty liver diseases (NAFLD).

NAFL is highly prevalent among individuals with mild (body

mass index BMI 25-30 kg/m2) or severe central obesity

(BMI >30 kg/m2), among patients with diabetes mellitus

type 2 or dyslipidaemia.3,4 In Western societies, including

the Netherlands, obesity is one of the most common

abnormal conditions.5 Likewise NAFL/NASH is the most

frequent liver disease and its incidence will increase.

Asymptomatic individuals with some degree of hepato-

megaly may have NAFL6 but even without any signs or

symptoms, the liver may contain too much fat. This became

apparent in the screening of potential donors for living-

related liver transplantation wherein histological examin-

ation of a liver biopsy is a standard procedure. Completely

asymptomatic persons may have a steatotic liver and have

to be excluded from liver donation. Steatotic livers show a

high degree of initial poor function and have an impaired

capacity to regenerate.7,8 Steatosis is also more common

than hitherto realised in the elderly.9

The transition of NAFL to NASH is not clearly demarcated.

In both conditions liver enzymes may be elevated and the

liver fat content, as diagnosed by ultrasonography, may be

equal. Inflammation and fibrosis are features of NASH.

Thus, for the differentiation of NAFL and NASH, a liver

biopsy is needed.10 NASH is a major cause of so-called

cryptogenic liver cirrhosis. The diagnosis of NASH is missed

in these patients because the steatosis often disappears once

cirrhosis develops.2,11 The prognosis of NASH-related

cirrhosis was worse than that of hepatitis C-related cir-

rhosis in one study (three-year survival 50 vs 70%),12,13 but

showed no difference in another study.13 Both conditions

may give rise to hepatocellular carcinoma2,14 and both may

recur after liver transplantation.15,16

P A T H O L O G Y

The pathology of NASH was first described by Ludwig.17

NASH is characterised by macrovesicular steatosis, hepato-
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cellular ballooning and mild lobular inflammation with

scattered polymorphonuclear leucocytes and monocytes

(table 1).18 Perisinusoidal or pericellular (chickenwire)

fibrosis is present, in particular in acinar zone 3. Mallory

bodies are occasionally seen but are not necessary for the

diagnosis. Liver histopathology in alcoholic liver disease and

NASH is very similar. Cholestasis is not a feature of NASH

but often occurs in alcoholic liver disease. Likewise central-

central and central-portal bridging necrosis frequently occurs

in alcoholic liver disease but is uncommon in NASH.19

Macrovesicular steatosis is a common feature of a variety

of liver diseases including hepatitis C, Wilson’s disease,

alcoholic liver disease, primary biliary cirrhosis and toxic

liver injury (table 2). All features of NASH may be present

in hepatitis C but then the inflammation and fibrosis are

mainly localised in the portal or periportal areas.18

Ballooning degeneration, Mallory’s hyaline and fibrosis are

discriminating features suggestive of progressive NASH.20

not have to be morbidly obese to have NASH. In moder-

ately overweight patients with elevated serum liver enzymes

(BMI >25 kg/m2), NASH with septal fibrosis was present

in 30% and cirrhosis in 11%.26 NASH is related to diabetes

mellitus type 2 but its true incidence among these patients

is unknown.27 NASH is increasingly recognised among

obese children.28

D I A G N O S I S

NASH is an underdiagnosed disease. For its diagnosis a

liver biopsy is required. This undoubtedly constitutes a

threshold for its detection among obese and diabetic popu-
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Table 1

Histopathology of NASH

• Necessary components
- Steatosis (macro > micro)
- Hepatocellular ballooning*

- Mixed mild lobular inflammation

• Usually present
- Zone 3 perisinusoidal/pericellular fibrosis*

- Zone 1 hepatocellular glycogenated nuclei
- Small lipogranulomas, acidophil bodies, PAS-positive Kupffer cells

• Maybe present
- Mallory’s hyaline*

- Hepatocellular iron granules in zone 1
- Megamitochondria

• Unusual for NASH
- Predominantly microvesicular steatosis
- Sclerosing hyaline necrosis
- Veno-occlusive lesions, phlebosclerosis, perivenular fibrosis
- Portal changes
- Acute/chronic cholestasis

Adapted from: EM Brunt, Pathologic spectrum of fatty liver disease. In:
Liver disease in the 21st century. American Association for the Study of Liver
Disease 2003. * Dicriminant features with prognostic significance.20

Table 2

Liver diseases with steatosis as an important component

MACROVESICULAR AND MIXED MACRO/MICROVESICULAR STEATOSIS

• Alcoholic liver disease

• NASH

• Drugs and toxins
- Tamoxifen, methotrexate, nifedipine, coralgil, tetracyline
- Phospholipidosis: smiodarone, perhexiline
- Petrochemicals (solvents), dimethylformamide
- Cocaine

• Viral hepatitis, hepatitis C

• Inherited disorders
- Abetalipoproteinaemia
- Familial hypobetalipoproteinaemia

• Nutritional disorders
- Obesity
- Total parenteral nutrition
- Kwashiorkor (protein-calorie malnutrition)
- Celiac disease
- Schwachman’s syndrome (pancreatic insufficiency with 

bone marrow suppression)
- Bariatric surgery for treatment of obesity (jejunoileal bypass)

• Systemic disorders
- Inflammatory bowel disease
- Weber-Christian disease
- Cystic fibrosis

• Metabolic disorders
- Galactosaemia
- Tyrosinaemia
- Hereditary fructose intolerance
- Cystinuria

• Others
- Wilson’s disease
- Hepatic ischaemia

• Bacterial overgrowth

MICROVESICULAR STEATOSIS

- Acute fatty liver of pregnancy

- Reye’s syndrome

- Valproic acid

- Nucleoside analogues

Adapted from: EM Brunt, Pathologic spectrum of fatty liver disease. In:
Liver disease in the 21st century. American Association for the Study of Liver
Disease 2003.

A S S O C I A T I O N S

NASH is associated with central obesity, diabetes type 2,

syndrome X (obesity, dyslipidaemia, insulin resistance and

hypertension), polycystic ovary syndrome and hyper-triglyc-

eridaemia.21 Almost all patients with NASH are insulin

resistant. It is clear that insulin resistance must play a key

role in the pathogenesis of NASH.22,23 However, insulin-

resistance, hyperinsulinaemia and hyperglycaemia are not

limited to NASH but also occur in other liver diseases such

as hepatitis C.24,25 In contrast to alcoholic liver disease,

liver pathology in patients with NASH does not disappear

upon complete abstinence. As for obesity, a person does



lations. Indeed a liver biopsy in obese people carries an

increased risk. Moreover, a liver biopsy is too invasive for

screening purposes. Ultrasonography misses about one

third of cases.29,30 Most patients with NASH have elevated

serum aminotransferases and many have some degree of

hepatomegaly. However, normal liver enzymes and a nor-

mal liver size do not exclude the diagnosis. Elevated liver

enzymes in target groups, such as obese persons, patients

with diabetes mellitus type 2 and patients on total parenteral

nutrition, should raise the level of suspicion and this may

lead to a more frequent diagnosis of NASH. It is clear,

however, that new diagnostic markers or noninvasive pro-

cedures to detect and quantify liver fat are needed.

Magnetic resonance proton spectroscopy of the liver may be

such a procedure.31,32

P A T H O G E N E S I S

In the pathogenesis of NASH two steps or ‘hits’ can be

recognised (figure 1). Fat accumulation in the liver is the

sine qua non, the ‘first hit’. Fat per se is not toxic and fat

accumulation is to a certain degree a physiological response.

In many species fat in the liver constitutes a rapidly mobil-

isable source of energy. For instance, migratory birds

increase their liver (and body) weight considerably before

migration. During the long migratory flights, triglycerides

are hydrolysed and free fatty acids (FFA) are used as energy

source for muscle action. However, fat in the liver is not

innocuous. Fat makes the liver vulnerable to endotoxins

and ischaemic reperfusion damage and fat impairs liver

regeneration.33-36 Fat in the liver causes hepatic insulin

resistance.37 Activation of a serine kinase cascade that leads

to a defect of insulin signalling may be the underlying

mechanism.38 Furthermore, insulin-mediated activation

of sterol regulatory element-binding protein 1 (SREBP-1)

stimulates lipogenic enzymes in and outside the liver.39

Meanwhile apolipoprotein synthesis in the liver is impaired

and this leads to a reduced production of very-low-density

lipoprotein (VLDL), a lipoprotein that constitutes a rate-

determining step in hepatic lipid export.40 Despite the active

oxidation of FFA, influx and neosynthesis outweigh FFA

degradation and secretion, the net effect being hepatic fat

accumulation.

Reactive oxygen species (ROS) and inflammation represent

the ‘second hit’. FFAs can in fact deliver both hits. When in

abundance as in over-nutrition, FFAs in the liver contribute

to the synthesis of triglycerides and the hepatic accumula-

tion of fat. In addition, the oxidation of FFAs in mitochon-

dria and peroxisomes contributes to ROS generation.41

FFAs are ligands for the peroxisomal proliferator-activated

receptor �, PPAR�. This stimulates mitochondrial and

peroxisomal �-oxidation as well as the expression of several

cytochrome P450s, in particular Cyp2E1 and Cyp4A.42-45

Cyp2E1 and CYP4A are elevated in patients with NASH.46,47

This shows that in these patients PPAR� is indeed acti-

vated. PPAR� is a master-regulator of FFA metabolism in

the liver. PPAR�-knockout mice on a high-fat diet develop

severe hepatic steatosis. In contrast, activation of PPAR� in

mice on a high-fat diet prevents triglyceride accumulation.48

Oxidation of FFAs helps to clear the fat and the massive

amounts of ROS produced under these conditions does

not seem to harm the mouse liver. Thus, although ROS

production and oxidative stress may set the scene for

development of NASH, inflammation is a major additional

factor in the transition of NAFL to NASH. FFAs may also

play a key role here. FFAs directly stimulate I�B/NF�B,

factors involved in the inflammation cascade.49,50 Moreover,

adipose tissue expresses TNF�, interleukin 6 and inducable

nitric oxide synthase (iNOS).51 Therefore obesity is a pro-

inflammatory condition and likewise in obese persons the

liver is exposed to cytokines produced in their adipose tis-

sues. Moreover, TNF� and interleukin 1 and 6 reduce the

activity of Jun N-terminal kinase and this inactivates insulin

receptor substrate with insulin resistance as a consequence.52

Thus insulin resistance is both cause and consequence of

NASH.

Whether intestinal dysmotility and bacterial overgrowth

also contribute to NASH is controversial. Bacterial over-

growth of the small intestine has been reported in NASH

and conditions with bacterial overgrowth such as jejunoileal

bypass cause NASH.53 It can be hypothesised that lipohilic

endotoxins from the gut may accumulate in the fat of

hepatocytes from where they are slowly but continuously

released. This stimulates Kupffer cells to produce TNF�,

interleukin 1 and 6 and the profibrotic cytokine TGF�.

TGF� stimulates the transformation of hepatic stellate

cells into collagen-producing myofibroblasts. In addition,

chemokines are produced that attract monocytes and

neutrophils which greatly contribute to the perpetuation

of oxidative stress and cell injury.54-56

Adiponectin deficiency may be important in the develop-

ment of NASH. Adiponectin (also known as 30-kDa

adipocyte complement-related protein; Acrp30) is a hormone

produced by peripheral adipose tissue. It circulates in the

blood in a globular form and as a full-length molecule.

Liver and muscle have adiponectin receptors. Stimulation

of the adipoR2 receptor in the liver leads to the activation

of AMP-activated protein kinase and PPAR�.57,58 Thus,

adiponectin increases fatty acid �-oxidation thereby decreas-

ing the hepatic triglyceride content and ameliorating insulin

resistance. Adiponectin-deficient mice show an increased

sensitivity to carbon tetrachloride-induced liver damage.

The liver damage in these mice could be significantly

attenuated by administration of recombinant adiponectin.59

Also other studies show that adiponectin has a protective
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effect on the liver where it decreases necrosis and inflam-

mation.60 In NASH, obesity and type 2 diabetes mellitus,

adiponectin production is decreased.61 In the absence of

this protective factor the liver is vulnerable to the action

of cytokines and ROS.

T H E R A P Y

Treatment of NASH has to be seen against this patho-

physiological background (table 3). Lifestyle adjustments

should be tried first: weight reduction in combination

with exercise is the most rational remedy.54 Unfortunately

compliance in obese people is low and episodic rapid

weight loss, followed by binge eating and weight gain, is

counterproductive. Thus, diets may often make things

worse, in particular when they lead to a yoyo effect on

body weight. Programmed exercise would be a rational

therapy. It diverts the fatty acids away from the liver to be

metabolised in the muscles and it decreases insulin

resistance.

Diets with polyunsaturated fatty acids are effective and

have a sound physiological background. Polyunsaturated

fatty acids stimulate PPAR� and repress the sterol regula-

tory element-binding protein SREBP-1.62 Indeed, disrup-

tion of the SREBP-1 gene in leptin-deficient ob/ob mice

causes a reduction of lipogenesis and clearance of liver fat

but did reduce obesity and insulin resistance.63

Polyunsaturated fatty acid-enriched diets in ob/ob mice

reduced both hepatic steatosis and insulin resistance.64

Stimulation of PPAR� by drugs could be an effective

therapy. Gemfibrozil showed a positive effect in a small

pilot study.65 A recent study showed that arachidyl-amido-

cholanoic acid, a liver-specific agent with presumed PPAR�
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Figure 1

From fat to liver injury
Free fatty acids are taken up in the hepatocytes where they are either metabolised via peroxisomal or mitochondrial 
�-oxidation or stored as triglycerides. VLDL is the rate-determining step in triglyceride export from the liver. In NASH its
synthesis is decreased. The insulin-resistant state favours lipolysis in the adipose tissues, FFA synthesis and lipogenesis in
the liver. The net result is hepatic fat accumulation. Continuous and superfluous FFA oxidation causes the generation of
ROS in excess with oxidant stress as a result. Cytokines are produced in hepatocytes as well as in Kupffer cells. TGF�

stimulates hepatic stellate cells to produce collagen and cause liver fibrosis, in addition these cells transform into myofibro-
blasts with more collagen formation and an increase of intrahepatic vascular resistance and portal hypertension. Chemokines
attract monocytes and neutrophils with inflammation, more oxidant stress, hepatocellular apoptosis and injury as a result.
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agonistic activity, prevents diet-induced fatty livers in

rodents.66 Drug therapy should aim at several levels and it

is unlikely that a single drug could do the job. Anti-inflam-

matory, antioxidative, cytoprotective and lipolytic agents

have been tried but given alone none of these have been

shown to be very effective. For example, supplementation

with vitamin E is ineffective54 but vitamin E in combination

with vitamin C has shown to reduce fibrosis in a small

randomised study.67 Current trials focus on drugs that

increase insulin sensitivity. Metformin was successfully

tried in an animal model of NASH, the leptin-deficient

ob/ob mouse.68 In an uncontrolled clinical trial metformin

improved insulin resistance, decreased aminotransferase

levels and reduced hepatomegaly69 but larger randomised

controlled studies are needed to prove its effect. The PPAR�

ligand troglitazone also showed benefit in NASH patients

but later was implicated in severe liver toxicity.70,71

Rosiglitazone has been tried with success in a small

uncontrolled trial. Twenty-five of 30 patients with NASH

completed 48 weeks of treatment. Serum aminotransferase

levels and necroinflammatory score, steatosis and fibrosis

improved but an undesirable weight gain occurred in 67%

of these patients.72 A recent trial showed that pioglitazone

may be effective.73 The thiazolidinediones have a direct

effect on PPAR� in hepatic stellate cells. Activation of

PPAR� in hepatic stellate cells retards collagen synthesis

and fibrosis both in vitro and in vivo.74 Thus, PPAR� and

PPAR� agonists, as well as drugs that stimulate

adiponectin release from adipose tissue, may hold prom-

ise for treatment of NASH. Activation of PPAR� to stimu-

late �-oxidation in muscle may be another way to go.75

Finally, decompensated NASH-related cirrhosis is an

indication for liver transplantation76 and this condition

is rapidly becoming a common indication for liver trans-

plantation.

C O N C L U S I O N

NASH is an underdiagnosed disease. The incidence among

patients with diabetes mellitus type 2 and obese people is

particularly high. NASH may lead to progressive liver
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Table 3

Possible therapies of NASH

THERAPY EFFICACY

Reduce insulin resistance

10% weight reduction Effective54,77,78

Orlistat Case report only79;79

Exercise Effective54,78

Low-fat diet Effective78

Metformin Positive data in obese mice,68 effective in uncontrolled human study69

Thiazolidinediones Rosiglitazone effective in uncontrolled study72

Troglitazone is hepatotoxic70,71,80

Pioglitazone effective in pilot study73

Reduce oxidative stress

Vitamins Vitamin E not effective in adults,54 combination of vitamin E and C reduced 

fibrosis in small randomised study,67 vitamin E was effective in children in 

an open-label study81

Hepatic iron reduction Unproved82

Anti-inflammatory agents

Antibiotics Unproved83

Probiotics Unproved84

Anti-TNF Effective in ob/ob mice85

Cytoprotection

Ursodeoxycholic acid Beneficial in pilot study86

Lipotropic agents

Choline No reports

Betaine Effective in pilot study87

Hypolipidaemic agents

Statins Pitavastatin effective in aromatase-deficient mice,88 no human trials

Fibrates Clofibrate not effective,86 gemfibrozil may be effective (letter only)65

Probucol Effective in small randomised study89



disease, cirrhosis and hepatocellular carcinoma. It also

occurs in obese children. For its unequivocal diagnosis a

liver biopsy is necessary. Insulin resistance, steatosis,

oxidative stress and inflammation play a major role in its

pathogenesis and disease progression. Gradual weight

reduction and exercise programmes constitute the most

rational therapies but are hard to sustain. Medical therapy

aims at amelioration of the insulin-resistant state and for

this various drugs are under trial. The role of adiponectin

and its possible therapeutic implications needs to be

investigated.
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