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Abstract

Non-alcoholic fatty liver disease is now recognized as the hepatic component of the metabolic syndrome. Non-alcoholic fatty

liver disease is a spectrum of fat-associated liver conditions that can result in end-stage liver disease and the need for liver

transplantation. Simple steatosis, or fatty liver, occurs early in non-alcoholic fatty liver disease and may progress to non-

alcoholic steatohepatitis, fibrosis and cirrhosis with increased risk of hepatocellular carcinoma. Prevalence estimates for non-

alcoholic fatty liver disease range from 17 to 33% in the general populations and it has been estimated that non-alcoholic fatty

liver disease exists in up to 70% of people with Type 2 diabetes. Non-alcoholic fatty liver disease increases risk of Type 2

diabetes and cardiovascular disease. In people with Type 2 diabetes, non-alcoholic fatty liver disease is the most frequent cause

(�80%) of fatty liver diagnosed by ultrasound. As non-alcoholic fatty liver disease is strongly associated with insulin

resistance, the presence of non-alcoholic fatty liver disease with diabetes often contributes to poor glycaemic control. Con-

sequently, strategies that decrease liver fat and improve whole-body insulin sensitivity may both contribute to prevention of

Type 2 diabetes and to better glycaemic control in people who already have developed diabetes. This review summarizes the

Dorothy Hodgkin lecture given by the author at the 2012 Diabetes UK annual scientific conference, proposing that fatty acid

fluxes through the liver are crucial for the pathogenesis of non-alcoholic fatty liver disease and for increasing insulin resistance.
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Introduction

The use of the term metabolic syndrome places a focus on

central or ‘ectopic’ fat accumulation and linked cardio-meta-

bolic risk factors. Ectopic fat accumulation in tissues such as

liver is termed non-alcoholic fatty liver disease (NAFLD) and it

is now evident that this condition is potentially harmful and

associated with important liver and cardio-metabolic conse-

quences [1–3].

NAFLD has become one of the most common causes of

chronic liver disease worldwide, causing considerable liver

morbidity and mortality, and is now becoming a major reason

for liver transplantation in order to rescue patients with end-

stage liver disease. Often patients are asymptomatic and are

diagnosed as part of investigation for incidental abnormal liver

function tests. A typical presentation of a patient with NAFLD

is shown in Box 1 and the diagnostic tests that are used to

diagnose NAFLD are discussed below.

It is now clear that NAFLD is also a risk factor for Type 2

diabetes and cardiovascular disease [4], but the mechanisms by

which NAFLD [5] causes both diseases are unclear and need to

be better elucidated [3,6]. Like many chronic disorders,

NAFLD is not a single disease entity, but the term NAFLD

describes a spectrum of liver conditions. The spectrum of

disorders ranges from simple fatty liver (steatosis) to more

severe steatosis coupled with marked inflammation, termed
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non-alcoholic steatohepatitis (NASH). Importantly, NASH is

often progressive with development of fibrosis (40–50%), liver

cirrhosis (15–17%), liver failure (3%) and, potentially, hepa-

tocellular carcinoma. Current estimates are that 40% of people

with NAFLD develop NASH [7], and there is increased inci-

dence of coronary (10.8%), cerebrovascular (37.3%) and

peripheral (24.5%) vascular disease in individuals with

NAFLD [8]. Consequently, with no licensed medication avail-

able for NAFLD, new treatments are urgently needed.

As NAFLD is strongly associated with insulin resistance,

which occurs in other tissues besides liver [9], the presence of

NAFLD in people with Type 2 diabetes often makes it difficult

to obtain good glycaemic control. Consequently, strategies to

decrease liver fat per se and improving whole-body insulin

sensitivity may both contribute to prevention of Type 2 dia-

betes and to better glycaemic control in people with diabetes.

Development of NAFLD

Is fatty acid flux through the liver key to the pathogenesis of
NAFLD?

Fat accumulation in the liver is influenced by the delivery of

dietary fat to the liver (contribution to liver fat �5%); delivery

of extra-hepatic non-esterified fatty acids (NEFAs) to the liver

(contribution to liver fat �60%); and the remainder of liver fat

accumulation is affected by hepatic de novo lipogenesis [2].

Fatty acids from adipose tissue lipolysis, from dietary chylo-

microns and arising from de novo lipogenesis are partitioned

within the liver into different pools with different fates [e.g.

secretion as lipoprotein (VLDL), oxidation, bile acid formation,

phospholipid assembly] (Fig. 1). The fluxes of these fatty acids

through the different pools can be measured with substrate

labelling techniques (for review, see Hodson and Frayn [10]).

Plasma fatty acid concentrations are increased in people with

fatty liver [9] and in people with slight abnormalities of glucose

tolerance [11] and Type 2 diabetes [12], and increased fatty

acid flux both to the liver and through the liver may contribute

to the development of liver fat accumulation and hepatic

inflammation. With development of the more severe forms of

NAFLD, such as NASH with fibrosis, there is increased insulin

resistance, potentially setting up a vicious cycle of insulin

resistance, increased fatty acid supply to the liver and increased

hepatic steatosis and liver inflammation (as illustrated in

Fig. 2). We have tested the effect of increasing the fatty acid

supply to the developing fetal liver and addressed the question

of whether this exposure affects the predisposition to NAFLD

in the offspring later in adult life. These experiments under-

taken in mice showed that increasing the content of dietary fat

in the mother’s diet during pregnancy increased the severity of

NAFLD in the adult offspring borne of these mothers, pro-

ducing a histological appearance in keeping with human NASH

[13,14]. In this mouse model, we showed that mitochondrial

function was impaired in liver in the offspring exposed to the

altered maternal diet [14], suggesting that oxidative metabo-

lism may be impaired in these animals. However, to date, the

mechanism underpinning impaired mitochondrial function is

uncertain. The links between obesity and insulin resistance that

increases fatty acid flux to the liver, and the hepatic mecha-

nisms affected by altered fatty acid fluxes that contribute to the

pathogenesis of end-stage liver disease in NAFLD are shown in

Fig. 3.

Box 1

Case report

• 45-year-old man

o Asymptomatic

o Smokes 10 cigarettes ⁄ day—20 years

o Type 2 diabetes—1 year

o Sedentary occupation, 14–21 units alcohol ⁄ week

o Married, two children

o ‘Unfit and stressed at work’

o Metformin 2 g ⁄ day

On examination

• BMI 36 kg ⁄ m2

• ‘Increased waist circumference’ 104 cms

• Blood pressure 145 ⁄ 90 mmHg

o Fasting glucose = 9.0 mmol ⁄ l
o Cholesterol 6.0 mmol ⁄ l, LDL = 3.2 mmol ⁄ l
o Fasting triglyceride = 4.0 mmol ⁄ l
o HDL cholesterol = 0.8 mmol ⁄ l
o HbA1c = 75 mmol ⁄ mol (9.0%)

• Note all five features of the metabolic syndrome

• ALT = 50 iu ⁄ l (5–35 iu ⁄ l)
• GGT = 50 iu ⁄ l (< 55 iu ⁄ l)
• Liver function tests otherwise entirely normal

• Urea and electrolytes normal

• Urinalysis—trace protein

Albumin:creatinine ratio = 2.5 mg ⁄ mmol

Investigations

Ultrasound

• ‘Echogenic liver texture in keeping with moderate to

severe fatty liver’

• Serum hyaluronic acid normal and procollagen III

amino terminal peptide (PIIINP) concentrations

increased

Note: exclude other causes of fatty liver

o Alcohol intake—minimal

o Iron status—normal

o Autoantibodies—slight increase anti-smooth cell immu-

noglobulin G

o Immunoglobulins—normal

o Hepatitis status (Hep C infection) negative
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Dietary lipid and carbohydrate and NAFLD

The role of dietary cholesterol, different carbohydrates and

different fatty acids in the aetiology of NAFLD is poorly

understood [1]. Diets high in saturated fats and cholesterol

have been demonstrated to induce weight gain, insulin resis-

tance and hyperlipidaemia in humans and animals. High

dietary fat intake has been shown to induce perturbations in

insulin signalling and rates of lipid synthesis via increased

hepatic fatty acid flux and triglyceride that may be relevant

to liver fat accumulation in NAFLD. Whilst diets high in

carbohydrates, particularly fructose, have been shown to
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FIGURE 2 Potential hepatic mechanisms involved in the progression of liver disease from simple steatosis to end-stage liver disease in non-alcoholic fatty

liver disease (NAFLD). NASH, non-alcoholic steatohepatitis.
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FIGURE 1 Hepatic partitioning of fatty acids and regulation of fatty acid supply to the liver by insulin. CE, cholesterol ester; CO2, carbon dioxide; CoA,

coenzyme A; CPT-1, carnitine palmitoyltransferase I; DAG, diacylglycerol; FA, fatty acid; PL, phospholipids; TAG, triacylglycerol (with thanks to

Dr Leanne Hodson, University of Oxford, UK).
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contribute to weight gain, hyperlipidaemia and metabolic

disturbances, fructose may also have a specific deleterious

effect on hepatic fat accumulation. It has been shown that

feeding fructose for a 2-week period induces hepatic and

whole-body insulin resistance, accompanied by increases in

plasma triglyceride, cholesterol and non-esterified fatty acid

[15]. Fructose-induced insulin resistance was associated with a

considerable rise in the production of VLDL. Thus, the fruc-

tose-fed hamster may be relevant to the development of

NAFLD in humans.

How is NAFLD diagnosed?

At present, a liver biopsy remains the only reliable way to

diagnose NAFLD and to establish the presence of fibrosis.

When liver biopsy is undertaken, the 12-point Kleiner scoring

system [16] can be very useful in evaluating the severity of the

liver disease within the spectrum that encapsulates NAFLD.

The Kleiner score assigns up to 3 points to indicate the severity

of the fat accumulation, up to 2 points for ballooning of

hepatocytes (that occurs with NASH), up to 3 points for

lobular inflammation and up to 4 points for the severity of the

fibrosis. However, despite this benefit of knowing how severe

the liver disease is, NAFLD can be a patchy disease and

therefore the biopsy result can be misleading. Therefore, the

sampling variability has the potential to alter significantly the

diagnosis and staging of NAFLD. It is not practical to offer

liver biopsy as a test for the diagnosis of NAFLD to all patients,

as the prevalence of the condition would overwhelm service

provision. Consequently non-invasive markers of NAFLD are

urgently needed for the following reasons:

1. Diagnosis and monitoring responses to therapy. It is

important to realize that many studies investigating the

aetiology and pathogenesis of NAFLD, and investi-

gating potential treatments for NAFLD, will not be

able to use liver biopsy and will need to use proxy

markers for all components of the disease process.

2. To establish which risk factors are aetiologically linked

to the different components of the liver disease and to

establish which treatments improve liver fat, liver

inflammation or liver fibrosis within the spectrum of

NAFLD.

3. To differentiate between patients with simple hepatic

steatosis and those with NASH and liver fibrosis. A

variety of different markers have been tested and these

have been reviewed by Guha and colleagues [17].

Biochemical markers measured in serum, such as

hyaluronic acid, tissue inhibitor of matrix metallopro-

teinase 1, laminin, type IV collagen and the amino

terminal peptide of procollagen III (PIIINP), are

increased with liver fibrosis. The European Liver

Fibrosis score is derived using a proprietary algorithm

that utilizes tissue inhibitor of matrix metalloprotein-

ase 1, procollagen III and hyaluronic acid and the

European Liver Fibrosis score has been tested in a

FIGURE 3 Vicious cycle of worsening insulin resistance in non-alcoholic fatty liver disease (NAFLD). Initial insulin resistance and fatty acid release from

adipocytes promotes hepatic steatosis. Increased fatty acid fluxes through the liver promote hepatic gluconeogenesis, worsening hepatic insulin resistance

and potentially worsening of whole-body insulin resistance with adverse changes in cardio-metabolic risk factors. The net effect of these changes is: (1)

increased risk of progression of liver disease; (2) increased risk of Type 2 diabetes and cardiovascular disease; and (3) increased risk of poor glycaemic

control in people with established diabetes. ER, endoplasmic reticulum; FFAs, free fatty acids; IjjB, inhibitor of nuclear factor kappa-B kinase subunit

beta; IL-6, interleukin 6; NEFAs, non esterified fatty acids; NFjB, nuclear factor kappa B; TAG, triacylglycerol; TNFa, tumour necrosis factor a.
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small subgroup of patients with NAFLD recruited with

liver fibrosis [18]. The European Liver Fibrosis score

shows promise with good sensitivity and specificity for

NASH with fibrosis, although further research is nee-

ded to assess its utility in people with different com-

ponents of the disease process within NAFLD. Another

simpler algorithm has recently been developed and

published in full, utilizing simple anthropometric

measurements and biochemical tests [19]. This test is

also showing considerable promise with good sensi-

tivity and specificity for NASH with fibrosis.

The challenge remains to establish biomarkers that are simple,

reproducible and inexpensive, and that have high sensitivity

and specificity for NAFLD, NASH and NASH with fibrosis in

order to delineate the severity of NAFLD within individual

patients. As diabetes is associated with the more severe forms of

NAFLD, and the condition has often progressed silently to liver

fibrosis, this is particularly important when coexisting diabetes

is present. Identification of simple, inexpensive biomarkers

would facilitate achieving reliable estimates of prevalence of

NAFLD worldwide in people with diabetes and would provide

a diagnostic tool for the monitoring of responses to therapeutic

interventions.

Fatty liver is associated with increased serum alanine ami-

notransferase (ALT) and c-glutamyltransferase (GGT) con-

centrations and these liver enzymes are generally considered as

surrogate markers of parenchymal cell and bile duct canaliculi

dysfunction. The increase in liver enzymes is mild and restricted

to one or both of ALT and aspartate aminotransferase (AST)

(the degree of elevation is less than that observed with alcoholic

liver cirrhosis). The ratio of AST to ALT is usually less than 1

and, importantly, liver-enzyme concentrations do not correlate

with histology. GGT may also be increased in NAFLD,

although the increase is also seen in patients who have excess

alcohol intake.

Ultrasound, computed tomography (CT) scanning, magnetic

resonance spectroscopy (MRS) and magnetic resonance imag-

ing (MRI) with in- and out-of-phase imaging have all been used

in the diagnosis of NAFLD. Ultrasound has a sensitivity of

89% and specificity of 77% and is commonly used in a clinical

practice setting. Quantitative assessment of fatty infiltration is

best achieved with MRS and in- and out-of-phase MRI.

NAFLD and its association with Type 2
diabetes and cardiovascular disease

There is now general agreement that NAFLD is another clinical

feature of the metabolic syndrome [20–23]. A study of 66

patients with NAFLD showed that 98% were insulin resistant

and 39% of those subjects had diabetes [24]. In another study

of 19 patients with NAFLD who were not obese or did not

have diabetes and had a normal lipid profile, 47% showed

features of the metabolic syndrome [25]. Obesity is associated

with a higher incidence of a wide spectrum of liver diseases

associated with NAFLD, from steatosis to fibrosis and cirrhosis

[26]. NAFLD increases the risk of Type 2 diabetes and we have

recently shown that this effect is independent of insulin resis-

tance and overweight and obesity [27]. After adjustment for

multiple potential confounders, coexisting fatty liver, insulin

resistance and overweight or obesity markedly increased the

odds ratio for incident diabetes (Table 1), suggesting that

NAFLD, insulin resistance and overweight ⁄ obesity may each

contribute to increasing the risk of Type 2 diabetes via different

mechanisms.

A recent study undertaken in 19 European centres showed a

strong association between reduced insulin sensitivity and

increased incidence of cardiovascular disease with NAFLD

[28], suggesting that it may be worth screening patients with

NAFLD for diabetes. Several prospective studies have reported

an increased incidence of cardiovascular events in people with

Table 1 Odds ratio for incident diabetes at 5-year follow-up for different combinations of insulin resistance, overweight ⁄ obesity and fatty liver at baseline

Numbers and proportions

with incident diabetes (%)

Odds ratio (95% CI)

Model

Whole cohort 223 ⁄ 12 853 (1.7%)

No risk factors 26 ⁄ 6324 (0.4%) 1

Insulin resistance alone 14 ⁄ 945 (1.5%) 3.66 (1.89–7.08), P < 0.001

Overweight ⁄ obesity alone 10 ⁄ 1434 (0.7%) 1.29 (0.62–2.71), P = 0.50

Fatty liver alone 13 ⁄ 850 (1.5%) 2.73 (1.38–5.41), P = 0.004

Insulin resistance and

overweight ⁄ obesity

21 ⁄ 595 (3.5%) 6.16 (3.38–11.22), P < 0.001

Insulin resistance and fatty liver 15 ⁄ 388 (3.9%) 6.73 (3.49–12.97), P < 0.001

Overweight ⁄ obesity and fatty liver 20 ⁄ 1032 (1.9%) 3.23 (1.78–5.89), P < 0.001

Insulin resistance, overweight

⁄ obesity and fatty ⁄ liver

104 ⁄ 1285 (8.1%) 14.13 (8.99–22.2), P < 0.001

Model adjusted for age, sex, alcohol, smoking status, exercise, educational status, triglyceride and ALT. Insulin resistance defined according

to homestasis model assessment of insulin resistance > 75th centile (i.e. HOMA > 2.0); fatty liver defined by the presence of liver fat detected

by ultrasound and overweight ⁄ obesity defined by BMI ‡ 25 kg ⁄ m2 (adapted from Sung et al. [27]).
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NAFLD [7,29–39]. However, it is still unclear whether NAFLD

is simply a risk marker that coexists in people at increased

cardiovascular risk or is an independent cardiovascular risk

factor. If it is proven that NAFLD is an independent risk factor

for cardiovascular disease, a diagnosis of NAFLD could be used

to identify subgroups of individuals for specific advice on

intensive lifestyle modification that is known to be effective at

deceasing fatty liver and for pharmacological treatment to

decrease cardiovascular disease risk [2,40].

It has been suggested that the relationship between NAFLD

and cardiovascular disease is weak [41] and, given that NAFLD,

central obesity and other features of the metabolic syndrome,

including diabetes, often coexist [2], it is plausible that any

relationship between NAFLD and cardiovascular disease may

be mediated, at least in part, by the presence of coexisting

central obesity or diabetes. A recent study of the natural history

of patients with NAFLD and severe fibrosis (or cirrhosis) con-

firms that this group of patients are at high risk of cardiovas-

cular events [42] and there is also now evidence to suggest that

people with NASH are at greater risk of cardiovascular disease

than people with simple steatosis or fatty liver [7,43]. As NASH

and NASH with fibrosis are more common in people with

Type 2 diabetes than among people without diabetes, further

work is needed to confirm that NAFLD is an independent

cardiovascular disease risk factor rather than an epiphenome-

non occurring in people at risk of cardiovascular disease [44].

A diagnosis of NAFLD is associated with increased risk of

overall death in both individuals with diabetes and those

without diabetes, and cardiovascular disease is one of the

leading causes of death in this group of patients. In a study of

biopsy-proven NAFLD with follow-up for approximately

21 years, the main causes of death in patients with NAFLD

were cardiovascular disease and malignancy [45]. Interestingly,

the histological severity of NAFLD and inflammation is

strongly associated with increased risk of cardiovascular disease

and an atherogenic lipid profile [46]. Simple hepatic steatosis is

also associated with silent carotid atherosclerosis [47], sug-

gesting that NAFLD may also be associated with increased risk

of cerebrovascular disease.

Prospective studies have reported associations between

increased liver enzymes (particularly serum GGT level) as

surrogate markers of NAFLD [48,49] and the occurrence of

cardiovascular disease events in both subjects without diabetes

and patients with Type 2 diabetes [50,51]. Increased ALT

concentrations (as a proxy for NAFLD) may be linked to an

increase in risk of cardiovascular disease, independently of

traditional risk factors and the features of the metabolic syn-

drome [52], suggesting that NAFLD is associated with

cardiovascular disease independently of other features of the

metabolic syndrome. Recently, the Firenze Bagno a Ripoli

(FIBAR) study concluded that an increased GGT or AST were

independent predictors of cardiovascular disease and an

increase of GGT level above the reference range, or also in the

upper reference range, was an independent predictor of inci-

dent diabetes [53].

In recent work from Targher et al. [54], the authors showed

that the prevalence of NAFLD in people with diabetes was

69.5% among participants and NAFLD was the most common

cause (81.5%) of hepatic steatosis detected by ultrasound. The

prevalence of NAFLD increased with age and the age-adjusted

prevalence of NAFLD was 71.1% in men and 68% in women in

peoplewithdiabetes. PatientswithNAFLDhadahigherage- and

sex-adjusted prevalence of coronary, cerebrovascular and

peripheral vascular disease than their counterparts without

NAFLD. NAFLD was associated with prevalent cardiovascular

disease independent of classical risk factors, glycaemic control,

medications and the metabolic syndrome features [54]. The

Valpolicella Heart Diabetes Study conducted in 2103 patients

with Type 2 diabetes [55] also demonstrated that NAFLD is

associated with an increased risk of future cardiovascular disease

events and, importantly, this association was independent of

classical risk factors, liver enzymes and the metabolic syndrome.

Thus, the evidence suggests that NAFLD is an independent risk

factor for coronary heart disease, and possibly cerebrovascular

disease and peripheral vascular disease, even after adjustment for

features of the metabolic syndrome.

Potential treatments for NAFLD

To date there are no licensed treatments for NAFLD. However,

several drugs licensed for other indications are now being tested

in NAFLD. We have recently summarized the evidence for the

efficacy of these drugs in NAFLD [3]. Although most of the focus

on treatments in NAFLD has targeted liver lipid, and specifically

liver triglyceride, the liver also plays a crucial role in the main-

tenance of cholesterol homeostasis and it is not certain whether

modifying liver cholesterol content could produce a benefit in

NAFLD. The liver is the organ that receives most of the choles-

terol absorbed by the small intestine and also is the site for the

excretion of cholesterol in bile. The liver actively synthesizes

cholesterol and this is affected by the amount of cholesterol being

delivered to it from the small intestine. It is well documented that

dietary or pharmacological manipulation of the enterohepatic

flux of either cholesterol or bile acids can potentially cause

marked changes in the rate at which the liver synthesizes cho-

lesterol, converts cholesterol to bile acids, incorporates choles-

terol into VLDLs, esterifies and stores cholesterol, or secretes

unesterified cholesterol directly into bile. Thus, it is plausible that

the cholesterol absorption inhibitor (ezetimibe) could have a

beneficial effect in NAFLD (see Ahmed and Byrne [56]).

N-3 long chain polyunsaturated fatty acids (or fish oil fatty

acids) are potential agents to alter favourably liver lipid fluxes,

and these agents also decrease inflammation. N-3 polyunsatu-

rated fatty acids are also well known to decrease inflammation,

involving decreased hepatic tumour necrosis factor a (TNF-a)

production [57,58]. In both animal and human studies, fish oil

feeding decreases the production of pro-inflammatory cyto-

kines by immune cells [59] by inhibiting activation of the pro-

inflammatory transcription factor nuclear factor kappa B

(NFjB) and by activating the anti-inflammatory transcription
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factor peroxisome proliferator-activated receptor gamma

(PPAR-c). Recent studies have also identified a novel group of

n-3 polyunsaturated fatty acid-derived mediators, termed

E- and D-series resolvins (resolution-phase interaction prod-

ucts) that exert potent anti-inflammatory actions in neutrophils,

macrophages, dendritic cells and T-cells [57,59].

The combination of obesity and insulin resistance increases

flux of fatty acids to the liver from adipose tissue [9,60]. In

individuals who develop NAFLD, the flux of fatty acids to the

liver, exceeds the impaired capacity of the liver to dispose of

these either by b-oxidation or secretion as VLDL, or as part of

phosphatidyl choline in bile, resulting in excess fatty acid

accumulation within hepatocytes as triglyceride. This provides a

strong basis for attempting to modify the supply of fatty acids to

the liver and to alter their flux with the effect of reducing hepatic

de novo lipogenesis. A disruption in the hepatic lipid composi-

tion has been shown in patients with NAFLD [61] and a marked

increase in long-chain n-6 ⁄ n-3 polyunsaturated fatty acids ratio,

attributable to n-3 polyunsaturated fatty acid depletion occur-

ring in NAFLD, a situation favouring lipid synthesis over

oxidation and secretion, thereby potentially leading to steatosis

[61]. N-3 polyunsaturated fatty acids are also natural ligands of

PPAR-a, nuclear receptors which modulate lipid metabolism in

hepatocytes [62]. Indeed, low levels of circulating n-3 polyun-

saturated fatty acids impair PPAR- a activity in the liver and this

is associated with a higher hepatic uptake of circulating free

fatty acids, a decrease of hepatocyte mitochondrial b-oxidation,

a reduced synthesis of VLDL and an up-regulation of lipogenic

transcription factors [e.g. sterol regulatory element binding

protein-1 (SREBP-1)] [63–65]. Thus, there is a need to deter-

mine whether purified n-3 fatty acids are beneficial in NAFLD,

as there is good theoretical evidence that these fatty acids could

have a favourable effect on both liver lipid and inflammatory

processes, both of which are relevant to the spectrum of liver

conditions in NAFLD. Based on the supporting evidence pre-

sented here, we are presently conducting a randomized con-

trolled trial with high-dose purified n-3 polyunsaturated fatty

acids in people with NAFLD. The study is a phase-IV trial in

patients with NAFLD that is testing the effects of high-dose

purified n-3 long-chain fatty acids [Omacor-Solvay ⁄ Abbott ⁄
Pronova (Abbott Healthcare Products Ltd, Berkshire, UK) 4 g

once daily] on a range of liver and cardio-metabolic outcomes.

The trial will be completed in 2012. [The WELCOME study

(Wessex Evaluation of fatty Liver and Cardiovascular markers

in NAFLD (non-alcoholic fatty liver disease) with OMacor

thErapy) http://www.clinicaltrials.gov registration number

NCT00760513).]

It is beyond the scope of this review to discuss in detail

advances in treatment for NAFLD. For a more detailed

discussion of the efficacy of various treatments that have

been tested in NAFLD see Bhatia et al. [3]. A summary of

potential treatments for NAFLD is shown in Box 2.

Conclusions

Non-alcoholic fatty liver disease (NAFLD) is an extremely

common condition that is strongly associated with Type 2

diabetes and obesity. NAFLD is frequently a silent disease that

is often diagnosed as a consequence of the further investigation

of abnormal liver enzyme tests, noted as an incidental finding.

NAFLD increases the risk of Type 2 diabetes and cardiovas-

cular disease, and the combination of NAFLD, insulin resis-

tance and central obesity occurs frequently in individuals.

When all three risk factors (NAFLD, insulin resistance and

Box 2

Potential treatments for non-alcoholic fatty liver disease

(NAFLD)

Proven benefits

Weight loss where appropriate (decreased hepatic fat)

Improved fitness ⁄ increased physical activity (decreased hepa-

tic fat)

Possible benefits

Pioglitazone (decreased hepatic fat in most but not all studies,

decreased hepatic inflammation but no effect on hepatic

inflammation)

Theoretical benefits

High dose n-3 polyunsaturated fatty acids

Rimonabant (cannabinoid receptor 1 blocker) (note: license

now withdrawn)

Angiotensin II receptor blockers (theoretical benefit based on

effect on fibrotic mechanisms in vitro)

Glucagon-like peptide 1 agonists (incretin effect to decrease

appetite and facilitate weight loss, uncertain whether there is a

direct effect on the liver)

Effect of adjunctive advice ⁄ treatments on the liver in NAFLD

‘Lifestyle’ treatments

Decreased alcohol intake should be recommended and po-

tential abstinence from alcohol recommended [moderate

alcohol intake (> 15 units per week in men) has a synergistic

impact with obesity on the liver to increase risk of cirrhosis)

Drug effects on the liver

• Statins are safe and should be used where appropriate

for cardiovascular risk reduction in this group of pa-

tients. Probably no benefit of this class on the liver in

NAFLD

• Metformin is safe. Probably no benefit of this class on

the liver in NAFLD

• Insulin promotes hepatic lipogenesis and may increase

liver fat in the presence of increased carbohydrate intake
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obesity occur together), there is a marked increase in risk of

Type 2 diabetes. NAFLD causes insulin resistance and this can

make it difficult to achieve good glycaemic control in people

who have diabetes. The pathogenesis of NAFLD is not fully

elucidated and a better understanding of the factors causing

liver fat, liver inflammation and liver fibrosis is needed.

Increasing evidence suggests that altered fatty acid fluxes

through the liver contribute to both liver fat and to liver

inflammation, and these fluxes are potentially key to the initial

development, and to progression, of NAFLD. It is likely that

individual treatments will have varying effect on the different

components of the NAFLD disease process. Consequently, new

treatments need to be tested on liver fat, inflammation and

fibrotic processes. Presently, there are no licensed treatments for

NAFLD and therefore an emphasis needs to be placed on

lifestyle advice, with weight loss where necessary, increases in

physical activity and improved nutrition, in order to decrease

liver fat accumulation.
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