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Non-alcoholic fatty liver disease (NAFLD) was practically unheard of

even 30 years ago, but is now considered one of the most common

liver disorders in the US.1–3 It may be the most common cause of liver

enzyme elevation in US adults as well as a leading cause of cirrhosis.4,5

The prevalence of NAFLD has increased in parallel with the epidemics

of obesity and type 2 diabetes, which are risk factors for NAFLD.3,6

Whereas the association of type 2 diabetes with microvascular

complications and macrovascular disease is well established, the

association of type 2 diabetes with NAFLD is more recently recognised

and probably less well-known to physicians. Furthermore, because

patients are usually asymptomatic and routine blood tests are 

often normal, it may be a diagnosis that is overlooked in patients with

type 2 diabetes.7,8

There is evidence that patients with NAFLD who have type 2 diabetes

are particularly at risk of progressive forms of the disease and that they

are at higher risk of developing cirrhosis compared with those who do

not have diabetes.9,10 Although cardiovascular disease is the major

cause of excess morbidity and mortality in type 2 diabetes, liver failure

may also be a threat to patients with type 2 diabetes NAFLD.3,10

Therefore, it is important for physicians to be aware of the high

likelihood that their patients with type 2 diabetes have NAFLD, as this

is another potential complication that requires attention.

Definition

NAFLD is characterised by fatty infiltration of the liver, mostly in the

form of triglycerides, which exceeds 5% of the liver weight.11 NAFLD

is histologically similar to alcoholic liver disease, but by definition it

occurs in the absence of excessive alcohol consumption and is not due

to other identifiable causes of fatty liver such as hepatitis C and certain

medications.11 NAFLD represents a spectrum of clinical–pathological

features ranging from simple steatosis, which is characterised by fatty

infiltration only, to non-alcoholic steatohepatitis (NASH), which is

characterised by inflammation and hepatocellular injury with or

without fibrosis and cirrhosis.11,12 Most with NAFLD have an increase in

liver fat content alone, which is apparently benign; others develop

NASH that can progress to cirrhosis.10–12

Prevalence

Fatty liver is a common problem in the US.3 Data from the Dallas Heart

Study suggested that about one-third of the population of Dallas

County, Texas, had hepatic steatosis.7 This study used proton magnetic

resonance spectroscopy (MRS) to measure liver fat and defined

steatosis as hepatic triglyceride content >5.5%.7 Having an abnormal

fasting glucose carries an even higher risk. Sixty-two per cent of

subjects in the Dallas Heart Study who had either known diabetes or a

fasting glucose >110mg/dl had hepatic steatosis.7 In a Japanese

population, 27% with normal fasting glucose had NAFLD; the

prevalence rose to 43% among those with fasting hyperglycaemia,

and 62% among those with type 2 diabetes.13 Others have reported a

similarly high prevalence of NAFLD in patients with type 2 diabetes.

The prevalence by clinical history and liver ultrasound (US) was 69.5%

in a large outpatient clinic in Italy and as high as 75% in the

Valpolicella Heart Study.8,14 Morbid obesity places patients with type 2

diabetes at particularly high risk. Virtually 100% of these patients were

found to have at least mild steatosis on liver biopsy.15

As most who have NAFLD have no specific signs or symptoms, the

prevalence is probably underappreciated.6,16 In clinical practice,

elevated aminotransferase levels, especially alanine transaminase

(ALT), are considered a marker for liver disease. However, many

patients who have NAFLD do not have elevated levels. In the Dallas

Heart Study, 79% of those with hepatic steatosis had normal ALT

levels.7 Others reported that 86% of those with NAFLD had normal

ALT levels.8 Therefore, relying on the ALT level as a surrogate marker

for NAFLD may overlook a lot of patients who do have it. Making the

matter of establishing the diagnosis of NAFLD even more complicated

is that aminotransferase levels do not necessarily correlate with the

severity of NAFLD.16 ALT levels may be normal in the presence of

advanced fibrosis or cirrhosis.17 Thus, a normal ALT does not exclude

steatosis and does not ensure the absence of underlying advanced liver

disease.16,17 Therefore, since non-invasive methods of detection were

used in these epidemiological studies, the prevalence of pure steatosis

versus more advanced stages of disease such as steatohepatitis,

fibrosis or cirrhosis is unknown.

Diagnosis of Non-alcoholic Fatty Liver Disease

The diagnosis of NAFLD is typically suspected in asymptomatic patients

who are found to have elevated aminotransferase levels and/or

radiological evidence of fatty liver.16 The most common laboratory

abnormality is a mild to moderate increase in aspartate transaminase

(AST) and/or the ALT level.11 Of the liver enzymes, ALT is most closely

related to liver fat accumulation and has been reported to correlate

with liver fat independent of obesity.18 Patients with NAFLD usually

have a ratio of AST to ALT of <1. However, if fibrosis develops, this
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ratio can reverse.11 Other liver enzymes such as alkaline phophatase

and gamma-glutamyl transferase (GGT) may be abnormal.6 A low

albumin, prolonged prothrombintime and elevated bilirubin are less

common and suggest advanced disease.6,16

Liver US, computed tomography (CT) scan and MR imaging (MRI) are

able to detect fatty infiltration of the liver. However, their sensitivity is

limited, and they cannot quantify the amount of fat present. The

sensitivities of US and CT scan for detecting steatosis were reported as

100 and 93%, respectively, if liver fat exceeded 33% on liver biopsy.19

As the amount of fat dropped below this, the sensitivity of these tests

diminished.19 Liver fat can be more reliably detected and quantified by

proton MRS.20 However, this technique is not currently available for

routine clinical practice.

While all of these imaging methods can detect a significant

accumulation of fat, none can differentiate steatosis from more

advanced stages of NAFLD. Histological examination of the liver is the

only way to make this distinction. However, recommending liver

biopsy for everyone suspected of having NAFLD would not be

practical. Arguments against performing a biopsy in everyone include

the high prevalence of NAFLD, cost, potential risks with the procedure

and the relatively good prognosis of steatosis alone.6 Liver biopsy is

important for confirming the diagnosis, evaluating disease severity and

determining its prognosis.6,16 Detecting and grading fibrosis in patients

with NASH is considered one of the most important reasons to

perform a biopsy, as the presence of fibrosis is a predictor of

subsequent progression to cirrhosis.21

Certain characteristics such as older age, obesity and type 2 diabetes

and laboratory measures such as an AST to ALT ratio of >1, elevated

triglycerides and low platelets are predictors for hepatic fibrosis.6,16,21

Scoring systems that take these features into account have been

devised to help decide by non-invasive means which patients are likely

to have simple steatosis versus those who are more likely to have

steatohepatitis and liver fibrosis.21 In general, a biopsy should be

considered in those patients at high risk of fibrosis.16 It has been

recommended that patients undergo liver biopsy if they are at high risk

of having advance disease and if liver enzymes remain chronically

elevated despite lifestyle changes.6

Pathogenesis of Non-alcoholic Fatty Liver Disease

There is a strong relationship between hepatic triglyceride content and

insulin resistance.22 NAFLD is associated with insulin resistance.23,24 It

appears to be both a cause and a consequence of insulin resistance. A

mechanism by which hepatic steatosis causes insulin resistance

involves an inhibition of insulin signalling at the level of the insulin

receptor.25 The central mechanism by which insulin resistance causes

hepatic steatosis appears to be via its effect on peripheral free fatty

acid levels.26

A net change in the amount of lipid in the liver will occur if there is a

change in the balance between the liver’s uptake or synthesis of fatty

acids and the liver’s disposal of fatty acids by oxidation or export.26,27

Insulin resistance impairs the suppression of lipolysis, and this leads to

an increased release of free fatty acids from adipose tissue so that

more are delivered to and taken up by the liver.6,26 This excess amount

of free fatty acids can overload the hepatic mitochondrial beta

oxidation system, the major pathway of fatty acid oxidation in the

liver, leading to the accumulation of fatty acids in the liver.28

In the majority of patients, simple steatosis – the accumulation of fat

in the liver – follows a relatively benign course.29 It can be present for

decades without leading to more serious liver damage.27 However, it

may evolve into NASH, which is a more aggressive liver disease that

tends to be progressive and may lead to cirrhosis.16,29 What determines

whether steatosis advances to steatohepatitis is not fully understood.

However, overload of the hepatic mitochondrial beta oxidation system

appears to be important. The resulting increase in oxidative processes

promotes oxidative stress by leading to the generation of reactive

oxygen species (ROS), free electrons and hydrogen peroxide (H2O2),

which can directly damage mitochondrial DNA and impair

mitochondrial function.16,29 ROS can also induce hepatic injury

through lipid peroxidation within the hepatocytes and stimulation of

cytokine synthesis, causing activation of inflammatory pathways.16,29

These pro-inflammatory cytokines in particular are believed to mediate

the shift in pathology from steatosis to steatohepatitis.27 Increased

production of pro-inflammatory cytokines causes a migration of

inflammatory cells into the liver and activates stellate cells, which are

responsible for collagen synthesis and the development of

fibrosis.16,28,29 A ‘two-hit’ hypothesis has been proposed to explain the

pathogenesis of NASH.30 Events that promote hepatic steatosis are the

first liver insult or hit;27,30 events that lead to hepatic inflammation

such as the exacerbation of oxidative stress and exposure of the

hepatocytes to ROS, free radicals and pro-inflammatory cytokines are

a superimposed insult or second hit.27,30

Patients who develop liver steatosis are likely to be obese, have 

type 2 diabetes and/or meet the criteria for the metabolic

syndrome.4,7 Patients who are most likely to progress from simple

steatosis to steatohepatitis are those who are obese and have type 2

diabetes.31 Type 2 diabetes is also a prominent risk factor for

developing fibrosis and cirrhosis.10 That type 2 diabetes and the

metabolic syndrome are risk factors for more serious forms of NAFLD

may suggest that insulin resistance itself also has a role in promoting

disease progression. Insulin resistance is associated with oxidative

stress and dysfunctional adipocytes that produce increased amounts

of pro-inflammatory cytokines such as tumour necrosis factor-alpha

(TNF-α) and interleukin (IL-6) and decreased amounts of

adiponectin.32,33 Adiponectin has antilipogenic qualities and increases

fatty-acid oxidation, thereby perhaps protecting the liver from 

lipid accumulation and inflammation.35` Based on such observations,

some have characterised NAFLD as the hepatic component of the

metabolic syndrome.35

Insulin resistance impairs the

suppression of lipolysis, and this leads to

an increased release of free fatty acids

from adipose tissue so that more are

delivered to and taken up by the liver.
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Treatment of Non-alcoholic Fatty Liver Disease

Since evidence supports the role of insulin resistance in the development

of NAFLD, treatment has focused on measures that could reverse insulin

resistance such as weight loss and pharmacological therapy with

metformin and thiazolidinediones (TZDs). Weight loss, which improves

insulin sensitivity, has been shown to lead to reduction in liver enzymes

and hepatic steatosis.36–38 Few studies, generally with small numbers of

patients, have involved liver biopsy so that the impact of weight loss on

histological changes could be assessed. However, these have reported

histological improvement in patients who lost weight.39,40 While weight

loss has beneficial effects in the early stages of NAFLD, its effect on

patients with advanced fibrosis or cirrhosis has not been as well studied.

However, rapid weight loss has been associated with worsening liver

histology.41,42 This may be related to increased free-fatty-acid levels that

occur as a result of increased lipolysis witnessed with fasting.34 Weight

reduction not exceeding 2lb per week has been recommended, with an

initial target of weight loss of 10% of baseline.16,43 Furthermore, physical

activity should be emphasised as this may help to achieve and maintain

weight loss as well as improve insulin sensitivity. The ideal meal

composition of a diet is not known. Some have suggested the

Mediterranean diet for patients with type 2 diabetes and NAFLD.34 This

is a diet that includes eating generous amounts of fruits and vegetables,

using fats such as olive and canola oil and consuming little red meat.

Alcohol should be eliminated because of its potential harmful effect 

on the liver. 

There are few clinical studies that have evaluated the effects of

pharmacological therapy in patients with type 2 diabetes and NAFLD.

Metformin, which is thought to improve insulin sensitivity, has been

studied as a treatment for NAFLD. Controlled studies that have

excluded patients with type 2 diabetes have shown that metformin is

an effective treatment.44,45 However, in the only randomised trial that

involved metformin as a treatment option in patients with type 2

diabetes, metformin was found to have no effect on hepatic

triglyceride content.46

Initiation of metformin together with insulin in patients newly diagnosed

with type 2 diabetes was shown to normalise aminotransferase levels

and reduce hepatic steatosis.47 Hepatic triglyceride content decreased by

45% (p<0.001) and normalised in 75% of the subjects after three

months of treatment. These patients were poorly controlled at the

outset (average glycated hemoglobin [HbA1c] 11.2%) and therefore

were likely to have been insulin-deficient. The authors proposed that

correction of this deficiency with exogenous insulin may have activated

peripheral lipogenic pathways that redirected fat deposition to the

peripheral adipose tissues instead of the liver.

TZDs have been shown to improve insulin sensitivity and reduce liver fat 

in patients with type 2 diabetes.46,48,49 In a double-blind, randomised

study of patients with type 2 diabetes, rosiglitazone reduced liver fat

content whereas metformin did not.46 In a six-month randomised trial

of patients with biopsy-proven NASH and either impaired glucose

tolerance or type 2 diabetes, pioglitazone was shown to improve not

only ALT levels and hepatic fat content but also liver histology.48

Subjects in the pioglitazone group had a significantly greater reduction

(p=0.001) in necroinflammation than the placebo group. Treatment

with pioglitazone was also associated with improvement in markers of

systemic inflammation. Levels of TNF-α and transforming growth

factor-β (TGF-β) decreased significantly (p=0.02 and 0.03, respectively)

and levels of adiponectin increased significantly (p<0.001) in the

pioglitazone group, whereas none of these changed in the placebo

group. The improvement in the hepatic fat content occurred despite an

average weight gain of 2.5kg in the pioglitazone group. These

observations might suggest that pioglitazone’s beneficial effects

involved a redistribution of fatty acids from the liver (visceral tissue) to

subcutaneous adipose tissue and an improvement in adipose tissue

function, decreasing hepatic inflammation.

Insulin Requirements in Patients with Type 2 

Diabetes and Non-alcoholic Fatty Liver Disease

The association between liver fat and insulin resistance also has

relevance from the standpoint of managing hyperglycaemia in patients

with type 2 diabetes. First, the degree of fat accumulation in the liver

is an important determinant of the amount of insulin required to lower

glucose levels in patients with type 2 diabetes.50,51 The insulin

requirement correlates closely with hepatic fat content,50,51 so a

patient who has NAFLD would be expected to need more insulin to

achieve glycaemic control than if he or she did not have NAFLD.

Second, a decrease in the hepatic fat content by dieting has been

shown to decrease insulin resistance.52 Obese patients with type 2

diabetes who lost 8kg with a diet had a significant (p=0.0009)

reduction in intrahepatic lipid.52 This was associated with a reversal of

their hepatic insulin resistance and normalisation of their basal glucose

production and fasting hyperglycaemia. Therefore, a modest weight

loss of <10% in obese patients with a fatty liver could improve their

sensitivity to insulin and consequently make it easier to achieve

glycaemic control.

Cardiovascular Risk in Patients with Type 2 Diabetes and

Non-alcoholic Fatty Liver Disease

Among patients with type 2 diabetes, those who have NAFLD are at

higher risk of cardiovascular disease than those who do not.53

Significantly higher (p<0.001) age- and sex-adjusted prevalences of

cardiovascular, cerebrovascular and peripheral vascular disease have

been reported in patients with type 2 diabetes and NAFLD than those

without NAFLD.54 The Valpolicella Heart Study prospectively followed

patients with type 2 diabetes for the development of cardiovascular

disease.14 The prevalence of NAFLD at baseline was associated with a

significantly increased risk of cardiovascular disease during follow-up

(odds ratio [OR] 1.84; p<0.001).14 In both of these studies, the

increased cardiovascular risk was independent of classic risk factors

and components of the metabolic syndrome.

The increased cardiovascular risk for patients with type 2 diabetes and

NAFLD emphasises the importance of recognisng NAFLD in these

The association between liver fat 

and insulin resistance also has

relevance from the standpoint of

managing hyperglycaemia in patients

with type 2 diabetes.
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patients. Targeting these patients in particular with aggressive low-

density lipoprotein (LDL)-lowering and other cardiovascular risk factor

interventions will hopefully prevent the occurrence of any cardiovascular

event. Although NAFLD in itself is a potentially serious life-threatening

disease, many with type 2 diabetes and NAFLD will experience

cardiovascular morbidity and mortality long before the development of

clinically significant liver disease. Cardiovascular disease is still the major

killer of these patients.

Summary

Given the high prevalence of NAFLD in patients with type 2 diabetes, the

possibility of NAFLD should be considered in all of them. This is especially

true if they are obese or have abnormal liver enzymes. Furthermore,

having type 2 diabetes places these patients at risk of having progression

of the liver disease to NASH and cirrhosis. Studies have documented the

benefit of weight loss on reducing hepatic steatosis. Although long-term

studies have not been performed to prove this, it seems reasonable to

expect that early diagnosis of NAFLD and early intervention with weight

loss would prevent progression to more serious stages. Therefore,

lifestyle changes that promote weight loss should be strenuously

emphasised to these patients. 

Metformin has been shown to be beneficial in patients with NAFLD who

do not have type 2 diabetes, but more studies are needed to determine

its effect in patients who have type 2 diabetes. TZDs are promising as

pharmacological therapy for NAFLD in patients with type 2 diabetes.

Studies are needed to determine their long-term safety and

effectiveness. Treatment should also focus on optimising glucose control

and minimising cardiovascular risk factors, as patients with type 2

diabetes and NAFLD are particularly at cardiovascular risk. ■
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