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ABSTRACT

he prevalence of type 2 diabetes is higher in patients who have liver diseases, such as nonalcoholic fatty
iver disease, chronic viral hepatitis, hemochromatosis, alcoholic liver disease, and cirrhosis. The devel-
pment of diabetes in patients with cirrhosis is well recognized, but evidence is emerging that the
evelopment of chronic liver disease and progression to cirrhosis may occur after the diagnosis of diabetes
nd that diabetes plays a role in the initiation and progression of liver injury. This article provides an
verview of the evidence for an increased prevalence of diabetes in a range of liver diseases; the effect of
iabetes on the severity of disease; the potential mechanisms whereby coexistent diabetes exacerbates
rogression of hepatic fibrosis; and the impact of obesity, insulin resistance, and type 2 diabetes on
linical outcomes. © 2007 Elsevier Inc. All rights reserved.

KEYWORDS: Cirrhosis; Fatty liver disease; Insulin resistance; Obesity
i
s
n

i
c
i
s
c
q

P
I
T
h
p
O
t
w
l
d
d
v

he prevalence of type 2 diabetes is increasing with a new
iagnosis made every 21 seconds.1 Historically, the devel-
pment of diabetes in patients with cirrhosis is well docu-
ented with overt diabetes present in up to 70% of cirrhotic

ubjects.2 However, evidence is emerging that the develop-
ent of chronic liver disease and progression to cirrhosis
ay occur after the diagnosis of type 2 diabetes and that

iabetes plays a role in the initiation and progression of liver
njury.

ATHOGENESIS OF TYPE 2 DIABETES MELLITUS
ype 2 diabetes accounts for 90% to 95% of all diagnosed
ases of diabetes mellitus3 and is responsible for the major-
ty of the health burden attributable to diabetes. Type 2
iabetes develops from an imbalance between insulin sen-
itivity and insulin secretion.4 The earliest detected abnor-
ality in individuals who develop type 2 diabetes is im-

airment in the body’s response to insulin.5,6 This is
escribed as insulin resistance. Risk factors associated with

Requests for reprints should be addressed to Ingrid Hickman, PhD,
iamantina Institute for Cancer, Immunology and Metabolic Medicine,
rincess Alexandra Hospital, Ipswich Road, Woolloongabba Qld 4102,
ustralia.
a: ihickman@uq.edu.au

ront matter © 2007 Elsevier Inc. All rights reserved.
ed.2007.03.025
nsulin resistance and type 2 diabetes include central obe-
ity, positive calorie load, physical inactivity, age, and ge-
etic predisposition.7

The liver plays a key role in the whole-body response to
nsulin. In the fasting state the liver releases glucose into the
irculation. After a meal, as blood glucose increases, insulin
s secreted from the pancreas and acts on muscle and fat to
timulate glucose uptake and on the liver to suppress glu-
ose output. In insulin-resistant states, more insulin is re-
uired for the same effects.7

REVALENCE OF TYPE 2 DIABETES IS
NCREASED IN CHRONIC LIVER DISEASES
he prevalence of type 2 diabetes is higher in patients who
ave certain liver diseases. There is a link between the
resence of type 2 diabetes and the severity of liver injury.
n analysis of these studies, it is important to remember

he link between diabetes and cirrhosis, because studies
ith an increased proportion of cirrhotic patients are more

ikely to find an association between type 2 diabetes and
isease severity. The liver diseases associated with type 2
iabetes include nonalcoholic fatty liver disease, chronic
iral hepatitis, hemochromatosis, alcoholic liver disease,

nd cirrhosis.
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onalcoholic Fatty Liver Disease
he most prevalent liver disease in developed countries is
onalcoholic fatty liver disease, which occurs when there is
ipid accumulation within the hepatocytes. This can be as-
ociated with hepatocyte injury and inflammation that re-
ults in hepatic fibrosis and ulti-
ately in cirrhosis. This more

evere end of the disease spectrum
s described as nonalcoholic ste-
tohepatitis. It is estimated that up
o one third of adult Americans
ay have nonalcoholic fatty liver

isease,8 whereas the prevalence
f nonalcoholic steatohepatitis is
stimated to be 2% to 3%. Nonal-
oholic fatty liver disease is con-
idered the most common cause of
ryptogenic cirrhosis.9 It is asso-
iated with central obesity, and
irtually all patients have evi-
ence of insulin resistance.10 It is
herefore not surprising that type 2
iabetes is present in 21% to 45%
f patients with nonalcoholic fatty
iver disease11 and is associated
ith a 2 to 5-fold increased risk for
onalcoholic fatty liver disease.12

iral Hepatitis
vidence has accumulated regarding the association be-

ween glucose metabolism and chronic hepatitis C virus
HCV) infection. The National Health and Nutrition Exam-
nation Survey identified a 3-fold increased risk of type 2
iabetes in subjects who were aged more than 40 years and
ad chronic HCV, compared with HCV-negative partici-
ants.13 Knobler et al14 showed the prevalence of type 2
iabetes to be 33% in noncirrhotic patients with HCV com-
ared with 5.6% in a control group. The reason for the link
etween HCV infection and type 2 diabetes may relate to
iral effects because specific HCV genotypes (particularly
enotype 1) have been linked to insulin resistance,15 and in
itro studies have demonstrated HCV proteins inhibiting
nsulin signaling.16

In hepatitis B virus (HBV) infection, there is conflicting
vidence as to whether there is an increased prevalence of
ype 2 diabetes. Knobler et al14 found that the prevalence of
iabetes was twice as high in noncirrhotic subjects with
BV infection compared with controls without liver disease

12% vs 5.6%), although this difference was not statistically
ignificant.14 Two other studies failed to show an associa-
ion between type 2 diabetes and HBV.17,18

emochromatosis
ereditary hemochromatosis type 1 is the most prevalent

ause of iron accumulation in populations with Northern

CLINICAL SIGNIF

● Patients with n
disease, hepatit
alcoholic liver di
an increased risk

● Patients with ty
disease have an
complications, su
ure, and hepatoc

● Patients with typ
monitored for un

● The prevalence
disease is expec
sity and type 2 d
uropean ancestry and is caused by mutations of HFE. Its r
ssociation with diabetes is well recognized. Up to 23% of
robands and 13% of family members with previously un-
iagnosed hemochromatosis have diabetes.19 The pathogen-
sis of diabetes in hemochromatosis relates in part to the
eposition of iron in the pancreas. This iron accumulation

occurs predominantly in exocrine
cells; however, iron-containing
granules can be shown to accu-
mulate in islet cells, particularly
in insulin-secreting beta-cells.20

Similar findings are present in
the pancreas of iron-loaded ani-
mals.21 It might therefore be
expected that hemochromatosis
would be more prevalent in sub-
jects with diabetes. Conte et al22

found an increased prevalence
of hemochromatosis in individu-
als with type 2 diabetes. Others
have detected an increased prev-
alence of HFE mutations in type
2 diabetes,23 but this has not
been universal. Dubois-Laforgue
et al24 found that although the
prevalence of HFE mutations
was not increased in type 2 dia-
betes, type 2 diabetic patients

ith HFE mutations had greater iron stores and were less
ikely to be obese.25

lcoholic Liver Disease
atients with alcoholic liver disease have been shown to be
t increased risk for type 2 diabetes.26 In a prospective
ollow-up study of 8663 men, heavy drinking (�270 g/wk)
as associated with a 2-fold increased risk of developing

ype 2 diabetes compared with moderate drinking (60-120
/wk).27 This association was independent of other risk
actors, such as age, obesity, smoking history, family his-
ory of diabetes, and blood pressure.28 It is noteworthy that
imilar studies have not shown the same relationship in
omen.28-30 Excessive alcohol intake may have a direct

ffect on the development of type 2 diabetes by decreasing
nsulin-mediated glucose uptake in the acute situation and
y damaging pancreatic islet cells with chronic use.

IRRHOSIS AND DIABETES
he term “hepatogenous” diabetes is used to describe the
ssociation between cirrhosis and impaired glucose metab-
lism. Up to 96% of patients with cirrhosis have diabetes or
mpaired glucose tolerance.2 Hepatogenous diabetes differs
rom type 2 diabetes in that there is less association with
isk factors such as age, body mass index, and family
istory of diabetes.2 Cirrhosis may contribute to the devel-
pment of type 2 diabetes through numerous factors. With
he development of portal hypertension, blood shunting

CE
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uced insulin clearance with peripheral hyperinsulinemia.31

his systemic hyperinsulinemia may contribute to the de-
elopment of insulin resistance through the down-regulation
f insulin receptors.32

However, cirrhosis alone does not always induce diabe-
es, and the cause of liver disease and environmental factors
ay play a role. Zein et al26 found that the prevalence of

iabetes was increased in HCV cirrhosis (25%) and alco-
olic liver disease (19%) but not in cholestatic liver disease
1.3%).

This association among diabetes, insulin resistance, and
iver disease has implications with respect to treatment. The
eroxisome proliferator-activated receptor-gamma agonists
ioglitazone and rosiglitazone have shown promise in small
tudies of patients with nonalcoholic steatohepatitis, including
irrhotic patients33-35; however, there are concerns about their
se in patients with alanine aminotransferase 2.5 times or
ore the upper limit of normal or with decompensated

irrhosis.36 Long-term efficacy studies have not been com-
leted. Similarly, metformin has shown some promise in the
reatment of nonalcoholic steatohepatitis,37 although there
re concerns about its use in advanced liver disease.

HE LINK BETWEEN OBESITY AND INSULIN
ESISTANCE AND LIVER INJURY
epatic steatosis, obesity, and insulin resistance seem to act

s cofactors for liver injury in a range of liver diseases.38 In
atients with nonalcoholic fatty liver disease, older age,
besity, and the presence of type 2 diabetes are independent
isk factors for more severe fibrosis.39 Obesity-related insu-
in resistance plays a clear role in the production of reactive
xygen species and altered adipokine production, which in
urn leads to up-regulation of proinflammatory cytokines.
nsulin resistance results in enhanced hepatic gluconeogen-
sis and impaired hepatic lipid metabolism, which results in
epatic steatosis and liver injury.40

Obesity and steatosis are associated with more severe
brosis in chronic HCV.41 Although steatosis in HCV is

inked to genotype-specific viral effects, steatosis is more
revalent and worsened in obese, insulin-resistant patients
rrespective of viral genotype.42 Emerging evidence sup-
orts the hypothesis that altered metabolic profiles associ-
ted with insulin resistance contribute to liver injury in
CV.43 Insulin resistance is an independent predictor for

he rate of fibrosis progression,15 and elevated fasting insu-
in44,45 and glucose46 independently seem to contribute to
brosis in HCV.

Hemochromatosis is another liver disease for which co-
xistent obesity and steatosis seem to contribute to liver
njury.47 In a retrospective study of patients with hemochro-
atosis before de-ironing, obesity was independently asso-

iated with the presence of steatosis, which in turn was
ssociated with more severe fibrosis.47 The prevalence of
iabetes or degree of insulin resistance was not reported in

his study. r
In a study of 1604 alcoholic patients, Naveau et al48

ound that being overweight was associated with a greater
revalence of alcoholic hepatitis and cirrhosis (60% vs 35%
n lean patients).48 The mechanisms whereby obesity and
nsulin resistance may exacerbate liver injury in alcoholic
iver disease are still debated. Alterations in cytokine pro-
uction (leptin, adiponectin, and tumor necrosis factor-�),
aused by both obesity and alcohol, may work synergisti-
ally to activate hepatic stellate cells, resulting in hepatic
brosis.49

YPE 2 DIABETES MELLITUS AND THE SEVERITY
F LIVER DISEASE
here is evidence from a range of liver diseases linking
besity with insulin resistance and hepatic steatosis, which
n turn contribute to liver injury. In nonalcoholic fatty liver
isease, a range of studies have consistently identified type
diabetes as an independent predictor of fibrosis,39,50-52

aster fibrosis progression,51 and increased mortality.53 This
elationship is maintained when analysis is restricted to
oncirrhotic patients.51 Younossi et al54 demonstrated that
atients with type 2 diabetes were at greater risk for the
evelopment of adverse outcomes such as cirrhosis or liver-
elated mortality.54

Scrutiny of the impact of type 2 diabetes in HCV has
dentified a role for insulin resistance and type 2 diabetes in
isease progression. Hyperinsulinemia,42 hyperglycemia,46

nd insulin resistance55 have all been associated with more
evere fibrosis in HCV. Again, an important observation is
hat the onset of insulin resistance occurs early, before the
evelopment of cirrhosis.56

The effect of type 2 diabetes on the histologic severity of
lcoholic liver disease has not been widely studied. Raynard
t al57 showed that obesity and increased fasting glucose
evels were associated with increased severity of hepatic
brosis in alcoholic liver disease, independently of daily
lcohol intake and duration of alcohol abuse.57 Although the
revalence of type 2 diabetes was not reported in this study,
he link with elevated serum glucose suggests that type 2
iabetes may also be correlated with more severe disease.

YPE 2 DIABETES AND COMPLICATIONS OF
IVER CIRRHOSIS
ype 2 diabetes seems to be associated with an increased

isk of cirrhosis complications. The Verona Diabetes Study,
population-based study on more than 7000 subjects with

ype 2 diabetes, found an increased risk of death from
hronic liver disease and cirrhosis compared with the gen-
ral population (standardized mortality ratio after 5 years of
.52, 95% confidence interval [CI], 1.96-3.2).58 In addition,
here was an increased risk of mortality from hepatocellular
arcinoma (standardized mortality ratio after 10 years of
.86, 95% CI, 1.43-2.38).58 Insulin treatment of type 2
iabetes, perhaps as a marker of more severe diabetes, was
ssociated with a particularly high risk of mortality in cir-

hotic patients (relative risk 6.84).59
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Similar observations have been made in smaller cohort
tudies. Younossi et al54 found that in nonalcoholic fatty
iver disease, patients with type 2 diabetes had an overall
ortality twice that of nondiabetic subjects. After adjust-
ent for potential confounders, including cirrhosis, the risk

atio was 22.83 (95% CI, 2.97-175.03) for liver-related
ortality in those with type 2 diabetes and 3.30 (95% CI,

.76-6.18) for overall mortality.54 Nishida et al60 also found
hat the survival rates of cirrhotic patients with type 2
iabetes were significantly lower than those with normal
lucose tolerance.

Several studies have demonstrated an increased inci-
ence of diabetes among patients with hepatocellular carci-
oma ranging from 2- to 4-fold.11 Type 2 diabetes seems to
lay an etiologic role in hepatocellular carcinoma cirrhosis
ndependently of alcohol, viral hepatitis, or demographic
eatures,61,62 although the risk of hepatocellular carcinoma
ncreases up to 10-fold when viral hepatitis and hazardous
lcohol consumption are combined with type 2 diabetes.63

OW MIGHT TYPE 2 DIABETES MELLITUS MAKE
IVER DISEASE WORSE?
he pathogenic mechanisms underlying the relationship be-

ween type 2 diabetes and chronic liver disease remain to be
lucidated. Generalized peripheral insulin resistance and
ltered �-cell function are usually present. The role of
ncreased proinflammatory cytokines, reduction in protec-
ive cytokines, hyperinsulinemia and hyperglycemia in the
ctivation of hepatic stellate cells, and stimulation of colla-
en production are prime focuses of research in this area.

There seems to be cross-talk between adipose tissue and
ther tissues mediated in part by the release of cytokines
rom adipose tissue, known collectively as adipokines. Adi-
okines, such as leptin and tumor necrosis factor-�, activate
nflammatory pathways that may exacerbate liver injury.40

The serum concentration of most adipokines is increased
n obesity and type 2 diabetes. An exception to this is
diponectin, a key regulator of insulin sensitivity and tissue
nflammation.64 Plasma concentrations of adiponectin and
epatic adiponectin receptor expression65 are reduced in
onalcoholic fatty liver disease, and it has been hypothe-
ized that hypoadiponectinemia may play a role in disease
rogression. Xu et al66 demonstrated a potent protective
ffect of adiponectin in animal models of both alcoholic
iver disease and nonalcoholic fatty liver disease. Adminis-
ration of recombinant adiponectin to a mouse model of
lcoholic liver disease reduced hepatic steatosis and signif-
cantly reduced hepatic inflammation and serum alanine
minotransferase. Adiponectin had similar effects in the
b/ob mouse model of nonalcoholic fatty liver disease.66 To
ate, studies in humans of the role of adiponectin in liver
isease have produced conflicting results, with some studies
eporting a protective effect against hepatic steatosis,67,68

ecroinflammation, and fibrosis,69,70 and others reporting no
orrelation with disease severity.71,72 Data regarding a link

mong adiponectin, steatosis, and disease progression in i
hronic HCV are emerging with evidence of genotype-
pecific interactions with adiponectin.73,74

Insulin stimulates the proliferation of hepatic stellate
ells and induces production of collagen, resulting in he-
atic fibrosis.75 Connective tissue growth factor is produced
y activated hepatic stellate cells and has been implicated in
he development and progression of hepatic fibrogenesis.
yperglycemia and hyperinsulinemia stimulate connective

issue growth factor synthesis in hepatic stellate cell cul-
ures, and connective tissue growth factor has been found to
e overexpressed in liver tissue from patients with nonal-
oholic steatohepatitis.76

IGNIFICANCE
atients with type 2 diabetes seem more likely to have a
ange of liver diseases, and patients with liver disease and
iabetes are at risk of severe liver disease, cirrhosis, liver
ailure, and hepatocellular carcinoma. This has obvious im-
lications for the clinical management. The increasing in-
idence of obesity and type 2 diabetes in children means we
ay see more severe chronic liver disease occurring at

ounger ages. Awareness of type 2 diabetes as a significant
isk factor for liver injury may improve diagnosis and in-
erventions to minimize the progression of chronic liver
isease.

Our understanding of the links between type 2 diabetes
nd the development and progression of chronic liver dis-
ase has benefited from the mainly retrospective studies
erformed to date, but prospective studies are needed to
ully elucidate the cause and effect of type 2 diabetes in
iver injury. Identifying the mechanisms whereby type 2
iabetes increases disease severity could offer new insights
nto the treatment of chronic liver disease, including the role
f weight reduction and pharmacologic interventions with
nsulin sensitizers.

ONCLUSIONS
ype 2 diabetes is prevalent in a range of liver diseases,
articularly nonalcoholic fatty liver disease, chronic HCV,
emochromatosis, and alcoholic liver disease. Coexistent
ype 2 diabetes seems to be associated with more severe
iver injury before the onset of cirrhosis and more severe
omplications and higher mortality once cirrhosis is estab-
ished. There is evidence that the metabolic disturbances
ssociated with type 2 diabetes contribute to liver injury, but
his relationship is made more complex by the association of
irrhosis with hepatogenous diabetes. It is unclear whether
reatment of coexistent diabetes and improved glycemic
ontrol will benefit chronic liver disease. Clinicians should
e aware that patients with type 2 diabetes may have un-
erlying chronic liver disease. In the setting of type 2
iabetes and cirrhosis, consideration should be given to
urveillance for life-threatening complications of liver dis-
ase, such as hepatocellular carcinoma. A better understand-

ng of the factors that modulate liver disease progression is
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ritical to identify patients who require more aggressive
onitoring, lifestyle interventions, and pharmacotherapy.
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