
SUMMARY

Patients with diabetes have a high prevalence of liver disease. The
entire spectrum of liver disease is seen in patients with type 2 
diabetes. Non-alcoholic fatty liver disease (NAFLD) and type 2
diabetes (T2DM) are common conditions that regularly co-exist
and act synergistically to drive negative outcomes. The classical
pathway consists of initial insulin resistance, increased lipolysis,
lipid accumulation in the hepatocytes, oxidative stress, and cell
damage followed by fibrosis.  Insulin resistance is a characteristic
feature of NAFLD, as a result of  increased secretion of specific
proinflammatory cytokines such as TNF-α. NAFLD does not
always progress to NASH, and the precise pathological events 
leading to steatohepatitis are yet to be determined. There is an
under-recognized role of diabetes in many patients with crypto-
genic cirrhosis. The prevalence of hepatocellular carcinoma is
increased in patients with diabetes as well the prevalence of 
diabetes in patients with hepatocellular carcinoma. Patients with
chronic hepatitis C are more likely to develop diabetes; all patients
with type 2 diabetes and persistently elevated serum ALT should
be screened for HCV testing. The majority of patients with
NAFLD do not require a specific treatment. The treatment 
of NAFLD consists of lifestyle modification as well as pharmaco-
logical therapy. Hepatic steatosis diminishes in parallel with weight
loss. Thiazolidinediones are emerging as the treatment of choice
even in the absence of diabetes. 
Key words: diabetes mellitus, hepatitis C, cirrhosis, non-
alcoholic fatty liver disease, hepatocellular carcinoma

RÉSUMÉ

Diabète de type 2 et maladie du foie: une connexion fréquente
et dangereuse 

Les patients diabétiques peut avoir tout le spectre de la pathologie
du foie. La stéatose hépatique nonalcoolique et le  diabète type 2
sont deux entités qui coexistent fréquemment et agissent en 
synergie, avec un impact négatif. La chaîne physiopathologique
classique est basée sur la résistance à l'insuline, avec augmentation
de la lipolyse, l'accumulation des lipides dans les cellules 
hépatiques, le stress oxydatif, les lesions cellulaires, avec 
l'apparition d'une fibrose du foie. L'insulinorésistance est une 
caractéristique essentielle chez les patients avec une stéatose 
hépatique et se produit à la suite de l'augmentation de la sécrétion
de cytokines pro-inflammatoires telles que le TNF-alpha. La
stéatose hépatique nonalcoolique ne progresse pas toujours vers
stéatohépatite, les événements physiopathologiques qui expliquent
cette évolution ne sont pas bien définis. Il ne faut pas oublier le
rôle important du diabète chez les patients atteints de cirrhose
cryptogénique. La prévalence du carcinome hépatocellulaire est
accrue chez les patients atteints de diabète, ainsi que la prévalence
du diabète sucré chez les patients atteints de carcinome 
hépatocellulaire. Les patients avec hépatite chronique VHC sont
susceptibles de développer le diabète; tous les patients atteints de
diabète de type 2 avec augmentation persistante des transaminases 
hépatiques (ALT) doivent être soumis au dépistage de l'hépatite C.
La plupart des patients avec le foie gras ne nécessitent pas de 
traitement spécifique. Le traitement consiste en un changement de
régime hygiénique-alimentaire ainsi que des médicaments. La
stéatose hépatique diminue en parallèle avec la perte de poids. 
Thiazolidinediones apparaissent comme le traitement de choix,
même en l'absence du diabète.
Mots-clés: diabète, hépatite chronique par le VHC, la cirrhose, 
la stéatose hépatique non alcoolique, le carcinome hépatocellulaire
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INTRODUCTION

Magnitude of the problem

DD
iabetes mellitus is a chronic disease, with a
prevalence of roughly 11% in the general 
population, of which 90 % is type 2 diabetes

(1). Liver disease is an important cause of death in type 2
diabetes. A more than twofold increased risk of dying from
liver cirrhosis was found in the Verona Diabetes Study 
compared with the general population. Cirrhosis was the
fourth leading cause of death and accounted for 4.4% of
diabetes-related deaths (2). The underlying mechanisms of
this association have not been clearly defined yet, but it is
plausible to asume that the increased prevalence of liver
steatosis in diabetic patients confers a higher risk to
progress to advanced fibrosis, cirrhosis and end-stage 
hepatic failure. Moreover, in the same population, after 10
years of follow-up, a higher risk of mortality from liver 
cancer was observed and this risk increased significantly in
obese patients.

Non-alcoholic fatty liver disease (NAFLD) and type 2
diabetes (T2DM) are common conditions that regularly co-
exist and can act synergistically to drive adverse outcomes.
The presence of both NAFLD and T2DM increases the
likelihood of the development of complications of diabetes
(including both macro- and microvascular complications) as
well as augmenting the risk of more severe NAFLD, 
including cirrhosis, hepatocellular carcinoma and death.
Patients with diabetes have a high prevalence of liver 
disease and patients with liver disease have a high preva-
lence of diabetes.

Spectrum of liver disease in type 2 diabetes: NAFLD,
NASH, hepatitis C in diabetes, cirrhosis in diabetes,
hepatocellular carcinoma in diabetes

The entire spectrum of liver disease is seen in patients
with type 2 diabetes. The following hepatic disorders may be
encountered as a consequence of diabetes mellitus: 
abnormal liver enzymes, nonalcoholic fatty liver disease
(NAFLD), nonalcoholic steatohepatitis (NASH), cirrhosis,
hepatocellular carcinoma, and acute liver failure. In 
addition, there is an unexplained association of diabetes
with hepatitis C. 

Abnormal liver enzymes

Abnormal liver function tests, particularly ALT eleva-
tions, are not unexpected during long-term follow-up of
patients with type 2 diabetes. Salmela et al. noted that
22.9% of 118 outpatients with type 2 diabetes had an 
elevated ALT value during random evaluation (3). These
increases were rarely more than two times the upper limit of
the reference range, and variables such as obesity, poor 
diabetes control and a mature age at onset of diabetes
increased the frequency and severity of the abnormalities.
Jick et al. concluded that the background incidence of liver
disease in patients with diabetes was high, with 605 out of
44,406 patients developing liver disease (incidence rate 0.53

per 100 person-years), ranging from hepatitis to hepato-
steatosis to carcinoma involving the liver or biliary ducts (4).

NAFLD, the most prevalent liver disease in type 2 
diabetes, is the most common cause of a mild elevation of
serum ALT. The usual biochemical pattern is with alanine
aminotransferase (ALT) levels being higher than those of
aspartate aminotransferase (AST). This pattern is 
especially helpful in differentiating between NAFLD and
alcoholic liver injury, with the latter normally associated
with a high AST:ALT ratio. As the liver injury is 
progressing to non-alcoholic steatohepatitis (NASH), 
followed by fibrosis and cirrhosis, AST levels increase with
a resultant increment in the AST:ALT ratio. γ glutamyl-
transferase (GGT) may also be modestly increased. Both
ALT and GGT are associated with the presence of 
hepatic steatosis on ultrasonography (5).

From NAFLD to NASH and cirrhosis

The diagnosis of nonalcoholic fatty liver disease
(NAFLD) requires: record of hepatic steatosis, done by 
imaging or by histology, without other causes for secondary
hepatic fat accumulation: significant alcohol consumption
(>20 g alcohol/day), use of steatogenic medication (amio-
darone, methotrexate, tamoxifen, corticosteroids etc.) or
hereditary disorders. NAFLD is histologically categorized
into nonalcoholic fatty liver (NAFL) and nonalcoholic
steatohepatitis (NASH). NAFL is characterized by the 
presence of hepatic steatosis without hepatocellular injury
in the form of ballooning of the hepatocytes. The term
NASH is reserved for those patients who have some degree
of fibrosis secondary to inflammation, usually associated
with increased numbers of ballooned hepatocytes. The 
natural history of NAFLD is similar to that of alcoholic liver
disease. The prognosis worsens with each stage, but it is now
clear that a considerable portion of patients, distinctively
those with NASH, will advance to cirrhosis and some may
ultimately develop hepatocellular cancer. Well-developed
cirrhosis may lose its fat content and appear as ‘cryptogenic
cirrhosis’ (6). The prevalence of NAFLD in diabetic obese
patients is very high (up to 70%) (7). Of patients with
NAFLD, 50% have NASH and 19% have cirrhosis at the
time of diagnosis (8).

Ultrasound studies may display a diffuse increase in
echogenicity, so-called “bright” liver. The sensitivity of
ultrasound in patients with elevated ALT is 89% with a
specificity of 93% for detecting steatosis. The sensitivity of
ultrasound decreases greatly as hepatic steatosis decreases to
30% or less (9). Most patients with NAFLD found inciden-
tally or by screening ultrasound have a normal ALT. These
observations suggest that the sensitivity of ultrasound 
overall is really not very high (10). The gold standard for
diagnosis of NAFLD remains the liver biopsy. Furthermore,
the diagnosis of progressive liver disease (i.e., NASH), the
precursor of cirrhosis, can only be made by liver biopsy.

The pathogenesis of NAFLD is only partially understood.
It is worth noting that insulin resistance is accompanied not
only by increased circulating insulin levels but also by
increased hepatic gluconeogenesis, impaired glucose uptake
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by muscle, and an accelerated process of lipolysis, which
increases circulating free fatty acids. Peripheral adipose tissue
releases numerous inflammatory cytokines, which are the key
factors for promoting accumulation of liver fat and 
progression of hepatic steatosis. The increased secretion of
specific proinflammatory cytokines, such as TNF-α, inter-
leukin (IL)-6, resistin, visfatin, and plasminogen activator
inhibitor-1, has been described, along with decreased 
secretion of the antiinflammatory cytokine adiponectin.
Serum adiponectin levels are reduced in obesity, insulin 
resistance, diabetes mellitus, and the metabolic syndrome
and have been shown to be correlated negatively with 
the severity of NASH (11). TNF-α interferes with insulin 
signaling and favors steatosis. TNF-α is also proinflammatory
and may play a role in the inflammation process which
occurs in NASH. Adiponectin, opposed to TNF-α, is 
antilipogenic and anti-inflammatory and may have a protec-
tive role regarding lipid accumulation and inflammation.
Adiponectin and TNF-α therefore have antagonistic effects.
The final effect of increased TNF-α and decreased
adiponectin is prosteatotic and proinflammatory. Several
studies have highlighted that insulin resistance is a 
characteristic feature of NAFLD, even when subjects are not
obese (12). 

Hepatic steatosis is the hallmark histologic feature 
of NAFLD and is the net result of disproportionate 
accumulation of free fatty acids (FFA). Hepatic TG accumu-
lation occurs when fatty acid metabolism shifts to favor net
lipogenesis, rather than lipolysis. Hepatic steatosis reflects an
imbalance between the uptake and synthesis of fatty acids by
the liver and their oxidation and export. Patients with type
2 diabetes have dyslipidemia, which is characterized by 
elevated plasma triglycerides, decreased HDL cholesterol,
and predominance of small LDL, a pattern also seen in
patients with NAFLD (13).

The fatty acids overburden the hepatic mitochondrial
β-oxidation system, leading to accumulation of fatty acids
in the liver. NAFLD is practically the hepatic manifesta-
tion of the insulin resistance syndrome. NAFLD does not
always progress to NASH, and the precise pathological
events leading to steatohepatitis are yet to be determined.
However, dysregulation of peripheral lipid metabolism
seems to be important (14).

Cryptogenic cirrhosis is the end stage of a chronic liver
disease in which its underlying etiology remains unknown
after extensive clinical, serological, and pathological 
evaluations have been performed. Lately, studies emerged
suggesting an under-recognized role of diabetes in many
patients with cryptogenic cirrhosis. While some patients
may have unrecognized silent autoimmune hepatitis, an
unidentified viral hepatitis, or occult alcohol-related liver
injury, the progression of NASH as the more likely cause
should not be omitted (15). Cirrhotic patients may present
low blood glucose levels because of the so-called "Insulin
Autoimmune Syndrome" associated with the production of
high levels of insulin autoantibodies even in the absence of
hepatocellular carcinoma. Cirrhotic patients and patients
with fulminant hepatic failure may have lower blood glucose

concentrations than matched subjects, but significant hypo-
glycemia may be prevented by decreased utilization of 
glucose and an increased utilization of glucose fuels such as
fat (16).

Hepatocellular carcinoma in diabetes

Various studies have established that the prevalence of
hepatocellular carcinoma is increased in patients with 
diabetes as well the prevalence of diabetes in patients with
hepatocellular carcinoma. A study by Adami et al on a 
population of about 154,000 patients concluded that 
diabetes is a major risk factor for developing primary liver
cancer (17). Another study conducted in Italy confirmed
the findings of the previous research (18). It is unknown if
the higher incidence of hepatocellular carcinoma is due to
diabetes or the presence of cirrhosis, the precursor lesion of
hepatocellular carcinoma. The sequence of events before
the appearance of hepatocellular carcinoma seems to be the
classical pathway with the initial insulin resistance,
increased lipolysis, lipid accumulation in the hepatocytes,
oxidative stress, and cell damage followed by fibrosis and cell
proliferation, which are procarcinogenic (19). 

Hepatocellular carcinoma may present with occurrences
of hypoglycemia. A possible explanation for this hypo-
glycemia is the production of insulin-like growth factor-II
(IGF-II) by the cancer cells. IGF-II is a protein that plays the
role of a partial insulin agonist. Diabetic patients who 
develop HCC may require lower doses of insulin, not only
due to the production of IGFs, but also due to increased 
glucose consumption by insulin-sensitive tissue (20, 21).

Hepatitis C in diabetes

A high prevalence of HCV infection is found in 
diabetic patients, and the majority of patients with anti-
HCV antibodies positive have abnormal liver function tests
aswell. Accordingly, it seems reasonable that all patients
with type 2 diabetes and persistently elevated serum ALT
should be screened for HCV testing. Patients with HCV are
more likely to develop diabetes (21%) than patients with
hepatitis B (10%), suggesting that HCV, rather than liver
disease per se, predisposes patients to diabetes. Furthermore,
patients who are transplanted for HCV are more likely to
develop diabetes than those who are transplanted for other
liver diseases (22). The fact that HCV infection remained
an independent risk factor for the development of post-
transplantation diabetes may suggest a direct or immune-
mediated pancreatic effect of the virus. Taken together
along with the absence of any particular epidemiological
factor for HCV infection in the studied diabetic population,
these observations suggest that HCV has a clear patho-
genetic role in type 2 diabetes. It seems that the core 
protein of HCV impairs insulin receptor substrate signaling,
which plays an important role in the metabolic effects of
insulin (23). TNF-α overproduction seems to have been the
primary mechanism which also correlates with a rapid 
progression of fibrosis and a lower response to interferon (24).

There are other particularities regarding HCV-associated
diabetes. The prevalence of FLD is higher in genotypes 1
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and 4 which are significantly associated with an increased
insulin resistance more frequently than genotypes 2 and 3
(37% vs 17%) (25). Patients with hepatitis C and fatty liver
disease have elevated levels of TNF-α and reduced levels of
adiponectin. In combination, these two are proinflammatory
and prosteatotic, leading to oxidative stress in mitochondria
and steatosis. Furthermore, it is well demonstrated that geno-
types 1 and 4 are associated with a lower viral sustained
response to antiviral therapy than genotypes 2 and 3. It has
been reported that patients with chronic hepatitis C 
and insulin resistance have a less sustained response to 
peginterferon plus ribavirin treatment compared with
patients without insulin resistance (26). Finally, there is an
association of diabetes with α-interferon treatment of HCV
infection. 

Management of liver disease in patients with type 2
diabetes: treatment of NAFLD

The majority of patients with NAFLD do not require a
specific treatment. Patients with biopsy-proved NASH or
having risk factors for progressive disease such as: reversed
ALT-to-AST ratio, hypertriglyceridemia and thrombo-
cytopenia should be treated. The sensitivity of these risk 
factors is not known, so the need for a liver biopsy is 
controversial. Furthermore, it is not known if any of the
treatment options, other than bariatric intervention, affects
the final prognosis. Standard treatment of NAFLD has 
consisted of weight loss, removal of potentially offending
drugs and toxins, and control of associated metabolic 
disorders, including diabetes mellitus and hyperlipidemia.
The treatment consists of lifestyle modification as well as
pharmacological therapy. Treatment of type 2 diabetes in
patients with advanced liver disease may be complicated by
inadequate nutritional status and general health (27). More
than 50% of patients with severe liver disease are 
malnourished. Hepatic steatosis diminishes in parallel with
weight loss (28). Low-glycemic, low-calorie diets with a
weight loss of 1–2 kg/week seem optimal. Rapid weight loss,
however, is dangerous and may escalate hepatic necrosis,
inflammation, and fibrosis. This effect is explained by an
increase in circulating free fatty acids due to increased 
lipolysis. Low-fat diets should be avoided. Some studies have
suggested that a Mediterranean diet (i.e., high complex 
carbohydrates, high monounsaturated fats, moderate
amounts of wine, and low amounts of red meat) is preferred
in patients with type 2 diabetes and NAFLD (29).  Exercise
improves peripheral insulin sensitivity. Bariatric surgery
improves or completely reverses steatosis in patients with
obesity with or without diabetes (30).

A limited number of medical therapies are available for
weight loss, and even fewer have been studied in patients
with NAFLD. The most studied drug in this category is 
orlistat, a reversible inhibitor of pancreatic and gastric lipase.
Orlistat generates modest weight loss through intestinal fat
maldigestion. FDA issued a post-marketing warning for 
orlistat in 2009 due to several adverse events. Other weight
loss agents have either not been studied in NAFLD (phen-
termine) or have been removed from clinical trials secondary

to adverse effects (sibutramine).
Reducing the production of reactive oxygen species in

the liver and the oxidative stress are another appealing
option for therapy. The most studied antioxidants are 
vitamin E, vitamin C, and betaine. Vitamin E, a potent
antioxidant, was well tolerated, and most studies showed
a modest improvement in serum aminotransferase levels
and the echographic appearance of the liver, but 
infrequently histologic findings (31, 32). Although a pilot
trial showed a benefit to vitamin E and C together for
hepatic fibrosis, a larger randomized controlled trial 
did not show improvement in hepatic fibrosis despite 
significant improvement in steatosis, inflammation and
ballooning degeneration (when compared with placebo).
In light of the potentially negative effects of vitamin E on
cardiovascular health, all-cause mortality, and prostate
cancer rates, caution should be exercised in treating
NAFLD with vitamin E until better studies are available
(33, 34, 35). The general consensus is to recommend 
vitamin E 800 IU/day as a first-line therapy in nondiabetic
adults with biopsy-proved NASH but caution against use of
vitamin E in diabetic patients or patients with NAFLD.

Given that insulin resistance is central to the patho-
genesis of NAFLD, insulin-sensitizing agents should have
utility (even in the absence of diabetes), and there is 
increasing evidence that they do. The association between
hyperinsulinemic insulin resistance and NAFLD provides a
logical target for treatment. Biguanides such as metformin
may be particularly useful in obese patients in whom it may
cause mild weight loss. Metformin has not been reported to
cause hepatotoxicity and has shown some benefit in patients
with NAFLD but is currently not recommended as a therapy
for NAFLD or NASH outside of clinical trials (36, 37). 

Thiazolidinediones improve insulin resistance by 
increasing glucose disposal in muscle and decreasing hepatic
glucose output. Rosiglitazone and in particular pioglitazone
are TZDs with low rates of hepatotoxicity and have been
investigated in several large well-designed randomized 
controlled trials which showed several positive effects such as
an increase in adiponectin, a decrease in A1C, enhanced
insulin sensitivity, and improved hepatic histology including
steatosis, inflammation, and fibrosis (38, 39, 40). Continued
treatment appears to be necessary, because subsequent 
studies demonstrated recurrence of NASH off therapy (41).
Long-term therapy with either agent is problematic because
of an associated average weight gain of 3 to 4 kg. Rosiglita-
zone has been linked to increased rates of myocardial infarc-
tion. In the meantime, it seems reasonable to treat patients
with NASH and type 2 diabetes with TZDs, recognizing that
the patients may gain weight. In the absence of a histologic
diagnosis of NASH, only those with risk factors for progres-
sive disease should be treated. TZDs, despite shortcomings,
are emerging as the treatment of choice even in the absence
of diabetes (42).

Cytoprotective agents are believed to prevent apoptosis
and down-regulate the inflammatory cascade. Ursodeoxy-
cholic acid is a cytoprotective agent with mixed results in
randomized controlled trials. The largest placebo-controlled
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trial demonstrated equal improvement in patients receiving
UDCA and placebo. In a subsequent trial, UDCA plus 
vitamin E improved hepatic steatosis and serum amino-
transferase levels (43). The routine use of UDCA is not 
recommended (42). Pentoxifylline (PTX) is another cytopro-
tective agent studied in NASH that has been shown to
inhibit proinflammatory cytokines, particularly TNF-α,
leading to reduced production of reactive oxygen species. It
is used in the treatment of alcoholic hepatitis. A number of
studies have shown varying degrees of histologic improve-
ment as well as has shown improvement in liver enzymes
(44). However, the high incidence of side effects led to early
withdrawal in many patients, and it seems unlikely that it
will have a place in the treatment of NAFLD (45).

Because patients with NASH often have coexisting
hyperlipidemia, the use of lipid-lowering agents has been
studied as a potential dual-target therapy to address both
conditions. Statin therapy, like all cholesterol-lowering 
therapy, causes minor but transient elevations in liver
enzymes. However, the liver adapts with continuing therapy,
and there are no long-term consequences of these 
abnormalities. Severe liver damage and liver failure are very
rare. The most commonly prescribed agents for hyper-
lipidemia are statins. Statins have shown modest benefit in
pilot trials (46). Larger trials without the surrogate end
points of serum liver enzyme levels and improved hepatic
steatosis have also suggested a benefit (47). Paradoxically,
statins are currently used to treat NAFLD and recent studies
suggest that statins are hepatoprotective in patients with
HCV.

Phlebotomy has been investigated because high serum
iron and ferritin levels have been identified in some patients
with NAFLD in the absence of genetic hemochromatosis,
and serum iron indices have been associated with the 
severity of NAFLD. Increased serum iron indices are
thought to be a by-product of hepatic inflammation, rather
than a contributor to the pathogenesis of NAFLD, but a few
small studies have suggested that iron depletion may have a
therapeutic role in NAFLD by decreasing plasma insulin,
glucose, and serum aminotransferase levels (48, 49). The 
primary limitation of these studies is the lack of histologic
inclusion criteria and end points. Further investigation is
necessary before phlebotomy can be recommended. 

In summary, the ideal therapy for NAFLD is yet to be
identified, and no evidence-based recommendations can be
made. Outside of clinical trials, therapy should be directed
toward the underlying etiology. In conclusion, diabetes 
mellitus and hepatic disorders are a frequent and harmful
connection, with the entire spectrum of liver disease being
encountered in diabetic patients. The optimal treatment is
yet to be found, but weight loss, statins and thiazolidine-
diones rise up as the superior options.
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