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Abstract

About 30% of patients with cirrhosis have diabetes mel-
litus (DM). Nowadays, it is a matter for debate whether
type 2 DM in the absence of obesity and hypertriglyceri-
demia may be a risk factor for chronic liver disease. DM,
which develops as a complication of cirrhosis, is known
as “hepatogenous diabetes”. Insulin resistance in mus-
cular and adipose tissues and hyperinsulinemia seem
to be the pathophysiologic bases of diabetes in liver
disease. An impaired response of the islet p-cells of the
pancreas and hepatic insulin resistance are also contrib-
utory factors. Non-alcoholic fatty liver disease, alcoholic
cirrhosis, chronic hepatitis C (CHC) and hemochroma-
tosis are more frequently associated with DM. Insulin
resistance increases the failure of the response to treat-
ment in patients with CHC and enhances progression
of fibrosis. DM in cirrhotic patients may be subclinical.
Hepatogenous diabetes is clinically different from that
of type 2 DM, since it is less frequently associated with
microangiopathy and patients more frequently suffer
complications of cirrhosis. DM increases the mortality of
cirrhotic patients. Treatment of the diabetes is complex
due to liver damage and hepatotoxicity of oral hypogly-
cemic drugs. This manuscript will review evidence that
exists in relation to: type 2 DM alone or as part of the
metabolic syndrome in the development of liver disease;
factors involved in the genesis of hepatogenous diabe-
tes; the impact of DM on the clinical outcome of liver
disease; the management of DM in cirrhotic patients
and the role of DM as a risk factor for the occurrence
and exacerbation of hepatocellular carcinoma.
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INTRODUCTION

Up to 96% of patients with citrhosis may be glucose
intolerant and 30% may be clinically diabetic!". Currently,
it is a matter for debate whether type 2 diabetes mellitus
(DM), in the absence of other risk factors contributing to
metabolic syndrome (obesity and hypertriglyceridemia),
could be a 1isk factor for the development and progression
of liver disease®™™. On the other hand, the diabetes which
develops as a complication of cirrhosis is known as
“hepatogenous diabetes” and is not recognized by the
American Diabetes Association and the World Health
Organization as a specific independent entity.

The liver has an important role in carbohydrate
metabolism since it is responsible for the balance of
blood glucose levels by means of glycogenogenesis and
glycogenolysis™ . Tn the presence of hepatic disease, the
metabolic homeostasis of glucose is impaired as a result
of disorders such as insulin resistance, glucose intolerance
and diabetes™*'""? Insulin resistance occurs not only
in muscular tissue, but also in adipose tissue, and this
combined with hyperinsulinemia seem to be important
pathophysiologic bases of diabetes in liver disease!™****'",
Additionally, the etiology of liver disease is important
in the incidence of DM, since non-alcoholic fatty liver
disease (NAFLD), alcohol, hepatitis C virus (HCV) and
hemochromatosis are frequently associated with DM "',

DM in patients with compensated liver cirrhosis may
be subclinical, since fasting serum glucose levels may be
normal. In these cases, it is necessary to perform an oral
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glucose tolerance test (OGTT) to detect an impairment
of glucose metabolism!”. The natural history of
hepatogenous diabetes is different from that of hereditary
type 2 DM, since it is less frequently associated with
microangiopathy. In contrast, the patient with cirrhosis
and diabetes suffers more frequently from complications
of cirthosis, which can cause death™*".

Treatment of diabetes in the cirrhotic patient is
complex because of the presence of liver damage
and the hepatotoxicity of oral hypoglycemic drugs.
Therefore, pharmacological therapy must be closely
monitored for the risk of hypoglycemia™>'”.

This review will present evidence that exists in
the literature in relation to: (1) type 2 DM alone or as
part of the metabolic syndrome in the development
of liver disease; (2) factors involved in the genesis of
hepatogenous diabetes; (3) the impact of DM on the
clinical outcome of liver disease; (4) the management
of DM in cirrhotic patients. Similarly, we will review
the role of type 2 DM and hepatogenous diabetes as
risk factors for the occurrence and exacerbation of
hepatocellular carcinoma (HCC).

TYPE 2 DM AS A RISK FACTOR FOR
NAFLD AND HCC

Epidemiology

Several studies suggest that type 2 DM may have an
etiological role in chronic liver disease and HCC regardless
of alcohol and viruses™ (Figure 1).

A total of 173643 patients with type 2 DM and
6500620 patients without type 2 DM, in whom chronic
liver disease was excluded at the time of entrollment and a
year latet, were observed over a 10-year period in a cohort
study. The incidence of non-alcoholic chronic liver disease
and HCC was significantly higher in diabetic patients
compared with non-diabetic patients. This risk was 2-fold
greater and was independent of alcoholic liver disease,
viral hepatitis and demographic factors'™. Although this
study has the strength of having a very large number of
individuals, it has been criticized because it included a
population comprised almost entirely of men (98%) from
the Department of Veterans Affairs, and the diagnoses
of type 2 DM, chronic liver disease and HCC were taken
from a database, and consequently they were not verified
biochemically and histopathologically. Additionally, other
factors that are part of the metabolic syndrome (which
already have a proven influence on the occurrence of
NAFLD such as obesity and dyslipidemia) were not taken
into account™.

In a study with a large number of patients carried
out in Denmark, the standardized incidence of HCC
was higher in men (4.0, 95% CI: 3.5-4.6) and women (2.1,
95% CI: 1.6-2.7) with type 2 DM compared with the

general population[zﬂ. Other studies with fewer patients

have yielded similar results™>*’,
In a recent case-control study that included 465
patients, DM prevalence was higher in patients with

HCC than in controls (31.2% »s 12.7%, OR 3.12 95%

\

— ‘ NAFLD ‘ﬂ‘ Cirrhosis ‘ﬂ‘ HCC ‘

Hyperlipidemia

Figure 1 Type 2 diabetes mellitus may give raise to non-alcoholic fatty liver
disease (NAFLD) which could progress to cirrhosis and hepatocellular
carcinoma (HCC).

Type 2 diabetes
mellitus

CI: 2.22-4.43). The DM had been diagnosed prior to the
occurrence of HCC in 84% of cases with an average
duration of 181.4 mo indicating that it was type 2 DM in
most cases”!. The above data suggests that type 2 DM
itself might be a risk factor for the occurrence of HCC.
Other studies showed that in the presence HCV, liver
fibrosis and alcohol, the risk is higher. Recently, it was
observed that patients suffering from chronic hepatitis C
(CHC), DM and advanced fibrosis had a 3-fold greater
risk than non-diabetic patients with mild to moderate
fibrosis of developing HCC in 5 years of follow-up (13%
v5 5%)%,

NAFLD

NAFLD comprises a series of liver disorders such as
simple steatosis, steatohepatitis, fibrosis and cirrhosis. It
is estimated that one third of American adult individuals
may suffer from fatty liver™. which is considered the
most benign manifestation of NAFLD. The primary
fatty liver results from the accumulation of fat,
mainly of triglycerides in liver cells in the presence of
insulin resistance, and frequently occurs as part of the
metabolic syndrome which is made up of obesity, type
2 DM and dyslipidemialz‘7j. Non-alcoholic steatohepatitis
(NASH) is a severe manifestation of NAFLD, since it
causes not only steatosis, but tissue inflammation, cell
damage and fibrosis. Nevertheless, the prevalence of
NASH is estimated at 2%-3%. NASH is regarded as an
entity that can progress to cirrhosis and liver failure, and
currently it is estimated to be the most common cause
of cryptogenic cirrhosis™”.

Pathophysiology
The mechanisms by which type 2 DM might cause
NAFLD are complex and have been studied in a
fragmented manner mainly in isolated biological systems.
It has been observed that the fatty liver, obesity and
insulin resistance act as co-factors to cause liver darnage[1’3’4].
Fatty liver is the result of an intracellular accumulation
of triglycerides because of increased uptake of free fatty
acids and de novo liponeogenesis in the hepatocytes. At the
same time, there is a reduction in the hepatic secretion of
very low density lipoproteins. The liver damage consists
of cellular necrosis and inflammation, and these disorders
result from an increase in mitochondrial oxidative stress
on triglycerides with the consequential generation of free
radicals and peroxisornesmm. The mitochondrial oxidative
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Figure 2 Liver damage caused by type 2
DM. Insulin resistance promotes release of free
fatty acids (FFA) from adipose tissue. The FFAs
are accumulated in the liver cells, and de novo
liponeogenesis (DNL) contributes also. The
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Figure 3 Etiology of liver cirrhosis most frequently associated with diabetes
mellitus.
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stress is increased also by the action of adipokines
(cytokines produced by the adipocytes) such as leptin and
tumor necrosis factor-o (TNF-qy), which are produced
in excess™. The reduction of adiponectin, which is a
regulatory adipokine, favors the activity of inflammatory
adipokines™. These chemical mediators, derived from
inflammation and cell necrosis, as well as the adipokines
activate the liver stellate cells and induce them to increase
production of collagen, connective tissue growth factor
and accumulation of extracellular matrix, in turn favoring

fibrosis™ (Figure 2).

DM AS A COMPLICATION OF CIRRHOSIS-
HEPATOGENOUS DIABETES

Epidemiology

Depending on the etiology, the degree of liver damage
and the diagnostic criteria, the reported incidence of
glucose intolerance varies from 60 to 80% and that of
diabetes between 20 and 60%">'*"" It is known that from
the early stages of chronic liver disease, insulin resistance

and glucose intolerance may be found in most of these
patients”, The diabetes manifests clinically as the liver
function detetiorates, thus hepatogenous diabetes can be
considered as an indicator of advanced liver disease™”.
The etiology of chronic liver disease is crucial in the
development of hepatogenous diabetes: alcohol, HCV,
hemochromatosis and NASH (Figure 3).

NASH: NASH is a severe manifestation of NAFLD.
NASH is associated with visceral obesity, hypertriglyceri-
demia, and virtually all patients have insulin resistance.
Therefore, it is not surprising that type 2 DM is present in
30%-45% of patients with NASH"".

On the other hand, it has been observed that obesity
itself is an independent risk factor for severe liver
disease”. Obesity is characterized by expanded adipose
tissue which is in a state of chronic inflammation resulting
in an increase in the secretion of adipokines. These
adipose tissue cytokines have a systemic effect particularly
on the liver, which leads to an altered metabolic state with
insulin resistance, hyperglycemia and hyperinsulinemia;
these abnormalities disrupt the liver metabolism of
lipidsm]. Cytokines, of which TNF-q is the most studied
member, stimulate the liver stellate cells directly inducing
hepatic fibrosis"". The body weight reduction improves
metabolic abnormalities that accompany the metabolic
syndrome such as hypetlipidemia and fatty liver™™.

CHC and HCYV: In a study conducted by The National
Health and Nutrition Examination Survey, a 3-fold
higher risk of DM was identified in individuals over 40
years of age with CHC, compared with those patients
with non-C chronic hepatitis'™. Knobler e a/ observed
a prevalence of DM of 33% in non-cirrhotic patients
with CHC, compared with 5.6% in a control grouplw.
In patients chronically infected with HCV, fatty liver was
observed in 30%-70% of cases™.
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In patients with CHC, a high prevalence of
glycometabolic abnormalities is reported such as glucose
intolerance in more than 40% and DM in more than
17%. Additionally, the insulin resistance observed in
these patients is an independent risk factor for steatosis
in relation to the severity of fibrosis**.

The mechanisms by which HCV produces insulin
resistance and DM are not clearly known. It has been
observed that HCV induces insulin resistance regardless
of body mass index and fibrosis stage. In a study
conducted in a transgenic animal model, the HCV core
protein was able to induce insulin resistance, steatosis
and DM. TNF-q overproduction seems to have been
the primary mechanism. This cytokine phosphorylates
the serine residues of the insulin receptor (IRS-1 and
IRS-2), and stimulates the overproduction of suppressor
of cytokines (SOC-3). SOC-3 inhibits phosphorylation
of Akt and phosphatidylinositol 3-kinase. All these
disorders, related to intracellular signaling of insulin,
could block the transactivation of GLUT-4, which
would result in block of glucose uptake at the cellular
level. Indeed, in the transgenic mouse, TNF-q, correlates
with the hyperinsulinism and TNF-o block occasioned
by the administration of anti-TNF-o drugs such as
infliximab avoids the appearance of insulin resistance.
Therefore, the mechanisms by which HCV induces
insulin resistance include: production of TNF-q, serine
phosphorylation of IRS and overexpression of SOCs.
Furthermore, the overproduction of TNF-a in patients
with CHC correlates with a faster progression of fibrosis
and a lower response to interferon™’.

On the other hand, HCV genotype may be of
importance in the occurrence of glucose metabolic
disorders, as genotypes 1 and 4 are significantly associated
with insulin resistance more frequently than genotypes
2 and 3 (37% wvs 17%)[47]. It is well demonstrated that
genotypes 1 and 4 are associated with a lower viral
sustained response to antiviral therapy than genotypes
2 and 3. Insulin resistance may be a cofactor that increases
the failure of the response to antiviral treatment observed
in these patients. In accordance with this, in a recent study
in patients with HCV genotype 1, those with HOMA >
2 (insulin resistance) had a 2-fold lower sustained response
to treatment than patients with HOMA < 2 (32.8%
v5 60.5%, respectively)™. For sustaining this idea, it is
important to note that in experiments carried out with
Huh-7 cells infected with HCV RNA, viral replication was
blocked by adding interferon to the system. However, the
ability of interferon to block viral replication was abolished
when insulin was added to interferon at a dose of 128
mcU/mL (similar to that seen in the hypetinsulinemic
states)™". Finally, it has been reported that patients with
CHC and insulin resistance have a less sustained response
to peginterferon plus ribavirin treatment compared with
patients without insulin resistance ™",

It seems that once the insulin resistance and DM-
inducing mechanisms in CHC are fired, their courses are
not affected by the presence or absence of viral activity.
Indeed, in a recent study it was observed that HCV
clearance by pegylated interferon and ribavirin treatment

did not reduce the risk of DM in patients with chronic
hepatitis and normal fasting blood glucose during a
period of 8 years of follow-up after treatment. Patients
with a sustained response had a similar incidence of DM
compared with those who did not respond to treatment
(14.8% 5 18.5%, respectively)®.

Alcohol: Patients with alcoholic liver disease have a high
relative risk of suffering diabetes™. This risk is directly
related to the amount of ingested alcohol, as it rises 2-fold
in patients ingesting more than 270 g of alcohol per week
compared with those ingesting less than 120 g/wk[ss].
Acute alcohol ingestion produces a significant reduction
in insulin-mediated glucose uptake. On the other hand,
patients with chronic alcoholism frequently have chronic
pancreatic damage and injury of pancreatic islet 3-cells
resulting in DM,

Hemochromatosis: Hereditary hemochromatosis is
a disease characterized by iron accumulation in several
organs-particulatly in the liver - as a result of a disorder
of the metabolism of this metal. This abnormality is
produced by a mutation of the HFE gene. In addition,
the iron can infiltrate the pancreas and myocardium. In
the pancreas, the concentration of iron is predominantly
in the acinus of exocrine secretion. However, infiltration
of Langerhans islets with damage to the insulin-
producing (-cells can also be observed. This is the
reason why DM can be observed in 50%-85% of
patients with hereditary hemochromatosis in advanced
stages[w. Additionally, glucose metabolic disorders
resulting from the liver damage probably contribute to

the high frequency of DM,

Pathophysiology of hepatogenous diabetes

The pathophysiology of hepatogenous diabetes is com-
plex and not precisely known. Insulin resistance in pe-
ripheral tissues (adipose and muscular tissue) plays a cen-
tral role in the glucose metabolism disturbance!™>>'"'*"7,
It has also been proposed that reduced insulin extraction
by the damaged liver and portosystemic shunts result in
hyperinsulinemia which is potentiated by raised levels of
contra-insulin hormones (glucagon, growth hormone,
insulin-like growth factor, free fatty acids and cyto-
kines)'"">"", However, a recent study reports that in
patients with Child B grade liver cirrhosis the hyperinsu-
linism may be produced by an increase of the pancreatic
B-cell sensitivity to glucose, whereas disturbance of he-
patic insulin extraction does not seem to have a signifi-
cant role®™. Tt has also been speculated that genetic and
environmental factors and some etiologic agents in liver
disease such as HCV, alcohol, and iron infiltration impair
the insulin secretion activity of the (3-cells of the pancre-
as”. In conclusion it seems that glucose intolerance may
result from two abnormalities that occur simultaneously:
(1) insulin resistance of muscle and (2) an inadequate re-
sponse of the -cells to appropriately secrete insulin to
overcome the defect in insulin action. On the other hand
DM develops as the result of progressive impairment in
insulin secretion together with the development of he-
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Figure 4 Pathophysiology of hepatogenous diabetes. One of the main
abnormalities is insulin resistance in muscular cells and the hepatic tissue.
Insulin resistance in muscle impairs non-oxidative and oxidative glucose
metabolism. The reduction of insulin clearance by the damaged liver and the
presence of portosystemic shunts in one hand and the desensitization of the
beta cells of the pancreas produced by diverse factors on the other hand may
produce hyperinsulinemia. With progression of the diabetes there is a reduction
in sensitivity of -cells for production of insulin.

patic insulin resistance leading to fasting hyperglycemia
and a diabetic glucose tolerance profile! ' (Figure 4).
Discrimination between hepatogenous diabetes and
type 2 DM may be difficult. In a recent study comparing
patients with hepatogenous diabetes »s patients with type 2
DM, the ratios of postprandial plasma glucose (PP2h) to
fasting plasma glucose (FPG) (2.27 »s 1.69), fasting insulin
(23.2 5 11.6 microlU/mL) and HOMA-Insulin Resistance
index (8.38 »s 3.52) were significantly higher in patients
with hepatogenous diabetes. Therefore, insulin resistance
in liver citrhosis is higher than in type 2 DM, and impair-
ment of hepatic insulin degradation may be an important
mechanism of hyperinsulinemia in liver cirrhosis™.

TYPE 2 DM AND HEPATOGENOUS
DIABETES AGGRAVATE LIVER
CIRRHOSIS AND HCC

DM increases morbidity and mortality of liver cirrhosis
patients
The effect of type 2 DM and hepatogenous diabetes
on the clinical outcome of cirrthosis and HCC has been
evaluated in only few studies. In cross-sectional retro-
spective studies in patients with cirrhosis of any etiology
it has been observed that the DM is associated with an
increased risk of complications™*"**. According to the
Verona study, which is based on a population of more
than 7000 individuals suffering from type 2 DM, the risk
of death at 5 years was 2.52-fold greater (CI 1.96-3.2)
than in the general population®™. Other studies report
that DM, obesity and steatosis are associated with liver
disease and more severe fibrosis in CHC'***",

It is important to note that neither the Child-Pugh
nor Model for End-Stage Liver Disease (MELD) Scores

(which are widely used as prognostic instruments of
morbidity and mortality in the short and long term for
cirrhotic patients) include in their parameters DM or glu-
cose intolerance™®). Nevertheless, interesting data have
been observed in some prospective longitudinal studies
involving cirrhotic patients where DM has been studied
as an independent prognostic factor. In a retrospective
and prospective study 354 (98 with diabetes) of 382 eli-
gible patients were followed for 6 years after inclusion
into the study: 110 were alive at the end of follow-up.
Prognostic factors identified by Kaplan-Meier analysis,
followed by Cox’s stepwise regression demonstrated in
sequence, albumin, ascites, age, encephalopathy, bilirubin,
diabetes, and platelets as prognostic factors of mortality.
The larger mortality rate in patients with diabetes, was not
due to complications of diabetes but to an increased risk
of hepatocellular failure™. Diabetes was no longer a risk
factor as a covariate in a subgroup of 271 patients when
varices were added but was again significant when patients
who died of gastrointestinal bleeding were excluded.

In another study carried out in patients suffering from
cirrhosis and refractory ascites on the waiting list for liver
transplantation it was observed that the HCC and DM,
but not the Child-Pugh score, were independent predic-
tive factors of mortality. The patients suffering from re-
fractory ascites and DM showed a 1- and 2-year probabil-
ity of survival of 32% and 18%, respectively. By contrast
survival rates of patients with refractory ascites without
DM were 62% and 58%, respectively®.

Nishida ez a/ performed the OGTT on a group of 56
patients with cirrhosis and normal fasting blood glucose.
A total of 38% of patients were diagnosed with DM, 23%
with glucose intolerance, and 39% were normal. After
5 years of follow-up, patients with diabetes and glucose
intolerance had significantly higher mortality than normal
patients (44% and 32% vs 5%, respectively). From a mul-
tiple regression analysis only serum albumin and DM were
independent negative predictive factors of survival'”.

Hepatogenous diabetes has a clinical behavior differ-
ent from that of hereditary type 2 DM, since it is less fre-
quently associated with retinopathy and cardiovascular and
renal complications[s’ssl. In cirrhotic patients with diabetes,

.. . 4,19,58
the most recurrent cause of death is liver failure™' ™.

DM increases the severity and mortality of HCC
At present, type 2 DM is considered a risk factor for the
occurrence of HCC. Hepatogenous diabetes together
with hepatitis B and C virus infection and alcoholic liver
cirrhosis increases the risk of HCC by 10-fold".
Patients with HCC and DM have a mortality risk
higher than patients with HCC without DM. In another
study involving 160 patients suffering from HCC, those
who had DM had a 1-year mortality rate higher than
those patients without DM. Additionally, they had more

. . 65
extensive disease!™.

Pathophysiologic mechanisms

The mechanisms by which diabetes worsens the clinical
course of liver cirrhosis have not been cleatly established.
Firstly, DM accelerates liver fibrosis and inflammation
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giving rise to more severe liver failure. Secondly, DM may
potentiate the incidence of bacterial infections in cirrhotic
patients which are associated with increased mortality®*”.

In relation to the first mechanism, insulin resistance
increases adipokine production (cytokines secreted by
adipose tissue), such as leptin and TINF-q,, which activates
the inflammatory pathways that exacerbate liver darnage[('gl.
In contrast, another cytokine produced by adipose tissue,
adiponectin, is a regulator of insulin sensitivity and tissue
inflammation®”. A reduction in the adiponectin levels
reflects peripheral and hepatic insulin resistance’”. There
has been speculation that hypoadiponectinemia may play a
role in liver disease progressionmm.

Regarding the second mechanism, DM may worsen
immunodepression in cirrhotic patients thus increasing the
incidence of severe infections which may have deleterious
effect on liver function. It should be noted that cirrhotic
patients with spontaneous bacterial peritonitis have a
high hospital mortality rate due to sepsis, liver failure
and hepatorenal syndrome. On the other hand, patients
with esophageal variceal bleeding have a high incidence
of infections that increase their in-hospital mortality
rate!?. Notwithstanding, it has not been established if
DM increases the mortality rate in patients with other
complications of cirrhosis.

In future, the precise mechanisms by which DM
may worsen liver function should be clarified, since
manipulation of these may be useful for reduction of
complications.

CLINICAL IMPLICATIONS OF DM IN THE
COURSE OF LIVER CIRRHOSIS AND
TREATMENT OF DIABETES

Clinical manifestations

Clinical manifestations of DM in the early stages of
cirrhosis are virtually absent. In a recently published study
involving compensated cirrhotic patients with normal
fasting serum glucose and without a family history of
type 2 DM, up to 77% had DM or glucose intolerance
diagnosed by means of OGTT. In 38% of cases, DM was
subclinical™. As liver function detetiorates, the incidence
of diabetes increases so that clinical diabetes may be seen
as a marker of liver failure.

Hepatogenous diabetes has particular clinical
characteristics: (1) unlike the hereditary type 2 DM, it
1s less frequently associated with risk factors such as
age, body mass index, and family history of diabetes;
(2) it is less frequently associated with retinopathy and
cardiovascular and renal complications; (3) it is more
frequently associated with hypoglycemic episodes as a
result of impaired liver function™"”

Although the incidence of obesity, DM and metabolic
syndrome have increased in the world, reaching epidemic
proportions, the role of DM as a prognostic factor of
morbidity and mortality in cirrhotic patients has been
scarcely studied. In addition, the impact of early diagnosis
and treatment of DM on the clinical course of cirrhosis is
unknown.

Treatment

Few studies have evaluated what is the most efficacious
therapy for DM in cirrhotic patients and what is the
impact of treatment of DM on the clinical course of
liver disease.

The treatment of DM of cirrhotic patients has par-
ticular characteristics that make it different from type
2 DM without liver disease: (1) about half the patients
have malnutrition; (2) when clinical DM is diagnosed,
the patient has advanced liver disease; (3) most of the
oral hypoglycemic agents are metabolized in the liver; (4)
patients often have episodes of hypoglycemia®.

The initial treatment of patients suffering from
mild to moderate hyperglycemia and compensated liver
disease may be a lifestyle change, since at this stage the
insulin resistance is a dominant factor. However, these
therapeutic measures may be compromised by very re-
strictive diets, since they might aggravate malnutrition
in some patients. On the other hand, physical exercise
which improves insulin resistance may not be an appro-
priate measure in patients with active liver disease'"”.

When DM manifests in advanced stages of liver
disease, the use of oral hypoglycemic drugs may be re-
quired. However, most of these drugs are metabolized
in the liver, therefore, the blood glucose levels during
treatment shall be closely monitored in order to avoid
hypoglycemia™. In these cases, biguanides, which re-
duce resistance to insulin, may be useful. Metformin is
a biguanide that is relatively contraindicated in patients
with advanced liver failure and patients who continue to
ingest alcohol, because of the risk of lactic acidosis™.

On the other hand, insulin secretagogues, despite the
fact that they are safe drugs in patients with liver disease,
probably are not useful, since they do not modify insu-
lin resistance and patients with alcoholic cirrhosis often
have pancreatic islet 3-cell damage™. These patients
have chronic compensatory hyperinsulinemia until the
islet B-cells are exhausted.

Alpha-glucosidase inhibitors can be useful in patients
suffering from liver cirrhosis, since their mechanism of
action is to reduce carbohydrate absorption in the bowel,
thus reducing the risk of postprandial hyperglycemia
that is common in these patients. In a randomized, dou-
ble-blind study involving 100 patients with compensated
liver cirrhosis and insulin-treated DM, the control of
postprandial and fasting blood glucose levels improved
significantly with the use of acarbose, an alpha-glucosi-
dase”™. In another crossover placebo-controlled study
involving patients with hepatic encephalopathy, acarbose
produced a significant improvement in postprandial
blood glucose level. Additionally, the patients had a re-
duction in plasma ammonia levels and an increase in the
frequency of bowel movements'". The reduction in am-
monia levels was probably the result of a decrease in the
proliferation of intestinal proteolytic bacteria caused by
bowel movement!”,

Thiazolidines may be particularly useful in cirrhotic
patients with DM, since they increase the insulin sensi-
tivity. However, troglitazone has been withdrawn from
the market because of its potential hepatotoxic effects.
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Nevertheless, rosiglitazone and pioglitazone appear to
be safer drugsm], but it is recommended that these drugs
should not be initiated if there is evidence of active liver
disease or if alanine transaminase levels are above 2.5
times the upper limit of normal. The use of these drugs
should be monitored closely whenever necessary.

Insulin requirements in the cirrhotic patient with
diabetes may vary. In patients with compensated cirrho-
sis, requirements may be greater compared to patients
with decompensated cirrhosis, since insulin resistance
predominates in the former while in the latter liver me-
tabolism of insulin is greatly reduced. Therefore, therapy
with insulin must be preferably performed in hospital-
ized patients with close monitoring of blood glucose
levels for development of hypoglycemia'™

Finally, liver transplantation rapidly normalizes glu-
cose tolerance and insulin sensitivity. It is thought that
this effect is due to an improvement in the hepatic cleat-
ance and peripheral glucose disposal. The latter effect
could be secondary to a correction of chronic hyperin-
1659 Tt has been observed that liver transplan-
tation, in reducing insulin resistance, cures hepatogenous
diabetes in 67% of cirrhotic-diabetic patients. In 33% of
patients diabetes was not corrected because of persist-

sulinemia

ence of a reduced B-cell function measured by means of
an OGTT. This abnormality would make these patients

eventually eligible for combined islet transplantation[m]

FUTURE PERSPECTIVES IN RESEARCH
OF DM IN LIVER CIRRHOSIS

Future research in the field of DM in cirrhotic patients
should clarify the following issues: (1) the role of isolated
type 2 DM in the genesis of chronic liver disease and the
factors involved in this complication; (2) the impact of
hepatogenous diabetes in the natural history of cirrhotic
patients; (3) the impact of early diagnosis and treatment
of hepatogenous diabetes (through OGTT) in reducing
mortality; (4) the benefits of controlling the DM in the
management of complications of liver cirrhosis; (5) the
mechanisms by which hepatogenous diabetes increases
morbidity and mortality of cirrhotic patients, as well as
the impact of the manipulation of these mechanisms on
the patients; (6) the establishment of clearer guidelines
for management of diabetes in the cirrhotic patient.

Perhaps the combination of DM with the currently
used scores (Child-Pugh and MELD scores) may
enhance the sensitivity and the specificity for prediction
of morbidity and mortality rates in cirrhotic patients.
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