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ABSTRACT

About 80% of patients with liver cirrhosis may have glucose metabolism disorders, 30% show overt diabetes
mellitus (DM). Prospective studies have demonstrated that DM is associated with an increased risk of hepa-
tic complications and death in patients with liver cirrhosis. DM might contribute to liver damage by promo-
ting inflammation and fibrosis through an increase in mitochondrial oxidative stress mediated by adipokines.
Based on the above mentioned the effective control of hyperglycemia may have a favorable impact on the
evolution of these patients. However, only few therapeutic studies have evaluated the effectiveness and
safety of antidiabetic drugs and the impact of the treatment of DM on morbidity and mortality in patients
with liver cirrhosis. In addition, oral hypoglycemic agents and insulin may produce hypoglycemia and lactic
acidosis, as most of these agents are metabolized by the liver. This review discusses the clinical implications
of DM in patients with chronic liver disease. In addition the effectiveness and safety of old, but particularly
the new antidiabetic drugs will be described based on pharmacokinetic studies and chronic administration
to patients. Recent reports regarding the use of the SGLT2 inhibitors as well as the new incretin-based
therapies such as injectable glucagon-like peptide-1 (GLP-1) receptor agonists and oral inhibitors of dipep-
tidylpeptidase-4 (DPP-4) will be discussed. The establishment of clear guidelines for the management of
diabetes in patients with CLD is strongly required.
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CONCISE REVIEW

INTRODUCTION

About 30% of patients with liver cirrhosis have

overt diabetes mellitus (DM).1 However, 80% with

normal fasting blood glucose have impaired glucose

tolerance (IGT) or DM by means of an oral glu-

cose tolerance test (OGTT).2

There is a bidirectional relationship between DM

and liver cirrhosis: hereditary type 2 DM is a risk

factor for chronic liver disease (CLD).3-5 On the other

hand, DM may occur as a complication of cirrhosis.

This type of diabetes is known as hepatogenous

diabetes (HD).6

DM AND CIRRHOSIS

Retrospective studies have shown that DM is as-

sociated with an increased risk of hepatic complica-

tions and death in patients with liver cirrhosis.7-9

DM is associated with hepatic encephalopathy,10

portal hypertension and bleeding from esophageal

varices in decompensated patients.11 In a cohort of

individuals with liver infection by HBV, those who

developed de novo DM had higher risk of developing

cirrhosis and hepatic complications.12 In patients

with chronic hepatitis C, DM was an independent

predictor of hepatic complications such as ascites,

spontaneous bacterial peritonitis, renal dysfunction

and hepatocellular cancer.13

DM also has a negative impact on survival of cir-

rhotic patients. Nevertheless, few prospective stud-

ies have been published on this issue14-18 (Table 1).

In a study with cirrhotic patients, cumulative
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survival at 2 years was significantly lower in diabet-

ics. Serum creatinine and the Child-Pugh score were

independent predictors of death.14 In another study

with  patients with normal fasting glycaemia sub-

jected to OGTT, the 5-year survival rate was lower

in patients with IGT or DM.15 Another study found

that the cumulative 5-year survival rate of those

with abnormal OGTT values or overt DM was sig-

nificantly lower.16 Our group recently reported that

abnormal OGTT was associated with a significant

increase in mortality at 5 years. The OGTT and the

Child-Pugh score were independent predictors of

death, suggesting that there might be a synergistic

effect between conditions.17

DM might induce liver damage by promoting in-

flammation and fibrosis through an increase in mi-

tochondrial oxidative stress by the action of leptin,

adiponectin, interleukin-6 and TNF- , which are

produced in chronically inflamed adipose tissue (adi-

positis).19,20 The production of these chemical medi-

ators is stimulated by insulin resistance (RI). TGF

1 and leptin activate stellate cells, inducing them

to produce collagen leading to fibrosis.21-23

Cirrhotic patients with DM frequently die of liver-

related causes. Although low frequency of cardio-

vascular complications have been reported,9,14-17

two recent publications found that patients with

chronic hepatitis C showed an increase of carotid

intimal layer thickness, the number of carotid plaques

and the extent of atherosclerosis compared

with control subjects.24-27 In another study, the

Table 1. Prospective studies  evaluating  the impact of diabetes mellitus on survival of patients with liver cirrhosis.

Author N Design Follow-up, Results
years

Bianchi, 19949 382 Retro and 5 DM, serum albumin, ascites, HE,
prospective serum bilirubin and platelets

were predictors of death.

Holstein, 200215 54 Prospective 5 Patients showing overt DM or
abnormal OGTT had
lower cumulated survival.

Nishida, 200616 56 Prospective 5 Normal fasting blood glucose as inclusion
criteria.
Abnormal OGTT was associated with
reduction of survival.

Jáquez-Quintana, 201114 110 Prospective 3 Compensated cirrhosis. Patients with overt
DM showed a reduction of cumulated survival.

Hagel, 201118 78 Prospective 30 days Decompensated cirrhosis. Abnormal OGTT
associated to increase of 30-day mortality.

García-Compeán, 201417 100 Prospective 5 Compensated cirrhosis. Those with
abnormal OGTT had a reduction of survival.

HE: hepatic encephalopathy. OGTT: oral glucose tolerance test.

prevalence of non-obstructive coronary artery dis-

ease was similar in cirrhotic and non-cirrhotic in-

dividuals and it was associated with traditional

risk factors, particularly DM.28

The impact of DM also extends to immunocompe-

tence, and can increase the risk of severe infection,

such as spontaneous bacterial peritonitis.29 Cirrhot-

ic patients with such infections exhibit liver failure

and hepatorenal syndrome, and have a high hospital

mortality.30

TREATMENT OF DM IN PATIENTS WITH
CHRONIC LIVER DISEASE

The effective control of hyperglycemia may reduce

complications and mortality rate in patients with

DM and chronic liver disease. Nevertheless, phar-

macodynamic studies of antidiabetic drugs have

been conducted irregularly in these patients.31,32

In addition, only few studies33-37 (Table 2) have eval-

uated the rate of control of hyperglycemia,33,34 the

effectiveness of specific drugs,35 the impact of treat-

ment on morbidity and mortality36,37 and the safety

of antidiabetic drugs.33-37 In one of such studies,

effective glycemic control was achieved in only a

small proportion of patients with HCV/HBV infec-

tion (34.2 and 23.5% respectively).34 In another

study, treatment was effective in only 28% of pa-

tients largely due to the toxicity of the drugs; how-

ever, of those who showed glycemic control, there

was a significantly lower incidence of hepatic
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encephalopathy.33 These two studies demonstrate

that satisfactory glycemic control in cirrhotic pa-

tients can be achieved in only one third of cases by

using current therapeutic schemes possibly because

of hepatotoxicity, hypoglycemia and lactic acidosis,

as most of antidiabetic drugs are metabolized in the

liver.38

Changes in lifestyle and exercise

The recommendations of changes in diet and exer-

cise regimens are empirical, as these measures have

not been evaluated in patients with hepatic insuffi-

ciency. Although physical exercise improves insulin

resistance, it may not be appropriate for patients

with active liver disease, while restrictive diets may

aggravate the protein-calorie malnutrition often

found in these patients.4 Studies are needed to de-

termine what changes in lifestyle could benefit these

patients.

Pharmacotherapy

Most patients will require oral hypoglycemic

agents and/or insulin to control hyperglycemia, es-

pecially in advanced stages of liver disease. Notwith-

standing, most of these drugs are metabolized in the

liver, so that monitoring of blood glucose levels dur-

ing treatment should be strict.

Inhibitors of alpha-glucosidase: acarbose

These drugs inhibit -glucosidases, which con-

tribute to degradation of disaccharides in the intes-

tine. It results in reduction in the absorption of

carbohydrates and in the risk of postprandial hyper-

glycemia. Acarbose also reduces the clinical expres-

sion of DM in patients with IGT in 25% of cases;

liver toxicity is low. Although there are no pharma-

codynamic studies with acarbose in patients with

hepatic insufficiency, its efficacy on hyperglycemia

and its safety has been evaluated in patients with

DM and CLD,39 alcoholic cirrhosis40 and mild hepat-

ic encephalopathy.41 Its use was associated with a

significant reduction of fasting and postprandial hy-

perglycemia, as well as HbA1c and C-peptide in dia-

betic patients with compensated cirrhosis.35

Biguanides: metformin

Metformin is used to increase insulin sensitivity,

and has beneficial effects on lipid metabolism. It is

not metabolized in the liver and is excreted almost



783
Treatment of diabetes mellitus in liver cirrhosis. ,     2015; 14 (6): 780-788

unchanged by the kidney. It is not recommended in

patients with liver cirrhosis by fear of inducing lac-

tic acidosis.42 However, this complication was re-

ported only in anecdotal cases, particularly with

concomitant alcohol intake.43

The use of this drug for the treatment of simple

steatosis and NASH with or without DM has yielded

conflicting results. In most studies, it is associated

with a normalization of transaminases and, to a

lesser extent, with histological and IR improve-

ment.44-46

Metformin has been associated with a reduced

risk of HCC.47Two recent studies have shown that

this drug reduced incidence of liver complications

and increased survival of patients with liver cirrho-

sis. In one study, a significant reduction in the inci-

dence of hepatocellular carcinoma and liver

complications was observed in patients with DM and

HCV cirrhosis after treatment of an average period

of 5.7 years.36 In another study, the long-term sur-

vival of diabetic patients with liver cirrhosis who

continued taking metformin was longer than the

ones who stopped it. Reduction in mortality was

also significant in patients with stages B and C of

Child Pugh. No patient developed lactic acidosis

during a follow up period of 26.8 months.37 Al-

though these studies did not report the glycemic ef-

fects, it is likely that better glycemic control was a

contributor to reduced morbidity and mortality. The

low incidence of lactic acidosis reported in these

studies is encouraging, though caution should still

be taken when considering its use in patients with

advanced liver failure.

Insulin sensitizers:

thiazolidinediones

These drugs improve insulin sensitivity in target

organs, while the peroxisome proliferator-activated

gamma receptor (PPARy) has selective agonist ef-

fects. The troglitazone induces cytochrome P450,

leading to hepatotoxic reactive metabolites. Because

of this noxious effect, it was taken off the market.48

Pioglitazone is metabolized by the CYP2C8l and

CYP3A4 system.49 There are no pharmacodynamic

studies evaluating the effects of this drug in patients

with CLD, and it may induce increase of body

weight. Pioglitazone combined with pegylated inter-

feron and ribavirin has been used in patients with

chronic HCV liver disease for increasing sustained

viral response.50,51

Pharmacodynamic features of rosiglitazone have

been poorly studied in patients with liver cirrhosis.

Elimination is slow so it is recommended to take

precautions in patients with severe liver impair-

ment.52

The administration of pioglitazone and rosiglita-

zone for the treatment of NAFLD (presumably with-

out cirrhosis) with or without DM has yielded

conflicting results. Both improve serum transami-

nase levels and IR though improvement of inflam-

mation and hepatic fibrosis is inconsistent.53-55

Although both have low hepatotoxicity, in patients

with serum transaminases 2.5 times above the upper

limit of normal and compensated cirrhosis, they

should be used with careful monitoring. If the en-

zymes increase or remain at the same level several

days after introduction, the drug should be discon-

tinued. Its use in patients with Child-Pugh stage C

cirrhosis should be avoided.

Insulin secretagogues:

sulfonylureas

They stimulate insulin secretion and are associat-

ed with a higher risk of severe hypoglycemia than

metformin and other drugs in patients with ad-

vanced age and chronic liver or kidney disease.56

They do not modify IR and their effect may be limit-

ed in alcoholic individuals due to damage of the beta

cells of pancreatic islets.57

Tolbutamide is not recommended in patients with

liver disease since half-life increases over 50%.58

Glibenclamide (glyburide) and gliclazide are metabo-

lized in the liver and eliminated through bile and

kidney. Their pharmacodynamic features have not

been evaluated in patients with CLD. However,

hepatotoxicity has been reported with glibencla-

mide59,60 and gliclazide.61,62 Therefore their use is

not recommended in severe hepatic impairment.63

Meglitinides

Repaglinide and nateglinide are the most used

drugs. They stimulate the beta cells of the pancreas,

regulating the output of potassium through specific

ATP-dependent channels and stimulating an in-

crease of intracellular calcium.64 Both agents are

metabolized in the liver. However, repaglinide is

rapidly eliminated through the bile65 and its rate of

elimination is significantly reduced in patients with

CLD; thus, it may induce hypoglycemia and it is

contraindicated in patients with advanced liver in-

sufficiency.66 In contrast, the pharmacodynamics of

nateglinide is not altered in patients with CLD and

is thus expected to be safer.67
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Incretin-based therapies

Incretin-based therapies comprise injectable glu-

cagon-like peptide-1 (GLP-1) receptor agonists and

oral inhibitors of dipeptidylpeptidase-4 (DPP-

4)(gliptins).

GLP-1 receptor agonists such as exenatide and li-

raglutide, mimic the effect of incretin and glucagon-

like peptidase 1 (GLP-1) (Figure 1). They stimulate

insulin secretion and inhibit the release of glucagon

by the beta and alpha cells of the Langerhans islets

of the pancreas, thereby reducing postprandial plas-

ma glucose levels.68 They also reduce gastric empty-

ing time and body weight.

Inhibitors of DPP-4, such as sitagliptin, vildaglip-

tin and linagliptin, inhibit DPP-4, resulting in an

increase of incretin and GLP-1 secretion (Figure 1),

leading to an improvement in plasma glucose con-

trol without inducing hypoglycemia or increasing

the body weight.69

Both types of drugs are barely metabolized in the

liver and are excreted unchanged by the kidney;70

thus, they seem to be safe in cirrhotic patients.71 Un-

like the old antidiabetic drugs, their pharmacodynam-

ic characteristics have been assessed in patients with

varying degrees of hepatic impairment and their safe-

ty has been assessed in studies comprising large

number of individuals. Inhibitors of DPP-4 showed

only minimal pharmacokinetic changes in patients

with varying degrees of hepatic impairment.70

Among agonists of GLP-1 receptors, only liraglu-

tide has been studied in patients with CLD.72 No in-

crease in liver enzymes was observed with this drug

alone or combined with other agents; it was well tol-

erated over a period of two years.

Unlike sitagliptin and vildagliptin, linagliptin is

excreted in bile (enterohepatic). Notwithstanding, in

pharmacokinetic  studies, patients with moderate or

severe hepatic impairment showed no increase of

drug  exposure after administration of multiple dos-

es of linagliptin, compared to normal controls; thus,

no dose adjustment is required.70

The effectiveness of liraglutide combined with sit-

agliptin or pioglitazone has been assessed in pa-

tients with NAFLD and DM. Liraglutide improved

DM parameters and reduced inflammation, liver fi-

brosis and body weight.73

Recently, long-acting GLP-1 receptor agonists

have been developed. There are, at present, several

once weekly GLP-1 receptor agonists available in

the market: exenatide long-acting release (LAR), al-

biglutide, dulaglutide and semaglutide.74,75 Head-to-

head clinical trials data suggest that long-acting

GLP-1 receptor agonists produce superior glycemic

control when compared with their shortacting coun-

terparts (exenatide and liraglutide). Furthermore,

they are generally well tolerated, with no hepatotox-

icity in patients without liver disease.76 Unfortu-

nately there is no experience in chronic

administration in patients with chronic liver dis-

ease, particularly those with severe dysfunction.

Based on the above discussed, patients with liver

disease and DM may be benefited with incretin-based

therapies due to their low liver toxicity and wide tol-

erance. However, no study of long term effectiveness

and safety has been published to date. They seem to

be well tolerated in patients with mild and moderate

liver function impairment, though they should be

cautiously administered in patients with advanced

liver disease.77,78

Figure 1. Mechanism of action of

glucagon-like peptide-1 (GLP-1) recep-

tor agonists and oral inhibitors of di-

peptidylpeptidase-4 (DPP-4) (gliptins).

Sitagliptin
Linagliptin
Vildagliptin

DPP-4 enzyme
inactivates

GLP-1

Stimulates
insulin release

Incretin, GLP-1

Exanitide
Liraglutide

Inhibits
glucagon release

Lowering
blood

glucose
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SGLT2 inhibitors

Selective renal sodium glucose co-transporter 2

(SGLT2) inhibitors improve glycemic control in an

insulin-independent fashion through inhibition of

glucose reuptake in the kidney.79 The most used

drugs from this group are: dapagliflozin, canagli-

fozin and empaglifozin.

SGLT2 inhibitors reduce plasma glucose levels by

inducing glucosuria and osmotic diuresis. They

should be carefully administered to patients with

risks of hypovolemia (older age, cardiovascular dis-

eases, treatment with diuretics, liver cirrhosis with

circulatory dysfunction). They are contraindicated

in patients with renal impairment manifested by hy-

percreatininemia and reduction of glomerular filtra-

tion rate. Undesirable side effects are based on their

mechanism of action: renal failure, arterial hypoten-

sion, urinary tract candidiasis, body weight reduc-

tion and hyperkalemia.80

Dapagliflozin is the SGLT2 inhibitor with the

most clinical data available to date. This drug is

eliminated primarily by glucuronidation. In pharma-

cokinetic studies, patients with moderate and severe

hepatic impairment had higher systemic exposure to

the drug than healthy subjects. Exposure was high-

ly dependent on the calculated creatinine clearance.

Although these differences were not clinically signif-

icant, the decision of administering dapalgiflozin to

cirrhotic patients should be individually assessed be-

cause the long-term safety profile and efficacy have

not been specifically studied in this population.81

Caution should be even greater when hepatic

dysfunction is combined with renal impairment.

Pharmacokinetic studies with canagliflozin and

empagliflozin also showed an increased drug systemic

exposure in patients with impaired liver function.

These drugs are well tolerated and reported hepato-

toxicity is low in patients with mild and moderate

liver function impairment. Nevertheless, there

are no experience in chronic administration of

these drugs in patients with severely impaired liver

function (Child C group) so they might not be

recommended in these patients.82,83

Insulin

About 60% of diabetic patients with liver cirrho-

sis require insulin administration.33,34 However,

long term efficacy and safety of insulin in large

number of patients with liver cirrhosis have not

been studied. Insulin requirements can be high in

patients with compensated cirrhosis, whereas they

can be low in decompensated patients due to a re-

duction in hepatic clearance and gluconeogenesis.84

Because of this, it is recommended that the adminis-

tration of insulin in patients with cirrhosis should

start with close monitoring due to the risk of hy-

poglycemia.85

The pharmacokinetic of short-acting insulin ana-

logues such as insulin lispro, aspart and glulisine is

not significantly altered as a result of hepatic dys-

function; thus, these agents are useful for control-

ling postprandial hyperglycemia.86 Insulin degludec

has an ultra-long lasting effect and a stable pharma-

cokinetic profile. It shows no differences with re-

spect to drug absorption or clearance in cirrhotic

patients. No serious adverse effects, such as hy-

poglycemia, have been observed when using this

kind of insulin in patients with cirrhosis.87

Liver transplantation

Liver transplantation quickly normalizes glucose

tolerance and insulin sensitivity in hepatogenous di-

abetes. This effect is due to an improvement in he-

patic clearance and peripheral disposal of glucose in

response to a correction of chronic hyperinsuline-

mia.88,89 However, liver transplantation cures DM

only in 67% of cases. In 33% of cases, diabetes is not

cured in cirrhotic patients due to the persistence of

a reduction in the functioning of beta cells of the

pancreas caused by an injury due to alcohol.90 In

the other side, a study comprised of a cohort of

85,194 liver transplant recipients showed that the

presence of type 2 DM in recipients or donors was

associated with an increased risk of adverse post-

transplant outcomes.91

PERSPECTIVES

In the last decade, progresses in research regard-

ing diabetes mellitus in liver cirrhosis have been

achieved. Nevertheless, future studies should define

some aspects:

� The efficacy and safety of incretin-based therapies.

� The impact of early treatment of IGT and DM

(detected by OGTT) on incidence of complica-

tions and survival.

� Whether the control of hyperglycemia reduces

the incidence of cardiovascular complications and

mortality; and

� Finally, effective and safe therapeutic regimens

for DM of cirrhotic patients should be designed in

consensus of experts.
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There are an increasing number of patients with

liver disease and DM as a result of the global epi-

demic of obesity and NAFLD. Thus, hepatologists

should have a basic knowledge of the use of antidia-

betic drugs. At the same time, endocrinologists must

recognize liver disease as a potential complication of

type-2 diabetes and metabolic syndrome as well as

the clinical implications of hepatogenous diabetes.

Both specialists working together will make possible

to optimize therapeutic outcomes of these patients.
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