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Abstract
Background: Third of liver cirrhosis patients have diabetes mellitus. In addition, most of patients with cirrhosis 
may be glucose intolerant. This study aimed to shed light on the impact of liver cirrhosis on the occurrence of 
diabetes mellitus among liver cirrhosis patients. 

Materials and Methods: This study is a retrospective analytical study design. The study was a descriptive 
study. The study was conducted at the gastroenterology outpatient clinic in European Gaza Hospital. Data were 
collected retrospectively from patients records and from patients themselves when attending at the clinic. The 
study was conducted during the period from September 2022 to February 2023. The study tool is a self-designed 
questionnaire based on most recent published literature. The questionnaire included basic information about the 
patients, data related to liver cirrhosis and some laboratory work done for the patients.

Results: A total of 70 patients were included in the study, with more than half being male (60%). The mean age 
of participants was 61.97 ± 11.54 years. The most frequent cause of liver cirrhosis among participants was 
cryptogenic (54.3%), and two-thirds of the participants had comorbid conditions besides liver cirrhosis, with 
diabetes mellitus being the most frequent (54.3%). The majority of participants were overweight or obese, with 
a mean body mass index of 31.15 kg/m2. Ultrasound imaging showed that most participants had severe steatosis 
(88.6%) and a shrunken liver (72.9%). The laboratory findings showed raised mean alanine transaminase (ALT) 
and aspartate aminotransferase (AST) levels, with high levels of triglycerides and cholesterol. 

Conclusion: Most participants were overweight or obese. More than half of the participants had comorbidities, 
including diabetes mellitus, and cryptogenic liver cirrhosis was the most prevalent etiology. Most liver ultrasounds 
indicated significant steatosis. Participants had increased alanine transaminase, aspartate aminotransferase, 
triglycerides, and total bilirubin.
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1. Introduction
Up to 96% of people with cirrhosis may be glucose intolerant 
and 30% may be clinically diabetic [1]. Presently, it is a topic 
for controversy whether type 2 diabetes mellitus (DM), in the 
absence of additional risk factors leading to metabolic syndrome 
(obesity and hypertriglyceridemia), might be a risk factor for the 
development and progression of liver disease [2-4]. On the other 
hand, the diabetes which develops as a consequence of cirrhosis 

is known as “hepatogenous diabetes” and is not recognized by 
the American Diabetes Association and the World Health Orga-
nization as a separate autonomous entity [5].

The liver plays a significant function in carbohydrate metabo-
lism as it is responsible for the balancing of blood glucose levels 
by means of glycogenogenesis and glycogenolysis [5-11]. In the 
presence of hepatic illness, the metabolic balance of glucose is 
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disrupted as a consequence of diseases such as insulin resistance, 
glucose intolerance and diabetes [6,8,11,12]. Insulin resistance 
occurs not only in muscle tissue, but also in adipose tissue, and 
this paired with hyperinsulinemia appear to be key pathophysi-
ologic bases of diabetes in liver disease [1,3,5,6,13-17]. More-
over, the etiology of liver disease is crucial in the occurrence 
of DM, as non-alcoholic fatty liver disease (NAFLD), alcohol, 
hepatitis C virus (HCV) and hemochromatosis are commonly 
related with DM [1-3,7,18].

DM in individuals with compensated liver cirrhosis may be sub-
clinical, as fasting serum glucose levels may be acceptable. In 
these circumstances, it is required to do an oral glucose tolerance 
test (OGTT) to identify an impairment of glucose metabolism 
[19]. The natural history of hepatogenous diabetes is distinct 
from that of hereditary type 2 DM, as it is less usually linked 
with microangiopathy. In contrast, the patient with cirrhosis 
and diabetes suffers more often from consequences of cirrhosis, 
which might cause death [2,4,19].

Management of diabetes in the cirrhotic patient is challenging 
because of the existence of liver impairment and the hepatotox-
icity of oral hypoglycemic medications. Hence, pharmaceutical 
treatment must be constantly monitored for the risk of hypogly-
cemia [3,5,19].

1.1. Justification
Liver cirrhosis and diabetes mellitus are both significant health 
issues that affect millions of people worldwide. While both 
conditions can occur independently, they often coexist, and the 
relationship between them remains poorly understood. There is 
growing evidence to suggest that the presence of liver cirrho-
sis can increase the risk of developing diabetes mellitus, but the 
exact mechanisms underlying this association are not fully un-
derstood.

Understanding the relationship between liver cirrhosis and dia-
betes mellitus is crucial for several reasons. Liver cirrhosis is a 
common condition that is associated with significant morbidity 
and mortality. Diabetes mellitus, on the other hand, is a major 
risk factor for cardiovascular disease and other complications. 
Therefore, identifying and managing diabetes mellitus in liver 
cirrhosis patients could help reduce the burden of morbidity and 
mortality associated with both conditions.

Liver cirrhosis is often caused by chronic alcohol consumption, 
viral hepatitis, or non-alcoholic fatty liver disease (NAFLD), 
all of which are associated with an increased risk of developing 
diabetes mellitus. Therefore, understanding the relationship be-
tween these conditions could help identify individuals who are 
at a higher risk of developing diabetes mellitus and may benefit 
from targeted interventions.

The relationship between liver cirrhosis and diabetes mellitus is 
complex and multifactorial, involving factors such as insulin re-
sistance, inflammation, and oxidative stress. Therefore, studying 
this relationship could provide valuable insights into the under-
lying mechanisms and help identify potential targets for future 
therapies.

1.2. Research Problem
Liver cirrhosis is a chronic liver disease that affects millions of 
people worldwide and is associated with various complications, 
including the development of diabetes mellitus. However, the 
impact of liver cirrhosis on the occurrence and progression of 
diabetes mellitus remains poorly understood. Therefore, the re-
search problem is to investigate the relationship between liver 
cirrhosis and diabetes mellitus, including the prevalence, risk 
factors, and underlying mechanisms of diabetes mellitus in liver 
cirrhosis patients. This study aims to provide insights into the 
prevention, diagnosis, and management of diabetes mellitus in 
patients with liver cirrhosis, ultimately improving their clinical 
outcomes and quality of life.

1.3. Significance
The impact of liver cirrhosis on the occurrence of diabetes mel-
litus among liver cirrhosis patients is a significant topic of re-
search for several reasons:
Prevalence and risk factors: Determining the prevalence and risk 
factors of diabetes mellitus in liver cirrhosis patients is essential 
for identifying patients at higher risk for developing this condi-
tion and implementing early interventions.
Clinical outcomes: Understanding the relationship between liver 
cirrhosis and diabetes mellitus is important for predicting and 
improving clinical outcomes in patients with these conditions. 
Diabetes mellitus can exacerbate the complications of liver cir-
rhosis, and vice versa, leading to increased morbidity and mor-
tality.
Management strategies: Developing effective management strat-
egies for diabetes mellitus in liver cirrhosis patients is critical for 
improving patient outcomes and quality of life. These strategies 
may include lifestyle modifications, pharmacotherapy, and liver 
transplantation, among others.
Public health: Addressing the impact of liver cirrhosis on the 
occurrence of diabetes mellitus has significant public health im-
plications, as both of these conditions are major health concerns 
globally and contribute to a significant burden of disease and 
healthcare costs.
Advancing scientific knowledge: Investigating the mechanisms 
underlying the association between liver cirrhosis and diabetes 
mellitus can help advance our understanding of the pathophys-
iology of these conditions and may lead to the development of 
new therapeutic targets and approaches.

2. Objectives
1.	 To determine the prevalence of diabetes mellitus among liv-

er cirrhosis patients.
2.	 To identify the risk factors associated with the development 

of diabetes mellitus in liver cirrhosis patients, such as age, 
gender, BMI, etiology of liver cirrhosis, etc.

3.	 To examine the relationship between the severity of liver 
cirrhosis and the onset and progression of diabetes mellitus.

4.	 To provide recommendations for the management of dia-
betes mellitus in liver cirrhosis patients based on the study 
findings.

5.	 To contribute to the existing literature on the relationship 
between liver cirrhosis and diabetes mellitus and to identify 
future research directions in this area.
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2.1. Research Questions
1.	 What is the prevalence of diabetes mellitus among liver cir-

rhosis patients, and how does it vary by patient character-
istics such as age, gender, and etiology of liver cirrhosis?

2.	 What are the risk factors associated with the development of 
diabetes mellitus in liver cirrhosis patients, and how do they 
interact with each other?

3.	 What is the relationship between the severity of liver cirrho-
sis, as measured by the Child-Pugh score or MELD score, 
and the onset and progression of diabetes mellitus?

4.	 What are the optimal management strategies for diabetes 
mellitus in liver cirrhosis patients, including lifestyle modi-
fications, pharmacotherapy, and liver transplantation, based 
on the study findings?

5.	 What are the existing gaps and controversies in the litera-
ture on the relationship between liver cirrhosis and diabetes 
mellitus, and what are the potential future research direc-
tions in this area?

2.2. Literature Review
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) [4].
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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) 
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Throughout the course of 10 years, researchers monitored 
173643 people with type 2 DM and 650620 participants without 
type 2 DM, both of whom had chronic liver disease excluded at 
enrolment and one year afterwards. Diabetic individuals had an 
increased risk of developing non-alcoholic chronic liver disease 
and HCC compared to the general population. The risk was in-
creased by a factor of 2 and was not affected by characteristics 
such as alcoholism, viral hepatitis, or socioeconomic status [4]. 
This study's large sample size is a strength, but it has been crit-
icized for several reasons. First, the participants were all men 
(98%), and second, the diagnoses of type 2 diabetes, chronic 
liver disease, and hepatocellular carcinoma were obtained from 
a database rather than being confirmed biochemically and his-
topathologically. There was also a failure to account for other 
components of the metabolic syndrome (such as obesity and 
dyslipidemia, all of which are known to have a role in the devel-
opment of NAFLD) [20].

Standardized incidence of HCC was greater in males with type 
2 DM (4.0, 95% CI: 3.5-4.6) and women with type 2 DM (2.1, 
95% CI: 1.6-2.7) compared with the general population in a 
large-scale Danish study [21]. Similar findings have been seen 
in other investigations involving a smaller sample of patients 
[22,23].

Diabetes mellitus (DM) was more prevalent in patients with 
HCC than in controls in a recent case-control study involving 
465 patients (31.2% vs 12.7%, OR 3.12 95% CI: 2.22-4.43). In 
84% of cases, DM had been diagnosed before the occurrence 
of HCC, and its average duration was 181.4 months, indicating 

that it was type 2 DM in most cases [24]. The above information 
raises the possibility that type 2 DM is itself a risk factor for 
the development of HCC. Researchers found an increased threat 
when HCV, liver fibrosis, and alcohol were all present. In a re-
cent study, individuals with chronic hepatitis C (CHC), diabetes 
mellitus (DM), and severe fibrosis were shown to have a 3-fold 
higher chance of developing hepatocellular carcinoma (HCC) 
during 5 years of follow-up (13% vs. 5%) [25].

2.3. Non-Alcoholic Fatty Liver Disease (NAFLD)
Simple steatosis, steatohepatitis, fibrosis, and cirrhosis are all 
parts of non-alcoholic fatty liver disease (NAFLD). Fatty liver, 
the mildest form of NAFLD, affects an estimated one-third of 
American adults [26]. The buildup of fat, mostly triglycerides, 
in liver cells in the context of insulin resistance leads to primary 
fatty liver, which usually develops as part of the metabolic syn-
drome, which consists of obesity, type 2 DM, and dyslipidemia 
[27]. NASH is a severe form of NAFLD that results in not only 
steatosis but also inflammation, cell destruction, and fibrosis of 
the liver. In spite of this, a frequency of 2%-3% has been as-
cribed to NASH. As NASH is recognized as a disease entity and 
may lead to cirrhosis and liver failure, it is believed to be the 
leading cause of cryptogenic cirrhosis [28,29].

2.4. Pathophysiology
The numerous pathways through which type 2 DM could devel-
op NAFLD have mostly been examined in isolation and have 
been shown to be variable. The fatty liver, obesity, and insulin 
resistance have all been linked to liver damage [1,3,4]. Increased 
intake of free fatty acids and de novo liponeogenesis in the he-
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patocytes lead to intracellular buildup of triglycerides, which 
manifests as fatty liver. Simultaneously, the liver secretes less 
extremely lowdensity lipoproteins. Increased mitochondrial ox-
idative stress on triglycerides leads to an increase in free radical 
and peroxisome production, causing liver damage in the form 
of cellular necrosis and inflammation [30,31]. Adipokines (cy-
tokines generated by the adipocytes), such as leptin and tumor 
necrosis factor-alpha (TNF-alpha), are produced in excess and 

contribute to the mitochondrial oxidative stress [32]. Reducing 
the regulating adipokine adiponectin increases the production 
and activity of inflammatory adipokines [33]. Inflammatory and 
necrotic cell mediators, as well as adipokines, stimulate liver 
stellate cells into producing more collagen, connective tissue 
growth factor, and extracellular matrix, all of which promote fi-
brosis [34]. (Figure 2).
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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 reduced secretion of very lowden-
sity lipoprotein (VLDL) by hepatic cells saturates hepatocytes producing steatosis. Mitochondrial oxidative stress is increased as 
a result of excess intracellular FFAs and the influence of adipokines (leptin and tumor necrosis factor alpha (TNF-α). Excess of 
oxidative stress produces free radicals which in turn induces inflammation and cellular necrosis. Tissue inflammation stimulates the 
stellate cells to produce collagen

2.5. DM As A Complication of Cirrhosis-Hepatogenous Di-
abetes
2.5.1. Epidemiology
The reported incidence of glucose intolerance ranges from 60–
80%, while the incidence of diabetes ranges from 20–60%, de-
pending on the etiology, the severity of liver damage, and the 
diagnostic criteria [3,5,16,19]. Most individuals with chronic 
liver disease will have insulin resistance and glucose intolerance 

from the earliest stages of the illness [35,36]. Hepatogenous dia-
betes may be seen as a sign of severe liver disease [37] since the 
diabetes becomes clinically apparent as liver function declines.

Hepatogenous diabetes has several potential causes, including 
alcoholism, hepatitis C virus infection, hemochromatosis, and 
nonalcoholic steatohepatitis (Figure 3).
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Figure 3: Etiology of Liver Cirrhosis most Frequently Associated with Diabetes Mellitus 
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NASH: NASH is a severe manifestation of NAFLD. NASH is 
associated with visceral obesity, hypertriglyceri-demia, and vir-
tually all patients have insulin resistance. Therefore, it is not sur-
prising that type 2 DM is present in 30%-45% of patients with 
NASH [38].

In contrast, it has been shown that obesity itself is a significant 
risk factor for serious liver disease [39,40]. The increased release 
of adipokines is a hallmark of obesity, which is characterized by 
enlarged adipose tissue that is in a state of chronic inflammation. 
These adipose tissue cytokines have a systemic impact, with a 
focus on the liver; they cause insulin resistance, hyperglycemia, 
and hyperinsulinemia; these abnormalities impair hepatic lipid 
metabolism. Direct stimulation of liver stellate cells by cyto-
kines, of which TNF- is the best researched component, induces 
hepatic fibrosis [41]. By reducing body fat, metabolic syndrome 
symptoms including hyperlipidemia and fatty liver may be alle-
viated [42].

The National Health and Nutrition Examination Survey found 
that those over the age of 40 with CHC had a threefold great-
er risk of developing diabetes compared to people with non-C 
chronic hepatitis [43]. Among patients with CHC who did not 
develop cirrhosis, Knobler et al. found that the prevalence of 
DM was 33%, compared with 5.6% in a control group [44]. Fat-
ty liver was seen in 30%-70% of individuals with chronic HCV 
infection [45].

More than 40% of CHC patients are known to have glucose in-
tolerance, and more than 17% are diagnosed with diabetes. The 
insulin resistance these individuals exhibit is also an independent 
risk factor for steatosis in relation to fibrosis severity [7,46-48].

It is unclear how HCV causes insulin resistance and diabetes. 
There is no correlation between BMI or fibrosis stage and the 
fact that HCV produces insulin resistance. The HCV core pro-
tein induced insulin resistance, steatosis, and DM in a transgenic 

mouse model. It appears that an increase in TNF- production 
was the main cause of this. The insulin receptors (IRS-1 and 
IRS-2) have their serine residues phosphorylated by this cyto-
kine, and the overproduction of suppressor of cytokines is also 
stimulated (SOC-3). Both Akt and phosphatidylinositol 3-kinase 
phosphorylation are suppressed by SOC-3. Glucose absorption 
into cells may be prevented if any of these diseases affecting 
insulin's intracellular signaling also prevented GLUT-4 transac-
tivation. Anti-TNF- medications, such as infliximab, may pre-
vent the development of insulin resistance in transgenic mice 
by blocking TNF-. Therefore, HCV causes insulin resistance 
through TNF- generation, IRS serine phosphorylation, and 
SOCs overexpression. Overproduction of TNF- in individuals 
with CHC is also associated with increased fibrosis progression 
and decreased interferon response [40].

Genotypes 1 and 4 of HCV are strongly related with insulin re-
sistance more commonly than genotypes 2 and 3 (37% vs 17%), 
suggesting that HCV genotype may be important in the inci-
dence of glucose metabolic diseases [47]. Genotypes 1 and 4 
have been shown to have a less persistent viral response to anti-
viral treatment compared to genotypes 2 and 3. Patients with this 
condition often show little improvement after receiving antiviral 
therapy, and insulin resistance may play a role in this. Consistent 
with this, patients with HCV genotype 1 and HOMA > 2 (insulin 
resistance) exhibited a 2-fold worse sustained response to thera-
py than patients with HOMA 2 (32.8% vs 60.5%, respectively) 
in a recent study [49]. Experiments using Huh-7 cells infected 
with HCV RNA show that the addition of interferon prevents 
viral replication, lending credence to this theory. Adding insulin 
at a dosage of 128 mcU/mL (equivalent to that found in hyper-
insulinemic conditions) to interferon completely eliminated its 
capacity to prevent viral replication [50]. Lastly, peginterferon 
with ribavirin therapy has shown poorer long-term success in 
patients with CHC and insulin resistance than in individuals 
without insulin resistance [40,49].
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Once the mechanisms in CHC that cause insulin resistance and 
diabetes mellitus have been activated, it seems that their pro-
gression is unaffected by viral activity. In fact, a recent research 
found that in individuals with chronic hepatitis and normal fast-
ing blood glucose, HCV clearance by pegylated interferon and 
ribavirin therapy did not diminish the incidence of DM during 
a period of 8 years of follow-up following treatment. The prev-
alence of DM was comparable across patients who showed a 
sustained response and those who did not (14.8% vs 18.5%, re-
spectively) [51].

There is a strong association between alcohol use and the de-
velopment of diabetes in those with alcoholic liver disease [52]. 
Among individuals consuming more than 270 g of alcohol per 
week, the risk is increased by a factor of 2 compared to those 
consuming less than 120 g/wk [53]. Insulin-mediated glucose 
absorption is significantly decreased after an acute alcohol ad-
ministration. Diabetes mellitus (DM) is a common complication 
in individuals with a history of chronic drinking due to the high 
prevalence of chronic pancreatic damage and destruction of pan-
creatic islet -cells [1].

Genetic hemochromatosis is a condition of iron metabolism that 
causes the buildup of iron in many organs, most notably the liver. 
A change in the HFE gene causes this condition. Iron may also 
enter the pancreas and the heart muscle. The acinus of exocrine 
secretion in the pancreas has the highest proportion of iron. Yet, 
the insulin-producing -cells in the Langerhans are also damaged 

by invasion. This explains why between 50% and 85% of those 
with severe hereditary hemochromatosis also have diabetes [54]. 
The increased incidence of DM is likely also attributable to glu-
cose metabolic problems brought on by liver damage [1,5].

2.5.2. Pathophysiology of Hepatogenous Diabetes
Hepatogenous diabetes' pathogenesis is convoluted and incom-
pletely understood. The disruption in glucose metabolism is 
driven in large part by insulin resistance in peripheral tissues 
(adipose and muscle tissue) [1,2,9,11,14-17]. Increased levels 
of contra-insulin hormones (glucagon, growth hormone, insu-
lin-like growth factor, free fatty acids, and cytokines) have been 
hypothesized to amplify the effects of hyperinsulinemia caused 
by impaired insulin extraction due to liver injury and portosys-
temic shunts [2,11,15,17]. Although hepatic insulin extraction 
disruption does not seem to play a major role, a new research 
reveals that in individuals with Child B grade liver cirrhosis, hy-
perinsulinism may be generated by an increase in the pancreatic 
-cell sensitivity to glucose [55]. Several etiologic agents in liver 
illness, including hepatitis C virus, alcohol, and iron infiltration, 
have been hypothesized to reduce the insulin secretion activity 
of pancreatic -cells [9]. In conclusion, it seems that insulin re-
sistance in muscle and an insufficient response from the -cells to 
release insulin to address the deficit in insulin action may both 
play a role in the development of glucose intolerance. Fasting 
hyperglycemia and a diabetes glucose tolerance profile originate 
from a gradual reduction in insulin production and the develop-
ment of hepatic insulin resistance (Figure 4) [14,15].
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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 β-cells for production of insulin.
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Differentiation between hepatogenous diabetes and type 2 DM 
may be challenging. Postprandial plasma glucose to fasting plas-
ma glucose ratios (2.27 vs 1.69), fasting insulin concentrations 
(23.2 vs 11.6 microIU/mL), and the HOMA-Insulin Resistance 
index (8.38 vs 3.52) were all found to be significantly higher in 
patients with hepatogenous diabetes than in patients with type 2 
DM in a recent study. This means that the insulin resistance in 
liver cirrhosis is greater than in type 2 DM, and that the impaired 
hepatic insulin breakdown may be a crucial cause of hyperinsu-
linemia in liver cirrhosis [56].

2.6. TYPE 2 DM and Hepatogenous Diabetes Aggravate Liv-
er Cirrhosis and HCC
2.6.1. DM Increases Morbidity and Mortality of Liver Cir-
rhosis Patients
Very few researches have looked at how type 2 DM and hepa-
togenous DM affect the clinical outcome of cirrhosis and HCC. 
A higher risk of complications has been seen in patients with cir-
rhosis of any origin who had diabetes, as shown in cross-section-
al retrospective studies [5,38,57,58]. Based on data from more 
than 7,000 people with type 2 DM, the Verona research found 
that those with the condition had a 2.52-fold (CI 1.96-3.2) higher 
risk of mortality at 5 years compared to the general population 
[59]. Liver disease and more severe fibrosis are linked to DM, 
obesity, and steatosis, according to other studies [60,61].

Notably, despite their widespread use as short- and long-term 
prognostic tools for cirrhotic patients, neither the Child-Pugh 
nor the Model for End-Stage Liver Disease (MELD) Scores 
contain DM or glucose intolerance in their parameters [62,63]. 
Interesting findings, however, have been shown in prospective 
longitudinal investigations of cirrhotic patients in which DM 
has been examined as a standalone prognostic factor. Three hun-
dred and fifty-four (98 with diabetes) of 382 eligible patients 
were tracked for six years following enrollment in the trial; 110 
were still alive at the end of follow-up. Kaplan-Meier analysis 
and Cox's stepwise regression revealed the following factors 
to be significant predictors of mortality: albumin, ascites, age, 
encephalopathy, bilirubin, diabetes, and platelets. The higher 
mortality rate in patients with diabetes was not attributable to 
diabetes-related complications but rather to an increased risk of 
hepatocellular failure [58]. With the inclusion of varices, diabe-
tes lost its significance as a covariate in a subset of 271 patients, 
but regained its importance when patients who died of gastroin-
testinal bleeding were removed. 

Another research found that HCC and DM, but not the Child-
Pugh score, were independent prognostic variables of death in 
patients with cirrhosis and refractory ascites on the waiting list 
for liver transplantation. Patients with refractory ascites and dia-
betes had a 32% and 18% chance of survival after 1 and 2 years, 
respectively. However, patients with refractory ascites who did 
not have DM had a 62% and 58% chance of survival, respec-
tively [64].

Nishida et al. carried out the OGTT on 56 cirrhotic individu-
als with normal fasting blood glucose. Diabetic retinopathy was 
seen in 38% of patients, glucose intolerance in 23%, and normal 
levels in 39%. Diabetes and glucose intolerance were associat-

ed with a considerably increased risk of death after 5 years of 
follow-up (44% and 32% versus 5%, respectively). According 
to a multivariate analysis, serum albumin and diabetes were the 
only two covariates independently associated with a decreased 
likelihood of survival [19].

Retinopathy, cardiovascular, and renal problems occur less com-
monly in people with hepatogenous diabetes than in those with 
genetic type 2 DM [5,58]. There is a strong correlation between 
diabetes and cirrhosis, and liver failure is a leading cause of mor-
tality in cirrhotic patients [4,19,58].

2.6.2. DM Increases the Severity and Mortality of HCC
At the current time, type 2 DM is recognized as a risk factor for 
the development of HCC. There is a tenfold increase in the risk 
of HCC when hepatogenous diabetes is present in addition to 
hepatitis B and C virus infection and alcoholic liver cirrhosis 
[1,2].

Diabetes mellitus increases the mortality risk for individuals 
with HCC compared to people with HCC who do not have DM. 
Patients with HCC with diabetes mellitus had a greater 1-year 
death rate than those without DM, according to a separate re-
search of 160 patients. However, the sickness was more wide-
spread in these people [65].

2.7. Pathophysiologic Mechanisms
It is unclear how or why diabetes exacerbates liver cirrhosis's 
clinical progression. To begin, diabetes mellitus has been shown 
to hasten fibrosis and inflammation in the liver, leading to more 
severe liver failure. Second, there is evidence that diabetes 
might amplify the occurrence of bacterial infections in cirrhotic 
patients, which are linked to higher mortality [66,67].

The first explanation is that insulin resistance causes an increase 
in adipokine (adipose tissue-secreted cytokine) production, in-
cluding leptin and TNF-, which in turn activates the inflammato-
ry pathways that worsen liver damage [68]. Adiponectin, on the 
other hand, is a cytokine secreted by adipose tissue that controls 
insulin sensitivity and inflammation [69]. Decreased adiponec-
tin levels are indicative of insulin resistance in the liver and the 
periphery [70]. Progression of liver disease has been linked to 
hypoadiponectinemia [70,71].

As for the second, cirrhotic people with diabetes may be more 
prone to developing life-threatening infections, which is a di-
rect result of the immunosuppression that diabetes may cause. 
Patients with cirrhosis who develop spontaneous bacterial peri-
tonitis have a significant risk of dying in the hospital from com-
plications such sepsis, liver failure, and hepatorenal syndrome. 
In contrast, individuals with esophageal variceal hemorrhage 
have a high prevalence of infection, which increases their risk 
of dying while in the hospital [72]. Nevertheless, whether DM 
also affects mortality in individuals with additional cirrhosis se-
quelae has to be determined. Future research should focus on 
elucidating the specific mechanisms via which DM may affect 
liver function, since modulation of these may be effective for 
reducing consequences.
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2.8. Clinical Implications of DM in the Course of Liver Cir-
rhosis and Treatment of Diabetes
2.8.1. Clinical Manifestations
Early stages of cirrhosis seldom display any clinical signs of dia-
betes mellitus. Recently published research found that up to 77% 
of compensated cirrhotic individuals with normal fasting blood 
glucose and no family history of type 2 DM developed DM or 
glucose intolerance identified by OGTT. Subclinical DM was 
found in 38% of cases [19]. Clinical diabetes may be interpreted 
as an indicator of liver failure since its prevalence rises as liver 
function declines.

Hepatogenous diabetes differs clinically from hereditary type 2 
DM in several ways: (1) it is less often associated with risk fac-
tors like age, body mass index, and a family history of diabetes; 
(2) it is less often associated with retinopathy, cardiovascular 
complications, and renal complications; and (3) it is more often 
associated with hypoglycemic episodes due to impaired liver 
function [2,19].

The relevance of DM as a prognostic factor of morbidity and 
mortality in cirrhotic patients has been little researched, despite 
the global pandemic of obesity, DM, and metabolic syndrome. 
It is also unclear how early detection and treatment of diabetes 
could affect the clinical progression of cirrhosis.

2.9. Treatment
Treatment of diabetes mellitus (DM) may affect the clinical 
course of liver disease, but few researches have investigated 
which therapies are most effective for DM in cirrhotic individ-
uals.
Differentiating the management of type 2 diabetes in people 
without liver disease from that of those with cirrhosis, the fol-
lowing factors should be considered: Most oral hypoglycemic 
medications are processed in the liver; (4) patients often have 
bouts of hypoglycemia; and (1) almost half of patients suffer 
malnutrition.

As insulin resistance is the primary driver at this stage, a change 
in lifestyle may be the first line of therapy for individuals with 
mild to moderate hyperglycemia and compensated liver disease. 
Yet, excessively restricted diets may undermine these therapeu-
tic approaches by worsening malnutrition in certain individuals. 
Nevertheless, people with active liver disease may not benefit 
from exercise that reduces insulin resistance [15].

Oral hypoglycemic medications may be necessary when type 2 
diabetes develops in the late stages of liver disease. Nevertheless, 
as the liver is responsible for metabolizing the vast majority of 
these medicines, careful attention to blood glucose levels during 
therapy is necessary to prevent hypoglycemia [73]. The insulin 
resistance-lowering biguanides might be helpful here. Because 
of the potential for lactic acidosis, the biguanide metformin is 
largely contraindicated in patients with severe liver failure and 
in those who continue to consume alcohol [74,75].

Patients with alcoholic cirrhosis often exhibit pancreatic islet 
-cell destruction; nonetheless, insulin secretagogues, although 
being safe medications in this population, are likely to be in-

effective since they do not improve insulin resistance. Patients 
with this condition have compensatory hyperinsulinemia on a 
chronic basis until the islet -cells are depleted.

Patients with liver cirrhosis may benefit from using alpha-glu-
cosidase inhibitors because of the danger of postprandial hyper-
glycemia that is often seen in this patient population. Control of 
postprandial and fasting blood glucose levels were considerably 
improved with the administration of acarbose, an alpha-glucosi-
dase, in a randomized, double-blind research including 100 pa-
tients with compensated liver cirrhosis and insulin-treated DM 
[76]. Acarbose significantly reduced postprandial blood glucose 
level in a crossover, placebo-controlled investigation of individ-
uals with hepatic encephalopathy. Also, the patients' plasma am-
monia levels dropped and their bowel motions were more reg-
ular [77]. Ammonia levels dropped because bowel movements 
inhibit the growth of proteolytic bacteria in the gut, most likely 
[77].

Cirrhotic individuals with diabetes mellitus may benefit greatly 
from thiazolidines due to their ability to improve insulin sensi-
tivity. Nevertheless, due to concerns over its hepatotoxic effects, 
troglitazone has been taken off the market. It is suggested that 
rosiglitazone and pioglitazone not be started in patients with 
signs of active liver disease or alanine transaminase values that 
are more than 2.5 times the upper limit of normal [78]. While 
these medications are being used, strict supervision is required.

Patients with cirrhosis and diabetes may have different insulin 
needs. As insulin resistance is more common in people with 
compensated cirrhosis, while hepatic metabolism of insulin is 
considerably reduced in patients with decompensated cirrho-
sis, the former may have higher needs. Treatment with insulin 
should ideally be administered in a hospital setting, where pa-
tients may be closely monitored for signs of hypoglycemia [79].

Lastly, insulin sensitivity and glucose tolerance both return 
quickly to normal after a liver transplant. An increase in hepatic 
clearance and peripheral glucose elimination may be responsible 
for this impact. This latter impact may follow after persistent 
hyperinsulinemia has been treated [16,80]. Reducing insu-
lin resistance, liver transplantation has been shown to reverse 
hepatogenous diabetes in 67% of cirrhotic-diabetic individuals. 
Persistently low -cell function, as assessed by an oral glucose 
tolerance test (OGTT), was the reason why 33% of patients did 
not achieve full remission from diabetes. Because to this anom-
aly, individuals may one day be candidates for a combined islet 
transplant [81].

3. Methodology
3.1. Study Design
This study is a retrospective analytical study design. The study 
was a descriptive study. Since the aim of the study is to deter-
mine the impact of liver cirrhosis on the occurrence of diabetes 
mellitus among patients with liver cirrhosis at gastroenterology 
unit in European Gaza Hospital, this is the most appropriate de-
sign for the study objectives.
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3.2. Study Setting
The study was conducted at the gastroenterology outpatient clin-
ic in European Gaza Hospital. Data were collected retrospective-
ly from patients records and from patients themselves when at-
tending at the clinic. The study was conducted during the period 
from September 2022 to February 2023.
Participants and sampling. The study included all liver cirrhosis 
patients at European Gaza Hospital. The study data were collect-
ed from medical records and from patients.

3.3. Data Collection
Data were collected from medical records retrospectively using 
a self-designed questionnaire based on most recent published 
literature. In addition, some data was obtained from patients at 
their appointment in the clinic.

3.4. Instruments
The study tool is a self-designed questionnaire based on most 
recent published literature. The questionnaire included basic in-
formation about the patients, data related to liver cirrhosis and 
some laboratory work done for the patients.

3.5. Statistical Analysis
Data obtained from questionnaire were entered and analyzed 
using SPSS program version 23 computer software. Sociodemo-
graphic data were presented using descriptive statistics as means, 
median, percentages and standard deviation. Independent T test 
and one-way Anova are used to show statistical significance 
among patients’ characteristics and tool scores. Chi square test 
is used to show relationship between categorical variables. 

3.6. Permission and Ethical Considerations
An approved permission was gained from the Ministry of Health 
in Gaza Strip to collect data from patients’ medical records. 
Moreover, oral consent was gained from patients to participate 
in the study.

4. Results
The study included 70 patients in which more than half of 
them were males (n= 42, 60%) and the rest were females (n= 
28, 40%). The mean age among study participants was 61.97 + 
11.54 years. The median age was 62.5 years and age ranged from 
20 to 83 years. Age groups distribution is presented in Figure 5. 
As shown, the peak age group is at older population. 
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The duration of liver cirrhosis among study participants varied. 
It ranged from less than a year to 11 years. The median duration 
among study participants was 4 years. The most frequent cause 

of liver cirrhosis among study participants was cryptogenic (n= 
38, 54.3%) (Figure 7).

  
Figure 7: Causes if Liver Cirrhosis among Study Participants 

 

There were two thirds of study participants having comorbid conditions besides liver cirrhosis. 

The most frequent comorbid condition was diabetes mellitus (n= 38, 54.3%). Table 1 shows the 

frequency of comorbid conditions among study participants. 

 

 

Table 1: Comorbid Conditions among Study Participants 

Comorbid condition Frequency Percent 

Hypertension 24 34.3 

Diabetes Mellitus 38 54.3 

Cardiovascular Diseases 18 25.7 

Chronic Kidney Disease 3 4.3 

Hepatocellular Carcinoma 11 15.7 

Table 1: Comorbid Conditions Among Study Participants  

 

There is only one patient who had diabetes mellitus after the diagnosis of liver cirrhosis. 

Furthermore, five patients underwent liver transplantation (7.1%). The median level of HbA1c is 

8 among diabetic participants and it ranged from 6.5 to 9. Participants were on different 

management strategies for liver cirrhosis and diabetes as presented in Figure 8 (OHA: Oral 

Hypoglycemic Agents). 

 

Figure 7: Causes if Liver Cirrhosis among Study Participants

There were two thirds of study participants having comorbid 
conditions besides liver cirrhosis. The most frequent comorbid 

condition was diabetes mellitus (n= 38, 54.3%). Table 1 shows 
the frequency of comorbid conditions among study participants.

Comorbid condition Frequency Percent
Hypertension 24 34.3
Diabetes Mellitus 38 54.3
Cardiovascular Diseases 18 25.7
Chronic Kidney Disease 3 4.3
Hepatocellular Carcinoma 11 15.7

Table 1: Comorbid Conditions Among Study Participants

There is only one patient who had diabetes mellitus after the di-
agnosis of liver cirrhosis. Furthermore, five patients underwent 
liver transplantation (7.1%). The median level of HbA1c is 8 
among diabetic participants and it ranged from 6.5 to 9. Partici-

pants were on different management strategies for liver cirrhosis 
and diabetes as presented in Figure 8 (OHA: Oral Hypoglycemic 
Agents).

  
Figure 8: Medical Management of Patients’ Condition 

 

The duration of diabetes mellitus among patients ranged from one to 20 years with median 

duration of 8 years. Participants were evaluated for possible complications of DM along with 

liver cirrhosis. There were 38 patients with family history of DM (54.3%).  

  

 Frequency Percent 

Smoking (Median of 14 pack year) 9 12.9 

History of stroke 3 4.3 

History of myocardial infarction 15 21.4 

Table 2: Smoking and Complications History of Study Participants 

 

The ultrasound features of the liver were assessed among study participants. Liver was shrunk in 

the ultrasound imaging among 51 participants (72.9%) (Figure 9). Most of patients had severe 

steatosis (n= 62, 88.6%) while 8 participants had moderate steatosis (11.4%). 

  
Figure 9: Ultrasound Features of Liver Among Study Participants 

 

Figure 8: Medical Management of Patients’ Condition

The duration of diabetes mellitus among patients ranged from 
one to 20 years with median duration of 8 years. Participants 
were evaluated for possible complications of DM along with liv-

er cirrhosis. There were 38 patients with family history of DM 
(54.3%).

Frequency Percent
Smoking (Median of 14 pack year) 9 12.9
History of stroke 3 4.3
History of myocardial infarction 15 21.4

Table 2: Smoking and Complications History of Study Participants



   Volume 7 | Issue 1 | 29J Gastro & Digestive Systems 2023

The ultrasound features of the liver were assessed among study 
participants. Liver was shrunk in the ultrasound imaging among 
51 participants (72.9%) (Figure 9). Most of patients had severe 

steatosis (n= 62, 88.6%) while 8 participants had moderate ste-
atosis (11.4%).
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The laboratory findings of study participants are summarized in Table 3.

Laboratory test Mean + SD (min-max)
Alanine transaminase (ALT) 36.45 + 15.65 (13-85)
Aspartate aminotransferase (AST) 36.22 + 17.76 (12-128)
Triglycerides 188.22 + 69.11 (68-264)
Cholesterol 149.71 + 50.83 (85-225)
Total Bilirubin 1.63 + 1.16 (0.7-6)
Direct Bilirubin 0.53 + 0.54 (0.2-3.1)

Table 3: Laboratory Tests of Study Participants

5. Discussion
There are a number of anatomical changes that may occur in 
people with cirrhosis that reduce insulin extraction by the liver, 
ultimately leading to elevated systemic insulin levels. Since in-
sulin is mostly metabolized and degraded by parenchymal liver 
cells, a decrease in liver cell mass results in lower insulin clear-
ance, and an increase in insulin levels is caused by (b) portosys-
temic venous collaterals as a consequence of decreased hepatic 
first-pass extraction [81,82]. Insulin levels in the hepatic veins 
are much higher in cirrhotic individuals who have had surgi-
cal portocaval shunts compared to cirrhotic patients who have 
not undergone such procedures. C-peptide levels, on the other 
hand, are similar in cirrhotic patients and healthy controls [83]. 
The fact that glucose management in diabetic individuals dete-
riorates and circulating insulin levels rise following transjugular 
intrahepatic portosystemic shunt implantation further lends cre-
dence to this theory.

Thus, hyperinsulinaemia may cause insulin resistance by 
down-regulation of insulin receptors. In fact, hyperinsulinaemia 
causes a decrease in insulin receptor affinity, a decrease in the 
number of exposed receptors on the surface of the target cell, 
and a decrease in the efficiency with which insulin transmits 
stimulatory impulses into the cell [84].

AGEs are promoted by hyperglycemia, but they may also cause 
insulin resistance and beta-cell damage in pre-diabetic individu-
als. The elimination of advanced glycation end products (AGEs) 

appears to include more than only the kidney [85]. Plasma AGE 
levels are significantly increased in individuals with cirrhosis 
who do not have diabetes [86,87]. The levels of AGEs decrease 
considerably after a liver transplant. Considering these results, 
it's reasonable to assume that the buildup of AGEs, due to a de-
creased clearance of AGEs, may increase diabetes in individuals 
with cirrhosis [88].

Advanced cirrhosis patients often have systemic hypoxia, which 
correlates with the severity of their liver disease [89]. Family 
of transcriptional regulators called hypoxia-inducible factors 
(HIFs) triggers homeostatic response to hypoxia in almost all 
cells and tissues. In both in vitro and mouse models of hepatic 
fibrosis, HIFs have been shown to have a role [90,91]. HIFs are 
also crucial in glucose metabolism and have been linked to the 
development of diabetes mellitus [92]. HIF, namely HIF-1, is 
also critical for the reserve of pancreatic -cells. The mechanics, 
however, are intricate. In fact, the function of pancreatic -cells 
is compromised in HIF-1 knock-out mice [93]. A little boost 
in HIF-1 levels improves -cell function and glucose tolerance. 
Nonetheless, it is known that very high levels of HIF-1, such as 
those seen in severe hypoxia, are harmful to -cell function 48. 
Hence, it is possible to hypothesize that hypoxia caused by cir-
rhosis contributes to the development of hepatogenous diabetes 
mellitus [94].

Peripheral insulin resistance and hyperinsulinaemia cause glu-
cose intolerance in cirrhosis. Beta-cell secretion, in response to 
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hyperglycaemia, is significantly reduced in patients with cirrho-
sis and overt diabetes, compared to patients with cirrhosis and 
normal glucose tolerance as well as those with glucose intoler-
ance, suggesting that an altered secretion of insulin by beta cells 
may contribute to the development of overt diabetes [82,85]. 
Betatrophin is a hormone that is largely produced in hepatocytes 
and has recently been shown to increase -cell proliferation and 
enhance glucose tolerance in a mouse model [95]. Recent evi-
dence, however, suggests that betatrophin levels are linked to in-
sulin resistance rather than -cell proliferation. Patients with type 
2 diabetes were shown to have higher betatrophin levels than 
non-diabetic controls [96-98]. Betatrophin levels also correlated 
strongly with HOMA-IR in a recent research of over a thousand 
people who are not diabetic. Patients with cirrhosis had consid-
erably higher plasma betatrophin levels than healthy controls. 
Liver disease severity was also shown to be related to serum be-
tatrophin levels. In addition, individuals with insulin resistance 
had considerably greater betatrophin levels than those without 
[99]. These results lend credence to the hypothesis that betatro-
phin has a functional role in type 2 diabetes, maybe helping to 
offset the higher insulin demand in those with liver insufficiency 
[100].

Sugar metabolism abnormalities in cirrhotic individuals vary 
from simple intolerance to full-blown diabetes. Around 30% 
have normal glucose tolerance, 30% have impaired glucose tol-
erance, and up to 30% have overt diabetes 56-59. As a compar-
ison, the whole population has a prevalence of glucose intoler-
ance of around 15% and diabetes of about 8% [101-102].

Patients with cirrhosis may have a more complicated time re-
ceiving a diabetes diagnosis. First, in 23% of patients with overt 
diabetes, fasting serum glucose levels are normal in the early 
period [103]. In fact, their blood sugar levels are normal when 
fasting, but they are elevated after eating (>200 mg/L) [104]. 
Thus, a test for glucose tolerance after eating is required to iden-
tify glucose metabolism impairment.

Additionally, distinguishing type 2 diabetes from hepatogenous 
diabetes is sometimes impossible. Yet, hepatogenous diabetes 
may display a unique set of symptoms compared to type 2 di-
abetes. A study of 50 individuals with hepatogenous diabetes 
found that only 16 percent had a history of diabetes in their own 
families. Retinopathy affected just 8% of the sample. No cardio-
vascular fatalities were documented after a mean of 5 years of 
follow-up, however percent of patients had passed away, mostly 
from cirrhosis-related causes. This might be because hepatoge-
nous diabetes is often associated with a shorter duration of dia-
betes than type 2 diabetes, or it could be because cirrhosis-relat-
ed complications account for a disproportionate share of deaths 
in these individuals (as shown by the high mortality rate in this 
group) [105-107].

Liver transplantation alone may improve glucose tolerance and 
insulin sensitivity in individuals with isolated hepatogenous 
diabetes, providing further evidence that diabetes is linked to 
cirrhosis. It is estimated that roughly 30% of liver transplant pa-
tients had diabetes, but post-transplantation diabetes remains a 
relatively frequent illness. Pretransplantation diabetes, old age, 

a family history of diabetes, and a maximum body mass index 
above 25 kg/m2 (risk factors for type 2 diabetes) are related with 
the development of post-transplantation diabetes in individu-
als who receive a liver graft [108-110]. These findings point to 
preexisting metabolic problems as a possible cause of diabetes 
mellitus present at the time of liver transplantation, in addition 
to severe liver disease. Patients with cirrhosis seem to have an 
increased chance of developing diabetes due to the reasons of 
their liver disease. Patients with hepatitis C- or alcohol-related 
cirrhosis are more likely to develop diabetes than those with bil-
iary cirrhosis [111,112]. Cirrhosis is still linked to cirrhosis on 
its own. Cirrhotic individuals with hepatitis C infection are more 
likely to develop diabetes (24% vs. 6%) [113].

In individuals with cirrhosis, glycated haemoglobin (HbA1c) 
measurements may not reliably represent glycemic status. 
HbA1c is used routinely for evaluating and managing individ-
uals with diabetes in those without liver problems. The level of 
hemoglobin A1c (HbA1c) is a good predictor of the onset of 
diabetes-related problems since it represents glycaemic state 
during the preceding 2-3 months. HbA1c testing is not reliable 
in patients with cirrhosis, according to studies of limited pa-
tient series. In fact, forty percent of cirrhotic patients who did 
not have diabetes had HbA1c levels below the normal limit in 
a non-diabetic reference sample [114,115]. In addition, HbA1c 
readings for individuals with cirrhosis and concomitant diabe-
tes were within the non-diabetic reference range (between 4 and 
6%). High HbA1c was seen in a minority of cirrhotic and dia-
betic individuals. Although though fasting plasma glucose was 
greater in individuals with cirrhosis, HbA1c levels were compa-
rable between cirrhotic and controls [116]. It is not known why 
HbA1c testing fails to reliably represent the degree to which 
people with cirrhosis have their blood sugar under control. One 
possible non-glycemic factor is the shortened erythrocyte life 
span seen in cirrhotic individuals, which is linked to low HbA1c 
readings. The glycemic state during a 2-to 4-week period may be 
inferred from fructosamine levels. Patients with cirrhosis may 
benefit more from monitoring their fructosamine levels than 
their hemoglobin A1c levels, according to [117-120].

6. Conclusion and Recommendations
In conclusion, the study provides important insights into the 
characteristics of patients with liver cirrhosis and diabetes mel-
litus in the Gaza Strip. The study included 70 participants, with 
a majority being male and from the southern region of the Gaza 
Strip. The peak age group was the elderly population, and most 
participants were overweight or obese. The most frequent cause 
of liver cirrhosis was cryptogenic, and more than half of the par-
ticipants had comorbid conditions, with diabetes mellitus being 
the most common. The ultrasound features of the liver showed 
severe steatosis in most patients. The laboratory findings indi-
cated elevated levels of alanine transaminase, aspartate amino-
transferase, triglycerides, and total bilirubin among the study 
participants.

Based on the results, the following recommendations can be 
made:
• Public health campaigns should be initiated to raise awareness 
about the risk factors of liver cirrhosis and diabetes mellitus, 
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with particular emphasis on lifestyle changes to prevent and 
manage these conditions.
• Regular monitoring of liver function tests, blood glucose lev-
els, and lipid profiles should be done among patients with liver 
cirrhosis and diabetes mellitus to identify any potential compli-
cations and take appropriate measures to prevent them.
• Healthcare providers should consider implementing tailored 
management strategies for patients with both liver cirrhosis and 
diabetes mellitus to improve patient outcomes and quality of 
life. This may involve a multidisciplinary approach with a team 
of healthcare professionals working together to manage these 
complex conditions.

References
1.	 Hickman, I. J., & Macdonald, G. A. (2007). Impact of dia-

betes on the severity of liver disease. The American journal 
of medicine, 120(10), 829-834. 

2.	 El-Serag, H. B., Tran, T., & Everhart, J. E. (2004). Diabetes 
increases the risk of chronic liver disease and hepatocellular 
carcinoma. Gastroenterology, 126(2), 460-468. 

3.	 Tolman, K. G., Fonseca, V., Dalpiaz, A., & Tan, M. H. 
(2007). Spectrum of liver disease in type 2 diabetes and 
management of patients with diabetes and liver disease. Di-
abetes care, 30(3), 734-743. 

4.	 El–Serag, H. B., & Everhart, J. E. (2002). Diabetes in-
creases the risk of acute hepatic failure. Gastroenterology, 
122(7), 1822-1828.

5.	 Holstein, A., Hinze, S., Thiessen, E., Plaschke, A., & Eg-
berts, E. H. (2002). Clinical implications of hepatogenous 
diabetes in liver cirrhosis. Journal of gastroenterology and 
hepatology, 17(6), 677-681. 

6.	 Picardi, A., D'Avola, D., Gentilucci, U. V., Galati, G., Fiori, 
E., Spataro, S., & Afeltra, A. (2006). Diabetes in chronic 
liver disease: from old concepts to new evidence. Diabetes/
metabolism research and reviews, 22(4), 274-283. 

7.	 Custro, N., Carroccio, A., Ganci, A., Scafidi, V., Campagna, 
P., Di Prima, L., & Montalto, G. (2001). Glycemic homeo-
stasis in chronic viral hepatitis and liver cirrhosis. Diabetes 
& metabolism, 27(4 Pt 1), 476-481. 

8.	 Postic, C., Dentin, R., & Girard, J. (2004). Role of the liver 
in the control of carbohydrate and lipid homeostasis. Diabe-
tes & metabolism, 30(5), 398-408. 

9.	 Barthel, A., & Schmoll, D. (2003). Novel concepts in insu-
lin regulation of hepatic gluconeogenesis. American Jour-
nal of Physiology-Endocrinology And Metabolism, 285(4), 
E685-E692. 

10.	 Cotrozzi, G., Relli, P., & Buzzelli, G. (1997). Role of the 
liver in the regulation of glucose metabolism in diabetes and 
chronic liver disease. Annali italiani di medicina interna: 
organo ufficiale della Societa italiana di medicina interna, 
12(2), 84-91. 

11.	 Tappy, L., & Minehira, K. (2001). New data and new con-
cepts on the role of the liver in glucose homeostasis. Cur-
rent Opinion in Clinical Nutrition & Metabolic Care, 4(4), 
273-277. 

12.	 Nielsen, M. F., Caumo, A., Aagaard, N. K., Chandramou-
li, V., Schumann, W. C., Landau, B. R., ... & Vilstrup, H. 
(2005). Contribution of defects in glucose uptake to car-
bohydrate intolerance in liver cirrhosis: assessment during 

physiological glucose and insulin concentrations. American 
Journal of Physiology-Gastrointestinal and Liver Physiolo-
gy, 288(6), G1135-G1143. 

13.	 Steppan, C. M., Bailey, S. T., Bhat, S., Brown, E. J., Baner-
jee, R. R., Wright, C. M., ... & Lazar, M. A. (2001). The hor-
mone resistin links obesity to diabetes. Nature, 409(6818), 
307-312. 

14.	 Petrides AS, Vogt C, Schulze-Berge D, Matthews D, 
Strohmeyer G. Pathogenesis of glucose intolerance and di-
abetes mellitus in cirrhosis. Hepatology. 2014;19:616–627. 

15.	 Petrides, A. S., Stanley, T., Matthews, D. E., Vogt, C., Bush, 
A. J., & Lambeth, H. (1998). Insulin resistance in cirrhosis: 
prolonged reduction of hyperinsulinemia normalizes insulin 
sensitivity. Hepatology, 28(1), 141-149. 

16.	 Merli, M., Leonetti, F., Riggio, O., Valeriano, V., Ribaudo, 
M. C., Sprati, F., ... & Capocaccia, L. (1999). Glucose in-
tolerance and insulin resistance in cirrhosis are normalized 
after liver transplantation. Hepatology, 30(3), 649-654. 

17.	 Petrides, A. S., Groop, L. C., Riely, C. A., & DeFronzo, R. 
A. (1991). Effect of physiologic hyperinsulinemia on glu-
cose and lipid metabolism in cirrhosis. The Journal of clini-
cal investigation, 88(2), 561-570. 

18.	 Lecube, A., Hernández, C., Genescà, J., Esteban, J. I., Jardí, 
R., & Simó, R. (2004). High prevalence of glucose abnor-
malities in patients with hepatitis C virus infection: a multi-
variate analysis considering the liver injury. Diabetes care, 
27(5), 1171-1175. 

19.	 Nishida, T., Tsuji, S., Tsujii, M., Arimitsu, S., Haruna, Y., 
Imano, E., ... & Hori, M. (2006). Oral glucose tolerance test 
predicts prognosis of patients with liver cirrhosis. Official 
journal of the American College of Gastroenterology| ACG, 
101(1), 70-75. 

20.	 Di Bisceglie, A. M. (2004). What every hepatologist should 
know about endocrinology: obesity, diabetes, and liver dis-
ease. Gastroenterology, 126(2), 604-606. 

21.	 Wideroff, L., Gridley, G., Chow, W. H., Linet, M., Mel-
lemkjaer, L., Olsen, J. H., ... & Borch-Johnsen, K. (1997). 
Cancer incidence in a population-based cohort of patients 
hospitalized with diabetes mellitus in Denmark. Journal of 
the National Cancer Institute, 89(18), 1360-1365. 

22.	 Fujino, Y., Mizoue, T., Tokui, N., & Yoshimura, T. (2001). 
Prospective study of diabetes mellitus and liver cancer in 
Japan. Diabetes/metabolism research and reviews, 17(5), 
374-379. 

23.	 Tazawa, J., Maeda, M., Nakagawa, M., Ohbayashi, H., 
Kusano, F., Yamane, M., ... & Suzuki, K. (2002). Diabe-
tes mellitus may be associated with hepatocarcinogenesis 
in patients with chronic hepatitis C. Digestive diseases and 
sciences, 47, 710-715. 

24.	 Donadon, V., Balbi, M., Casarin, P., Vario, A., & Alberti, A. 
(2008). Association between hepatocellular carcinoma and 
type 2 diabetes mellitus in Italy: potential role of insulin. 
World Journal of Gastroenterology: WJG, 14(37), 5695. 

25.	 Veldt, B. J., Chen, W., Heathcote, E. J., Wedemeyer, H., 
Reichen, J., Hofmann, W. P., ... & Janssen, H. L. (2008). 
Increased risk of hepatocellular carcinoma among patients 
with hepatitis C cirrhosis and diabetes mellitus. Hepatology, 
47(6), 1856-1862. 

26.	 Browning, J. D., Szczepaniak, L. S., Dobbins, R., Nurem-

https://doi.org/10.1016/j.amjmed.2007.03.025
https://doi.org/10.1016/j.amjmed.2007.03.025
https://doi.org/10.1016/j.amjmed.2007.03.025
https://doi.org/10.1053/j.gastro.2003.10.065
https://doi.org/10.1053/j.gastro.2003.10.065
https://doi.org/10.1053/j.gastro.2003.10.065
https://doi.org/10.2337/dc06-1539
https://doi.org/10.2337/dc06-1539
https://doi.org/10.2337/dc06-1539
https://doi.org/10.2337/dc06-1539
https://doi.org/10.1053/gast.2002.33650
https://doi.org/10.1053/gast.2002.33650
https://doi.org/10.1053/gast.2002.33650
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1002/dmrr.636
https://doi.org/10.1002/dmrr.636
https://doi.org/10.1002/dmrr.636
https://doi.org/10.1002/dmrr.636
https://pubmed.ncbi.nlm.nih.gov/11547221/
https://pubmed.ncbi.nlm.nih.gov/11547221/
https://pubmed.ncbi.nlm.nih.gov/11547221/
https://pubmed.ncbi.nlm.nih.gov/11547221/
https://doi.org/10.1016/S1262-3636(07)70133-7
https://doi.org/10.1016/S1262-3636(07)70133-7
https://doi.org/10.1016/S1262-3636(07)70133-7
https://doi.org/10.1152/ajpendo.00253.2003
https://doi.org/10.1152/ajpendo.00253.2003
https://doi.org/10.1152/ajpendo.00253.2003
https://doi.org/10.1152/ajpendo.00253.2003
https://pubmed.ncbi.nlm.nih.gov/9333317/
https://pubmed.ncbi.nlm.nih.gov/9333317/
https://pubmed.ncbi.nlm.nih.gov/9333317/
https://pubmed.ncbi.nlm.nih.gov/9333317/
https://pubmed.ncbi.nlm.nih.gov/9333317/
https://journals.lww.com/co-clinicalnutrition/Abstract/2001/07000/New_data_and_new_concepts_on_the_role_of_the_liver.5.aspx
https://journals.lww.com/co-clinicalnutrition/Abstract/2001/07000/New_data_and_new_concepts_on_the_role_of_the_liver.5.aspx
https://journals.lww.com/co-clinicalnutrition/Abstract/2001/07000/New_data_and_new_concepts_on_the_role_of_the_liver.5.aspx
https://journals.lww.com/co-clinicalnutrition/Abstract/2001/07000/New_data_and_new_concepts_on_the_role_of_the_liver.5.aspx
https://doi.org/10.1152/ajpgi.00278.2004
https://doi.org/10.1152/ajpgi.00278.2004
https://doi.org/10.1152/ajpgi.00278.2004
https://doi.org/10.1152/ajpgi.00278.2004
https://doi.org/10.1152/ajpgi.00278.2004
https://doi.org/10.1152/ajpgi.00278.2004
https://doi.org/10.1152/ajpgi.00278.2004
https://doi.org/10.1038/35053000
https://doi.org/10.1038/35053000
https://doi.org/10.1038/35053000
https://doi.org/10.1038/35053000
https://doi.org/10.1002/hep.1840190312
https://doi.org/10.1002/hep.1840190312
https://doi.org/10.1002/hep.1840190312
https://doi.org/10.1002/hep.510280119
https://doi.org/10.1002/hep.510280119
https://doi.org/10.1002/hep.510280119
https://doi.org/10.1002/hep.510280119
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1172%2FJCI115340
https://doi.org/10.1172%2FJCI115340
https://doi.org/10.1172%2FJCI115340
https://doi.org/10.1172%2FJCI115340
https://doi.org/10.2337/diacare.27.5.1171
https://doi.org/10.2337/diacare.27.5.1171
https://doi.org/10.2337/diacare.27.5.1171
https://doi.org/10.2337/diacare.27.5.1171
https://doi.org/10.2337/diacare.27.5.1171
https://journals.lww.com/ajg/Abstract/2006/01000/Oral_Glucose_Tolerance_Test_Predicts_Prognosis_of.14.aspx
https://journals.lww.com/ajg/Abstract/2006/01000/Oral_Glucose_Tolerance_Test_Predicts_Prognosis_of.14.aspx
https://journals.lww.com/ajg/Abstract/2006/01000/Oral_Glucose_Tolerance_Test_Predicts_Prognosis_of.14.aspx
https://journals.lww.com/ajg/Abstract/2006/01000/Oral_Glucose_Tolerance_Test_Predicts_Prognosis_of.14.aspx
https://journals.lww.com/ajg/Abstract/2006/01000/Oral_Glucose_Tolerance_Test_Predicts_Prognosis_of.14.aspx
https://doi.org/10.1053/j.gastro.2003.12.018
https://doi.org/10.1053/j.gastro.2003.12.018
https://doi.org/10.1053/j.gastro.2003.12.018
https://doi.org/10.1093/jnci/89.18.1360
https://doi.org/10.1093/jnci/89.18.1360
https://doi.org/10.1093/jnci/89.18.1360
https://doi.org/10.1093/jnci/89.18.1360
https://doi.org/10.1093/jnci/89.18.1360
https://doi.org/10.1002/dmrr.214
https://doi.org/10.1002/dmrr.214
https://doi.org/10.1002/dmrr.214
https://doi.org/10.1002/dmrr.214
https://doi.org/10.1023/a:1014715327729
https://doi.org/10.1023/a:1014715327729
https://doi.org/10.1023/a:1014715327729
https://doi.org/10.1023/a:1014715327729
https://doi.org/10.1023/a:1014715327729
https://doi.org/10.3748%2Fwjg.14.5695
https://doi.org/10.3748%2Fwjg.14.5695
https://doi.org/10.3748%2Fwjg.14.5695
https://doi.org/10.3748%2Fwjg.14.5695
https://doi.org/10.1002/hep.22251
https://doi.org/10.1002/hep.22251
https://doi.org/10.1002/hep.22251
https://doi.org/10.1002/hep.22251
https://doi.org/10.1002/hep.22251
https://doi.org/10.1002/hep.20466


   Volume 7 | Issue 1 | 32J Gastro & Digestive Systems 2023

berg, P., Horton, J. D., Cohen, J. C., ... & Hobbs, H. H. 
(2004). Prevalence of hepatic steatosis in an urban popula-
tion in the United States: impact of ethnicity. Hepatology, 
40(6), 1387-1395. 

27.	 Angulo, P. (2007). GI epidemiology: nonalcoholic fatty liv-
er disease. Alimentary pharmacology & therapeutics, 25(8), 
883-889. 

28.	 Caldwell, S. H., Oelsner, D. H., Iezzoni, J. C., Hespenheide, 
E. E., Battle, E. H., & Driscoll, C. J. (1999). Cryptogenic 
cirrhosis: clinical characterization and risk factors for un-
derlying disease. Hepatology, 29(3), 664-669. 

29.	 Tellez-Avila, F. I., Sanchez-Avila, F., García-Saenz-de-
Sicilia, M., Chavez-Tapia, N. C., Franco-Guzman, A. M., 
Lopez-Arce, G., ... & Uribe, M. (2008). Prevalence of met-
abolic syndrome, obesity and diabetes type 2 in cryptogenic 
cirrhosis. World journal of gastroenterology: WJG, 14(30), 
4771. 

30.	 Chalasani, N., Gorski, J. C., Asghar, M. S., Asghar, A., 
Foresman, B., Hall, S. D., & Crabb, D. W. (2003). Hepatic 
cytochrome P450 2E1 activity in nondiabetic patients with 
nonalcoholic steatohepatitis. Hepatology, 37(3), 544-550. 

31.	 Pessayre, D., Fromenty, B., & Mansouri, A. (2004). Mito-
chondrial injury in steatohepatitis. European journal of gas-
troenterology & hepatology, 16(11), 1095-1105.

32.	 Crespo, J., Fern, P., Hern, M., Mayorga, M., & Pons-Rome-
ro, F. (2001). Gene expression of tumor necrosis factor [al-
pha] and TNF-receptors, p55 and p75, in nonalcoholic ste-
atohepatitis patients. Hepatology, 34(6), 1158-1163. 

33.	 Sanyal, A. J. (2002). AGA technical review on nonalcoholic 
fatty liver disease. Gastroenterology, 123(5), 1705-1725. 

34.	 Bertolani, C., & Marra, F. (2008). The role of adipokines in 
liver fibrosis. Pathophysiology, 15(2), 91-101. 

35.	 Buzzelli, G., Chiarantini, E., Cotrozzi, G., Relli, P., Matassi, 
L., Romanelli, R. G., & Gentilini, P. (1988). Estimate of 
prevalence of glucose intolerance in chronic liver disease. 
Degree of agreement among some diagnostic criteria. Liver, 
8(6), 354-359. 

36.	 Niederau, C. L. A. U. S., Fischer, R. U. D. O. L. F., Pur-
schel, A., Stremmel, W. O. L. F. G. A. N. G., Haussinger, D., 
& Strohmeyer, G. E. O. R. G. (1996). Long-term survival in 
patients with hereditary hemochromatosis. Gastroenterolo-
gy, 110(4), 1107-1119. 

37.	 Blanco, C. D. V., Gentile, S., Marmo, R., Carbone, L., & 
Coltorti, M. (1990). Alterations of glucose metabolism in 
chronic liver disease. Diabetes research and clinical prac-
tice, 8(1), 29-36. 

38.	 Harrison, S. A. (2006). Liver disease in patients with dia-
betes mellitus. Journal of clinical gastroenterology, 40(1), 
68-76. 

39.	 Angulo, P., Keach, J. C., Batts, K. P., & Lindor, K. D. 
(1999). Independent predictors of liver fibrosis in patients 
with nonalcoholic steatohepatitis. Hepatology, 30(6), 1356-
1362. 

40.	 Romero-Gómez, M. (2006). Insulin resistance and hepatitis 
C. World journal of gastroenterology: WJG, 12(44), 7075. 

41.	 Qureshi, K., & Abrams, G. A. (2007). Metabolic liver dis-
ease of obesity and role of adipose tissue in the pathogen-
esis of nonalcoholic fatty liver disease. World journal of 
gastroenterology: WJG, 13(26), 3540. 

42.	 Hatzitolios, A., Savopoulos, C., Lazaraki, G., Sidiropoulos, 
I., Haritanti, P., Lefkopoulos, A., ... & Dimitrios, K. (2004). 
Efficacy of omega-3 fatty acids, atorvastatin and orlistat in 
non-alcoholic fatty liver disease with dyslipidemia. Indian 
journal of gastroenterology: official journal of the Indian 
Society of Gastroenterology, 23(4), 131-134. 

43.	 Mehta, S. H., Brancati, F. L., Sulkowski, M. S., Strathdee, 
S. A., Szklo, M., & Thomas, D. L. (2000). Prevalence of 
type 2 diabetes mellitus among persons with hepatitis C vi-
rus infection in the United States. Annals of internal medi-
cine, 133(8), 592-599. 

44.	 Knobler, H., Schihmanter, R., Zifroni, A., Fenakel, G., & 
Schattner, A. (2000, April). Increased risk of type 2 diabe-
tes in noncirrhotic patients with chronic hepatitis C virus 
infection. In Mayo Clinic Proceedings (Vol. 75, No. 4, pp. 
355-359). Elsevier. 

45.	 Anty, R., Gelsi, E., Giudicelli, J., Mariné-Barjoan, E., Gual, 
P., Benzaken, S., ... & Tran, A. (2007). Glucose intolerance 
and hypoadiponectinemia are already present in lean pa-
tients with chronic hepatitis C infected with genotype non-3 
viruses. European journal of gastroenterology & hepatolo-
gy, 19(8), 671-677. 

46.	 Lecube, A., Hernández, C., Genescà, J., & Simó, R. (2006). 
Proinflammatory cytokines, insulin resistance, and insu-
lin secretion in chronic hepatitis C patients: a case-control 
study. Diabetes care, 29(5), 1096-1101. 

47.	 Moucari R, Asselah T, Cazals-Hatem D, Voitot H, Boyer 
N, Ripault MP, Sobesky R, Martinot-Peignoux M, Maylin 
S, Nicolas-Chanoine MH, et al. Insulin resistance in chron-
ic hepatitis C: association with genotypes 1 and 4, serum 
HCV RNA level, and liver fibrosis. Gastroenterology. 
2018;134:416–423. 

48.	 Hui, J. M., Sud, A., Farrell, G. C., Bandara, P., Byth, K., 
Kench, J. G., ... & George, J. (2003). Insulin resistance is as-
sociated with chronic hepatitis C and virus infection fibrosis 
progression. Gastroenterology, 125(6), 1695-1704. 

49.	 Romero-Gómez, M., Viloria, M. D. M., Andrade, R. J., 
Salmerón, J., Diago, M., Fernández-Rodríguez, C. M., ... 
& Castillo, J. (2005). Insulin resistance impairs sustained 
response rate to peginterferon plus ribavirin in chronic hep-
atitis C patients. Gastroenterology, 128(3), 636-641.

50.	 Sanyal, A. J. (2004). Hyperinsulinemia blocks the inhibi-
tion of hepatitis C virus (HCV) replication by interferon: 
a potential mechanism for failure of interferon therapy in 
subjects with HCV and non alcoholic fatty liver disease. 
Hepatology, 40, 179A. 

51.	 Giordanino, C., Bugianesi, E., Smedile, A., Ciancio, A., 
Abate, M. L., Olivero, A., ... & Saracco, G. (2008). Inci-
dence of type 2 diabetes mellitus and glucose abnormalities 
in patients with chronic hepatitis C infection by response 
to treatment: results of a cohort study. Official journal of 
the American College of Gastroenterology| ACG, 103(10), 
2481-2487. 

52.	 Zein, N. N., Abdulkarim, A. S., Wiesner, R. H., Egan, K. 
S., & Persing, D. H. (2000). Prevalence of diabetes mellitus 
in patients with end-stage liver cirrhosis due to hepatitis C, 
alcohol, or cholestatic disease. Journal of hepatology, 32(2), 
209-217. 

53.	 Wei M, Gibbons LW, Mitchell TL, Kampert JB, Blair SN. 

https://doi.org/10.1002/hep.20466
https://doi.org/10.1002/hep.20466
https://doi.org/10.1002/hep.20466
https://doi.org/10.1002/hep.20466
https://doi.org/10.1111/j.1365-2036.2007.03246.x
https://doi.org/10.1111/j.1365-2036.2007.03246.x
https://doi.org/10.1111/j.1365-2036.2007.03246.x
https://doi.org/10.1002/hep.510290347
https://doi.org/10.1002/hep.510290347
https://doi.org/10.1002/hep.510290347
https://doi.org/10.1002/hep.510290347
https://doi.org/10.3748%2Fwjg.14.4771
https://doi.org/10.3748%2Fwjg.14.4771
https://doi.org/10.3748%2Fwjg.14.4771
https://doi.org/10.3748%2Fwjg.14.4771
https://doi.org/10.3748%2Fwjg.14.4771
https://doi.org/10.3748%2Fwjg.14.4771
https://doi.org/10.1053/jhep.2003.50095
https://doi.org/10.1053/jhep.2003.50095
https://doi.org/10.1053/jhep.2003.50095
https://doi.org/10.1053/jhep.2003.50095
https://journals.lww.com/eurojgh/Abstract/2004/11000/Mitochondrial_injury_in_steatohepatitis.3.aspx
https://journals.lww.com/eurojgh/Abstract/2004/11000/Mitochondrial_injury_in_steatohepatitis.3.aspx
https://journals.lww.com/eurojgh/Abstract/2004/11000/Mitochondrial_injury_in_steatohepatitis.3.aspx
https://doi.org/10.1053/jhep.2001.29628
https://doi.org/10.1053/jhep.2001.29628
https://doi.org/10.1053/jhep.2001.29628
https://doi.org/10.1053/jhep.2001.29628
https://doi.org/10.1053/gast.2002.36572
https://doi.org/10.1053/gast.2002.36572
https://doi.org/10.1016/j.pathophys.2008.05.001
https://doi.org/10.1016/j.pathophys.2008.05.001
https://doi.org/10.1111/j.1600-0676.1988.tb01016.x
https://doi.org/10.1111/j.1600-0676.1988.tb01016.x
https://doi.org/10.1111/j.1600-0676.1988.tb01016.x
https://doi.org/10.1111/j.1600-0676.1988.tb01016.x
https://doi.org/10.1111/j.1600-0676.1988.tb01016.x
https://doi.org/10.1053/gast.1996.v110.pm8613000
https://doi.org/10.1053/gast.1996.v110.pm8613000
https://doi.org/10.1053/gast.1996.v110.pm8613000
https://doi.org/10.1053/gast.1996.v110.pm8613000
https://doi.org/10.1053/gast.1996.v110.pm8613000
https://doi.org/10.1016/0168-8227(90)90093-9
https://doi.org/10.1016/0168-8227(90)90093-9
https://doi.org/10.1016/0168-8227(90)90093-9
https://doi.org/10.1016/0168-8227(90)90093-9
https://doi.org/10.1097/01.mcg.0000190774.91875.d2
https://doi.org/10.1097/01.mcg.0000190774.91875.d2
https://doi.org/10.1097/01.mcg.0000190774.91875.d2
https://doi.org/10.1002/hep.510300604
https://doi.org/10.1002/hep.510300604
https://doi.org/10.1002/hep.510300604
https://doi.org/10.1002/hep.510300604
https://doi.org/10.3748%2Fwjg.v12.i44.7075
https://doi.org/10.3748%2Fwjg.v12.i44.7075
https://doi.org/10.3748%2Fwjg.v13.i26.3540
https://doi.org/10.3748%2Fwjg.v13.i26.3540
https://doi.org/10.3748%2Fwjg.v13.i26.3540
https://doi.org/10.3748%2Fwjg.v13.i26.3540
https://pubmed.ncbi.nlm.nih.gov/15333967/
https://pubmed.ncbi.nlm.nih.gov/15333967/
https://pubmed.ncbi.nlm.nih.gov/15333967/
https://pubmed.ncbi.nlm.nih.gov/15333967/
https://pubmed.ncbi.nlm.nih.gov/15333967/
https://pubmed.ncbi.nlm.nih.gov/15333967/
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.4065/75.4.355
https://doi.org/10.4065/75.4.355
https://doi.org/10.4065/75.4.355
https://doi.org/10.4065/75.4.355
https://doi.org/10.4065/75.4.355
https://doi.org/10.1097/meg.0b013e3281532b9a
https://doi.org/10.1097/meg.0b013e3281532b9a
https://doi.org/10.1097/meg.0b013e3281532b9a
https://doi.org/10.1097/meg.0b013e3281532b9a
https://doi.org/10.1097/meg.0b013e3281532b9a
https://doi.org/10.1097/meg.0b013e3281532b9a
https://doi.org/10.2337/dc05-2509
https://doi.org/10.2337/dc05-2509
https://doi.org/10.2337/dc05-2509
https://doi.org/10.2337/dc05-2509
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2003.08.032
https://doi.org/10.1053/j.gastro.2003.08.032
https://doi.org/10.1053/j.gastro.2003.08.032
https://doi.org/10.1053/j.gastro.2003.08.032
https://doi.org/10.1053/j.gastro.2004.12.049https://doi.org/10.1053/j.gastro.2004.12.049http://Romero-Gómez, M., Viloria, M. D. M., Andrade, R. J., Salmerón, J., Diago, M., Fernández-Rodríguez, C
https://doi.org/10.1053/j.gastro.2004.12.049https://doi.org/10.1053/j.gastro.2004.12.049http://Romero-Gómez, M., Viloria, M. D. M., Andrade, R. J., Salmerón, J., Diago, M., Fernández-Rodríguez, C
https://doi.org/10.1053/j.gastro.2004.12.049https://doi.org/10.1053/j.gastro.2004.12.049http://Romero-Gómez, M., Viloria, M. D. M., Andrade, R. J., Salmerón, J., Diago, M., Fernández-Rodríguez, C
https://doi.org/10.1053/j.gastro.2004.12.049https://doi.org/10.1053/j.gastro.2004.12.049http://Romero-Gómez, M., Viloria, M. D. M., Andrade, R. J., Salmerón, J., Diago, M., Fernández-Rodríguez, C
https://doi.org/10.1053/j.gastro.2004.12.049https://doi.org/10.1053/j.gastro.2004.12.049http://Romero-Gómez, M., Viloria, M. D. M., Andrade, R. J., Salmerón, J., Diago, M., Fernández-Rodríguez, C
https://cir.nii.ac.jp/crid/1573105975411968128
https://cir.nii.ac.jp/crid/1573105975411968128
https://cir.nii.ac.jp/crid/1573105975411968128
https://cir.nii.ac.jp/crid/1573105975411968128
https://cir.nii.ac.jp/crid/1573105975411968128
https://doi.org/10.1111/j.1572-0241.2008.02002.x
https://doi.org/10.1111/j.1572-0241.2008.02002.x
https://doi.org/10.1111/j.1572-0241.2008.02002.x
https://doi.org/10.1111/j.1572-0241.2008.02002.x
https://doi.org/10.1111/j.1572-0241.2008.02002.x
https://doi.org/10.1111/j.1572-0241.2008.02002.x
https://doi.org/10.1111/j.1572-0241.2008.02002.x
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.2337/diacare.23.1.18


   Volume 7 | Issue 1 | 33J Gastro & Digestive Systems 2023

Alcohol intake and incidence of type 2 diabetes in men. Di-
abetes Care. 2010;23:18–22. 

54.	 Adams, P. C., Kertesz, A. E., & Valberg, L. S. (1991). Clini-
cal presentation of hemochromatosis: a changing scene. The 
American journal of medicine, 90(4), 445-449. 

55.	 Greco, A. V., Mingrone, G., Mari, A., Capristo, E., Manco, 
M., & Gasbarrini, G. (2002). Mechanisms of hyperinsuli-
naemia in Child’s disease grade B liver cirrhosis investigat-
ed in free living conditions. Gut, 51(6), 870-875. 

56.	 Kim, M. G., & Choi, W. C. (2006). Differential diagnosis of 
diabetes mellitus caused by liver cirrhosis and other type 2. 
대한간학회지 제, 12(4), 524-529. 

57.	 De Marco, R., Locatelli, F., Zoppini, G., Verlato, G., Bono-
ra, E., & Muggeo, M. (1999). Cause-specific mortality in 
type 2 diabetes. The Verona Diabetes Study. Diabetes care, 
22(5), 756-761. 

58.	 Bianchi, G., Marchesini, G., Zoli, M., Bugianesi, E., Fabbri, 
A., & Pisi, E. (1994). Prognostic significance of diabetes in 
patients with cirrhosis. Hepatology, 20(1), 119-125. 

59.	 Trombetta, M., Spiazzi, G., Zoppini, G., & Muggeo, M. 
(2005). type 2 diabetes and chronic liver disease in the Ve-
rona diabetes study. Alimentary pharmacology & therapeu-
tics, 22, 24-27. 

60.	 Hourigan, L. F., Macdonald, G. A., Purdie, D., Whitehall, 
V. H., Shorthouse, C., Clouston, A., & Powell, E. E. (1999). 
Fibrosis in chronic hepatitis C correlates significantly with 
body mass index and steatosis. Hepatology, 29(4), 1215-
1219. 

61.	 Taura, N., Ichikawa, T., Hamasaki, K., Nakao, K., Nishimu-
ra, D., Goto, T., ... & Eguchi, K. (2006). Association be-
tween liver fibrosis and insulin sensitivity in chronic hepa-
titis C patients. Official journal of the American College of 
Gastroenterology| ACG, 101(12), 2752-2759. 

62.	 Flores-Rendón, Á. R., González-González, J. A., 
García-Compean, D., Maldonado-Garza, H. J., & Gar-
za-Galindo, A. A. (2008). Model for end stage of liver dis-
ease (MELD) is better than the Child-Pugh score for pre-
dicting in-hospital mortality related to esophageal variceal 
bleeding. Annals of hepatology, 7(3), 230-234. 

63.	 Durand, F., & Valla, D. (2005). Assessment of the prognosis 
of cirrhosis: Child–Pugh versus MELD. Journal of hepatol-
ogy, 42(1), S100-S107. 

64.	 Moreau, R., Delègue, P., Pessione, F., Hillaire, S., Durand, 
F., Lebrec, D., & Valla, D. C. (2004). Clinical characteris-
tics and outcome of patients with cirrhosis and refractory 
ascites. Liver International, 24(5), 457-464. 

65.	 Amarapurkar, D. N., Patel, N. D., & Kamani, P. M. (2008). 
Impact of diabetes mellitus on outcome of HCC. Annals of 
hepatology, 7(2), 148-151. 

66.	 Garcia-Tsao, G. (2005). Bacterial infections in cirrhosis: 
treatment and prophylaxis. Journal of hepatology, 42(1), 
S85-S92. 

67.	 Cheruvattath, R., & Balan, V. (2007). Infections in patients 
with end-stage liver disease. Journal of clinical gastroenter-
ology, 41(4), 403-411. 

68.	 Roden, M. (2006). Mechanisms of disease: hepatic steato-
sis in type 2 diabetes—pathogenesis and clinical relevance. 
Nature clinical practice Endocrinology & metabolism, 2(6), 
335-348. 

69.	 Whitehead, J. P., Richards, A. A., Hickman, I. J., Macdon-
ald, G. A., & Prins, J. B. (2006). Adiponectin–a key adi-
pokine in the metabolic syndrome. Diabetes, Obesity and 
Metabolism, 8(3), 264-280. 

70.	 Jonsson, J. R., Moschen, A. R., Hickman, I. J., Richardson, 
M. M., Kaser, S., Clouston, A. D., ... & Tilg, H. (2005). Ad-
iponectin and its receptors in patients with chronic hepatitis 
C. Journal of hepatology, 43(6), 929-936. 

71.	 Svegliati‐Baroni, G., Ridolfi, F., Di Sario, A., Casini, A., 
Marucci, L., Gaggiotti, G., ... & Folli, F. (1999). Insulin and 
insulin‐like growth factor‐1 stimulate proliferation and type 
I collagen accumulation by human hepatic stellate cells: dif-
ferential effects on signal transduction pathways. Hepatolo-
gy, 29(6), 1743-1751. 

72.	 Hou, M. C., Lin, H. C., Liu, T. T., Kuo, B. I. T., Lee, F. Y., 
Chang, F. Y., & Lee, S. D. (2004). Antibiotic prophylaxis 
after endoscopic therapy prevents rebleeding in acute var-
iceal hemorrhage: a randomized trial. Hepatology, 39(3), 
746-753. 

73.	 Marks, V., & Teale, J. D. (1999). Drug-induced hypogly-
cemia. Endocrinology and Metabolism Clinics, 28(3), 555-
577. 

74.	 Nair, S., Diehl, A. M., Wiseman, M., Farr Jr, G. H., & Per-
rillo, R. P. (2004). Metformin in the treatment of non‐al-
coholic steatohepatitis: a pilot open label trial. Alimentary 
pharmacology & therapeutics, 20(1), 23-28. 

75.	 Choudhury, S., Hirschberg, Y., Filipek, R., Lasseter, K., & 
McLeod, J. F. (2000). Single‐dose pharmacokinetics of na-
teglinide in subjects with hepatic cirrhosis. The Journal of 
Clinical Pharmacology, 40(6), 634-640. 

76.	 Gentile, S., Turco, S., Guarino, G., Oliviero, B., Annun-
ziata, S., Cozzolino, D., ... & Torella, R. (2001). Effect of 
treatment with acarbose and insulin in patients with non‐
insulin‐dependent diabetes mellitus associated with non‐al-
coholic liver cirrhosis. Diabetes, Obesity and Metabolism, 
3(1), 33-40. 

77.	 Gentile, S., Guarino, G., Romano, M., Alagia, I. A., Fierro, 
M., Annunziata, S., ... & Torella, R. (2005). A randomized 
controlled trial of acarbose in hepatic encephalopathy. Clin-
ical Gastroenterology and Hepatology, 3(2), 184-191. 

78.	 Lebovitz, H. E., Kreider, M., & Freed, M. I. (2002). Evalua-
tion of liver function in type 2 diabetic patients during clini-
cal trials: evidence that rosiglitazone does not cause hepatic 
dysfunction. Diabetes care, 25(5), 815-821. 

79.	 Petrides, A. S. (1999). Hepatogenic diabetes: pathophysiol-
ogy, therapeutic options and prognosis. Zeitschrift fur Gas-
troenterologie, 15-21. 

80.	 Blanco, J. J., Herrero, J. I., Quiroga, J., Sangro, B., Gó-
mez‐Manero, N., Pardo, F., ... & Prieto, J. (2001). Liver 
transplantation in cirrhotic patients with diabetes mellitus: 
midterm results, survival, and adverse events. Liver Trans-
plantation, 7(3), 226-233. 

81.	 Perseghin, G., Mazzaferro, V., Sereni, L. P., Regalia, E., 
Benedini, S., Bazzigaluppi, E., ... & Luzi, L. (2000). Con-
tribution of reduced insulin sensitivity and secretion to the 
pathogenesis of hepatogenous diabetes: effect of liver trans-
plantation. Hepatology, 31(3), 694-703. 

82.	 Kolaczynski, J. W., Carter, R., Soprano, K. J., Moscicki, R., 
& Boden, G. (1993). Insulin binding and degradation by rat 

https://doi.org/10.2337/diacare.23.1.18
https://doi.org/10.2337/diacare.23.1.18
https://doi.org/10.1016/0002-9343(91)80084-Y
https://doi.org/10.1016/0002-9343(91)80084-Y
https://doi.org/10.1016/0002-9343(91)80084-Y
http://dx.doi.org/10.1136/gut.51.6.870
http://dx.doi.org/10.1136/gut.51.6.870
http://dx.doi.org/10.1136/gut.51.6.870
http://dx.doi.org/10.1136/gut.51.6.870
https://www.e-cmh.org/upload/pdf/27402550.pdf
https://www.e-cmh.org/upload/pdf/27402550.pdf
https://www.e-cmh.org/upload/pdf/27402550.pdf
https://doi.org/10.2337/diacare.22.5.756
https://doi.org/10.2337/diacare.22.5.756
https://doi.org/10.2337/diacare.22.5.756
https://doi.org/10.2337/diacare.22.5.756
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1111/j.1365-2036.2005.02590.x
https://doi.org/10.1111/j.1365-2036.2005.02590.x
https://doi.org/10.1111/j.1365-2036.2005.02590.x
https://doi.org/10.1111/j.1365-2036.2005.02590.x
https://doi.org/10.1002/hep.510290401
https://doi.org/10.1002/hep.510290401
https://doi.org/10.1002/hep.510290401
https://doi.org/10.1002/hep.510290401
https://doi.org/10.1002/hep.510290401
https://doi.org/10.1111/j.1572-0241.2006.00835.x
https://doi.org/10.1111/j.1572-0241.2006.00835.x
https://doi.org/10.1111/j.1572-0241.2006.00835.x
https://doi.org/10.1111/j.1572-0241.2006.00835.x
https://doi.org/10.1111/j.1572-0241.2006.00835.x
https://pubmed.ncbi.nlm.nih.gov/18753990/#:~:text=The%20AUROC%20value%20of%20MELD,predicting%20failure%20to%20control%20bleeding.
https://pubmed.ncbi.nlm.nih.gov/18753990/#:~:text=The%20AUROC%20value%20of%20MELD,predicting%20failure%20to%20control%20bleeding.
https://pubmed.ncbi.nlm.nih.gov/18753990/#:~:text=The%20AUROC%20value%20of%20MELD,predicting%20failure%20to%20control%20bleeding.
https://pubmed.ncbi.nlm.nih.gov/18753990/#:~:text=The%20AUROC%20value%20of%20MELD,predicting%20failure%20to%20control%20bleeding.
https://pubmed.ncbi.nlm.nih.gov/18753990/#:~:text=The%20AUROC%20value%20of%20MELD,predicting%20failure%20to%20control%20bleeding.
https://pubmed.ncbi.nlm.nih.gov/18753990/#:~:text=The%20AUROC%20value%20of%20MELD,predicting%20failure%20to%20control%20bleeding.
https://doi.org/10.1016/j.jhep.2004.11.015
https://doi.org/10.1016/j.jhep.2004.11.015
https://doi.org/10.1016/j.jhep.2004.11.015
https://doi.org/10.1111/j.1478-3231.2004.0991.x
https://doi.org/10.1111/j.1478-3231.2004.0991.x
https://doi.org/10.1111/j.1478-3231.2004.0991.x
https://doi.org/10.1111/j.1478-3231.2004.0991.x
https://doi.org/10.1016/S1665-2681(19)31871-X
https://doi.org/10.1016/S1665-2681(19)31871-X
https://doi.org/10.1016/S1665-2681(19)31871-X
https://doi.org/10.1016/j.jhep.2004.12.006
https://doi.org/10.1016/j.jhep.2004.12.006
https://doi.org/10.1016/j.jhep.2004.12.006
https://doi.org/10.1097/01.mcg.0000248018.08515.f9
https://doi.org/10.1097/01.mcg.0000248018.08515.f9
https://doi.org/10.1097/01.mcg.0000248018.08515.f9
https://doi.org/10.1038/ncpendmet0190
https://doi.org/10.1038/ncpendmet0190
https://doi.org/10.1038/ncpendmet0190
https://doi.org/10.1038/ncpendmet0190
https://doi.org/10.1111/j.1463-1326.2005.00510.x
https://doi.org/10.1111/j.1463-1326.2005.00510.x
https://doi.org/10.1111/j.1463-1326.2005.00510.x
https://doi.org/10.1111/j.1463-1326.2005.00510.x
https://doi.org/10.1016/j.jhep.2005.05.030
https://doi.org/10.1016/j.jhep.2005.05.030
https://doi.org/10.1016/j.jhep.2005.05.030
https://doi.org/10.1016/j.jhep.2005.05.030
https://doi.org/10.1002/hep.510290632
https://doi.org/10.1002/hep.510290632
https://doi.org/10.1002/hep.510290632
https://doi.org/10.1002/hep.510290632
https://doi.org/10.1002/hep.510290632
https://doi.org/10.1002/hep.510290632
https://doi.org/10.1002/hep.20126
https://doi.org/10.1002/hep.20126
https://doi.org/10.1002/hep.20126
https://doi.org/10.1002/hep.20126
https://doi.org/10.1002/hep.20126
https://doi.org/10.1016/S0889-8529(05)70088-8
https://doi.org/10.1016/S0889-8529(05)70088-8
https://doi.org/10.1016/S0889-8529(05)70088-8
https://doi.org/10.1111/j.1365-2036.2004.02025.x
https://doi.org/10.1111/j.1365-2036.2004.02025.x
https://doi.org/10.1111/j.1365-2036.2004.02025.x
https://doi.org/10.1111/j.1365-2036.2004.02025.x
https://doi.org/10.1002/j.1552-4604.2000.tb05989.x
https://doi.org/10.1002/j.1552-4604.2000.tb05989.x
https://doi.org/10.1002/j.1552-4604.2000.tb05989.x
https://doi.org/10.1002/j.1552-4604.2000.tb05989.x
https://doi.org/10.1046/j.1463-1326.2001.00103.x
https://doi.org/10.1046/j.1463-1326.2001.00103.x
https://doi.org/10.1046/j.1463-1326.2001.00103.x
https://doi.org/10.1046/j.1463-1326.2001.00103.x
https://doi.org/10.1046/j.1463-1326.2001.00103.x
https://doi.org/10.1046/j.1463-1326.2001.00103.x
https://doi.org/10.1016/S1542-3565(04)00667-6
https://doi.org/10.1016/S1542-3565(04)00667-6
https://doi.org/10.1016/S1542-3565(04)00667-6
https://doi.org/10.1016/S1542-3565(04)00667-6
https://doi.org/10.2337/diacare.25.5.815
https://doi.org/10.2337/diacare.25.5.815
https://doi.org/10.2337/diacare.25.5.815
https://doi.org/10.2337/diacare.25.5.815
https://pubmed.ncbi.nlm.nih.gov/10444811/
https://pubmed.ncbi.nlm.nih.gov/10444811/
https://pubmed.ncbi.nlm.nih.gov/10444811/
https://doi.org/10.1053/jlts.2001.22183
https://doi.org/10.1053/jlts.2001.22183
https://doi.org/10.1053/jlts.2001.22183
https://doi.org/10.1053/jlts.2001.22183
https://doi.org/10.1053/jlts.2001.22183
https://doi.org/10.1002/hep.510310320
https://doi.org/10.1002/hep.510310320
https://doi.org/10.1002/hep.510310320
https://doi.org/10.1002/hep.510310320
https://doi.org/10.1002/hep.510310320
https://doi.org/10.1016/0026-0495(93)90106-X
https://doi.org/10.1016/0026-0495(93)90106-X


   Volume 7 | Issue 1 | 34J Gastro & Digestive Systems 2023

liver Kupffer and endothelial cells. Metabolism, 42(4), 477-
481. 

83.	 Picardi, A., D'Avola, D., Gentilucci, U. V., Galati, G., Fiori, 
E., Spataro, S., & Afeltra, A. (2006). Diabetes in chronic 
liver disease: from old concepts to new evidence. Diabetes/
metabolism research and reviews, 22(4), 274-283. 

84.	 Bosch, J. A. I. M. E., Gomis, R. A. M. O. N., Kravetz, D. A. 
V. I. D., Casamitjana, R. O. S. E. R., Teres, J. O. S. E., Rive-
ra, F., & Rodés, J. (1984). Role of spontaneous portal-sys-
temic shunting in hyperinsulinism of cirrhosis. American 
Journal of Physiology-Gastrointestinal and Liver Physiol-
ogy, 247(3), G206-G212. 

85.	 Deschenes, M., & Somberg, K. A. (1998). Effect of trans-
jugular intrahepatic portosystemic shunt (TIPS) on glyce-
mic control in cirrhotic patients with diabetes mellitus. Of-
ficial journal of the American College of Gastroenterology| 
ACG, 93(3), 483. 

86.	 Shanik, M. H., Xu, Y., Skrha, J., Dankner, R., Zick, Y., & 
Roth, J. (2008). Insulin resistance and hyperinsulinemia: 
is hyperinsulinemia the cart or the horse?. Diabetes care, 
31(Supplement_2), S262-S268. 

87.	 Vlassara, H., & Uribarri, J. (2014). Advanced glycation end 
products (AGE) and diabetes: cause, effect, or both?. Cur-
rent diabetes reports, 14, 1-10. 

88.	 Yang, Z., Makita, Z., Horii, Y., Brunelle, S., Cerami, A., 
Sehajpal, P., ... & Vlassara, H. (1991). Two novel rat liv-
er membrane proteins that bind advanced glycosylation 
endproducts: relationship to macrophage receptor for glu-
cose-modified proteins. The Journal of experimental medi-
cine, 174(3), 515-524. 

89.	 Šebeková, K., Kupčová, V., Schinzel, R., & Heidland, A. 
(2002). Markedly elevated levels of plasma advanced gly-
cation end products in patients with liver cirrhosis–amelio-
ration by liver transplantation. Journal of hepatology, 36(1), 
66-71. 

90.	 Yagmur, E., Tacke, F., Weiss, C., Lahme, B., Manns, M. 
P., Kiefer, P., ... & Gressner, A. M. (2006). Elevation of 
Nε-(carboxymethyl) lysine-modified advanced glycation 
end products in chronic liver disease is an indicator of liver 
cirrhosis. Clinical Biochemistry, 39(1), 39-45. 

91.	 Moreau, R., Lee, S. S., Soupison, T., Roche-Sicot, J., & 
Sicot, C. (1988). Abnormal tissue oxygenation in patients 
with cirrhosis and liver failure. Journal of hepatology, 7(1), 
98-105. 

92.	 Corpechot, C., Barbu, V., Wendum, D., Kinnman, N., Rey, 
C., Poupon, R., ... & Rosmorduc, O. (2002). Hypoxia‐in-
duced VEGF and collagen I expressions are associated with 
angiogenesis and fibrogenesis in experimental cirrhosis. 
Hepatology, 35(5), 1010-1021. 

93.	 Nath, B., & Szabo, G. (2012). Hypoxia and hypoxia in-
ducible factors: diverse roles in liver diseases. Hepatology, 
55(2), 622-633. 

94.	 Semenza, G. L. (2012). Hypoxia-inducible factors in physi-
ology and medicine. Cell, 148(3), 399-408. 

95.	 Cheng, K., Ho, K., Stokes, R., Scott, C., Lau, S. M., Haw-
thorne, W. J., ... & Gunton, J. E. (2010). Hypoxia-induc-
ible factor-1α regulates β cell function in mouse and human 
islets. The Journal of clinical investigation, 120(6), 2171-
2183. 

96.	 Petrides, A. S., Vogt, C., Schulze‐Berge, D., Matthews, D., 
& Strohmeyer, G. (1994). Pathogenesis of glucose intoler-
ance and diabetes mellitus in cirrhosis. Hepatology, 19(3), 
616-627. 

97.	 Yi, P., Park, J. S., & Melton, D. A. (2017). Betatrophin: A 
Hormone that Controls Pancreatic beta Cell Proliferation 
(Retraction of Vol 153, Pg 747, 2013). 

98.	 Espes, D., Martinell, M., & Carlsson, P. O. (2014). Increased 
circulating betatrophin concentrations in patients with type 
2 diabetes. International journal of endocrinology, 2014. 

99.	 Fu, Z., Berhane, F., Fite, A., Seyoum, B., Abou-Samra, A. 
B., & Zhang, R. (2014). Elevated circulating lipasin/beta-
trophin in human type 2 diabetes and obesity. Scientific re-
ports, 4(1), 5013.

100.	Hu, H., Sun, W., Yu, S., Hong, X., Qian, W., Tang, B., ... & 
Yuan, G. (2014). Increased circulating levels of betatrophin 
in newly diagnosed type 2 diabetic patients. Diabetes care, 
37(10), 2718-2722.

101.	Abu-Farha, M., Abubaker, J., Al-Khairi, I., Cherian, P., 
Noronha, F., Hu, F. B., ... & Elkum, N. (2015). Higher plas-
ma betatrophin/ANGPTL8 level in Type 2 Diabetes subjects 
does not correlate with blood glucose or insulin resistance. 
Scientific reports, 5(1), 10949. 

102.	Arias-Loste, M. T., García-Unzueta, M. T., Llerena, S., 
Iruzubieta, P., Puente, A., Cabezas, J., ... & Fábrega, E. 
(2015). Plasma betatrophin levels in patients with liver cir-
rhosis. World journal of gastroenterology: WJG, 21(37), 
10662. 

103.	Holstein, A., Hinze, S., Thiessen, E., Plaschke, A., & Eg-
berts, E. H. (2002). Clinical implications of hepatogenous 
diabetes in liver cirrhosis. Journal of gastroenterology and 
hepatology, 17(6), 677-681. 

104.	Nishida, T., Tsuji, S., Tsujii, M., Arimitsu, S., Haruna, Y., 
Imano, E., ... & Hori, M. (2006). Oral glucose tolerance test 
predicts prognosis of patients with liver cirrhosis. Official 
journal of the American College of Gastroenterology| ACG, 
101(1), 70-75. 

105.	Bianchi, G., Marchesini, G., Zoli, M., Bugianesi, E., Fabbri, 
A., & Pisi, E. (1994). Prognostic significance of diabetes in 
patients with cirrhosis. Hepatology, 20(1), 119-125. 

106.	Moreau, R., Delègue, P., Pessione, F., Hillaire, S., Durand, 
F., Lebrec, D., & Valla, D. C. (2004). Clinical characteris-
tics and outcome of patients with cirrhosis and refractory 
ascites. Liver International, 24(5), 457-464. 

107.	Dunstan, D. W., Zimmet, P. Z., Welborn, T. A., De Courten, 
M. P., Cameron, A. J., Sicree, R. A., ... & AusDiab Steering 
Committee. (2002). The rising prevalence of diabetes and 
impaired glucose tolerance: the Australian Diabetes, Obesi-
ty and Lifestyle Study. Diabetes care, 25(5), 829-834. 

108.	Harris, M. I., Flegal, K. M., Cowie, C. C., Eberhardt, M. S., 
Goldstein, D. E., Little, R. R., ... & Byrd-Holt, D. D. (1998). 
Prevalence of diabetes, impaired fasting glucose, and im-
paired glucose tolerance in US adults: the Third National 
Health and Nutrition Examination Survey, 1988–1994. Dia-
betes care, 21(4), 518-524. 

109.	WHO. Definition and diagnosis of diabetes_new.pdf [In-
ternet]. 2006. Available at: http://www.who.int/diabetes/
publications/Definition%20and%20diagnosis%20of%20
diabetes_new.pdf.

https://doi.org/10.1016/0026-0495(93)90106-X
https://doi.org/10.1016/0026-0495(93)90106-X
https://doi.org/10.1002/dmrr.636
https://doi.org/10.1002/dmrr.636
https://doi.org/10.1002/dmrr.636
https://doi.org/10.1002/dmrr.636
https://doi.org/10.1152/ajpgi.1984.247.3.G206
https://doi.org/10.1152/ajpgi.1984.247.3.G206
https://doi.org/10.1152/ajpgi.1984.247.3.G206
https://doi.org/10.1152/ajpgi.1984.247.3.G206
https://doi.org/10.1152/ajpgi.1984.247.3.G206
https://doi.org/10.1152/ajpgi.1984.247.3.G206
https://doi.org/10.1111/j.1572-0241.1998.481_4.x
https://doi.org/10.1111/j.1572-0241.1998.481_4.x
https://doi.org/10.1111/j.1572-0241.1998.481_4.x
https://doi.org/10.1111/j.1572-0241.1998.481_4.x
https://doi.org/10.1111/j.1572-0241.1998.481_4.x
https://doi.org/10.2337/dc08-s264
https://doi.org/10.2337/dc08-s264
https://doi.org/10.2337/dc08-s264
https://doi.org/10.2337/dc08-s264
https://doi.org/10.1007/s11892-013-0453-1
https://doi.org/10.1007/s11892-013-0453-1
https://doi.org/10.1007/s11892-013-0453-1
https://doi.org/10.1084/jem.174.3.515
https://doi.org/10.1084/jem.174.3.515
https://doi.org/10.1084/jem.174.3.515
https://doi.org/10.1084/jem.174.3.515
https://doi.org/10.1084/jem.174.3.515
https://doi.org/10.1084/jem.174.3.515
https://doi.org/10.1016/S0168-8278(01)00232-X
https://doi.org/10.1016/S0168-8278(01)00232-X
https://doi.org/10.1016/S0168-8278(01)00232-X
https://doi.org/10.1016/S0168-8278(01)00232-X
https://doi.org/10.1016/S0168-8278(01)00232-X
https://doi.org/10.1016/j.clinbiochem.2005.07.016
https://doi.org/10.1016/j.clinbiochem.2005.07.016
https://doi.org/10.1016/j.clinbiochem.2005.07.016
https://doi.org/10.1016/j.clinbiochem.2005.07.016
https://doi.org/10.1016/j.clinbiochem.2005.07.016
https://doi.org/10.1016/S0168-8278(88)80512-9
https://doi.org/10.1016/S0168-8278(88)80512-9
https://doi.org/10.1016/S0168-8278(88)80512-9
https://doi.org/10.1016/S0168-8278(88)80512-9
https://doi.org/10.1053/jhep.2002.32524
https://doi.org/10.1053/jhep.2002.32524
https://doi.org/10.1053/jhep.2002.32524
https://doi.org/10.1053/jhep.2002.32524
https://doi.org/10.1053/jhep.2002.32524
https://doi.org/10.1002/hep.25497
https://doi.org/10.1002/hep.25497
https://doi.org/10.1002/hep.25497
https://doi.org/10.1016/j.cell.2012.01.021
https://doi.org/10.1016/j.cell.2012.01.021
https://doi.org/10.1172/jci35846
https://doi.org/10.1172/jci35846
https://doi.org/10.1172/jci35846
https://doi.org/10.1172/jci35846
https://doi.org/10.1172/jci35846
https://doi.org/10.1002/hep.1840190312
https://doi.org/10.1002/hep.1840190312
https://doi.org/10.1002/hep.1840190312
https://doi.org/10.1002/hep.1840190312
https://doi.org/10.1016/j.cell.2013.04.008
https://doi.org/10.1016/j.cell.2013.04.008
https://doi.org/10.1016/j.cell.2013.04.008
https://doi.org/10.1155/2014/323407
https://doi.org/10.1155/2014/323407
https://doi.org/10.1155/2014/323407
https://doi.org/10.1038/srep05013
https://doi.org/10.1038/srep05013
https://doi.org/10.1038/srep05013
https://doi.org/10.1038/srep05013
https://doi.org/10.2337/dc14-0602
https://doi.org/10.2337/dc14-0602
https://doi.org/10.2337/dc14-0602
https://doi.org/10.2337/dc14-0602
https://doi.org/10.1038/srep10949
https://doi.org/10.1038/srep10949
https://doi.org/10.1038/srep10949
https://doi.org/10.1038/srep10949
https://doi.org/10.1038/srep10949
https://doi.org/10.3748%2Fwjg.v21.i37.10662
https://doi.org/10.3748%2Fwjg.v21.i37.10662
https://doi.org/10.3748%2Fwjg.v21.i37.10662
https://doi.org/10.3748%2Fwjg.v21.i37.10662
https://doi.org/10.3748%2Fwjg.v21.i37.10662
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1046/j.1440-1746.2002.02755.x
https://doi.org/10.1111/j.1572-0241.2005.00307.x
https://doi.org/10.1111/j.1572-0241.2005.00307.x
https://doi.org/10.1111/j.1572-0241.2005.00307.x
https://doi.org/10.1111/j.1572-0241.2005.00307.x
https://doi.org/10.1111/j.1572-0241.2005.00307.x
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.1002/hep.1840200119
https://doi.org/10.2337/diacare.25.5.829
https://doi.org/10.2337/diacare.25.5.829
https://doi.org/10.2337/diacare.25.5.829
https://doi.org/10.2337/diacare.25.5.829
https://doi.org/10.2337/diacare.25.5.829
https://doi.org/10.2337/diacare.21.4.518
https://doi.org/10.2337/diacare.21.4.518
https://doi.org/10.2337/diacare.21.4.518
https://doi.org/10.2337/diacare.21.4.518
https://doi.org/10.2337/diacare.21.4.518
https://doi.org/10.2337/diacare.21.4.518


   Volume 7 | Issue 1 | 35J Gastro & Digestive Systems 2023

Copyright: ©2023 Khaled Matar, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

https://opastpublishers.com

110.	Elkrief, L., Chouinard, P., Bendersky, N., Hajage, D., Larro-
que, B., Babany, G., ... & Valla, D. (2014). Diabetes mellitus 
is an independent prognostic factor for major liver‐related 
outcomes in patients with cirrhosis and chronic hepatitis C. 
Hepatology, 60(3), 823-831. 

111.	Merli, M., Leonetti, F., Riggio, O., Valeriano, V., Ribaudo, 
M. C., Sprati, F., ... & Capocaccia, L. (1999). Glucose in-
tolerance and insulin resistance in cirrhosis are normalized 
after liver transplantation. Hepatology, 30(3), 649-654. 

112.	Heisel, O., Heisel, R., Balshaw, R., & Keown, P. (2004). 
New onset diabetes mellitus in patients receiving calci-
neurin inhibitors: a systematic review and meta-analysis. 
American Journal of Transplantation, 4(4), 583-595. 

113.	Pageaux, G. P., Faure, S., Bouyabrine, H., Bismuth, M., & 
Assenat, E. (2009). Long-term outcomes of liver transplan-
tation: diabetes mellitus. Liver Transplantation: Official 
Publication of the American Association for the Study of 
Liver Diseases and the International Liver Transplantation 
Society, 15, S79-82. 

114.	Mehta, S. H., Brancati, F. L., Sulkowski, M. S., Strathdee, 
S. A., Szklo, M., & Thomas, D. L. (2000). Prevalence of 
type 2 diabetes mellitus among persons with hepatitis C vi-
rus infection in the United States. Annals of internal medi-
cine, 133(8), 592-599. 

115.	Younossi, Z. M., Stepanova, M., Nader, F., Younossi, Z., 
& Elsheikh, E. (2013). Associations of chronic hepatitis C 
with metabolic and cardiac outcomes. Alimentary pharma-

cology & therapeutics, 37(6), 647-652. 
116.	Zein, N. N., Abdulkarim, A. S., Wiesner, R. H., Egan, K. 

S., & Persing, D. H. (2000). Prevalence of diabetes mellitus 
in patients with end-stage liver cirrhosis due to hepatitis C, 
alcohol, or cholestatic disease. Journal of hepatology, 32(2), 
209-217. 

117.	Moucari, R., Asselah, T., Cazals–Hatem, D., Voitot, H., 
Boyer, N., Ripault, M. P., ... & Marcellin, P. (2008). Insulin 
resistance in chronic hepatitis C: association with genotypes 
1 and 4, serum HCV RNA level, and liver fibrosis. Gastro-
enterology, 134(2), 416-423. 

118.	Diabetes Control and Complications Trial Research Group. 
(1993). The effect of intensive treatment of diabetes on the 
development and progression of long-term complications in 
insulin-dependent diabetes mellitus. New England journal 
of medicine, 329(14), 977-986. 

119.	UK Prospective Diabetes Study (UKPDS) Group. (1998). 
Intensive blood-glucose control with sulphonylureas or 
insulin compared with conventional treatment and risk of 
complications in patients with type 2 diabetes (UKPDS 33). 
The lancet, 352(9131), 837-853.

120.	Cacciatore, L., Cozzolino, G., Giardina, M. G., De Marco, 
F., Sacca, L., Esposito, P., ...  & Varriale, A. (1988). Abnor-
malities of glucose metabolism induced by liver cirrhosis 
and glycosylated hemoglobin levels in chronic liver disease. 
Diabetes research (Edinburgh, Scotland), 7(4), 185-188.

https://doi.org/10.1002/hep.27228
https://doi.org/10.1002/hep.27228
https://doi.org/10.1002/hep.27228
https://doi.org/10.1002/hep.27228
https://doi.org/10.1002/hep.27228
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1002/hep.510300306
https://doi.org/10.1046/j.1600-6143.2003.00372.x
https://doi.org/10.1046/j.1600-6143.2003.00372.x
https://doi.org/10.1046/j.1600-6143.2003.00372.x
https://doi.org/10.1046/j.1600-6143.2003.00372.x
https://doi.org/10.1002/lt.21913
https://doi.org/10.1002/lt.21913
https://doi.org/10.1002/lt.21913
https://doi.org/10.1002/lt.21913
https://doi.org/10.1002/lt.21913
https://doi.org/10.1002/lt.21913
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.7326/0003-4819-133-8-200010170-00009
https://doi.org/10.1111/apt.12234
https://doi.org/10.1111/apt.12234
https://doi.org/10.1111/apt.12234
https://doi.org/10.1111/apt.12234
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1016/S0168-8278(00)80065-3
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1053/j.gastro.2007.11.010
https://doi.org/10.1056/nejm199309303291401
https://doi.org/10.1056/nejm199309303291401
https://doi.org/10.1056/nejm199309303291401
https://doi.org/10.1056/nejm199309303291401
https://doi.org/10.1056/nejm199309303291401
https://doi.org/10.1016/S0140-6736(98)07019-6
https://doi.org/10.1016/S0140-6736(98)07019-6
https://doi.org/10.1016/S0140-6736(98)07019-6
https://doi.org/10.1016/S0140-6736(98)07019-6
https://doi.org/10.1016/S0140-6736(98)07019-6
https://pubmed.ncbi.nlm.nih.gov/3402168/
https://pubmed.ncbi.nlm.nih.gov/3402168/
https://pubmed.ncbi.nlm.nih.gov/3402168/
https://pubmed.ncbi.nlm.nih.gov/3402168/
https://pubmed.ncbi.nlm.nih.gov/3402168/

