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a b s t r a c t
There is strong association between liver diseases and diabetes (DM) which is higher than expected by a
chance association of two very common disorders. It can be classified into three categories: Liver disease
related to diabetes, hepatogenous diabetes (HD), and liver disease occurring coincidentally with DM. The
criteria for the diagnosis of diabetes associating liver disease are the same for primary diabetes. Two
hours post glucose load is a better screening test for HD. HbA1c may not be suitable for diagnosis or monitoring of diabetes associating advanced liver disease. Apart from the increased cardiovascular risk in
patients with type 2 DM (T2 DM) and NAFLD, the cardiovascular and retinopathy risk is low in HD.
Patients with metabolic derangement should be screened for NAFLD which in turn may predict T2 DM
development. Similarly, patients with established T2 DM should also be screened for NAFLD which further contributes to diabetes worsening.
Diabetes is a significant risk factor for progression of the chronic liver disease. It is associated with poor
patient survival.
Treatment of diabetes associating liver disease appears beneficial. Metformin, if tolerated and not contraindicated, is recommended as a first-line therapy for patients with diabetes and chronic liver disease
(CLD). If the hepatic disease is severe, insulin secretagogues should be avoided because of the increased
risk of hypoglycaemia. Pioglitazone may be useful in patients with fatty liver disease. DPP-4 inhibitors
showed effectiveness and safety for the treatment of T2 DM in CLD patients up to those with child B stage.
GLP-1 receptor agonists and SGLT-2 inhibitors exhibit positive effects on weight and are associated with
minimal risk of hypoglycaemia. Insulin must be used with caution, as hypoglycaemia may be a problem.
Insulin analogues are preferred in the context of hypoglycaemia
Statins can be used to treat dyslipidaemia in NAFLD, also the use of angiotensin II receptor antagonist
for hypertension is safe and beneficial
Given the clear association between diabetes mellitus and hepatocellular carcinoma, the strict control
of glycaemia with insulin sensitizers can be essential in its prevention.

Common abbreviations: ADA, American Diabetes Assocition; AGEPs, Advanced glycation end products; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
DM, Diabetes mellitus; GI, Glucose intolerance; HOMA/IR, Homeostasis Model Assessment of Insulin Resistance; IR, Insulin resistance; NAFLD, Non alcoholic fatty liver
disease; NASH, non alcoholic steatohepatitis; PAI-1, Plasminogen activator inhibitor-1; PLDT, Post-transplant diabetes mellitus; PPARs, Peroxisome proliferator-activated
receptors; T1 DM, Type 1 DM; T2 DM, Type 2 DM; TGF-b, Transforming growth factor beta; TNF-a, Tumour necrosis factor a.
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The addition of DM to the currently used scores (Child-Pugh and MELD scores) may enhance the sensitivity and the specificity for prediction of morbidity and mortality rates in cirrhotic patients.
In the new era of directly acting antiviral agents (DAAs) for HCV treatment, it is recommended to follow
up lipid profile and blood sugar levels following SVR in order to adjust doses of medications used in diabetic (SVR is associated with reduction in insulin requirements) and dyslipidaemic patients (rebound
increase in the lipid profile after clearing the virus may increase risk of cardiovascular disease (CVD)).
The issues of post liver transplant diabetes and relation between DM and chronic HBV are highlighted.
This narrative review and Consensus-based practice guidance (under revision and criticism) are based
on a formal review and analysis of the recently published world literature on the topic (Medline search up
to September 2017); and the experience of the authors and independent reviewers.
Ó 2018 Pan-Arab Association of Gastroenterology. Published by Elsevier B.V. All rights reserved.

Causes of diabetes association with liver diseases
The association between liver disease and diabetes mellitus
(DM) is well known, the overall prevalence is significantly higher
than that expected by a chance association of two very common
diseases. This relationship between DM and CLD can be classified
into the following categories:
 Liver disease related to diabetes [1]: Either aggravated by diabetes (NAFLD/NASH) or caused by diabetes (glycogenic hepatopathy and diabetic hepatosclerosis).
 Diabetes as a result of liver disease: Hepatogenous diabetes [2].
 Liver disease occurring coincidentally with DM: Chronic active
autoimmune hepatitis and autoimmune biliary disease [3].
Nonalcoholic fatty liver disease (NAFLD)
NAFLD is a wide spectrum disease ranging from simple steatosis, NASH to liver cirrhosis [4] and is the most common type of CLD
in the Western world [5].
The epidemiological evidence of the association between NAFLD and
T2DM
The prevalence of NAFLD among diabetics varies from 50 to 90%
[6,7]. More than half of diabetic patients have bright liver on ultrasound and 87% of those had biopsy-proven NAFLD [7]. On the other
hand, many studies showed increased incidence of T2 DM in patients
with NAFLD independently of ordinary risk factors [8–10]. The risk of
T2 DM ranged from 33% to 55% in patients with NAFLD [11,12]. A
meta-analysis of 20 observational studies, involving more than
115 000 individuals, demonstrated that NAFLD was associated with
an almost two-fold increased risk of T2 DM over a median period of
5 years [13]. An independent retrospective study of 38 291 individuals showed higher risk of diabetes in patients with NAFLD with high
fibrosis score than those with low fibrosis score [6].
The incidence rates of T2 DM were 3.2% in the non-overweight
without NAFLD group, 14.4% in the non-overweight with NAFLD
group, 8.0% in the overweight without NAFLD group and 26.4% in
the overweight with NAFLD group [8]. However, there are racial
and ethnic differences among different studies for example, most
of the Asian studies showed that the increased risk of NAFLD and
increased level of insulin resistance was independent of obesity [14].
The pathological link between NAFLD and T2 DM
Accumulation of lipid intermediates e.g. diacylglycerol and
ceramides in the liver lead to hepatic insulin resistance, increased
hepatic gluconeogenesis, and exhaustion of pancreatic b cells [15].
Moreover, oxidative stress provoked by hepatocyte fat deposit
stimulates the release of inflammatory mediators such as, IL-6,
TNF-a, and Fetuin-A which play role in the development of T2
DM [16].

Diabetes can hasten the progression of NAFLD to NASH, severe
fibrosis, cirrhosis and hepatocellular carcinoma [17,18]. On the
other hand, the occurrence of NAFLD in T2DM patients is accompanied by higher insulin resistance and poorer metabolic profile [19].
In contrast, improvement of NAFLD is associated with 70% risk
reduction of developing T2DM, independently of common risk factors [20].
Glycogenic hepatopathy (GH)
GH is a rare under-recognized disease characterized by the
combination of poorly controlled diabetes, acute liver injury with
marked elevation in serum aminotransferases and characteristic
histological features on liver biopsy that include marked glycogen
accumulation, no or mild fatty changes, no or minimal inflammation and intact architecture with no significant fibrosis [21]. The
essential component in the pathophysiology of GH is the wide fluctuation in glucose and insulin levels [22]. GH typically presents in
children and adolescents with T1 DM [23], but it can also be
observed in adult T1 DM [24] and recently reported in T2 DM
[25]. GH may be mistaken for NAFLD [26]. Glycaemic control is
the only therapy needed for GH [27].
Diabetic hepatosclerosis (DHS)
DHS is a noncirrhotic form of perisinusoidal fibrosis with basement membrane formation without steatosis observed in liver
biopsies of people with diabetes [28].
DHS occurs in subjects with long-lasting T1 DM and T2 DM and
microvascular disease in other organs, especially the kidney and
has been proposed to represent the hepatic manifestation of diabetic microangiopathy. It is often associated with hyaline arteriolosclerosis, while, by definition, typical features of NASH or
alcoholic hepatopathy are absent [29].
DHS is a marker of severe DM. Its pathogenesis is suggested to
be of metabolic origin due to prolonged hyperglycaemia and
increased AGEPs, leading to enhanced lipid peroxidation, with their
byproducts inducing vasoconstriction and increasing platelet
adhesion and aggregation, which results in basement membrane
and small artery thickening [30].
Clinically, the majority is silent but the condition may present
with full-blown cholestasis, may be secondary to mechanical compression or ischaemia of the biliary ducts caused by perisinusoidal
fibrosis. Elevation of alkaline phosphatase is frequent [31,32].
Treatment options are likely to be similar to other diabetic
microvascular complications.
Hepatogenous diabetes (HD)
HD is a term used for DM developing as a complication of cirrhosis. 96% of cirrhotic patients may have GI and 30–60% suffer
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betes compared with cases of primary DM with liver dysfunction.
Also, the levels of FPG and PPG in the posthepatitic patients were
lower than in those in patients with primary DM, but the levels
of plasma insulin and plasma C peptide were higher [41]. Zhang
L found another interesting difference, which is the higher prevalence of islet cell antibody positivity in HD. This may serve as a laboratory test for distinguishing HD from primary T2 DM [42].
(Table 1).

from HD. The possible pathophysiology involves peripheral IR, in
addition to hyperinsulinaemia due to reduced insulin clearance
caused by the diseased liver. b-cell dysfunction caused by
increased AGEPs and hypoxia-inducible factor and decreased betatrophin by the diseased liver will lead to progressive impairment in
insulin secretion and frank diabetes [31].
NASH, alcoholic cirrhosis, chronic hepatitis C and haemochromatosis are more frequently associated with hepatogenous diabetes. Genetic factors rather than liver or pancreatic damage
were found to be involved in the susceptibility to develop HD
[32,33].
Patients with alcoholic liver disease are at high risk for diabetes,
directly related to the amount of alcohol consumption. They have
chronic damage in pancreatic islet b-cells resulting in DM [34].
A 3-folds higher risk for DM in HCV patients was identified in
individuals over 40 years. Egyptian studies showed that DM is
more prevalent in HCV positive patients and report a prevalence
of 25% [35].
DM can be observed in about 50–85% with hereditary
haemochromatosis. Deposition of iron in the pancreas affects exocrine secretion and may infiltrate islets of Langerhans with damage
to b-cells [36]. As in T2 DM, both b-cell dysfunction and impaired
insulin sensitivity are responsible for hepatogenous diabetes. Yet,
the pathophysiology of HD is still partly different from that of T2
DM [37].
Liver transplantation was found to improve glucose tolerance
and insulin sensitivity in 67% of cirrhotic-diabetic patients (those
with preserved b-cell function), in the remaining 33%, glucose tolerance was not improved due to impaired b-cell function [38].

Tools to measure long-term glycaemic control in patients with
diabetes and liver diseases
HbA1c is more likely to be falsely low in patients with chronic
liver disease. It should not be relied upon if shortened red blood
cells’ half-life is probable. The same applies if hypersplenism is
suspected, or if there is blood loss due to gastrointestinal haemorrhage [43].
Fructosamine (FA) is measured by a spectrophotometric assay
which may be affected by hypertriglyceridaemia, hyperbilirubinaemia, haemolysis, and low serum protein and albumin levels.
FA is apparently higher in liver cirrhosis patients with diabetes,
due to the prolonged half-life of serum albumin and reduced rate
of synthesis [44]. FA is unaffected by disorders of red blood cells
and has the advantage of accurately reflecting shorter-term
changes in glycaemia (previous 2 weeks) that correspond to the
half-life of albumin [45].
Frequent Self-Monitoring of Blood Glucose [SMBG] may reflect
short-term glycaemic control, especially if timed to be pre-prandial
and 2 h post-prandially. Downloading SMBG readings in the form
of glycaemic curves on a computer may be of help for following
glycaemic excursions [46].

Criteria for the diagnosis of diabetes associating liver disease

Continuous glucose monitoring [CGM]
There are two types of CGM: Retrospective and real-time monitoring with the former found to be as effective as HbA1c in glycaemic control, while the later found to be more effective than
HbA1c. This was a general statement conclusion in a systematic
review for diabetes mellitus patients in general, not specified for
diabetic patients with liver disease [47].

Criteria for the diagnosis of diabetes associating liver disease
The criteria for the diagnosis of DM associating liver disease and
also prediabetes are the same as for the ordinary primary diabetes
according to ADA.
In the early stage of cirrhosis, fasting serum glucose levels is
normal in 23% of patients, whereas post-prandial blood glucose
may be <200 mg/L., thus an oral glucose tolerance test is needed.
Fasting and 2 h post 75 g glucose blood sugar levels are required
for diagnosis, the same as in those without CLD. However, the glycated haemoglobin (HbA1C) is unreliable for diagnosis or the monitoring of glycaemic control in patients with cirrhosis [2,31].

The clinical impact of diabetes associating liver disease
Cardiovascular impact
Cardiovascular and retinopathy risk in cirrhotic patients with
hepatogenous diabetes
HD has morbidity and mortality outcomes different from T1 DM
and T2 DM, Cardiovascular and retinopathy risks are lower in HD.
Mortality is likely due to liver-related causes rather than diabetic
complications [48]. This lower risk could be explained by multiple
factors: Better lipid profile and lipoprotein A [49], impaired bleeding profile and thrombocytopenia associated with liver cirrhosis
[50] and the tendency towards low or normal blood pressure in cirrhotic patients [51]. In addition, HD is not burdened by the genetic
susceptibility, high BMI and hyperlipidaemia that are associated
with T2 DM [48].

Differentiation of hepatogenous DM from primary DM
HD has particular clinical characteristics: It is more frequently
associated with hypoglycaemic episodes as a result of impaired
liver function, it is less frequently associated with risk factors such
as age, body mass index and family history of diabetes. This is
because diabetic state in CLD could be acquired secondary to liver
disease per se, not due to genetic background [39]. Moreover, the
time at diagnosis of both DM and liver disease is crucial in differentiation [40].
Zhang X, et al found no diabetic symptoms among any of the
posthepatitic or cirrhotic patients with glucose intolerance or dia-

Table 1
Hepatogenic vs. primary diabetes.
Post hepatic DM
Symptoms
F and pp blood sugar
F and pp insulin & C-peptide
Islet cell antibody positivity

DM with liver cirrhosis
absent

lower
increased
++

decreased
+

1ry DM with liver dysfunction
++
equally high
more decrease
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Cirrhotic cardiomyopathy (CCM). It is defined as cardiac dysfunction
in patients with cirrhosis characterized by impaired contractile
responsiveness to stress and/or altered diastolic relaxation with
electrophysiological abnormalities (prolonged QT interval) in the
absence of other known cardiac disease [52]. The prevalence of
CCM is reported to be between 40 and 50% in cirrhotic patients
independent of liver disease aetiology [53].
Patients affected show high morbidity and mortality, where
liver failure severity is correlated with heart failure severity mainly
left diastolic dysfunction [54]. Cardiac function is nearly normal at
rest.
Aldosterone antagonists may have beneficial effects in terms of
a reduction in left ventricular dilatation and wall thickness and
improvement of diastolic function [55]. Nonselective b-blockers
have been shown to improve the prolonged QT interval and might
reduce the hyperdynamic load [56]. An improvement after liver
transplantation is expected and validates the concept that cardiomyopathy is truly cirrhotic in origin [57].
Cardiovascular impact in patients with T2 DM and NAFLD
There is now growing evidence that NAFLD, especially in T2 DM,
may be linked to an increased risk of developing cardiovascular
disease (CVD) independently of other known risk factors
(abdominal obesity, ectopic fat accumulation, dysglycaemia, IR,
atherogenic dyslipidaemia, and hypertension) or racial background
[57–60], In a study including 2839 patients with T2 DM, NAFLD
patients had remarkably higher age and sex-adjusted prevalence
of coronary, cerebrovascular, and peripheral vascular disease than
their counterparts without NAFLD [61].
The mechanism is not completely understood. Deregulated hepatic microRNAs appear to be associated with NAFLD severity, and
may promote coronary artery disease (CAD) through lipid metabolism alteration and/or promotion of systemic inflammation [62].
Endothelial dysfunction, oxidative stress, changes in gut microbiota and altered hormonal and inflammatory cytokine profiles can
collectively result in the development of a pro-inflammatory, proatherogenic, and pro-thrombotic milieu [63,64]. In NASH, the
expression of adiponectin by liver parenchymal cells was downregulated and inversely correlated with steatohepatitis grade [65,66].
Adipocyte fatty acid-binding protein, an adipokine involved in the
pathogenesis of atherosclerosis, was strongly associated with
NAFLD in T2 DM patients [65]. Many gene polymorphisms have
been reported to be related to NAFLD and CAD [67,68].
NAFLD related macroangiopathy. A subclinical cardiovascular disease has been shown to be more prevalent in the presence of
NAFLD. More prevalent carotid plaques with thickening of
intima-media thickness (IMT) associated with higher levels of
triglycerides, cholesterol, and PAI-1 was demonstrated [69]. This
is also shown in a systematic literature review [70]. Several
cross-sectional studies have shown that NAFLD is associated with
an increased coronary artery calcium (CAC) score, which is a marker of early atherosclerosis and a powerful predictor of CVD [58]. A
meta-analysis of 27 cross-sectional studies has reported a strong
association of NAFLD not only with CAC score but also with other
markers of subclinical atherosclerosis, such as increased carotid
IMT, reduced flow-mediated vasodilation, and increased arterial
stiffness [71]. A similar relation was observed in children, adolescents, and elderly patients [72–74]. Evidence has supported a
strong, graded relationship between NAFLD and the angiographic
severity of CHD. NAFLD has been independently associated with
presence of high risk coronary atherosclerotic plaques, impaired
myocardial perfusion and adverse outcomes following primary
percutaneous coronary interventions, which can be attributed to
an increased risk of in-stent restenosis after bare-metal stenting
in native coronary arteries [58]. Also, the severity of NAFLD histol-
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ogy is associated with higher all-cause death and predicts the risk
of future CVD events [75]. The presence and severity of NAFLD on
ultrasound are strongly associated with increased QTc interval in
patients with T2 DM [76]. Cardiovascular autonomic dysfunction
has been correlated with the presence of autonomic dysfunction
in T2 DM patients [77].
On the other hand, in the Diabetes Heart Study [78], 623 randomly selected participants were evaluated for hepatic steatosis
(diagnosed by CT). There were no significant associations between
the liver-spleen attenuation ratio (a marker of hepatic steatosis)
and coronary, aortic, or carotid calcium, or carotid intimal
thickness.
To date, a large body of evidence has suggested that NAFLD is
not simply a marker of CHD but also may play part in the development and progression of these cardiac complications. The clinical
implication of these findings is that patients with NAFLD may benefit from more intensive surveillance and early treatment interventions aimed at decreasing the risk of CHD [58]. The identification of
NAFLD in patients with T2 DM may predict CVD risk, with important management implications [79]. T2 DM patients with NAFLD
should be considered as a high-risk group for developing macroangiopathy, even if the latter is not clinically detected [74]. Therefore,
further prospective studies are needed to detect whether NAFLD
poses an independent risk for CVD above and beyond known metabolic risk factors. Currently, it is not known whether improving
NAFLD will ultimately prevent the development of CVD.
NAFLD related microangiopathy. NAFLD is less prevalent in T2 DM
patients suffering from microangiopathies [80]. On the other hand,
it was reported that NAFLD is associated with an increased prevalence of chronic kidney disease (CKD) and proliferative/lasertreated retinopathy in T2 DM independently of numerous baseline
confounding factors. A link between NAFLD, retinopathy, and CKD
may be due to the increased release of some pathogenic molecular
mediators from the liver: AGEPs, reactive oxygen species,
C-reactive protein (CRP), PAI-1, IL-6, TNF-a, TGF-b and other proinflammatory cytokines [79].
Association of Chronic HCV Infection, atherosclerosis, CAD, and Stroke
HCV related metabolic disorders include steatosis, NAFLD, IR, T2
DM, impaired GT and disturbances in lipid homeostasis [81]. Surprisingly, the effect of these metabolic disturbances on cardiovascular events is not always similar to that of non-HCV individuals,
even sometimes contradictory, which raises the question of the
associated protective or exaggerating factors changing the outcome in those patients.
Pathophysiology. Viral RNA presence in the intimal plaques was
observed, suggesting a local inflammatory trigger [82,83]. Also,
the presence of inflammatory markers in sera was independently
associated with atheromatous plaques causing endothelial injury
and atheromatous instability [84,85]. In addition, HCV increases
cholesteryl ester transfer protein, promoting the cholesterol esters
transfer from HDL to VLDL and LDL.
HCV in relation to atherosclerosis. Due to the chronic inflammatory
state, the risk of atherosclerosis increases in HCV infected patients
despite the low lipid profile [84,86]. A meta-analysis [87] and an
Egyptian study [88] found an association between HCV infection
and carotid atherosclerosis risk independent of the established
and known risk factors.
Lipid profile shows variability according to the liver function
status: Those who cleared the virus show rebound increase in
the lipid levels in blood with its sequel, while patients with decompensated liver disease demonstrate a decrease in lipid profile with
increase in coagulation profile, decrease in platelet count and
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decrease in the blood pressure, which was translated into decrease
in the cardiovascular risk [81].
HCV in relation to CAD and CAD mortality. The risk of major cardiovascular events are higher in patients with HCV infection compared to controls, independent of the severity of the liver disease
or common cardiovascular risk factors [85]. In addition to
increased risk of atherosclerosis in HCV patients, another explanation for CAD risk is limitation of administration of protective treatment (antiplatelets and anticoagulants) in HCV patients with
known metabolic risks, for fear of bleeding from the gastrointestinal tract or concerns about drugs which might cause further liver
decompensation [89].
A meta-analysis concluded that there was a higher risk of CAD
in HCV patients with already existing risk factors (like DM, hypertension, smoking) [90].
Although the effect of DAAs on HCV associated atherosclerosis
is still unclear, it is suggested that virologic cure can decrease insulin resistance and endothelial cells and monocytes infection. On
the other hand, the autoimmune effect of HCV will not be affected
along with the risk of a rebound increase in the serum cholesterol
and LDL-C. In a study conducted on HCV genotype-1 infected
patients receiving sofosbuvir plus ribavirin, there was an apparent
increase in LDL particle size and serum concentration early on
treatment, while the VLDL concentration and triglycerides particle
size decreased. The treatment outcome did not depend on these
variables but it was noticed that before therapy and in relapsed
patients the LDL concentration was lower [91]. So a hypothesis
was proposed that cure could induce the ‘‘perfect storm” for
atherosclerosis mandating close monitoring and even consideration of statin therapy but this was not addressed in a clinical trial
[92]. Serum cholesterol and triglycerides increase with interferon
therapy and return to baseline after treatment [93].
HCV in relation to the risk of cerebrovascular stroke (CVS). A metaanalysis showed that the risk of CVS is increased with HCV infection [94]. CVS risk was decreased in HCV treated patients, in a
group with interferon-based therapy by 60% [95]. The same was
shown with a decrease in risk of haemorrhagic stroke, particularly
in cirrhotic patients. This could be explained by the prevention of
deterioration of the coagulation profile in those patients [96].
Impact of diabetes associating liver diseases on the liver
Promotion of liver fibrosis
Obesity and increased fasting glucose levels were associated
with increased severity of hepatic fibrosis in alcoholic liver disease,
independently of daily alcohol intake and duration of alcohol abuse
[97].
IR is increasingly recognized to be associated with severe fibrosis in chronic HCV patients [98,99]. The presence of diabetes in
HCV patients was associated with more severe hepatic fibrosis
independent of iron loading, male gender and alcohol consumption, possibly due to the oxidative injury of hyperglycaemia [100].
Excessive hepatic stellate cell activation is one proposed mechanism by which IR can induce fibrosis. IR activates the lipid biosynthetic pathway in the liver resulting in dyslipidaemia and
increased steatosis, which can accelerate liver fibrosis [101]. IR
plays an important role in NAFLD progression [102]. Statin use is
negatively associated, while insulin and sulfonylureas are positively associated with NASH histology [103–106].
Diabetes affects survival by increasing the risk of hepatocellular failure
and variceal bleeding
T2 DM was associated with increased risk of hospital admission
and mortality for all common CLDs [107]. DM was an independent

predictor of poor survival in alcoholic hepatitis and cirrhosis
regardless of alcohol amount and cirrhosis aetiology [108]. DM is
independently associated with hepatic encephalopathy in patients
with cirrhosis [109].
The mechanisms by which diabetes worsens the clinical course
of liver cirrhosis have not been clearly established. Two major
pathways can contribute to this: DM accelerates liver fibrosis
and inflammation giving rise to more severe liver failure [110].
Furthermore, DM may potentiate the incidence of bacterial infections in cirrhotic patients with an associated increase in
encephalopathy, variceal bleeding, and spontaneous bacterial peritonitis and subsequently increase mortality [111,112]. DM is independently associated with variceal bleeding in cirrhotic patients,
especially in those with Child-Pugh Class A and the risk of bleeding
increases with poor glycaemic control [113].
Gut microbiota products activate the innate immune system to
drive pro-inflammatory gene expression, thus, promoting chronic
inflammatory disease of the liver [114]. In NAFLD models, the
translocation of bacterial components promotes TNF-a release
from Kupffer cells and induces hepatic inflammation through
TLR4 and TLR9 signaling [115,116]. NAFLD severity was found to
be associated with gut dysbiosis and a shift in the metabolic function of the gut microbiota [117].
Relation between glucose intolerance and antiviral therapy in patients
with chronic hepatitis C
Altered glucose metabolism impairs sustained virological
response (SVR) to interferon viral treatment, while SVR reduces
the risk of IFG and/or T2 DM development in patients with chronic
hepatitis C [118]. The presence of T2 DM or haemodialysis did not
affect SVR in DAAs treatment [119]. Also, markedly improved glycaemic control in poorly controlled T2 DM following DAADs treatment of genotype 1 hepatitis C was reported [120].
DM association with CLD as a risk for HCC
HCC had the highest incidence rate among primary cancer in a
national and regional study performed in Egypt in 2014 [121].
A retrospective analysis of the US Veteran Registry found that
diabetes increased the risk of primary liver cancer only in the presence of other risk factors such as hepatitis C or B or alcoholic cirrhosis [122]. Another study found an increased HCC risk in
diabetic patients independently from alcoholic liver disease and
viral hepatitis [123]. HCV and HBV infections, diabetes and smoking are the main determinants of HCC development in Egypt [124].
Diabetes has been proposed as a risk factor for HCC in HCV
patients with or without cirrhosis, even after eradication of HCV
[125]. This risk diminishes significantly 2 years after SVR [126].
Mechanism and pathogenesis of increased HCC in diabetic HCV
patients. One mechanism by which HCV can cause HCC is its core
protein which can cause the downregulation of insulin receptor
substrate-1 signaling [127]. Concurrent DM may be a surrogate
of a more systemic metabolic syndrome or concurrent NAFLD or
NASH and when coincident with HCV leads to increased risk of
fibrosis and HCC [128]. Hyperinsulinaemia may play a crucial role
as an important factor in the onset or progression of HCC through
up-regulation of insulin signal cascades; this could promote fibrogenesis [129].
It is possible that HCV eradication reduces HCC risk not only via
reversal of fibrosis and prevention of further histologic injury, but
also via improvements in insulin resistance and metabolic health
[128].
HOMA/IR (2.5) independently correlated with the development
of HCC. HOMA/IR is a simple and practical biomarker for predicting
the development of HCC, particularly for non-cirrhotic patients,
irrespective of treatment outcome, serum ALT or AFP level [130].
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Treatment of diabetes associating liver disease
Lifestyle changes: nutrition and physical activity
Spots on nutrition of diabetic and hepatic patients
The prevalence of clinically significant malnutrition varies from
65% to 100% among patients with chronic liver disease [131].
European Society of Parenteral and Enteral Nutrition (ESPEN)
guidelines recommend applying the Subjective Global Assessment
(SGA) and anthropomorphic measures (i.e. triceps skin-fold thickness and midarm circumference) to identify patients at risk for
malnutrition and to quantify malnutrition with bioelectrical impedance analysis [132].
Malnutrition in patients with chronic liver disease results from
a variable combination of inadequate intake, poor quality diet,
maldigestion, malabsorption, altered macronutrient metabolism
and hypermetabolic state. Sarcopenia or loss of skeletal muscle
mass is the major component of malnutrition and is a frequent
complication of cirrhosis that adversely affects clinical outcomes.
It contributes to the aggravation of other complications of cirrhosis
including encephalopathy, ascites, and portal hypertension [133].
Protein malnutrition represents an independent prognostic factor
for survival in patients with liver cirrhosis [134,135].
Liver cirrhosis is associated with energy malnutrition, with
numerous metabolic disorders, such as hypoalbuminaemia, with
an imbalance between branched-chain amino acids and aromatic
amino acids and with reduced zinc serum concentrations [136].
T1 DM and T2 DM treatment plans should include medical
nutrition therapy (MNT) [137]. Diabetes MNT includes assessment
of an individual’s metabolic and lifestyle parameters, identification
of nutrition goals, the intervention designed to achieve these goals,
and evaluation of clinical outcomes [138]. In addition to weight
loss, other goals including the prevention or delay of diabetes onset
and reduced cardiovascular events are targeted as well [139]. A
variety of eating patterns have been shown modestly effective in
managing diabetes including Mediterranean diet was the most
effective dietary option [140–142].
Diet planning for patients with chronic liver disease: [143,144].
* Optimal energy intake: 25–40 kcal/kg/day
- Carbohydrate: 50–70% of daily calories with decreased simple
sugars specially fructose
- Lipids: 10–20% of daily calories with increased MUFAs and
PUFAs
* Protein intake
Daily protein intake: 1.2–1.5 g/kg, 0.6–0.8 g/kg. With acute
encephalopathy vegetarian protein is preferred over animal
protein.
* Small meals evenly distributed through the day and a bedtime
snack of complex carbohydrates minimizes muscle loss and
reduces the risk of hypoglycaemia in diabetic cirrhotic.
* Branched-chain amino acid supplementation may help achieve
daily protein goals in patients who are protein intolerant, this
can improve clinical outcome in advanced cirrhosis.
* Moderate sodium restriction (80–120 mmol/day or 4.6–
6.9 gsalt/day) is a mainstay of therapy in ascites.
* Fluid restriction is not recommended until serum sodium
decreases to <120–125 mmol/L.
* Correction of folate, vitamin B 12, vitamin D, and vitamin A
deficiencies.
Physical activity
Physical activity enables reduction of expression of lipogenic
genes, fat accumulation, or insulin resistance and improves car-
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diorespiratory fitness. Benefits have been found following both
aerobic exercise and resistance training (not in cirrhotics), and
remain even after exercise cessation [145].
Pharmacotherapy of diabetes associating liver disease
Pharmacologic options are, for the most part, similar to patients
without liver disease. Only patients with severely impaired liver
function have altered drug metabolism. While patients with liver
disease are not predisposed to hepatotoxicity, the underlying liver
disease may increase the severity of drug-induced liver injury
[146].
Oral antidiabetic drugs and insulin in the treatment of diabetes
associating liver disease
Pharmacology and clinical aspects of antidiabetics.
Sulfonylureas (metabolized in the liver). Glyburide has a short
plasma half-life (2–10 h) but prolonged biological effect. Gliclazide
has approximately 50% fewer confirmed hypoglycaemic episodes
in comparison with glimepiride. Glipizide has a shorter half-life
that makes it less likely than glyburide to produce hypoglycaemia.
Glimepiride protein binding is greater than 99%. It is extensively
metabolized by hepatic cytochrome enzymes [147,148]. Sulphonylureas may be injurious in NAFLD due to weight gain with prolonged duration of action in patients with CLD.
Meglitinides. Both repaglinide and nateglinide are rapidly
absorbed upon oral administration. Repaglinide and nateglinide
have not been associated with hepatotoxicity [149].
a-Glucosidase inhibitors. Acarbose is particularly useful in liver disease, acting directly on the gastrointestinal tract to decrease carbohydrate absorption. In cirrhotics, there was also a reduction in
blood ammonia levels, so it is an effective drug in cirrhotic patients
with low-grade hepatic encephalopathy and T2 DM [150].
Metformin. It has been shown to lower body fat and improve hepatic insulin sensitivity [151]. Continuation of metformin after cirrhosis diagnosis reduced the risk of death by 57%.
Thiazolidinediones (TZDs). TZDs are effective in sensitizing the adipose tissue to insulin hence promoting fatty acid uptake and storage. TZDs act as agonists of the PPARc which are highly expressed
in adipocytes. Its main function is to promote and maintain the
whole body insulin sensitivity [152].
Incretins dipeptidyl peptidase-4 inhibitors (DPP-4 I). DPP-4 has a
major role in fibroblast activation in the liver by activating hepatic
stellate cells (HSCs). DPP4-I markedly inhibits liver fibrosis development in rats via suppression of HSCs proliferation and collagen
synthesis. Since DPP4-I is widely used in clinical practice, this drug
may represent a potential new therapeutic strategy against liver
fibrosis [153].
Higher serum DPP-4 activity was found in CHC patients [154].
Sitagliptin is effective and safe for the treatment of T2 DM associated with HCV [155]. It is suggested that sitagliptin can be administered effectively and safely to patients with diabetes mellitus
complicated by CLD, including liver cirrhosis [156].
Glucagon-like peptide-1 receptor agonist (GLP-1RA). In addition, to
be effective glucose-lowering agents, GLP-1 analogues promote
weight loss [157]. Preclinical studies have found that incretins
can improve hepatic steatosis. Effects could be due to, an overall
improvement in metabolic parameters as well as a direct effect
on the hepatocyte GLP-1 receptor, suppressing hepatic lipogenesis.
Improvement mostly occurs independently from weight loss
[158,159].
Sodium-glucose cotransporter-2 inhibitors [SGLT-2 Is]. No dosage
adjustment for SGLT2Is is necessary for patients with mild or moderate hepatic impairment [160]. In the EMPA-REG OUTCOME
study, empagliflozin significantly reduced the risk of the composite
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primary endpoint of cardiovascular death, nonfatal myocardial
infarction, and nonfatal stroke [161].
Insulin. Short-acting insulins are preferred because the duration of
action may vary in CLD [162]. Insulin analogs may offer equivalent
or improved glycaemic control compared to standard insulin and
with a lower risk for hypoglycaemia. In decompensated liver disease patients, insulin requirements may vary. It may be decreased
due to reduced capacity for gluconeogenesis and reduced hepatic
breakdown of insulin; however, it can be increased due to insulin
resistance [163].
The impact of early diagnosis and treatment of diabetes on the
clinical course of patients with cirrhosis and diabetes is unknown.
However, it is tempting to speculate that it could be beneficial.
There is no clinical trial that specifically targeted treatment of
patients with coexistent diabetes and cirrhosis [31] (Table 2).
Other drugs used in the management of disorders associated with T2
DM
Lipid disorders.
Statins. Due to its antioxidant and anti-inflammatory properties,
the increased cardiovascular risk among NAFLD patients and the
frequent NAFLD dyslipidaemia, statins are an appealing tool in
NAFLD. In a large cohort of patients with NAFLD, statins use was
accompanied by lower hepatic fibrosis. These data reiterate both
the safety and benefit of statins in NAFLD [103]. However, until
randomized clinical trials with histologic endpoints prove their
efficacy, statins should not be used to specifically treat NASH.
Fibrates. Fibrates activate transcription factors belonging to the
PPAR-a family, which regulates lipid and glucose metabolism as
well as inflammation. Statins-fibrate combination therapy should
be undertaken cautiously and reserved for patients with severe
or refractory hyperlipidaemia. Because fibrates may impair liver
function, which could lead to higher plasma levels of statins,
patients with impaired liver function should not receive this combination [165].
Omega-3 fatty acids. They have a crucial role in the alteration of
the hepatic gene expression, thus, switching lipogenesis to fatty
acid oxidation and catabolism; moreover, they improve insulin
sensitivity and reduce TNFa levels [166].
Ezetimibe. Has been suggested to reduce inflammatory processes
during its metabolism in the liver and improving liver sensitivity
to insulin [167,168]. Due to its antioxidant capacity and safety profile, ezetimibe is a good option for NAFLD patients with high cardiovascular risk factors [169]. Cholesterol-lowering by both statin
and statin/ezetimibe combinations has also been shown to

improve necroinflammation and reverse hepatic fibrosis in diabetic
mice models [170].
Antihypertensive drugs in cirrhotic patients. Experimentally and in
patients with NASH, losartan results in the improvement of serum
liver enzyme levels and hepatic necroinflammation. Losartan
decreases blood markers of hepatic fibrosis, activation of hepatic
stellate cells, TGF-ß levels, and, thus hepatic fibrosis. [171]. In
patients with CHC administration of an AT1R antagonist may
improve liver scores of fibrosis stage [172].
Insulin-sensitizing agents and prognosis of cirrhosis and HCC
Insulin-sensitizing agents and prognosis of cirrhosis
Metformin has been shown to reduce the risk of hepatic
encephalopathy in diabetic cirrhotic patients, probably by 2 mechanisms: Inhibiting partially glutaminase activity and improving
insulin sensitivity [173].
Diabetic patients with compensated HCV cirrhosis were treated
by different antidiabetic drugs and evaluated for the development
of HCC, liver-related death or liver transplantation. The 5-yr HCC
occurrence was significantly lower in the group receiving metformin than other groups. Moreover, metformin treatment was
independently associated with decreased liver-related death or
transplantation [174].
Insulin-sensitizing agents and hepatocellular carcinoma
Some studies found that thiazolidinedione treatment is significantly associated with a reduced incidence of HCC [175], while
others reported that TZDs did not modify the risk of HCC [176]. A
meta-analysis that involved one randomized controlled trial and
12 observational studies showed that metformin is chemoprotective with low incidence of HCC while insulin was associated
with increased risk so the choices for antidiabetic treatment in diabetic cirrhotic patients is metformin first, second TZDs, followed by
sulphonylurea while insulin was ranked as lowest in prevention of
HCC [175], these results should be interpreted with caution due to
considerable heterogeneity among studies included in such
analysis.
Andrological aspects of diabetes associating liver disease
The most important sexual health indicator is erectile dysfunction (ED). The risk factors are age, duration of diabetes, peripheral
neuropathy, body mass index, cigarette smoking, hypertension,

Table 2
Therapeutic options for treatment of DM in patients with cirrhosis and their potential benefit (modified from [31,164]).
Therapy

Mechanism of action

Useful in T2 DM

Useful in patients with
cirrhosis and DM

Side-effects/risks

Lifestyle interventions: Low fat dietPhysical exercise

Very useful

Potentially useful

Metformin: First line therapy

Decrease liver and adipose
fat-Increase insulin
sensitivity
Increase insulin sensitivity

Very useful

Thiazolidinediones
Secretagogues: SulphonyureasGlinides

Increase insulin sensitivity
Increase endogenous
production of insulin

Useful
Useful

Very useful, decreased risk
of HCC and HE, longer
survival
No available data
Not useful

Malnutrition frequent-Physical
exercise may not be feasible in
patients with advanced cirrhosis
Contraindicated in patients with
renal dysfunction. Theoretical risk of
lactic acidosis

Incretins: GLP-1 receptor
analogues-DPP-4 inhibitors
Alpha-glucosidase inhibitors

Increase insulin sensitiviy

Very useful-Obese patients
(weight loss)
Useful

Insulin
SGLT2 Is

Decrease carbohydrate
absorption in the bowel
Substitutive treatment

Often necessary
Ameliorated diabetes

Decrease liver fibrosis and
inflamation
May be useful in patients
with HE
Often necessary
??

Contraindicated in patients with
advanced cirrhosis because of the risk
of hypoglycaemia

Benign digestive side-effects
Risk of hypoglycaemia
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dyslipidaemia, alcohol consumption and lack of exercise
[177–179].
In NAFLD testosterone deficiency is associated with increased
visceral adipose tissue and IR in males. Alcoholic liver disease
causes gonadal dysfunction from toxic effects of alcohol. Alcoholics
have phenotypic changes due to hormone imbalance, with earlier
decreased serum testosterone due to alcohol itself whereas the
E2 increase is evident after long periods of intake, and thus hypogonadism precedes liver feminization [180].
Cirrhotic men have signs of hypogonadism due to reduced production of albumin affecting the ratio of free testosterone to
albumin-bound testosterone and total testosterone levels, physical
disturbance by protein malnutrition and hypothalamic–pituitary–
gonadal axis by reduced pulsatile secretion of LH and response to
gonadotropin-releasing hormone [181,182].
Poor glycaemic control is associated with ED in T2 DM, specially
among young age group while age is the only significant independent risk factor among older age group [183,184]. There is a significant positive correlation between ED in patients on insulin and
either macrovascular disease or neuropathy [185].
The management includes oral phosphodiesterase type 5 inhibitors, use of intracorporeal injection of prostaglandin E1 or the
use of penile prosthesis as the last resort [178].

Management of liver disease associated with diabetes
Prognosis of cirrhosis associated with diabetes
The impact of diabetes on lowering cirrhotic patients’ survival
has been demonstrated. The risk of acquiring HE and its severity,
the increased risk of ascites, and bacterial infections in chronic
liver disease patients with diabetes is higher than those without
diabetes [186,187].
Assessment of cirrhosis in diabetics may be better distinguished
from the prognostic markers of cirrhosis in nondiabetics, as studies
showed that it is not correlating with the current Child-Pugh and
MELD scoring systems [188]. Perhaps the addition of DM to the
currently used scores may enhance sensitivity and specificity for
prediction of morbidity and mortality rates in cirrhotic patients
[32,189]. Post liver transplantation-free survival was shorter in
diabetics, independent of MELD score. Diabetes had an effect on
prognosis in those with baseline MELD score <10, while those with
MELD >10 were not affected by it. This could be explained by separating HD which occurs in late cirrhosis and has no effect on the
survival, and the effect of pre-existing diabetes which by itself
deteriorates the liver functions and the general condition of the
patient undetected by the conventional scoring systems available
[187].

NAFLD: A possible new target for T2 DM prevention and treatment
Diabetes and NAFLD are reciprocal risk factors and when they
occur together, an increasing body of data (previously discussed)
demonstrates that diabetes is more difficult to manage and that
NAFLD is more likely to progress. NAFLD is not only one of the
more prominent chronic liver diseases, but also a new predictive
marker of T2 DM, with potential therapeutic implications [190].
The ideal drug will need to address not only the liver complications
but prevent cardiovascular death, the main cause of mortality in
this patient population [191].
As NAFLD and T2 DM share some common pathophysiologic
mechanisms, they may also share the same treatment with restoring insulin action as the main target of treatment [192].
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Metformin
Kita, Y et al., found improvement in liver transaminases and
metabolic syndrome features on metformin therapy. However, to
date, only a few data are available regarding histological changes
after metformin therapy [193].
Thiazolidinediones
A double-blind randomized placebo controlled study found that
pioglitazone (45 mg daily for 18 months) ameliorated the primary
endpoint, NAFLD activity score in patients with NASH and prediabetes or T2 DM [194]. The response to pioglitazone in NASH can be
predicted by the increase in plasma adiponectin levels within the
first 1–3 months after treatment initiation [195]. Recently, its
long-term safety (with some precautions) and efficacy was confirmed in patients with NASH and either impaired fasting glucose
and/or impaired glucose tolerance or T2 DM [192].
Incretins
Liraglutide significantly improved serum markers of adipose
inflammation (leptin and adiponectin), improved liver histology
and led to weight loss [191]. In the most comprehensive study to
date, the LEAN (Liraglutide Efficacy and Action in Non-alcoholic
steatohepatitis) trial showed benefit for biopsy-proven NASH
who were treated for 48 weeks with liraglutide at a dose of
1.8 mg per day [192]. Meta-analysis of clinical trials of liraglutide
in T2 DM, [196] have suggested that GLP-1RAs could improve
NASH and it has been shown to be an effective treatment for those
with and without diabetes [197]. Studies with DPP-4 inhibitors
have reported mixed results regarding liver fat reduction [198–
200].
Sodium-glucose cotransporter 2 (SGLT2) inhibitors
In patients with diabetes, levels of plasma aminotransferases
decrease during treatment with SGLT2 [201]. Pooled data from four
26 week placebo-controlled studies of canagliflozin (n = 2313) and
two 52 week active-controlled studies of canagliflozin vs sitagliptin (n = 1488) found significant reductions in plasma ALT with
canagliflozin 300 mg compared with placebo or sitagliptin [202].
Changes in aspartate aminotransferase were fully explained by
the reduction in HbA1c and body weight.
Metabolic effects of HCV in the era of recently developed DAAs
In the era of new DAAs, there will be a rapid change in peripheral and intra-hepatic metabolic pathways, implicating a direct
effect of HCV replication on lipid homeostasis. Several studies have
indicated that virus-induced lipogenic genes over-expression
exerts a strong influence on inflammation and fibrosis progression,
rather than causing the lipid accumulation observed in patients
with steatosis [203].
Sofosbuvir treatment has been associated with an increased
concentration and size of the LDL particles following viral clearance [91]. In a retrospective study using direct antiviral agents,
HCV eradication was associated with an increase in total cholesterol and LDL. Also, a significant decrease in HbA1c was observed,
which may be through repairing defects in phosphatidylinositol 3
kinase (PI3K) and tyrosine kinase activator (AKT) phosphorylation
pathways as well as improvement in insulin resistance. Such findings should draw attention to the great need to follow patients
after viral eradication to spot changes in blood sugar levels and
lipid pattern [204].
Drug-drug interactions of DAAs
Most of the metabolism-related DDAs involve the cytochrome
P450 (CYP) enzyme superfamily [205].
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Other associations between diabetes and liver disease
New onset diabetes mellitus after liver transplantation (NODAT)
Survival rates of transplanted patients have improved significantly. Accordingly, long-term metabolic complications like DM
have gained increasing interest. [206,207]. NODAT is new onset
DM after transplantation (PLDT: Post-transplat DM). Mostly, the
term PLTD rather than NODAT is reverted to in an acknowledgment that diabetes diagnosed after transplantation might be preexisting but undiagnosed.
In a retrospective study involving Egyptian liver transplant
recipients including 40 patients, the incidence of NODAT was
25% [208]. In a meta-analysis [209]; all studies found were retrospective, the overall incidence of NODAT was 30.2%. The prevalence and incidence vary with the time from transplantation with
the highest being during the first 6 months and declining after the
first year.
It is important to note that even temporary NODAT occurring
from 1 to 6 months post-transplantation, could be responsible for
a decreased recipient and graft survival [210].

Impact on transplant outcome
Mortality and morbidity are mainly related to graft survival,
infections, cardiovascular complications and chronic renal insufficiency [211–213].
In the study by Lv et al., patients had no pre-transplant diabetes
mellitus, however; NODAT was associated with reduced survival,
increased incidence of sepsis and chronic renal insufficiency
[214]. In another study, cryptogenic cirrhosis, hypertension, and
CAD were 2–3 times more common in recipients with NODAT than
those without [215]. On the contrary, a retrospective analysis
(13,736 transplant recipients), showed that NODAT alone was
not associated with an increased risk of graft failure, mortality or
cardiovascular mortality, but pretransplant DM was the only factor
associated with cardiovascular mortality 1 year post-transplant
[216].
In one meta-analysis, the collective prevalence of metabolic
syndrome post-transplant was 39%, with new-onset metabolic
syndrome prevalence of 35%, causing an increase in the cardiovascular events but not mortality [217].

Pathogenesis and risk factors
In addition to the risk factors of DM in the general nontransplant population, certain factors are unique in organ transplant recipient, particularly liver transplant recipient. Chronic
HCV (synergistically or independently) is one of the major risk factors for developing NODAT [218]. Other risk factors include older
age, male gender, high BMI, donor graft steatosis, impaired fasting
blood sugar, and more importantly the immunosuppressive drugs
[209,219,220].
Regarding immunosuppressives, steroids are the cornerstone in
the first 3–6 months after transplantation (highest incidence of
NODAT during the first 6 months). Calcineurin inhibitors, CNI
(tacrolimus, cyclosporine) exert an apoptotic effect on pancreatic
b cells [221]. Other immunosuppressives as IL-2 receptor antagonists are on the contrary protective against NODAT, mainly due
to avoidance of beta cell destruction [222].
Gut microbiota disturbance can occur with liver transplantation
due to various causes like antibiotic regimens, operative and postoperative stress. This could lead to blooming of certain species as
proteobacteria. In mice it has been demonstrated that tacrolimus
could cause an imbalance between bacteroides and firmicutes.
Both could lead to a state of insulin resistance and NODAT [223].

Diagnosis and management
The diagnosis, goals of long-term management and treatment of
PLTD are not substantially different from the general population
[224,225]. The main concern should be for the allograft and patient
survival. In the peri- and early postoperative period, insulin is generally required. When insulin requirements are low, oral agents
may be substituted if graft function is normal. In addition, modulating immunosuppression may be of benefit [226]. NODAT tends
to remit over time especially as corticosteroids are withdrawn
and CNI dosage is reduced, and patients may shift from insulin
therapy to oral hypoglycaemic agents to diet control only over
the years [227].
HBV and diabetes mellitus
It is known that diabetic patients are at increased risk of contracting HBV because of their regular blood glucose monitoring
and unavoided contamination of these devices. The Centers for Disease Control and Prevention recommended HBV vaccination for all
diabetic patients [228].
The question remained, whether HBV per se (without cirrhosis)
causes DM or not and the risk factors involved in this causal relation. The other aspect of the issue is the synergistic effect of DM
and chronic HBV on liver fibrosis and development of HCC
[229,230].
HBV as a risk factor for diabetes mellitus
Studies (mostly on Asian populations) demonstrated a higher
prevalence of diabetes mellitus in HBV patients (up to 14%)
compared to age and gender-matched general population (9%)
[231–233]. But, they all fail to define if HBV is a risk factor for
the development of diabetes mellitus. Limitations were many in
these studies [234–236]. In another study on patients with DM
versus non-diabetic control, it was found that the prevalence of
HBV infection was higher in patients with T2 DM versus nondiabetics (13.5 vs 10.0%, p = 0.004), but there was no increase with
adult-onset autoimmune DM [237].
On the other hand, some studies showed no relation between
HBV and development of diabetes mellitus [238,239] (HBV itself
is not pro-diabetic).
HBV and steatosis
The more important question is if HBV can cause steatosis/IR as
in the case of HCV.
In a meta-analysis including 17 studies [240] HBV infection may
have a paradoxical protective effect on liver steatosis. In addition,
hepatic steatosis in HBV-infected patients was similar to the general population and was mainly associated with; DM, male gender,
alcohol consumption, and hyperlipidaemia, with a negative association with the HBV viral load, while genotype and HBeAg status
had no influence.
On the other hand, in a meta-analysis including four studies
[241], assessing the prevalence of the metabolic syndrome in relation to chronic HBV, lower tendency of metabolic syndrome with
HBV infection was found, but this was not statistically significant.
Chao et al., studied a cohort of 2903 government employee with
chronic HBV for serum level of insulin and incidence of HCC in
17 years follow up period. They found that elevated insulin levels
are an independent risk factor for HCC among HBV carriers even
after correction of other metabolic factors [242].
It goes without saying that the presence of steatosis per se in
HBV patient will increase stress on hepatocytes and promotes further progression and fibrosis. No matter whether HBV-IR related to
a higher incidence of diabetes and/or NAFLD; those patients need
higher medical attention.
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Synergistic effect of HBV and DM on fibrosis progression and incidence
of HCC
DM was found to be an independent factor associated with cirrhosis and its decompensation and a significant synergistic factor
in the development of HCC in patients with chronic HBV infection
[243,244]. Whether these results reflect the synergistic effect of
DM and the inflammatory state or if these are specific to HBV (as
in the case with HCV) remains to be elucidated.
The debate is not closed as a recent retrospective case-control
study [245], found that there was no increased risk of HCC with
DM in infected HBV patients. In another meta-analysis, a strong
evidence-based association between HBV, DM and progression of
liver disease in the form of cirrhosis progression, decompensation,
HCC, the need for liver transplantation and/or mortality [246].
These data compelled physicians to insist on improved diabetic
control, which should be part of the surveillance protocols of HBV
patients.
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