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ABSTRACT

Liver is the most important organ involved in the entire metabolism of ingested food, synthesis of
bioenzymes and removal of toxic substances. Its role in glucose metabolism has extensively been studied,
and any liver dysfunction will affect many metabolic regulatory path ways. Alteration in liver function is
said to affect Diabetes Mellitus status, its regulation and complications. A host of diseases of the liver
such ascirrhosis, liver carcinoma, infections are said to have an impact on diabetes mellitus. This review
paper highlights the recent findings on the role of liver in Diabetes mdlitus, its future directions and the
current concept on newer testing strategies and its clinical useful ness.
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INTRODUCTION
There is a strong correlation between diabetesitoelDM) and the liver: diabetic patients haveitgb
histological lesions and alterations in glucoseahnelism are commonly found in subjects with chronic
liver disease. The pathogenesis of impaired gluces&bolism during chronic liver disease has not ye
been fully understood: further clinical and expesittal studies should clarify this isSud@here is a
mutual relationship between DM and liver disord@mmbetic patients suffer from liver disorders more
frequently and liver dysfunction patients are &igher risk of developing diabetes. Diabetes idhahby
the most common cause of chronic liver disordemeneloped countriésPreliminary data suggest that
in the postprandial state, increased gluconeogemepresents the primary mechanism responsible for
impaired suppression of hepatic glucose producti@iven the primary role of increased hepatic
gluconeogenesis in the pathogenesis of hyperglycemiNon Insulin Dependent Diabetes Mellitus
(NIDDM), development of new drugs aimed at cormgtithe factors that might cause increased
gluconeogenesis (e.g., increased free fatty adithtinn and hyperglucagonemia) might open the weay f
new form of treatment of this disorder The increased phosphoenolpyruvate glucceressis
accounted for 89 + 6% of the increase in overglatie glucose output in the NIDDM subjects and was
significantly correlated with the fasting plasmaaise concentrations. Increased gluconeogenesis is
predominant mechanism responsible for increasedtitegiucose output in NIDDR/
LIVER CIRRHOSIS
Overt and sub clinical DM is associated with lieemplications and death in cirrhotic patients. Tirep
diabetes is difficult in cirrhotic patients becausfethe metabolic impairments due to liver diseard
because the most appropriate pharmacologic treathmes not been defined. It is also unknown if
glycemic control with hypoglycemic agents has anpact on the course of the liver dis€agirrhosis
secondary to hepatitis was associated with a lggssence of DM only in patients with Hepatocelula
Carcinoma (HCC). Liver cirrhosis was strongly assteal with DM, with around 40 % of diabetic
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patients. In the group of patients with Liver cosis without HCC, diabetes was not associated thith
etiology of cirrhosi& DM increases the mortality of cirrhotic patienf@eatment of the diabetes is
complex due to liver damage and hepatotoxicityraf bypoglycemic drugs. occurrence and exacerbation
of HCC'. Diabetes are at an increased risk of liver csiiand its decompensation over time

The presence of DM at baseline in patients withhogis was associated with an increased risk of
spontaneous bacterial peritonitis, which may regmwean increased susceptibility to infections. Heave
DM was not clearly associated with increased mitytain these patienfs DM may worsen
immunodepression in cirrhotic patients thus indrepghe incidence of severe infections which may
further have a deleterious effect on hemodynamiaks capillary permeability. A diabetic patient with
advanced cirrhosis and sepsis usually has markadheased capillary permeability, high hydrostatic
pressure due to hyperdynamic circulation, and comized lymphatic drainage capadityrhe presence

of liver disease makes the treatment of diabetagptax, and additional research is needed to determi
the best treatment strategies in these palfemtéter adjustment for a number of factors (agepaired
fasting glucose, body mass index (BMI), waist hatia (WHR), elevated alanine aminotransferase
(ALT), family history of diabetes and presence gpértension and hyperlipidemia. Nonalcoholic fatty
liver disease (NAFLD) was the only predictor ofiglent diabetes in those with and without impaired
fasting glucose at baseline. A growing evidencenecting NAFLD to NIDDM highlights the
importance of its recognition in an effort to targjeose at the highest risk of diabetes for lifesgnd
pharmacologic interventioh

The Diacylglycerol-Protein kinase hypothesis caplan the occurrence of hepatic insulin resistance
observed in most cases of NAFLD associated wittsioppdipodystrophy and NIDDN. No antidiabetic
agent has hitherto been shown to exert a beneéffie¢t on hepatic fibrosis. However, pharmacolabic
treatment could be considered in patients with alopholic steatohepatitis (NASH) not responding to
lifestyle intervention. and long-term studies aeeded to shed more light on the effect of antidiabe
treatment on NAFLES. The identification of NAFLD should be sought astpof the routine assessment
of NIDDM, as sought the microvascular complicatiem&l cardiovascular disease, because it is edsentia
for the early diagnosis and proper interventioretDéxercise training, and weight loss provide ifiggnt
clinical benefits and must be considered as tte fiine for treating NAFLEP. NAFLD patients had a
markedly greater carotid intima-media thicknes$ T} among diet-controlled NIDDM individuals the
significant increase of carotid IMT in the presen¢NAFLD is largely explained by homeostatis model
assessment (HOMA)-estimated insulin resisténce

The current body of evidence strongly suggests M#sELD is likely to be associated with increased
cardiovascular disease (CVD) risk, and raises tssipility that NAFLD may be not only a marker but
also an early mediator of atherosclerdsiRecent prospective studies have reported that NAKL.D
associated with an increased incidence of metalsyliirome (MetS) and NIDDM, independent of
obesity and other components of MetS. Thus, NAFL&y mot only be a liver disease but also an early
mediator of NIDDM and MetS. Future studies mightlieds the question whether earlier adjustment to a
more efficient lifestyle or a pharmacological treant that mobilizes fat out of the liver could redu
these risk®. Therapeutic goals for NAFLD should address riatitphysical activity, and avoidance of
smoking to prevent not only end-stage liver disdagealso CVD®. Treatment is aimed at correcting the
risk factors for NAFLD and using potentially hepatotective agents. Ursodeoxycholic acid and betaine
appear particularly promising in early trills

Livers of diabetics had significantly more seveteatosis and rich perisinusoidal collagen 1V, lamin
and smooth muscle actin accumulation without higficklly detectable NASH and irrespective of the
degree of steatosis. Obese patients with NIDDMiaadlin resistance develop more severe NAFLD and
early sinusoidal fibrosclerodfs NAFLD is now recognised as the hepatic componéhetS, and is an
example of ectopic fat accumulation in a viscergho that causes organ-specific disease, and sfiekt

of other related diseases such as NIDDM and CVDFNBA is a spectrum of fat-associated liver
conditions that can culminate in end stage liveedse, HCC leading to the need for liver
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transplantatioff. The presence of NAFLD in NIDDM is also associateith increased overall
mortality?®,

HEPATOCELLULAR CARCINOMA

Several cohort studies have suggested a metatatlovpy from nonalcoholic fatty liver, nonalcoholic
steatohepatitis, cryptogenic cirrhosis, and evéhytieepatocellular carcinoma. Although cardiovascul
risk remains the major cause for excess mortalitilDDM, the risk of progressive liver disease ddou
no longer be underscorédThe significant synergy between heavy alcoholsoamption, hepatitis virus
infection, and DM may suggest a common pathwayhfpatocarcinogenesis. Exploring the underlying
mechanisms for such synergisms may indicate new Hi@@ention strategies in high-risk individifals
Also thiazolidinediones seem to prevent tumor fdiomin the liver via the inhibition of peroxisome
proliferator-activated receptor gamma-independegtilation of nucleophosmin. More debated is the rol
of sulfonylureas in decreasing HCC incidence irbdic patients. Further investigations are needed t
define reliable indications to therapy and suraeitle in patients with diabetes or insulin resist&nc

Also meta-analysis of 7 cohort studies found a@sttaally significant increased risk of HCC mortglfor
individuals with and without diabetes. This metalsg|is shows that diabetes is associated with
moderately increased risk of HCC prevalence, ad a®lHCC mortality. Considering the rapidly
increasing prevalence of DM, there is need for eanmmrevention in diabetic individuals. Further
investigation is needed to focus on the potentiatmanism for the pathogenesis of HCC and the link
between HCC and different types, severity, treatmamd duration of diabetés Metformin is a
promising therapeutic agent for the elimination tofmor-initiating HCC cells and suggest as-yet-
unknown functions other than its inhibitory effext the activated protein kinase / mammalian taofet
rapamycin pathway. NASH-based fibrosis is an essential histologjrakess for diabetic populations to
accelerate the development of FfcByperglycemia and co-presence of low LDL-C plow |
triglyceride (TG) might enhance, while insulin datin usage might attenuate the promoting effect of
chronic hepatitis B virus (HBV) infection on HC@ iNIDDM®.

GLYCOGEN STORAGE DISEASE

Glycogenic hepatopathy (GH ) is a rare cause dfirsetransaminase elevations in type 1 diabetes
mellitus. Clinician’s awareness of GH should prevdiagnostic delay and will provide better insigttb

the prevalence of GH As in children, liver enzyme abnormalities are linl®#e in predicting the
presence or the extent of glycogenosis. Hepaticogignosis can occur at any age, and thereforedhoul
be included in the differential diagnosis of hepaggaly in all insulin-requiring diabeti®s Glycogen
storage hepatomegaly in diabetics may not be amytd an acute restoration from diabetic ketoadicos
but may also be due to an over insulinization irmiempt to maintain a euglycemic condition in emif
excess food intak&

INFECTIONS

When diabetics present with soft tissue infectjgimysicians should consider the possibility of uhdeg
necrotizing infection and pursue surgical evaluaifothere are signs of systemic illness, charéstier
skin findings, failure to respond to antibioticsy oharacteristic radiographic findirigs Diabetic
complications are more common if longer the durattbthe disease that has been present. A significa
percentage of these complications come in the fofninfections. Because these complications are
generally related to disease duration, clinicabfgms are very frequently seen in the elderly patah.
Moreover, infectious complications in older diabsthave poorer outconiés

Among those at high risk for diabetes, persons Wi@V infection were more than 11 times as likely as
those without HCV infection to develop diabetes. gkrg those at low risk, no increased incidence of
diabetes was detected among HCV-infected persoasexsting HCV infection may increase the risk for
NIDDM in persons with recognized diabetes risk dast Additional larger prospective evaluations are
needed to confirm these preliminary findiffgsThe temporal relation of HCV infection to the
development of NIDDM remains unknown. HCV infectitcs an independent predictor of diabetes,
especially for anti-HCV and persons who are yourgdrave a higher body mass indfex
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LIVER ABSCESS

An emphysematous liver abscess is a fatal conditieh often occurs in patients with uncontrolled
diabetes mellit]. In the DM and non-DM groups, the cure rates gercutaneous drainage with
antibiotics were 90.3% and 92.0%, respectively, #ral cure rates for surgery with antibiotics were
93.9% and 95.2%, respectivélyThe association between K pneumoniae liver asaed diabetes is so
close that a search for underlying diabetes mslisuwarranted in all patients with K pneumoniai
abscess. Fortunately, earlier diagnoses and ledttment modalities have improved the outcome for
these patients

ALCOHOL ABUSE

Chronic use of alcohol is considered to be a piternisk factor for the incidence of NIDDM, which
causes insulin resistance and pancrdatiell dysfunction that is a prerequisite for thes&lepment of
diabete$'. Diabetes patients who are at-risk drinkers &elylito have poor diabetes treatment adherence,
leading to increased morbidity and mortality. Alobhconsumption by diabetes patients is often
inadequately assessed and addressed in their medic®. Chronic heavy alcohol ingestion may
aggravate NIDDM and may possibly lower brain-detiveurotrophic factor levél

VLDL

Hepatic SH2B1 gene is not required for the maimeaaof normal insulin sensitivity and glucose
metabolism; however, it regulates liver triacylgyol synthesis, lipolysis, and VLDL secrettarHepatic
VLDL-apoB100 overproduction may be stimulated byateides and sphingosine and inhibition of
sphingolipid synthesis can reduce circulating VLiDLhamsters and improve circulating lipids--an efffe
that is possibly due to improved insulin signalarg reduced lipogenesis but is independent of @sang
in inflammatiorf>. TNF-alpha induces whole-body insulin resistanue impairs hepatic insulin signaling
accompanied by overproduction of apoB100-containidL particles, an effect likely mediated via
TNF receptor £. As insulin resistance progresses, a number bfzzais are altered that further augment
VLDL hypersecretion, including hepatic inflammatopathways. Insulin plays a complex role in
regulating glucose metabolism, and it is not ssipg that the role of insulin in VLDL and lipid
metabolism will prove equally compl&x

TRIGLYCERIDE

Adipose triglyceride lipase in mice are protectemhf high-fat diet induced insulin resistance anctat a
tissue specific disparity between lipid accumulamd insulin sensitivif{. The therapeutic advantage of
secondary hyperlipidemia in children with diabdtetoacidosis is the use of Bifiform Baby for in the
elimination of main infringement of a metabolislipids in the given disease--hypertriglycerideffia
leading to high prevalence of hyperlipidemia andchef monitoring serum lipid concentration in IDDM
patients’. Fibrate therapy is the first choice in the isethhypertriglyceridaemia as well as in type V.
hyperlipoproteinaemia. On the basis of the guidslifar more patients with diabetes should be teate
with lipid lowering therapy than befote

The insulin-resistant diabetes course affects afitall lipids and lipoproteins. Chylomicron and.BL
remnants accumulate, and triglycerides enrich HDILRL leading to higher levels of potentially
atherogenic particles and low levels of HDL chatest Hyperglycemia eventually impairs removal of
triglyceride-rich lipoproteins, the accumulation which accentuates most patients with NIDDM who
have risk factors for coronary artery disease araify for aggressive LDL cholesterol-lowering thpy.

At the same time, it is presently unknown whethmeprioved glycemic control decreases coronary artery
disease risk in such patietits

LIVER ENZYMES

The prevalence of elevated serum ALT > 740 U/L @8<l% in boys, and 19.6% in girls respectively. In
boys, ALT correlates with BMI, WHR, total cholestér triglyceride, HDL-cholesterol, systolic and
diastolic blood pressure, HOMA-IR, fasting serurauiin, and in girls ALT was found to correlate with
BMI, WHR, total cholesterol, triglyceride, glucosgystolic and diastolic blood pressure, among obese
Korean children, insulin resistance and ALT, lipiafile, BMI, WC, blood pressure showed significant
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correlation. Especially, in boys, higher ALT is faled to be independently associated with insulin
resistance.

Higher ALT concentrations were cross-sectionallyoagated with obesity and whole-body and hepatic
insulin resistance and prospectively associatedh &itdecline in hepatic insulin sensitivity and the
development of NIDDM. The above findings indicatatthigh ALT is a marker of risk for NIDDM and
suggest a potential role of the liver in the patimasis of NIDDM*.

There were no association found between sex,atynobesity, impaired glucose tolerance, withTAS
or ALT in the prediction of NIDDM. When entered dnthe same model with adjustment for demographic
variables, both C-reactive protein and ALT indeparity predicted NIDDM. In addition, AST and ALT
were positively associated after excluding modetat heavy drinkers. Baseline elevations of these
markers may reflect NAFLD or related pathophysigfdgAvailable data indicate moderate associations
of ALT with the risk of NIDDM events, which may hatributable to publication bias. There was no
evidence for an increased risk of NIDDM with ASTarfe prospective studies may still be needed to
establish the magnitude and natfirElevated levels of serum gamma-glutamyltransfe(@saT) levels
have been found to predict the development of NIDIDMdults. The role of GGT in insulin resistance
among children is largely unknown. Measures acduineluded weight, height, percent body fat,waist
circumference, blood pressure, blood glucose argllim C-reactive protein, total cholesterol,
triglycerides, HDL-Cholesterol, GGT, AST and At’T

Elevated liver enzymes were associated with fammiggory of diabetes mellitus In particular, elevhte
GGT was related independent of the other varidblas determination of GGT activity is a low-cost,
highly sensitive, accurate and frequently usedratiooy test and there is association of this enzyuitie

the most important risk factors of NIDDM and CVIEs serum levels should be considered as a marker of
insulin-resistance when NAFLD is supposed to begmeor there is obesity The association of serum
GGT with NIDDM reflects exposure to persistent angapollutants, as these substances, which have a
very long half-life, may influence diabetes risk t@giding in adipose tissue as endocrine disruptorg
that similar substances may interact with obesityause NIDDNY.

As a marker of the amount of conjugated xenobiptiesent epidemiological findings about serum GGT
imply the possibility of harmful effects of varioesvironmental pollutants at background levels ety
regarded as sdfe Possible interactions between serum GGT and BMI their effects on the risk of
prevalent NIDDM and homeostasis model assessmesiilii resistan¢d People with high serum GGT
have higher mortality, partly because of the asdimi between GGT and other risk factors and partly
because GGT is an independent predictor ofisk

INSULIN RESISTANCE

Genetic variants associated with genes in the mgytiiosynthesis pathways do not provide consistent
evidence for a role of glycine in diabetes-relataits*. Clinical criteria assess the risk for NIDDM with
greater sensitivity and specificity than the coratiion of all known genetic variafits Low IGF-I levels
might have a role in insulin resistance among H@¥miic patient® Activation of the TNF-alpha system
has a pivotal role in the inflammatory processtubaic hepatitis C, and TNF-alpha levels correlaité

the degree of inflammation. TNF-alpha is known amse insulin resistance, with similar defects i th
insulin signalling pathway to those described in\Hi@fection. A model of mice transgenic for the HCV
core protein demonstrated insulin resistance, gkidatolerance, and elevated intrahepatic TNF-alpha
MRNA; all of which were ameliorated by anti-TNF{adpantibodies. In addition, diabetic HCV patients
have significantly higher levels of soluble TNF{adpreceptors, compared to non-diabetic HCV patients
and controls. TNF-alpha may be the link between HEféction and diabetes, suggesting an additional
mechanism of diabetes with important implicatiomsgrognosis and therafy

CONCULSION
The role of liver in diabetes mellitus has beeniewed in this article bringing into focus the recen
advances in the etiology of the role of liver ardious diseases associated with Diabetes Melllths.
article also highlights the potential factors resgible in liver dysfunction and suggests ways levidte
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such factors. Liver enzymes and alterations irdljpiofiles have been thought to play a part in Biab.
More laboratory based tests such as C-RP. ALT, GIAIF, HCV and IGF-1 must be developed as an
aid in the diagnosis of not only liver diseased,diso Diabetes Mellitus.
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