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of the disease. Conclusion: The concludes that lower serum zinc levels are clearly attributed
to advanced stages of hepatic encephalopathy in chronic alcoholic liver disease, suggesting a
emerging role of zinc deficiency in disease progression. ii INTRODUCTION INTRODUCTION
The global distribution of hepatitis and liver disease is progressing, with India being
responsible for 18.3% of global liver disease fatalities in 2015. Chronic liver disease is
characterized by decline in liver function, heading to inflammation, liver damage, and
regeneration. Cirrhosis, the final stage, results in vascular regeneration, neo-angiogenesis,
and nodule formation. Primary liver diseases include hepatocellular cancer, alcoholic liver
disease (ALD),Metabolic Dysfunction Associated Steatohepatitis(MASH) and viral hepatitis(1).
Clinical liver illnesses typically manifest in cholestatic, hepatocellular, or a combination of
these patterns. Hepatocellular liver disorders, such as viral hepatitis and ALD, have
inflammatory characteristics. Mixed pattern liver disorders combine both hepatocellular and
cholestatic traits, while cholestatic patterns involve bile flow inhibition (1). ALD is still a major
global health issue. Since micronutrients frequently function as components or coenzymes of
numerous biochemical enzymes involved in oxidative stress, cell division, and the
inflammatory response, disruption of micronutrients has been widely recognized to be a
prevalent feature in individuals with ALD. Before the implementation of a customized
intervention in clinical practice, it is necessary to map the way these micronutrients work and
their metabolic rhythm(2). Overview of Hepatic Encephalopathy Liver failure may result in
reversible disorders of reduced brain function, such as hepatic encephalopathy (HE)/
portosystemic encephalopathy (PSE)(3). HE perhaps evidence brain atrophy, cerebral edema,
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ABSTRACT

Introduction: This study investigates the relationship between serum zinc levels and stages of
hepatic encephalopathy in chronic alcoholic liver disease, aiming to understand zinc’s role in

disease progression and potential therapeutic implications.

Material and methods: This study will include adult patients diagnosed as chronic alcoholic
liver disease with hepatic encephalopathy, presenting to the General Medicine department at R
L Jalappa Hospital and Research centre(RLJH). Participants will be male patients consuming
60-80 grams of alcohol/day for 10 years or longer and females consuming 20-40 grams of

alcohol/day over 10 years or longer.

Result: The study evaluated the serum zinc content in 41 chronic alcoholic liver disease (ALD)

with hepatic encephalopathy (HE). Findings highlighted the relationship, at a significant

statistical level of association to low serum zinc levels and further HE stages and a high

majority, 89.3% of patients, indicated that their zinc levels were less than 60mcg/dL. The
analytical description included an age classification of 40-49 as 46.34%, showing ascites as
presenting feature in nearly all patients. Chi-square tests highlighted serum zinc levels were
significantly attributed to HE stages, with lower zinc levels associated with more severe
encephalopathy (p < 0.05). Regression and correlation analyses further emphasized the role of

zinc in progressive course of the disease.

Conclusion: The concludes that lower serum zinc levels are clearly attributed to advanced
stages of hepatic encephalopathy in chronic alcoholic liver disease, suggesting a emerging role

of zinc deficiency in disease progression.
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INTRODUCTION

The global distribution of hepatitis and liver disease is progressing, with India being responsible

for 18.3% of global liver disease fatalities in 2015. Chronic liver disease is characterized by
decline in liver function, heading to inflammation, liver damage, and regeneration. Cirrhosis, the
final stage, results in vascular regeneration, neo-angiogenesis, and nodule formation. Primary liver
diseases include hepatocellular cancer, alcoholic liver disease (ALD),Metabolic Dysfunction
Associated Steatohepatitis(MASH) and viral hepatitis®. Clinical liver illnesses typically manifest in
cholestatic, hepatocellular, or a combination of these patterns. Hepatocellular liver disorders, such
as viral hepatitis and ALD, have inflammatory characteristics. Mixed pattern liver disorders
combine both hepatocellular and cholestatic traits, while cholestatic patterns involve bile flow

inhibition .

ALD is still a major global health issue. Since micronutrients frequently function as components or
coenzymes of numerous biochemical enzymes involved in oxidative stress, cell division, and the
inflammatory response, disruption of micronutrients has been widely recognized to be a prevalent
feature in individuals with ALD. Before the implementation of a customized intervention in
clinical practice, it is necessary to map the way these micronutrients work and their metabolic

rhythm?.
Overview of Hepatic Encephalopathy

Liver failure may result in reversible disorders of reduced brain function, such as hepatic
encephalopathy (HE)/ portosystemic encephalopathy (PSE)*. HE perhaps evidence brain atrophy,
cerebral edema, reversible metabolic encephalopathy/any integretion of these diseases. Liver
failure is closely linked to these factors, such as reduced ammonia metabolism. Poor survival and a
high chance of recurrence are linked to HE unless the underlying liver condition is effectively
managed. HE lowers the standard of living and increases the chance of severe episodes, even in

mild forms. HE arises as acute or chronic liver disease worsens, with the most harmful

Page|2



consequences being variceal hemorrhage . Pathophysiological manifestations include lowgrade
cerebral edema, inflammation, oxidative/nitrosative stressdisturbances in the brain's oscillatory
networks. Diagnostic methods and severity grading for moderate forms of HE is ongoing. Current
medical treatment consists of lactulose and rifaximin, with new therapies being developed based

on a better understanding of the pathophysiology *.
Definition and Classification

HE is a brain malfunction triggered by portal-systemic blood shunting and/or liver failure,
resulting in changes in motor function, consciousness, personality, and thought processes. It is a
serious repercussion of acute or chronic liver failure, leading to neuropsychiatric,neurological
issues. Chronic liver failure can cause hyperammonemia, intracranial hypertension, and edematous
brain. HE negatively impacts neurotransmission, immunological response, mitochondrial function,
cerebral blood flow, NMDA(N-methyl-D-Asparate) receptor function, glutamine metabolism,
lactic acid accumulation, astrocyte morphology, L-tryptophan metabolism, and cerebral
bioenergetics. The manifestation range of HE is extremely diverse, varying from minor

neuropsychological abnormalities to coma *.

The definition of "HE" as of now "brain dysfunction caused by liver insufficiency and/or
portosystemic shunting (PSS)". This definition is problematic in several ways. First off, since the
liver is normal, it is inaccurate to call persons with PSS who do not have liver disease.lIt is obvious
that patients with PSS have different prognoses, pathophysiologies, and therapy options than those
with advanced liver disease. Furthermore, because liver disease is absent, newborns with urea
cycle disorders (UCDs) who experience neurological dysfunction brought on by
hyperammonaemia are not diagnosed with HE. All three conditions liver disease, PSS,UCDs share

the trait of brain dysfunction brought on by hyperammonemia °.

“WEST HAVEN CRITERIA™

GRADE-1
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e Trivial lack of awareness.
e Euphoria or anxiety.

e shortened attention span; impaired performance of addition or subtraction.
GRADE-2

e Lethargy or apathy.

e Minimal disorientation for time or place.

e Subtle personality change.

e Inappropriate behaviour.

GRADE-3
e Somnolence to semi-stupor,but responsive to verbal stimuli.
e Confusion.

e Gross disorientation.

GRADE-4

e Coma.

Chronic Alcoholic Liver Disease

Alcoholrelated liver disease (ARLD), sometimes referred to as chronic alcoholic liver disease, is a
common and avoidable condition that develops when excessive alcohol use damages the liver.
Alcohol is broken down by the liver, but when too much alcohol is drunk, the liver may suffer

significant harm.

Epidemiology and Global Burden:

Chronic Alcoholic Liver Disease (ALD) enormous global contributing factor of liver-related
death., responsible for nearly 1.7 million deaths annually, with alcohol accounting for about 50%
of liver cirrhosis cases. The burden is highest in regions with excessive alcohol consumption, such

as Eastern Europe and Central Asia, and disproportionately affects low-income populations.

Incidence and mortality:
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Alcoholrelated liver disease (ALD) is a major illness primarily induced by political policies
restricting alcohol access. ALD is responsible for over 5.9% of all deaths, 3.3 million annually,
from alcohol-related illnesses and injuries in violent and traffic accidents. Alcohol use is linked to
139 million years of disability-adjusted life, with working-age people being disproportionately
affected. The prevalence of ALD and alcohol use is highest in the WHO European Region, but
there is a significant variance in alcohol intake and involved morbidity and mortality worldwide.
Between 1990 and 2014, the WHO European Region saw a decline in alcohol consumption, but
concurrent rises in consumption in the eastern and southeast regions were closely linked to a rise

in liver cirrhosis-related deaths.
Liver transplantation:

As liver transplantation is the only treatment aimed at cure available patients with End
stage liver disease or other liver disease which also associated with risk factors and postoperative
complications®.In many countries, patients must desist from alcohol for six months before surgery,
which makes transplantation for chronic liver cell failure and hepatocellular carcinoma typically

unsuitable treatment.
Risk factors:

As reported by seitz, H.K et al ,ALD is associated with alcohol intake; 90% of long-term
heavy drinkers acquire AFL(Alcoholic fatty liver). But only 10% to 20% go on to acquire
progressive ALD(Alcoholic liver disease). Both sex and heredity are important factors since
women are more prone to drinking and acquire ALD more quickly and less frequently than men.
This could be caused by several factors, including decreased body water content, decreased
stomach alcohol metabolism, and alcohol-mediated elevations in serum estrogens. An increased
chance of developing ALD is also linked to other underlying liver illnesses, including non-
alcoholic steatohepatitis, ol-antitrypsin deficiency, hereditary hemochromatosis, and infection

with the hepatitis C and B viruses. Drinking alcohol also raises the risk of HCC in MASH, HBV,

Page|5



and HCV infections. People who are overweight or obese are more defenseless to alcohol's

deleterious effects on the liver .
Impact of Alcohol on Liver Function:

Alcohol profoundly affects liver function. Indeed, liver represents the major site for the
metabolism of alcohol. Chronic alcohol consumption can result in a spectrum of liver diseases. It
starts from simple steatosis, also referred to as fatty liver. However, it can cause alcoholic
hepatitis, fibrosis, cirrhosis, or even hepatocellular carcinoma. The two main enzymes are the
ethanol-oxidizing microsomal system and alcohol dehydrogenase in the liver which breaks down
alcohol to produce acetaldehyde, a hazardous byproduct of alcohol metabolism that damages the
liver. Metabolic pathways are overwhelmed with increased levels of alcohol, causing oxidative
stress, lipid peroxidation, and producing reactive oxygen species (ROS). These effects result

directly in hepatocyte injury and enhance inflammation ®.
Hepatic Encephalopathy(HE) in Alcoholic Liver Disease

HE is typified by recurring episodes and a poor quality of life. HE is a familiar symptom of acute
on chronic liver failure (ACLF), which primarily affects people with chronic liver disorders. HE is
a common side effect of ALD; this results directly from the failure of the liver to detoxify
ammonia and other neurotoxins due to alcohol-related damage. Chronic alcohol intake induces
liver dysfunction, including steatosis, hepatitis, and cirrhosis that impairs ammonia metabolism by
the urea cycle. It is the elevated ammonia concentration that contributes to neurotoxicity, leading
to HE, which is characterized by cognitive impairment, altered mental status, and motor
dysfunction. Alcohol further worsens the condition with zinc deficiency, oxidative stress, and
inflammation, impeding ammonia detoxification. However, to treat HE efficiently in patients
suffering from ALD, underlying liver disorders have to be addressed coupled with correcting

nutritional deficiencies coupled with decreasing ammonia levels in the patient®.
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Clinical Manifestations and Stages

ALD causes HE, which manifests as a range of neuropsychiatric disorders divided into four
severity-based stages. This describes the signs, symptoms, and course of the illness, describing the
long-term effects of Chronic ALD on the body'. Patients in Stage 1 frequently report mild
disorientation or exhilaration along with minor changes such as reduced concentration,
attentiveness, and sleep patterns. Patients in stage 2 will report as increased sluggishness,
confusion, personality changes, and the onset of asterixis (flapping tremor). In Stage 3,
neurological symptoms including stiffness and clonus become apparent, along with extreme
bewilderment, noticeable somnolence, and an inability to carry out daily chores. The most severe
stage, stage 4, is characterized by a deep coma, a substantial risk of multiorgan failure, and an
inability to respond to stimuli. Dehydration, high protein consumption, gastrointestinal bleeding,
infections, and other conditions can all accelerate the development of HE by exacerbating
hyperammonemia and neurotoxicity. To avoid lasting brain damage and enhance results, early

detection and treatment are crucial®*.

Role of Micronutrients in Liver Disease

Patients with liver cirrhosis often suffer from malnutrition. Several analyses have highlighted that
it is allied with decreased quality of life and increased rates of disease and mortality. Additionally,
it may adversely affect liver transplant outcomes. The prevalence of malnutrition is determined by

the severity of the condition:
Importance of Trace Elements in Liver Function

Maintaining the equilibrium of essential trace elements depends on the liver. By attaching itself to
the plasma proteins, most of the trace elements leave the body through the portal circulation after
being taken up by the jejunum or duodenum. The tissues or organs that need these trace elements

receive them. To transport or distribute various trace elements, like zinc (Zn), iron (Fe), copper
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(Cu), and selenium (Se) liver is largely accountable for starting the creation of the proteins
attached to these elements. Because the liver produces bile, additionally, it contributes to trace
metal excretion, including those of magnesium (Mg) and copper (Cu)*. The maintenance of vital
activities depends on trace elements, and metabolic diseases result from excess or lack. Liver
disease's prevalence and severity are indicated by the metabolism of different nutrients, and the
presence and progression of the disease are significantly correlated with the metabolism of trace
elements. Additionally, the body's metalloprotein concentration and serum trace element
concentration are correlated, and liver disease is largely caused by imbalances in these two
variables. The vital trace elements magnesium, manganese, copper, and zinc play a part in liver
cirrhosis™. Certain disorders can be prevented or improved by trace metals like iron (Fe), copper
(Cu), and zinc (Zn). Trace element transport ,metabolic pathways are regulated by the liver, which
also affects the elements' bioavailability, tissue distribution, and ultimately toxicity. Bile

production is another way that the liver contributes to the excretion of trace substances.

Zinc: Immune system function, protein synthesis, and liver enzyme functioning all depend on
zinc. It aids in the production of antioxidants like superoxide dismutase (SOD) and helps the urea
cycle, which detoxifies ammonia. Because zinc deficiency impairs immunological responses and
increases oxidative stress, it can worsen liver dysfunction, which is frequently observed in liver
illnesses such as cirrhosis and hepatitis. More than 300 enzymatic systems are linked to zinc. Zinc
has several functions, including anti-inflammatory, anti-apoptotic, membrane, and cytoskeletal

stabilizing, and is a crucial co-factor in DNA synthesis.

Copper: Copper is essential for enzymes involved in collagen formation, antioxidant defense, and
iron metabolism. It also aids in producing ceruloplasmin, a protein controlling iron metabolism.
Excess or lack of copper can cause liver dysfunction, leading to Wilson's disease. Reactive copper
can stimulate Kupffer cells, contributing to liver injury. Magnesium is crucial for hydrogen

exchange, oxidative phosphorylation, renal potassium, protein synthesis, and enzyme activation.

Page|8



Selenium: To maintain good health, selenium (Se) is essential. The expression of several
selenoproteins is part of the cellular biochemistry of selenium. Glutathione peroxidase (GSH-Px),
an antioxidant enzyme, contains selenium in its active site. Selenium is linked to albumin as
selenomethionine and integrated into selenoprotein P as selenocysteine in plasma. Since the liver
is primarily in charge of the synthesis and secretion of these selenoproteins, it stands the primary

organ engaged in the human body's metabolism and selenium homeostasis™*.

Manganese: An essential enzyme in the metabolism of urea, arginase, contains manganese as a
structural component. Many of the enzymes in the Krebs cycle, especially those involved in the

decarboxylation pathway, are activated by manganese.

Magnesium: Magnesium is a necessary element for the human body and other mammals. Because
of its functions in the body, its significance in liver cirrhosis and associated complications is
currently being studied. Magnesium is involved in numerous enzymatic processes that include the

production of proteins and nucleic acids as well as energy consumption™.

Iron: Iron is essential for oxygen-carrying proteins like myoglobin and hemoglobin. On the other
hand, too much iron might be harmful. An essential organ for maintaining iron homeostasis is the
liver. Along with its involvement in iron storage,liver also makes the hormone that controls iron
metabolism and the iron carrier protein transferrin and hepcidin in plasma. Reduced hepcidin

synthesis due to liver injury results in increased absorption of iron*®.
Zinc as a Vital Micronutrient

Protein synthesis, enzyme activity, immunological function, and other physiological activities all
depend on zinc, an important micronutrient. Maintaining healthy liver function, bolstering

antioxidant defense, and aiding ammonia detoxification in liver disorders all depend on it.
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Biological Roles of Zinc in the Human Body

More than 300 enzymatic systems are linked to zinc, a crucial essential metal. It is a vital
component in the urea cycle and plays a crucial role in the transformation of ammonia to urea.
Zinc contains qualities connected to DNA synthesis, anti-inflammatory, and anti-apoptotic. It also
boosts the body's natural defenses opposed to reactive oxygen radicals. Consequently, it seems that
the pathophysiology of HE is influenced by low zinc levels. The primary plasma carrier of zinc is
albumin, and the quantity of zinc carried by the blood is dependent on both serum albumin
availability and zinc levels. Zinc secretion in the urine is also increased by overuse of diuretics.
Zinc loss through the gastrointestinal tract (GI) is also increased by frequent stool washing and
lactulose. Most of the zinc in the body is bound; it may be tightly linked to o2-globulin or loosely
attached to albumin. Patients with CLD have significantly lower albumin levels, and those with
low serum albumin concentrations are also more likely to have zinc deficiencies. Loss of appetite
is another factor contributing to low zinc levels in CLD patients, and low albumin levels are one of
the main causes. The connection between liver cirrhosis with HE and serum zinc levels is less
well-established in India. Thus, this study sought to ascertain people's serum zinc levels suffering
from decompensated liver disease (DCLD), or cirrhosis of the liver, as well as how it related to,

HE grades and patient outcomes *'.
Mechanisms Linking Zinc and HE

Zinc is crucial in the pathogenesis of HE through the mechanisms involving detoxification of
ammonia and neuroinflammation. The support for urea cycle enzymes by zinc, particularly
carbamoyl phosphate synthetase, will detoxify ammonia within the liver. Moreover, glutamine
synthetase is improved by zinc activity which would help in converting ammonia into glutamine in
the brain and muscles. Zinc deficiency impairs these detoxification processes, hence increasing

ammonia levels, which subsequently contribute to neurotoxicity. Furthermore, zinc contributes to
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the reduction of oxidative stress and inflammation in the liver and brain, which are also important

in the HE®,

Zinc Deficiency in Chronic Liver Disease

Zinc (Zn) deficiency is linked to chronic liver disorders. An important trace element with
beneficial anti-inflammatory, apoptotic, and antioxidant properties is zinc (Zn). It has a role in cell
division and activation, RNA transcription, and DNA synthesis. Numerous zinc proteins and
enzymes, including essential zinc transcription factors, depend on it. Many forms of liver illness,
such as viral and ALD, are characterized by zinc deficiency or altered metabolism. Zinc deficiency
and altered metabolism are caused by several causes, including stimulation of hepatic
metallothionein, increased excretion in the urine, activation of particular zinc transporters, and
decreased food intake. Zinc deficiency in liver illness may manifest as skin lesions, reduced
immune function, altered mental status, or inadequate liver regeneration or wound healing. Zinc
supplementation demonstrated to suppress or reduce experimental ALD through a variety of
pathways, such as stabilizing gut-barrier function, lowering endotoxemia, reducing the creation of

proinflammatory cytokines, lowering oxidative stress, and reducing apoptotic hepatocyte death.

Mainly, the liver is essential for preserving systemic zinc homeostasis. As a result, the
development of chronic liver illnesses such fatty liver, liver cirrhosis, or chronic hepatitis impairs
zinc metabolism, which in effect leads to zinc shortage. Zinc deficiency causes a number of
metabolic diseases, as insulin resistance and liver steatosis, and HE. However, metabolic
conditions such hypoalbuminemia in liver cirrhosis patients are often the cause of zinc deficiency.
The possible ways that zinc deficiency results in a range of metabolic problems in chronic liver
disease have been uncovered by recent studies. In both real patients with CLD and experimental
models, zinc supplementation has demonstrated positive benefits on these metabolic anomalies.

The pathophysiology of metabolic issues brought on by the benefits of zinc therapy for patients
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with CLD and zinc deficiency are compiled. Furthermore, we draw attention to how Zn interacts

with additional vitamins, amino acids, hormones, or trace minerals in these patients™.

Impact of Zinc on Ammonia Metabolism

Zinc plays a pivotal role in ammonia metabolism, especially with diseases of the liver: cirrhosis
and HE where hyperammonemia typically arises. The liver, mainly through the urea cycle,
detoxifies ammonia but in liver dysfunction, mechanisms are impaired. Hyperammonemia is thus
significantly exacerbated by zinc deficiency. It is commonly found to occur in liver disease.
Enzymes involved in the urea cycle require zinc as a cofactor, including carbamoyl phosphate
synthetase, whose deficiency decreases the efficiency of this pathway and leads to the
accumulation of ammonia. Furthermore, zinc activates glutamine synthetase, an enzyme that, in
the muscle and brain, catalyzes the conversion of ammonia and glutamate into glutamine as an
alternative route of detoxification when liver function is impaired. Low zinc levels also enhance
ammonia production in the intestine through alterations in microbial activity and intestinal enzyme
function. Zinc supplementation clinically Affirmed to lower serum ammonia levels enhance
neurocognitive performance in patients with HE, and reduce HE episodes. Additionally, zinc has
antioxidant and anti-inflammatory effects that minimize liver damage and oxidative stress, which
can decrease ammonia production. Given its importance in ammonia detoxification and metabolic
support, zinc supplementation is an effective supplemental treatment in the treatment of

hyperammonemia and complications associated with liver diseases *°.

Significance of the Study

This study examines the relationship between serum zinc levels and progression of HE in patients
with chronic ALD, hence detailing strong clinical and research implications. HE is an aggressive
complication of ALD arising as a result of impaired ammonia metabolism leading to

neuropsychiatric disturbances. Zinc is an important cofactor for most enzymes that participate in
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the detoxification process of ammonia and has been entangled in the pathogenesis of HE.
Understanding how zinc levels correlate with HE stages may serve as an insight into the role
played by micronutrient deficiencies in advancing disease. This should facilitate the development
of early diagnostic tools and target therapeutic interventions, such as zinc supplementation, to
abate HE severity. In addition, this research adds value to personalized medicine approaches
addressing the imbalances associated with ALD patients. As these findings bridge the gap between
the status of micronutrients and HE management, they may promote patient outcomes with a better

quality of care in a whole different setting.
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OBJECTIVES

AIM AND OBJECTIVES

e To assess the serum zinc levels in chronic alcoholic liver disease(ALD) with Hepatic

encephalopathy(HE)

e To correlate serum zinc levels with stages of alcoholic Hepatic encephalopathy(HE).
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REVIEW OF LITERATURE
Chronic Alcoholic Liver Disease Overview

Modern categories for jaundice, hepatitis, and liver failure are also presented. The liver's function
IS an important organ that governs the function of digestion, metabolism, lack of hemocoagulation,
and detoxification. It has a wide range of diseases and is frequently associated with the pathology
of other organs. Doctors frequently encounter liver illnesses, and physicians must comprehend the
pathophysiology of this organ. The prevalence of liver illnesses is rising, particularly among
working-age people. Acute and chronic liver disease may result in consequences, including liver
failure. Chronic ALD refers to a group of liver illnesses caused by long-term and severe alcohol
consumption ?°. ALD is a significant global health issue causing significant morbidity and
mortality. It has various stages, including alcoholic steatosis, characterized by excessive fat
accumulation, and alcoholic hepatitis, characterized by inflammation and liver tissue damage.
Unchecked, it can lead to fibrosis, a form of connective tissue in the liver, and eventually cirrhosis,
an irreversible condition with intense scarring and permanent liver function loss. The progression

and severity of ALD are influenced by various factors .

These include the duration and amount of alcohol intake, the differences between genders, with
females being at greater risk of liver damage at lower alcohol levels, and genetic predisposition.
Malnutrition, particularly of essential vitamins and minerals, contributes to the susceptibility of the
patient. The liver, being the main site for alcohol metabolism, is uniquely susceptible to damage
due to the toxic by-products of this process. Alcohol metabolism produces harmful intermediates
such as acetaldehyde and ROS, which disrupt hepatic cellular and molecular integrity”. Chronic
alcohol exposure impairs the regeneration ability of the liver, compromises its structural
framework, and disrupts immune homeostasis. This creates a vicious cycle of injury,
inflammation, and repair that progressively damages liver tissue, causing considerable structural

and functional decline.
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Alcohol-Induced Liver Damage

Alcohol metabolism continues to be at the core of this process, producing toxic intermediates such
as acetaldehyde and ROS. Acetaldehyde is considered the major metabolite of alcohol and is very
reactive and capable of binding with proteins and forming acetaldehyde-protein adducts. These
adducts interfere with normal cellular functions, decrease enzymatic activity, and activate
inflammatory pathways that result in damage to the liver?. Alcohol-induced liver injury (ALD) is
a complex condition characterized by oxidative stress, mitochondrial dysfunction, and cell death.
The injury is primarily mediated by inflammation cytokines, TNF-o, which recruits neutrophils
and macrophages to the liver, releasing more inflammatory mediators and ROS. This leads to
tissue scarring, fibrosis,cirrhosis. The complexity of ALD is attributed to interplay of metabolic,

inflammatory, and oxidative stress pathways in its development.

Alcoholic hepatitis

Healthy liver Alcoholic fatty liver Alcoholic Alcoholic HCC
steatohepatitis cirrhosis

24
I

Figure 1: The progression of liver disease caused by alcoho

The metabolism of zinc helps in maintaining cellular balance, and its dysregulation is commonly
seen as an illness progresses. Though a low tissue concentration, zinc seems to promote
malignancy and aggression in cancer cells. Zinc transport is managed through zinc transporters,
viz., SLC30 zZnT for excretion and SLC39 ZIP for influx. The primary mediators of storage are
metallothioneins (MTSs). This review aims to summarize the body of knowledge on cellular zinc
signaling and identify putative molecular pathways that connect zinc metabolism with the

development of disease, specifically cancer. A summary of zinc ion clinical trials is provided, and
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promising directions for further research are presented by targeted treatments like small molecules
and monoclonal antibodies. Zinc (Zn) is an important trace element that possesses anti-oxidative,

anti-inflammatory, and apoptotic properties®.

The chronic liver conditions of hepatitis, cirrhosis, and fatty liver will cause a problem in zinc
metabolism leading to deficiency. Such deficiency leads to metabolic alterations such as insulin
resistance, hepatic steatosis, and hypoxia. On the other hand, the disease condition in subjects with
liver cirrhosis can lead to Zn insufficiency. The administration of Zn has been reported to correct
these abnormalities both in the laboratory model and the chronic liver disease human. The paper
also discusses interactions of Zn with other trace elements, vitamins, amino acids, and regulators

in these people.
Hepatic Encephalopathy (HE)

HE is a neurologic condition disorder triggered by advanced liver dysfunction, mainly due to the
build up of ammonia in the bloodstream. HE is categorized into covert HE, where symptoms are
mild and overt HE, with severe symptoms such as confusion and coma. The West Haven measures
are used to assess degree of criticality of HE. Ammonia-induced astrocyte swelling,
neurotransmitter imbalance, and systemic inflammation are thought to cause the pathophysiology
involved in HE. This leads to cognitive and neurological symptoms, indicating that HE in liver

disease is complex.

The brain's trip through liver disease development, organ transplantation, and post-transplant
outcomes. It emphasizes the HE brains' susceptibility to perioperative variables and post-LT
circumstances, which may explain persistent neurological damage®. HE is an illness of the brain
that can arise with both acute and long-term liver disease. HE is normally reversible; however, it
can cause long-term neurological issues in up to 47% percent of transplant recipients. According to
research, those who have a history of HE, especially overt HE, continue to experience severe

consequences even after liver donation. These long-term neurological problems have a substantial
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influence on people's standards of life and increase the cost burden of ongoing liver damage on

healthcare systems.

Definition and Classification of HE

HE is a catastrophic and possibly reversible neuropsychiatric illness that develops as a result of
advanced liver disease when the liver's detoxifying function is significantly impaired. It appears as
a Array of neurological and cognitive disturbances, from subtle alterations in mental status to
deep coma. HE can be categorized broadly into two types they are covert HE and overt HE. Covert
HE is considered to be a milder type, where there is minimal impairment in cognitive functions
and these cannot be detected at times by routine clinical examination but are detected through

neuropsychological testing.

In contrast, overt HE has more pronounced and easily observable clinical symptoms, such as
confusion, disorientation, altered motor skills, and, in severe cases, stupor or coma. To assess the
severity of HE, the West Haven classification system is widely used. This grading system ranges
from Grade 0, indicating normal cognition with no clinical symptoms, to Grade 1V, which signifies
coma. Intermediate grades involve a sequence of manifestations, ranging from lethargy and
disorientation to somnolence, often with localized neurological defects. Thus, the classification of

HE is the basis of treatment planning as well as monitoring the progress of the disease.

Pathogenesis of HE

The pathophysiology of HE is complex,highly falec and is based on the toxic effects of ammonia
and other neurotoxins that accumulate due to failure of the liver. Ammonia, primarily produced in
the gastrointestinal tract during protein metabolism, is normally the urea cycle that detoxifies the
liver. In advanced liver disease, the failing liver fails to adequately metabolize ammonia, causing

its systemic accumulation. High concentrations of ammonia exhibit toxic effects on astrocytes, the
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star-shaped glial cells in the brain and spine that help neurons operate properly. Astrocytes have

tried to detoxify ammonia by converting it into glutamine.

The ammonia theory of pathophysiology and related high blood pressure forms the foundation of
most contemporary therapeutic approaches. These findings on the activation of the adaptive route
for ammonia removal in the form of glutamine will be utilized to further investigate medicines that
improve ammonia clearance. The antagonist's action towards the neurosteroid site and the GABA
receptor complex is highlighted as a potential cause of reduced GABA-ergic amplitude®’. Over-
accumulation of glutamine in astrocytes leads to osmotic stress, cellular swelling, and cerebral
edema, compromising neuronal signaling. Imbalances in neurotransmitter concentrations are the
primary contributors to hepatitis C. Increased GABAergic inhibition and changes in glutamatergic
excitatory pathways disrupt neural transmission, leading to cognitive and motor dysfunction.
Systemic inflammation and pro-inflammatory cytokines worsen the disorder by disrupting the
blood-brain barrier(BBB), allowing neurotoxic mediators to penetrate the brain, and causing

neuroinflammation and oxidative stress.
Zinc in Human Physiology

Zinc is an imperative trace element that plays a significant role in many biological functions
necessary for maintaining health. As a cofactor, it participates in the activity of over 300 enzymes
that mediate essential cellular functions including DNA synthesis, protein synthesis, and cell
division. Its role in membrane stability, antioxidant defense, and immune modulation makes zinc
an important protective agent against oxidative damage, promoting wound healing. Its contribution
to maintaining the structural and functional integrity of many tissues underlines its physiological
importance. Zinc is associated with apoptosis and regulation of gene expression and is important
for growth, development, and immune responses. Deficiency in zinc compromises all these vital
functions, impairing immunity, increasing oxidative stress, slowing down tissue repair, and

heightening susceptibility to infections and chronic diseases. The role of zinc in maintaining health
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becomes even more pronounced in states of increased metabolic demand, such as injury,

inflammation, or chronic illness *°.
Zinc and the Liver

Zinc is essential for the maintenance of the morphological and functional integrity of the liver
because this trace element is significantly required by the liver for numerous enzymatic and
metabolic activities. These include detoxification of harmful metabolites, regulation of activity of
various hepatic enzymes, and maintenance of immune homeostasis. Its deficiency is among the
most commonly found conditions for chronic liver diseases, especially conditions such as ALD
and cirrhosis. This deficiency results from several factors, which include a decreased intake of the
diet, intestinal malabsorption, and excessive urinary loss. The presence of hypoalbuminemia

hallmark sign of chronic liver dysfunction-this also worsens the severity of zinc deficiency.

Zinc is bound with albumin during transport within the bloodstream. Therefore, without sufficient
zinc, the status of liver health is critically affected. It impairs the liver's antioxidant defense
mechanism, hence increasing susceptibility to inflammation and oxidative damage in the
hepatocytes. Zinc also has other functions in liver regeneration, where it facilitates cell
proliferation and repair. Impairment of zinc leads to the deterioration of these processes, hence
exacerbating the liver injury and prolonging the disease. In addition, low levels of zinc often
enhance inflammation and complications such as HE, where zinc is significant in the
detoxification of ammonia®. This would require keeping adequate zinc levels that can preserve

liver function, helping minimize the adverse effects associated with chronic liver diseases.
Zinc Deficiency and Liver Disease

Zinc deficiency is a significant factor in chronic liver diseases, particularly ALD, as it increases
the severity of liver damage and disease progression. Chronic alcohol consumption negatively

impacts zinc metabolism, leading to impaired absorption, increased urinary excretion, and lower
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dietary intake of zinc-containing foods. Zinc is crucial in the liver's antioxidant defense
mechanisms, combating oxidative stress and enhancing enzyme activity. A zinc deficiency
weakens these defense mechanisms, increasing oxidative stress, lipid peroxidation, and damage to
hepatocytes. Zinc also controls inflammation by blocking the release of pro-inflammatory
cytokines, which contribute to liver injury and fibrosis in ALD %. Zinc is pivotal for the proper
functioning of the mitochondria and cellular regeneration in the liver. Mitochondrial instability
caused by zinc deficiency worsens cellular damage, and its absence impairs the regenerative
potential of the liver. Low zinc levels also promote systemic inflammation and complications such
as HE, where ammonia detoxification via the urea cycle requires zinc. In sum, it not only reflects
but actively contributes to the progression of liver dysfunction in ALD by intensifying oxidative
stress, inflammation, and impaired regeneration. Zinc deficiency supplementation has been shown
promising in addressing this deficiency to help improve liver function as well as clinical outcomes

among patients with ALD.
Zinc Deficiency in Chronic Alcoholism

Chronic alcoholism has a very notable effect on zinc metabolism, leading to the development of
zinc deficiency, which in turn worsens liver dysfunction. Alcohol intake affects zinc absorption in
the gastrointestinal tract, thereby reducing its bioavailability for vital metabolic processes. Chronic
alcohol consumption leads to an impaired absorption of zinc, mainly through the gastrointestinal
mucosa, where alcohol interferes with normal cellular functions, thus reducing zinc uptake.
Furthermore, alcohol causes an increase in urinary excretion of zinc, which depletes the body of

zinc even further .

Zinc depletion becomes more severe by poor intake of diet from alcohol abusers, as such diets do
not have sufficient quantity of zinc-containing food for a considerable amount of zinc intake, and
zinc level lowers further. Alcohol causes a condition of systemic inflammation in the body, which

influences the redistribution of zinc. In response to inflammation, the body sequesters zinc in the
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liver and other tissues, reducing its availability for essential metabolic and cellular functions in
peripheral tissues. The combined effects of impaired absorption, increased excretion, inadequate
dietary intake, and altered zinc distribution contribute to a state of zinc deficiency, which can have

profound implications for liver health and function in alcoholics®.

Role of Zinc in HE

At a Jharkhand tertiary care facility, 150 patients with liver cirrhosis and HE participated in the
study. The patients were categorized into various WHC grades during HE and CPC courses of
cirrhosis after being assessed through polls, clinical examinations, and history taking. Morning
serum zinc levels, imaging studies, and routine blood investigations were conducted. According to
the findings, the majority of HE patients were zinc deficient, and there was a substantial
connection between low zinc in the blood and HE WHC levels. There were notable variations in
serum zinc levels across the various cirrhosis classes. In patients who passed away, the mean
serum zinc level was noticeably lower. Serum zinc alongside albumin levels were found to be

strongly positively correlated.
Zinc and Neurological Functions

Haussinger et al. (2021)'! explored the mechanisms of zinc supplementation to improve
communication between synapses and rebalance neurotransmitter functions, thus calming
neurological symptoms caused by HE. Zinc is a trace element that plays a very influential role in
the proper functioning of the brain and nervous system. It is an integral part of the modulation of
neurotransmitter  systems, particularly by corresponding with  N-methyl-D-aspartate
(NMDA)/gamma-aminobutyric acid (GABA) receptors. NMDA receptors are involved in
excitatory neurotransmission and synaptic plasticity, while GABA receptors are implicated in

inhibitory signaling, thus controlling neuronal excitability and a balance between excitation and
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inhibition. Zinc is known to be a modulator of both these systems, maintaining normal neuronal

function and performance in cognition.

This delicate balance is disrupted by zinc deficiency, bringing about dysfunctional synaptic
signaling. The host is, as a result, made more prone to neurotoxicity and cognitive impairment. In
HE, zinc deficiency exacerbates neurological dysfunction by augmenting damage caused by
ammonia. Ammonia, a potent neurotoxin accumulated due to liver dysfunction, disrupts astrocyte
function and disturbs the balance of neurotransmitters, thus causing cognitive and motor
dysfunction. The neurotoxic effect in patients suffering from pre-existing zinc deficiency will be
enhanced as the zinc serves as an intermediary to safeguard neurons, maintaining them in an active

state of detoxification.
Zinc and HE

According to Kumar et al. (2024)," there is an inverse connection between zinc levels in the blood
and the level of severity of HE. An absence of zinc is commonly observed in people with a liver
condition. The progression and aggravation of HE have been directly correlated with zinc.
Different authors in their studies, evaluated zinc concentration together with the HE grading to
document a correlation where decreased zinc serum levels relate with high grading of
encephalopathy. The authors found that lower zinc levels are correlated with greater cognitive
impairment and more severe stages of the condition. Such findings have indicated that zinc can be
used as a sensor to assess the course of HE in individuals with a liver condition. Zinc's role in
detoxification within the liver explains its implication in HE. The liver is primarily concerned with

metabolizing ammonia, that is, the major neurotoxin in HE.

Zinc is involved in the stimulation of the urea cycle and ammonia detoxification. The failure of
these processes leads to increased levels of ammonia and neurotoxic effects, which are typical for
HE. On the other hand, zinc supplementation was found to stimulate ammonia detoxification

through its conversion into urea and its enhanced excretion, leading to a decrease in blood
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ammonia levels. It is believed that this reduction in ammonia levels contributes to the cognitive
improvements of HE patients. Chander et al. (2023) have demonstrated that zinc supplementation
reduces ammonia levels and, more importantly, also leads to improved clinical outcomes such as
cognitive functions of patients with HE. As such, zinc supplementation has become a well-
established potential therapeutic intervention in the management of HE, particularly among those
who are documented to have low serum zinc levels. Zinc restoration might, therefore, reduce some
of the cognitive impairments and neurological dysfunctions characteristic of this debilitating
disease. Hence, zinc has great importance in preventing and curing HE, because it is an essential

factor to maintain liver function as well as protecting the brain from ammonia-induced damage.
Literature Review on Serum Zinc in ALD and HE

Zinc deficiency is highly pervasive among patients suffering from both ALD and HE and
significantly contributes to the pathogenesis and severity of such diseases. In ALD, zinc deficiency
contributes to liver damage, impaired regeneration, and detoxification, while in HE, the
impairment of ammonia detoxification and neurotransmitter systems plays a crucial role in the
exacerbation of neurotoxicity. Promising evidence has emerged that zinc supplementation can
improve the cognitive outcome and functionality of the liver in both diseases. The mechanisms of

action and how to use zinc as an intervention in ALD and HE better need to be established.
Literature Review on Serum Zinc in Chronic Alcoholic Liver Disease

Zinc deficiency is the commonly reported and documented condition of chronic ALD, especially
in advanced disease states. Some investigations have established a highly significant decrease in
serum zinc concentrations in ALD, which correlates directly with the grade of liver dysfunction™
reported that of all subjects with advanced chronic liver disease, 73% were deficient in zinc and
the degree of deficiency was significantly correlated with high MELD(The Model foe End stage
Liver Disease) scores and higher hepatic venous pressure gradients indicators of the extent of liver

cirrhosis and portal hypertension. The association of reduced zinc concentration with the intensity
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of liver disease indicates an essential role of zinc in ensuring proper hepatic function as well as
preventing liver dysfunction. This depletion of zinc in ALD is believed to be secondary to a
multifactorial etiology, including reduced intake, impaired intestinal absorption, as well as an
increased excretion in the urine characteristic of patients with chronic liver disease. This, in turn,
worsens liver damage by disrupting antioxidant liver functions and disorganizing protein synthesis
mechanisms in addition to inhibiting cellular regeneration processes. Zinc also significantly
regulates the inflammatory process. Its deficiency may thus lead to chronic inflammation
associated with ALD. Zinc deficiency is thus not only a marker of liver damage but also

potentially a contributibg to the progression of ALD.
Zinc Level and HE Stage Correlation:

Hiwarkar et al. (2023)"" stated that the serum zinc level was profoundlylower in patients with
higher grades of HE according to the West Haven classification system. Many researchers have
attempted to establish the link between zinc deficiency and the severity of HE, a complication that
manifests in most advanced liver diseases. These results suggest a clear inverse relationship
between zinc levels and HE severity, with lower zinc levels correlating to more severe
neuropsychiatric manifestations. Similarly, Kumar et al. (2024) found that the survival outcomes
of patients with HE and lower serum zinc levels were poorer, which would indicate the potential

clinical significance of monitoring zinc levels in HE patients.

Such a correlation might be due to the involvement of zinc in ammonia detoxification. Being a
metal ion involved in the process of ammonia transformation into less toxic compounds, the
deficiency of this metal could worsen the build up of ammonia in the blood and explain some of
the typical characteristics of neurological impairment in HE. Another possible explanation might
be zinc's role in blood-brain barrier integrity maintenance and the modulation of neurotransmitter
function. This evidence would highlight the possible role of zinc as a biomarker in terms of the

severity and prognosis of patients suffering from HE.
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Zinc Repletion Effects on HE:

The possible benefits of zinc supplementation therapy on patients with HE have gained greater
interest. Clinical studies have proved that zinc supplementation can lead to remarkable
improvements in clinical outcomes, primarily through the diminishment of neurological symptoms

linked with HE.

Chander et al. (2023) concluded that the clinical response was enhanced after zinc
supplementation, characterized by decreased levels of serum ammonia and improvement of
cognitive function. Restoring zinc levels may help decrease the neurotoxic effects of ammonia
build-up, a primary pathogenetic mechanism of HE, and may alleviate some components of this
pathology. Zn supplementation appears to improve the biochemical markers of liver functions and
the neuropsychiatric symptoms of HE, proposing thus a potential adjunctive treatment modality for
managing this demanding condition. However, evidence is still somewhat inconsistent because of
differences in study protocols, including varying dosages, routes of administration, and duration of

treatment, that have led to divergent results across studies.

Li et al., (2022)* emphasized the need for more standardized treatment regimens to establish
optimal zinc supplementation strategies. More research data is needed to identify the optimal zinc
dose and preparation, the type of patient, and the treatment duration that would confer long-term
clinical benefit. It is also true that developing these issues may be more difficult; however, results
obtained thus far indicate that the use of zinc repletion could have a significant position in the

treatment of HE as well as potentially enhance patients’ quality of life with advanced liver disease.
Gaps in Current Research and Justification for the Study
Knowledge gaps in the literature:

Despite the growing number of researches on the involvement of zinc in liver disease and its

potential influence in HE, significant gaps continue to exist in the explanation of the complex
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mechanisms that connect the deficiency of zinc to severity exacerbation in HE. While many
investigations have shown that zinc is necessary to safeguard liver function and brain protection,
particularly in ammonia detoxification, the cellular processes connecting zinc shortage to cognitive
impairment in HE is not yet well established. Most of the existing literature on the topic only
emphasizes the general benefits of zinc in liver diseases and its supplementation to reduce

symptoms.

However, there is a poor investigation of how zinc deficiency is specifically associated with
various stages of HE and whether it directly alters the neurological deterioration observed among
patients with advanced liver disease. Furthermore, although various studies have indicated the
possible medical application of zinc supplementation in improving cognition in, HE, the evidence
so far remains inconclusive and inconsistent. Differences in study designs, patient populations, and
zinc dosages administered are some reasons why there is no clear consensus on its efficacy.
Therefore, although the theoretical and preliminary data are promising, there is still a big gap in
understanding how zinc supplementation may prevent or treat HE, and extended research is

needed to ascertain the beneficial significance of zinc treatment.

Key Findings from Literature

The literature review demonstrated that zinc deficiency is a typical and crucial component in the
pathophysiology of ALD and its neurological manifestation, HE. This is because zinc has
important functions in preserving the homeostasis of the liver organ and brain activity, more
significantly through its antioxidant properties, anti-inflammatory effects, and metabolic
regulatory function. Chronic alcohol abuse disrupts zinc metabolism through inhibition of
intestinal absorption, enhancement of urinary zinc excretion, and contributing to malnutrition.
These mechanisms have resulted in systemic zinc deficiency that has been very strongly associated
with the disease's progression in ALD. Zinc deficiency worsens oxidative stress, which is the

central mechanism driving hepatocyte injury, through a reduction in antioxidant enzyme activity
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such as superoxide dismutase. It also enhances inflammation by not modulating the production of
pro-inflammatory cytokines which include tumor necrosis factor-alpha(TNF-a), which enhances

further liver injury, fibrosis, and cirrhosis.

In HE, zinc deficiency exacerbates neurological impairment through the inhibition of ammonia
detoxification, which is the major pathogenic mechanism of HE. Zinc is an relevant contributing
element in the urea cycle enzymes that convert ammonia into urea, and this process is severely
impaired in advanced liver disease. Inadequate zinc levels disrupt this process and cause elevated
systemic ammonia that crosses the blood-brain barrier and causes neurotoxicity. Zinc deficiency
also compromises the function of astrocytes, exacerbates cerebral oxidative stress, and disrupts
neurotransmitter homeostasis, thus causing cognitive and motor dysfunction. Besides this, many
studies have reported an inverse correlation of serum zinc concentration with the grade of HE.
Thus, decreased levels of zinc have been reported with increasing grades of encephalopathy and
poorer clinical course. Therefore, the above facts bring into sharp focus the requirement of zinc

replacement therapy in the management plan for ALD and HE.

Page|30



MATERIALS
& METHODS




MATERIALS AND METHODS

Source of data: The study was conducted in the department of General Medicine at RLJH(R L
jalappa hospital) — A teaching hospital of SDUMC(Sri Devaraj Urs Medical college), A
Constituent college of SDUAHER(Sri Devaraj Urs Academy of Higher Education and Research)
Tamaka,kolar,karnataka.

Study design: A Prospective Study
Study period: 18 months(May 2023 to October 2024)

Method of collection of data:All adult patients of chronic alcoholic liver disease with hepatic
encephalopathy presenting to the department of general medicine to be included in this study.

Inclusion criteria:

1. Patients equal or more than 21 years

2. Patients with chronic ALD(Alcoholic Liver Disease) with HE(Hepatic Encephalopathy)

3. Patients who consumed alcohol of 60-80 grams/day for 10 years or longer in men and 20-40

grams /day for 10 years or longer in women in HE(Hepatic encephalopathy)

Exclusion criteria:

1. Patients less than 21 years

2. Adults with any of the following will be excluded from the study:

Ongoing anticoagulation therapy.

- Liver cyst, pancreatitis, inherited bleeding disorder, orthotopic liver transplantation.
- Altered sensorium due to head injury and stroke.

- Psychiatric disorders.

- Alcohol withdrawl state.
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Sample Size

The Estimated Sample Size is 41. It was estimated by using the proportion of low serum zinc less
than 60mcg/dl in subjects with HE was 89.3% from the study by Rajesh Kumar Meena et al®.
Using the formula,

Z1-a /22 P (1-P)
D2

Sample Size =

e Z1-a/2 =is standard normal variate (at 5% type 1 error (P < 0.05) itis 1.96 and at 1% type
1 error (P < 0.01) it is 2.58). As in the majority of studies, P values are considered
significant below 0.05 hence 1.96 is used in the formula.

e P=Expected proportion in population based on previous studies or pilot studies

e D= Absolute error or precision; P = 89.3% or 0.893; Q = 10.7% or 0.107; D = 10% or 0.10

Using the above values at 95% Confidence level a sample size of 37 subjects will be included in
the study. Considering 10% Nonresponse a sample size of 37 + 3.7 = 41 subjects will be included

in the study.

Statistical Analysis

Descriptive Statistics: Descriptive statistics outline the key points of the serum zinc levels and
stages of HE in chronic ALD patients. Key measures include the mean, median, standard
deviation, and range of serum zinc levels. Frequency distributions highlight the prevalence of HE
stages. These statistics help summarize the data, identify trends, and reveal potential relationships

between serum zinc levels and disease severity, forming a basis for further correlation analysis.

Correlation: The correlation between serum zinc levels and stages of HE in chronic ALD
underline the potential contribution of zinc deficiency in disease progression. Studies suggest that
lower serum zinc levels are attributed to more advanced stages of HE, likely due to impaired

ammonia metabolism and increased oxidative stress. Assessing this correlation aids in
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understanding HE pathophysiology and could guide therapeutic strategies to improve patient

outcomes.

Regression: Regression analysis can be used to assess the interaction between serum zinc levels
with Serum Albumin, Serum Sodium, and the stages of HE in chronic ALD. By treating serum
zinc levels as the independent variable and Serum Albumin, Serum Sodium, and HE stages as the

dependent variable, regression models help quantify ramification of zinc on disease progression.

Chi-square: The Chi-square test can be employed to scrutinize correlation among serum zinc
levels and the stages of HE in patients with chronic ALD. This statistical method evaluates the
association between categorical variables, such as different HE stages, and zinc deficiency
prevalence. A significant Chi-square result would indicate a non-random association, suggesting

that serum zinc levels may vary meaningfully across the stages of HE.
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RESULT

Table 1 presents the age-wise distribution of 41 patients in the study with The majority of cases
46.34%(N=19) fall within the 40-49 age group, indicating a higher prevalence of the condition in
middle-aged individuals. This is followed by 34.1%(N=14) of cases in the 50-59 age group,
suggesting continued vulnerability in older middle-aged individuals. The younger age group
accounts for 12.1%(N=>5) of cases, while the older age groups, 60-69 and 70-79 years, constitute
only 4.87% (N=2) and 2.43%(N=1) of patients respectively. This trend highlights that the
condition predominantly affects individuals in their 40s and 50s, with decreasing prevalence in

older age groups.The study population comprised 100 % male patients.

Table 1: Percentage of patients based on Age

Age No of Patients(N=41) % of patients
30-39 5 12.1%
40-49 19 46.34%
50-59 14 34.1%
60-69 2 4.87%
70-79 1 2.43%

Figure 2: Percentage of Patients
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Presenting clinical Features

Table 2 summarizes the presenting features among the patients. Ascites is the most prevalent

symptom, observed in all patients, highlighting its strong association with the condition.

Constipation and disorientation are next common, each equally affecting 56% (N=23) of patients,

followed closely by abdominal pain at 51.2%(N=21). Pedal edema is present in 34.1%(N=14) of

cases, while fever occurs in 26.8%(N=11). Less common symptoms include bleeding and

confusion, each reported in 12%(N=>5) of patients, and vomiting, seen in only 7%(N=3). These

findings suggest that ascites is a universal feature, with gastrointestinal and neurological symptoms

varying in frequency among the patients.

Table 2: Presenting clinical Features of the Patients

PRESENTING CLINICAL
PATIENT N (%)
FEATURE
ASCITES 41 (100%)
CONSTIPATION 23 (56 %)
DISORIENTATION 23 (56 %)
ABDOMINAL PAIN 21 (51.2 %)
PEDAL EDEMA 14 (34.1%)
FEVER 11(26.8 %)
BLEEDING 5(12 %)
CONFUSION 5(12 %)
VOMITING 3(7 %)
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Figure 3: Percentage of Presenting clinical Features

Precipitating Factor

Table 3 highlights the precipitating factors in patients. Hyponatremia is the most common factor,
affecting 28(68.2%) patients, indicating its significant role in disease progression. Infection and
constipation each contribute to 9(21.95%) cases, followed by hypokalemia in 7(17 %)patients.
Less frequent factors include upper Gl bleeding in 5(12.1%) cases, hyperkalemia in 2(4.8 %)

cases, and diarrhoea in 1(2 %)case, emphasizing electrolyte imbalances as key contributors.

Table 3: precipitating Factor

Precipitating Factor Patients N (%)
Hyponatremia 28(68.2%)
Infection 9(21.95%)
Constipation 9(21.95%)
Hypokalemia 7(17%)
Upper GI Bleeding 5(12.1%)
Hyperkalemia 2(4.8%)
Diarrhoea 1(2%)
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Figure 4: Percentage of Precipitating Factor
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Descriptive Statistics

Table 4 provides descriptive statistics for the study variables among 41 patients. The age
distribution shows a mean of 2.66 with a range of 3, indicating most patients belong to middle age
groups. Gender is uniform, with all participants being male, reflected by a mean of 1.00.
Symptoms like fever with a mean of 1.68, abdominal pain at 1.54, vomiting at 1.95, and diarrhoea
at 1.98 are present with varying frequencies, reflecting moderate variability. Constipation has a
lower mean of 1.37, suggesting a less frequent occurrence. Abdominal distension is uniformly
present with a mean of 1.00. Indicators like icterus at 1.05, pedal edema at 1.07, and fetor
hepaticus at 1.85 show variability, indicating their differential presence among patients. Clinical
parameters, including WHC(West Haven Criteria) with a mean of 2.54, CPC(Child-Pugh Score) at
2.61, SZ(Serum Zinc) at 4.05, and SA(Serum Albumin) at 2.00, highlight varying disease severity,
with SZ reflecting higher mean values. Overall, the table emphasizes the heterogeneity in clinical

features and severity of HE(Hepatic Encephalopathy) in the patient cohort,symptoms like
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abdominal distension,vomiting and diarrhoea were commonly seen across patients,while findings
such as icterus and pedal edema were less frequent.This indicates variability in clinical

presentation and differing degrees of hepatic dysfunction.

Table 4: Descriptive Statistics

Std. Std.
N | Range | Minimum | Maximum | Sum | Mean
Error | Deviation

Age 41 3 1 4 109 | 2.66 .108 .693
Sex 41 0 1 1 41 1.00 | 0.000 0.000
Fever 41 1 1 2 69 1.68 .074 471
Abdominal pain | 41 1 1 2 63 1.54 .079 505
Vomiting 41 1 1 2 80 1.95 .034 218
Diarrhoea 41 1 1 2 81 1.98 .024 156
Constipation 41 1 1 2 56 1.37 .076 488
Abdominal
. . 41 0 1 1 41 1.00 | 0.000 0.000
distension
Icterus 41 1 1 2 43 1.05 .034 218
Pedal edema 41 1 1 2 44 1.07 .041 264
Clubbing 41 1 1 2 71 1.73 .070 449
Fetor hepaticus | 41 1 1 2 76 1.85 .056 358
WHC 41 4 1 5 104 | 2.54 153 977
CPC 41 4 1 5 107 | 2.61 110 703
SZ(serum zinc) | 41 4 2 6 166 | 4.05 .144 921
SA(serum
41 2 1 3 82 2.00 .078 500
albumin)
SS(serum
) 41 1 2 3 101 | 2.46 .079 .505
sodium)
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Correlation

Table 5 presents the Pearson correlation coefficients between WHC(West Haven Criteria), CPC
Child-Pugh Score), SZ(serum zinc), SA(serum albumin), and SS(serum sodium). WHC shows a
strong positive correlation with SZ at 0.720 and a moderate correlation with CPC at 0.531 and SS
at 0.446, all statistically significant. CPC exhibits a moderate positive correlation with SZ at 0.339,
significant at the 0.05 level, but weaker correlations with SA and SS. SZ correlates moderately
with WHC but has weaker associations with SA and SS. SA and SS show weak correlations with
all other variables. These findings indicate WHC and SZ as key interrelated parameters in disease
severity assessment.Serum Zinc showed a substantial role than serum albumin and serum sodium

in correlating with West Haven Criteria(WHC).

Table 5: Pearson Correlation

WHC CPC |[SZ SA SS
WHC | | 5317 [ 7207 | 307 446"
CPC | 5317 1 339" | .142 241
Sz | .7207 3397 |1 217 165
SA | .307 142 217 1 297
SS 446" 241 165 297 1

** P value < 0.01

Regression

Table 6 shows the regression analysis with an R-value of 0.744, indicating a strong positive
interrelation between the independent(like serum zinc ,serum albumin,serum sodium) and
dependent (like WHC)variables. The R Square of 0.553 suggests that 55.3% of the variability in
the dependent variable is explained by the model. The Adjusted R Square of 0.503 accounts for
model complexity, ensuring reliability.Our regression model shows that serum zinc,CPC score and
albumin together can explain more than half of the variation in WHC.Among these ,serum zinc has

strong association compare to others.
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Table 6: Regression Analysis

Std. Error of the Estimate
.649

R R Square
.744° 553

Adjusted R Square
.503

Chi-Square Test

Table 7 presents the Chi-Square test results comparing serum zinc levels and the West-Haven
Criteria (WHC) grading of HE. The table shows that the highest number of patients with minimal
HE are in the 40-49 age group with 13 cases in Grade 1. The 30-39 age group exhibits a spread
across higher grades, with 5 patients in Grade 3 and 1 case in Grade 4. The 50-59 age group shows
a variety of grades, with the majority in Grade 1. There is only one patient in the less than 30 age
group, indicating a lower incidence of advanced encephalopathy in younger patients which also

suggests lower serum zinc levels are affliated with advanced liver disease as classified by WHC.

Table 7: Chi-Square Test in comparison of Serum Zinc and WHC

WHC-(WEST HAVEN CRITERIA)
Total
MHE Grade 1 | Grade2 | Grade3 | Grade 4
60-70 3 0 0 0 0 3
50-59 1 4 1 0 0 6
SZ(SERUM
40-49 0 13 6 0 0 19
ZINC)
30-39 1 0 5 5 1 12
<30 0 0 0 1 0 1
Total 5 17 12 6 1 41

Table 8 presents the Chi-Square test results comparing serum zinc levels with the Child-Pugh
Classification (CPC) of liver disease severity. Patients in the 40-49 serum zinc range are
predominantly in Class C, with 14 cases, highlighting its association with advanced liver disease.
The 30-39 range also has a notable presence in Class C, with 8 cases, indicating moderate severity.
The 50-59 range is evenly distributed, with most in Class B. The 60-70 range is primarily in Class
A, reflecting better liver function. The data suggests lower serum zinc levels are attributed to

advanced liver disease as classified by CPC.
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Table 8: Chi-Square Test in Comparison of Serum Zinc and CPC

CPC(CHILD-PUGH SCORE)
Class A | Class B | Class C Total
60-70 2 1 0 3
50-59 0 4 2 6
SZ(SERUM
40-49 0 5 14 19
ZINC)

30-39 0 4 8 12

<30 0 0 1 1
Total 2 14 25 41

Table 9 presents the Chi-Square test results comparing clinical symptoms with the WHC grading
of HE. Fever is present in 13 patients, with the majority in Grade 1 and Grade 2, indicating a
higher frequency in the early stages. Abdominal pain is observed in 19 patients, distributed across
all grades, but more prevalent in Grades 2 and 3. Vomiting and diarrhoea are rare, seen in only 2
and 1 patients, respectively, suggesting a minimal role in grading severity. Constipation is a
common symptom, present in 26 patients, predominantly in higher grades, highlighting its
association with disease progression. Abdominal distension is universal, affecting all 41 patients,
making it a key symptom across all grades. Icterus and pedal edema are also frequent, seen in 39
and 38 patients, respectively, predominantly in advanced grades. Clubbing is present in 11
patients, with most in higher grades, reflecting its relevance in severe cases. Fetor hepaticus is less
common, noted in only 6 patients, primarily in advanced grades. These results suggest that
symptoms like abdominal distension, icterus, pedal edema, and constipation are prominent across
grades, while vomiting, diarrhea, and fetor hepaticus are rare and associated with advanced stages

of HE.

Page|43



Table 9: Chi-Square Test in Comparison of Clinical Symptoms and WHC

WHC(WEST HAVEN CRITERIA)
Total
MHE | Grade1 | Grade2 | Grade3 | Grade 4
Yes 2 6 4 0 1 13
Fever
No 3 11 8 6 0 28
Abdominal Yes 3 6 8 2 0 19
pain No 2 11 4 4 1 22
Yes 1 0 1 0 0 2
Vomiting
No 4 17 11 6 1 39
Yes 0 0 1 0 0 1
Diarrhoea
No 5 17 11 6 1 40
Yes 2 8 9 6 1 26
Constipation
No 3 9 3 0 0 15
Abdominal
Yes 5 17 12 6 1 41
distension
Yes 3 17 12 6 1 39
Icterus
No 2 0 0 0 0 2
Pedal Yes 3 16 12 6 1 38
oedema No 2 1 0 0 0 3
Yes 2 1 5 2 1 11
Clubbing
No 3 16 7 4 0 30
Fetor Yes 0 0 3 2 1 6
hepaticus No 5 17 9 4 0 35
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Figure 5: Comparison of Clinical Symptoms and WHC

Table 10 presents the Chi-Square test results comparing clinical symptoms with the CPC of liver
disease severity. Fever is observed in 13 patients, with the majority in Class C, suggesting its
association with advanced liver disease. Abdominal pain is reported by 19 patients, predominantly
in Class C, further supporting its link to more severe cases. Vomiting and diarrhea are rare, with
only 2 and 1 cases, respectively, indicating minimal correlation with disease severity. Constipation
is a common symptom, affecting 26 patients, mostly in Class B and C, highlighting its relevance in
advanced liver disease stages. Abdominal distension is universal across all CPC classes, reflecting
its consistent association with liver disease. Icterus and pedal edema are prevalent in 39 and 38
patients, respectively, and are most frequent in Class C, underscoring their role as markers of
severity. Clubbing is present in 11 patients, more frequent in Class C, indicating its relevance in
advanced cases. Fetor hepaticus is less common, observed in only 6 patients, all in Class C,
pointing to its association with severe liver disease. Overall, symptoms like abdominal distension,
icterus, pedal edema, and constipation are strongly linked to disease severity, while vomiting and

diarrhea are less significant.
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Table 10: Chi-Square Test in Comparison of Clinical Symptoms and CPC

CHILD PUGH CLASS
Class A | Class B | Class C Total
Yes 1 3 9 13
Fever
No 1 11 16 28
Yes 2 4 13 19
Abdominal pain
No 0 11 11 22
Yes 1 0 1 2
Vomiting
No 1 15 23 39
Yes 0 0 1 1
Diarrhoea
No 2 14 24 40
Yes 0 10 16 26
Constipation

No 2 4 9 15
Abdominal distension Yes 2 15 24 41

Yes 2 13 24 39

Icterus
No 0 2 0 2
Yes 1 13 24 38
Pedal edema
No 1 2 0 3
Yes 0 5 6 11
Clubbing
No 2 10 18 30
Yes 0 0 6 6
Fetor hepaticus
No 2 15 18 35
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Figure 6: Comparison of Clinical Symptoms and CPC
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DISCUSSION
Association of serum zinc(SZ) levels with HE(Hepatic Encephalopathy) in chronic ALD: Zinc is
an important cofactor for the proper functioning of certain enzymes that play crucial roles in the
detoxification of ammonia, a fundamental mechanism in the pathogenesis of HE. The zinc
deficiency impairs the functioning of certain enzymes such as ornithine transcarbamylase involved
in ammonia metabolism, thus aggravating hyperammonemia. This deficiency is common in
chronic liver disease, especially because of cut back on diet, malabsorption, and enhanced urinary

elimination of zinc, all of which significantly contribute to the progression of HE .

Lower serum zinc values are positively associated with higher grades of HE. Patients with
a more advanced phase of HE reveal significantly lower values of serum zinc compared to those
exhibiting minimal HE. There is an apparent role of zinc in modulating the severity of HE, thus

monitoring serum levels of zinc allows for the appraisal of disease progression in patients .

Zinc treatment has been evidenced to improve neurologic outcomes even in mild-moderate
levels of HE, thus pointing to its possible therapeutic use in the management. Direct hepatotoxic
effects of alcohol also compromise hepatic zinc stores leading to aggravated deficiencies of
chronic ALD. Serum levels are lowest in the most advanced Class C patients of Child-Pugh liver
disease. Zinc therapy benefits the patient in treating HE through its ammonia-detoxifying ability

and reducing oxidative stress in the hepatocytes *°.

The pathogenesis and management of HE in chronic ALD can be associated with the role of
zinc, according to evidence. Serum zinc level monitoring would thus be an effective biomarker of
disease progression. Zinc supplementation as an adjunctive therapy also promises improved

patient outcomes and mitigation of the severity of HE.

This study is in accordance with the study conducted by Tapper,E.B et al which showed a

higher prevalence of the condition in individuals aged 40-59, aligning with findings that chronic
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liver diseases and HE are more common in middle-aged populations due to prolonged exposure to
risk factors such as alcohol consumption and metabolic stress®. The decreasing prevalence in

older groups may reflect survival bias or reduced exposure to cumulative risk factors *'.

This study supports the observations made by Meena et al reveal that ascites is a universal
presenting feature among patients, consistent with its well-established association with HE and
chronic liver disease. Gastrointestinal symptoms like constipation 56% and abdominal pain 51.2%
are frequent, reflecting impaired gut motility and systemic inflammation commonly linked to
chronic liver conditions®. Neurological symptoms such as disorientation 56% and confusion 12%
underline the neurotoxic effects of elevated ammonia levels, a hallmark of HE®. Peripheral
manifestations like pedal edema 34.1% further emphasize systemic fluid dysregulation in these

patients.

Hyponatremia is the predominant precipitating factor in 68% of cases, reinforcing its
critical role in exacerbating HE through cerebral edema and neurotransmitter imbalances.
Infections and constipation, each contributing to 22% of cases, are significant triggers due to their
impact on systemic inflammation and ammonia accumulation. Electrolyte imbalances, such as
hypokalemia and hyperkalemia, along with upper Gl bleeding and diarrhoea, represent additional
contributors to disease progression, highlighting the multifactorial nature of HE.These findings
stress the importance of addressing underlying precipitating factors for effective management of

the condition this findings are in accordance with the study done by Roger F.Butterworth*!

Ascites are the most prevalent presenting feature, observed in all patients, which is consistent
with previous studies that identify ascites as a key symptom of HE and advanced liver disease
[40]. Constipation and disorientation, each present in 56% of patients, are also commonly
observed in liver cirrhosis due to impaired gastrointestinal motility and altered neurological
function. Abdominal pain was reported in 51.2%, pedal edema in 34.1%, and fever in 26.8%,

demonstrating the variability in symptoms among individuals with chronic liver disease. Less
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common symptoms, such as bleeding and confusion, were seen in only 12% of patients, and

vomiting was observed in 7%, indicating the varied clinical presentations of the condition.

Hyponatremia was the most common precipitating factor, affecting 28 patients at 68.3%,
which is in line with findings from other studies that highlight electrolyte imbalances, particularly
hyponatremia, as a major trigger for HE “*. Infection and constipation, each seen in 9 patients at
22%, were also significant contributing factors, as they are well-documented precipitating
conditions in individuals with liver disease. Hypokalemia, upper gastrointestinal bleeding, and
hyperkalemia were observed in fewer patients, emphasizing the role of electrolyte disturbances in

the disease progression and the importance of addressing these factors in clinical management.

The descriptive statistics highlight the clinical and demographic variability among the 41
patients with HE. The age distribution, with a mean of 2.66, reflects a predominance of middle-
aged individuals, consistent with prior studies identifying this demographic as more susceptible to
HE due to prolonged exposure to liver disease risk factors *°. Key clinical symptoms include
abdominal distension, uniformly present in all patients, along with icterus and pedal edema,
observed in 95% and 93%, respectively. Constipation, present in 63% of patients, emerges as a
significant symptom associated with disease progression, paralleling evidence that links
gastrointestinal disturbances with advanced liver disease®. Less frequent symptoms like vomiting

(5%) and diarrhoea (2%) suggest a limited role in disease severity.

The correlation analysis showed strong and significant interdependency between WHC and
Serum Zinc(SZ) at 0.720. Other correlations were revealed between WHC and CPC, though only
at 0.531, as well as WHC and Serum Sodium(SS) at 0.446. It reflects that CPC, in its partial
dependency on disease dynamics, was seen to moderately correlate with SZ at 0.339. However,
weaker correlations of SA(Serum albumin) with other variables point to their limited individual
significance in this regard. Findings point to the critical interplay of WHC(west haven criteria)

and SZ (serum zinc )in assessing the results of the disease.

Page|51



Findings in this study are accordance with study done by Meena RK et al*

as regression
analysis supports these findings with an R-value of 0.744, implying that the independent and
dependent variables have a strong positive relationship. The R Square value of 0.553 indicates that
the model explained 55.3% of the variability in the dependent variable. The Adjusted R Square of
0.503 guards against overfitting by adjusting for complexity within the model. These results

indicate the predictive value of the model, which points out the necessity of considering WHC and

SZ as key indicators in clinical assessments of HE.

The results of the Chi-Square test demonstrate a substantial relationship among serum zinc
levels and the WHC grading of HE. Most of the patients with minimal HE fall in the category of
40-49 years, with high concentration in Grade 1, meaning that the severity of the disease is low in
this age range. The 30-39 age group has a greater spread in higher grades, and Grade 3 and Grade
4 have significant presence, which means younger patients in this group might have advanced
stages of encephalopathy. It appears that increasing age is associated with lower probability of

advanced HE, and younger patients show a broader spectrum of grades.

Analysis of serum zinc levels in correlation with the CPC of liver disease further supports a
correlation between the lack of zinc and the worsening liver disease. In the age range of 40-49
years, which exhibited the most low serum zinc, individuals are almost all classified in Class C or
the most severely deranged state. Similarly, moderate distribution is displayed in the Class C range
within the 30-39 bracket, further illustrating that lower levels of serum zinc are attributed to more
severe cases of liver disease. On the other hand, the 60-70 years age group has the highest
likelihood of falling in Class A mainly because of greater zinc levels as observed in healthier liver
functions. The results reveal that serum zinc levels may, therefore, form an important clinical
biomarker to the severity and clinical progression of liver disease in which similar findings were

reported by Rajesh K Meena et al*®
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The study done by Meena RK et al** concurs with findings of in this study where Chi-
Square test show an affinity between clinical symptoms and the degree of HE that is usually
graded using the WHC. The overall presence of abdominal distension, icterus, and pedal edema
was seen in most patients with each grade, but frequencies increased with more severe stages,
hence raising their importance as cardinal signs of progression. Constipation was most common in
higher grades, and hence, it was highly relevant in advanced HE. In contrast, symptoms like
vomiting and diarrhea were rare and appeared mostly in less severe stages, suggesting that they
may have minimal impact on the grading of the condition. This presence of fever and abdominal
pain was more frequent in the early grades and further supports the idea that gastrointestinal and

systemic symptoms vary with disease severity.

Comparison between clinical symptoms and CPC also disclosed a unique association;
results revealed more prevalence in conditions like fever, abdominal pain, and constipation among
those belonging to advanced classification (Class C) with severity in their disease state.
Abdominal distension and icterus were uniformly present in all CPC classes. Pedal edema was
mainly seen in Class C. Clubbing and fetor hepaticus, indicative of severe liver disease, was also
more frequent in patients of Class C. These findings are therefore supportive of the notion that
clinical symptoms like abdominal distension, icterus, and pedal edema are important markers for
liver disease severity, whereas vomiting and diarrhoea are less important in indicating the

progression of the disease.
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SUMMARY

The study explores interconnection among serum zinc levels and stages of HE in chronic ALD in
41 male patients, with most patients being 40-49 years old, accounting for 46.34 percent of the
patient base. The major symptoms were ascites, with 100 percent presentation, and constipation
and disorientation each being presented with 56 percent. This observation reported there was a
profound reduction in serum zinc with the increasing severity of Hepatic Encephalopathy(HE).
This was significantly correlated with the West Haven Criteria with a correlation coefficient of
0.720 and moderately correlated with the child pugh class (CPC), with a correlation coefficient of
0.531. The results of the regression analysis unveiled that serum zinc accounted for 55.3 percent of
the variation in the severity of Hepatic Encephalopathy (HE), indicating a model fit value of 0.553.
Lower levels of zinc were associated with impaired ammonia detoxification and enhanced
oxidative stress, which worsened neuropsychiatric symptoms. Notably, the most severe stages of
Hepatic Encephalopathy (HE) were associated with significantly lower zinc levels. These findings
point to the monitoring of serum zinc levels as a biological marker and its supplementation as part
of treatment strategies to deal with neurocognitive dysfunction and better outcomes in Hepatic

Encephalopathy (HE).
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LIMITATIONS

e The study's findings are based on a limited number of patients (N=41), which may not
provide sufficient statistical power to generalize results to broader populations.

e Conducted at a single institution, the study may lack geographical and demographic
diversity, limiting its applicability to other settings.

e The research provides a snhapshot of serum zinc levels and Hepatic Encephalopathy(HE)
stages without tracking changes over time, missing longitudinal insights.

« Factors like nutritional status, concurrent infections, or other comorbidities influencing zinc
levels were not included and comprehensively analysed.

e Further research is needed to evaluate the direct impact of zinc supplementation to assess

its therapeutic efficacy and outcomes.
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CONCLUSION

Serum zinc levels have played a essential role in the pathogenesis and progression of severity of
Hepatic encephalopathy in chronic Alcoholic liver disease. Lower serum zinc levels have always
been attributed to higher grades of HE. Thus, zinc deficiencies were most profound in the most
advanced stages such Grades 3 and 4 of West haven criteria. It focuses on the use of zinc as a
cofactor during ammonia detoxification and its deprivation worsens the condition of
hyperammonemia which is a crucial mechanism in Hepatic Encephalopathy (HE)
pathogenesis.Hyponatremia was observed in majority of patients around 68%, which needs
recognition and further evaluation. The clinical presentation was characterized uniformly by
abdominal distension, icterus, and pedal edema, increasing with the grade of severity which makes
them potential markers of progression. The prevalence of constipation became highly significant
as the grade progressed, and vomiting and diarrhea were not commonly found, less often being
correlated with increasing grade. It also points to important precipitants, like hyponatremia,
infections, and electrolyte imbalance, as more importantly correlated with the exacerbation of HE.
All these features again underscored that this is indeed a multi-factorial disease process. Serum
zinc monitoring may serve as a valid biomarker to measure HE grade and assess disease

progression.
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RECOMMENDATIONS

Prospective research should include a larger and more diverse sample to strengthen the
generalizability of findings.
Conducting follow-up studies can help understand the progression of zinc deficiency and

its impact on HE over time.

Further, zinc supplementation is promising as an adjunctive therapy to reduce symptoms,
improve neurological outcomes, and diminish the effects of oxidative stress, providing a
pragmatic approach to managing Hepatic Encephalopathy (HE) in chronic alcoholic liver
disease (ALD).Clinical trials to determine therapeutic efficiency of zinc supplementation

in reducing Hepatic Encephalopathy (HE) severity should be prioritized.

Future research should account for factors like diet, infections, and comorbidities to better
understand their role in zinc deficiency and Hepatic Encephalopathy (HE).
Exploring other biomarkers like alongside serum zinc levels can provide a more holistic

understanding of disease severity and progression.
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INFORMED CONSENT FORM

STUDY TITLE:-Correlation of serum zinc levels with stages of hepatic encephalopathy in
chronic alcoholic liver disease.

Principal investigator: Dr.Sangam Prem chandar reddy

I, Mr/Mrs ,have been explained in my own vernacular

language that I/'We will be included in “Correlation of serum zinc levels with stages of hepatic
encephalopathy in chronic alcoholic liver disease”,hereby I/We give my valid written informed
consent without any force or prejudice for recording the observations of haematological and
clinical parameters . The nature and risks involved have been explained to me, to my satisfaction. |
have been explained in detail about the study being conducted. | have read the patient information
sheet and | have had the opportunity to ask any question. Any question that | have asked, have
been answered to my satisfaction. | provide consent voluntarily to allow myself / my relative as a
participant in this research. | hereby give consent to provide history, undergo physical
examination, undergo the procedure, undergo investigations and provide its results and documents
etc to the doctor / institute etc. For academic and scientific purpose the operation / procedure, etc
may be video graphed or photographed. All the data may be published or used for any academic

purpose.

Name of Patient/Guardian (Relation with patient)

(Signature of Patient / Attendant)

(Signature & Name of Research doctor)
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PATIENT INFORMATION SHEET

STUDY TITLE : Correlation of serum zinc levels with various stages of hepatic encephalopathy
in chronic alcoholic liver disease.

Principal investigator: Dr Sangam prem chandar reddy

| Dr.SANGAM PREM CHANDAR REDDY , Post graduate student in Department of general
medicine at Sri Devraj Urs Medical College, will be conducting a study titled“Correlation of
serum zinc levels with various stages of hepatic encephalopathy in chronic alcoholic liver disease”
. This study will be useful for further management of Hepatic Encephalopathy with Chronic
Alcoholic Liver Disease in the near future. The funds needed for the serum Zinc levels and
Necessary investigations will be done at my own expense .2 ml of blood will be drawn for
estimation of serum zinc levels , from each of the participating patients in this study .This study
will be done under the guidance of Dr.RAVEESHA A, HOU & Professor of Department of
GENERAL MEDICINE .

All the data will be kept confidential and will be used only for purpose specified by the institution.
You are free to provide consent for the participation of yourself in this study. You can also
withdraw yourself from the study at any point of time without giving any reasons whatsoever.
Your refusal to participate will not prejudice you to any present or future care at this institution.In
case of any clarifications are needed you are free to contact me on this mobile number -
9480456435

Name and Signature of the Principal Investigator

Date-

Patient or patient bystanders Signature
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PROFORMA

STUDY TITLE: Correlation of serum zinc levels with stages of hepatic encephalopathy in
chronic alcoholic liver disease

PARTICULARS OF THE PATIENT:

NAME

AGE

GENDER

DATE OF ADMISSION

OCCUPATION

PRESENTING
COMPLAINTS

Risk factor :

1. ALCOHOLIC

Is the patient already a

known case of
CHRONIC ALCHOLIC
LIVER DISEASE

If Yes then details about
treatment history

PAST HISTORY

COMORBIDITIES

DURATION OF STAY
IN HOSPITAL

TIMES OF
READMSSION FOR
THE SAME
COMPLAINTS

WEST HAVEN
CRITERIA(WHC)
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INVESTIGATIONS

1.SERUM ZINC LEVELS

2.LIVER FUNCTION TESTS

3.SERUM ELECTROLYTES AND RENAL FUNCTION

TESTS
DAT | UREA | CRE | SODIU | POTASSIU
E (MG/D | AT | M M
L) (MG | (MEQ/ | (MEQ/L)
/DL) | L)
4. COMPLETE HEMOGRAM
DAT |HB |RBC |PCV |MCV | WBC | PLAT
E GM |MIL/ | % FL | TH/C | LETS
% CUM UM | TH/C
M M UM
M

S.ULTRASOUND ABDOMEN AND PELVIS

6.COAGULATION PROFILE
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