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Abstract

The prevalence of alcoholic liver disease and non-alcoholic liver disease pa-
tients has nearly doubled over the past decades worldwide. Alcoholic liver
disease among patients with chronic liver disease has increased with arisen
due to alcohol consumption and obesity. The diagnosis plays a crucial role in
treating such conditions based on the stages of liver functioning. The elevated
liver enzymes are the key characterizing of identifying the alcoholic liver dis-
ease (ALD) and NAFLD. Later on, there is a progression of the disease condi-
tions by developing fibrosis and cirrhosis, leading to liver carcinoma. The
other state, steatohepatitis, is associated with an increase in liver-related and
can lead to mortality. Risk factors for both diseases are growing, leading to
various complications in health. There is no specific treatment up to date for
these conditions, but statins play a crucial role in managing several liver dis-
ease conditions. The commonly used drug is hydroxymethylglutaryl coen-
zyme A (HMG Co-A) reductase inhibitors. It is also known as statins, which
help normalize liver enzymes in patients with elevated plasma aminotransfe-
rases. As a result, external liver damage is considered safe for the liver as the
Statin medication at low to moderate dose usage. OBJECTIVES: The main
scope of this review is to study the various factors like pharmacological ac-
tions, adverse events, and biochemical and liver cell imaging results in pa-
tients with ALD and NAFLD. The different types of statins used in alcoholic
and non-alcoholic patients’ clinical data for the safety of the statin therapy
were concluded in this review. Fatty liver changes of both liver disease con-
ditions were studied using different drugs. The other liver enzymes like Ala-
nine transaminase (ALT), Aspartate transaminase (AST), Gamma-glutamyl
Transferase (GGT), and the effectiveness of Statin therapy are considered vi-
tal concepts in this review.
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1. Introduction

1.1. Alcoholic Liver Disease

Regular intake of alcohol causes three stages of liver diseases: fatty liver progres-
sion, leading to alcohol hepatitis, and the final stage of cirrhosis. The fat gets ac-
cumulated in the hepatocytes; this condition is a fatty liver. This event is catego-
rized into two types based on alcohol consumption; ALD. NAFLD is a condition
that occurs without alcoholic consumption. Alcoholic fatty liver is also known as
alcoholic people hepatitis, a kind of liver disease caused by excessive alcohol
consumption. This condition can be treatable with abstinence. [1] [2]. It can also
be treated with moderation and maintained. By managing moderation, the fat
predisposing factor in patients can be controlled, which stops leading to chronic
liver type disease. On progression, it causes alcohol hepatitis, which has liver in-
flammation where it is developing due to heavy alcohol drinking. This condition
gradually leads to liver cell damage which interferes with the organ’s ability to
function normally.

Cirrhosis is an end-stage chronic alcohol liver disease. Cirrhosis can be cha-
racterized by replacing the normal hepatic parenchyma with fibrous tissue that
looks like a thicker band. We can also absorb regenerating nodules that can
progress to portal hypertension and liver damage. Alcoholic hepatitis is an alco-
hol-induced liver impairment that can occur at the starting stage, and this event
happens after consuming a substantial amount of alcohol over a long period. In
this condition, the severity may occur as symptomatic. However, one can see the
liver’s biochemical abnormalities, leading to death [3].

We can see that ALD occurs as the most common disease worldwide. The
progression of the alcoholic fatty liver can tend to alcohol steatohepatitis (ASH).
This event is a condition where hepatic inflammation can lead to fibrosis, lead-
ing to cirrhosis, and, in some cases, lead to hepatic cellular cancer (HCC) and
Alcohol steatohepatitis. This condition can be seen with or without cirrhosis and
can cause alcoholic hepatitis on any clinical presentation of alcohol liver disease,

leading to mortality [4].

1.2. Non-Alcoholic Liver Diseases

In NALD, there is a condition where we can see fat in hepatocytes, but there is
no liver damage. Non-alcoholic steatohepatitis is when the hepatocytes are filled
with fat content in the liver. The characterization of NASH includes inflamma-
tion, liver cell destruction, and elevated liver enzymes. The aggressive fatty liver

disease can be traced by liver inflammation, converting from non-alcoholic sim-
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ple steatosis to non-alcoholic steatohepatitis. Upon progression of non-alcoholic
steatohepatitis can also lead to severe liver cirrhosis. These conditions can lead
to subacute liver failure and lead to a dangerous situation of hepatocellular car-
cinoma. This condition is similar to the harm produced by excess alcohol con-
sumption. The induction of the inflammation in the hepatocytes tends to various
diseases like NASH, Cirrhosis, fibrosis, and finally leads to hepatic carcinoma,
which leads to death. This event can even link with the serious harmful events of
metabolic diseases such as obesity and diabetes mellitus type 2 (DM-2). Cardi-
ovascular disease is the most common risk factor in both ALD and NASH,
where there is a chance of mortality.

In western countries, non-alcoholic liver disease drastically increases day by
day [5]. In the US, CLD affects one-quarter of the population. Studies are con-
ducted on ALD, which is the liver manifestation related to metabolic syndromes
such as obesity, DM type 2, hypertension, and increased lipid levels (dyslipide-
mia) [6]. Here, NASH has features like liver inflammation. This item can even be
seen in patients with severe scarring such as cirrhosis and liver failure [7]. Many
studies, such as large-scale studies and well-conducted, randomized clinical tri-
als, have concluded that they had evidence of the long-term use of statin. The
study stated that there is significant harm to coronary diseases and vascular dis-
eases in patients, has decreased risk when used on statins. This event can devel-
op an average level of lipid levels in both primary prevention and secondary
prevention [8]. Hence, statins are now prescribed for people with diagnostic
NAFLD in several world areas.

The hepatic histology is evaluated with elevated liver enzymes before and after
statin therapy for NAFLD patients. In addition, the initial and the later compas-
sion of the historical, logical output of NAFLD patients were studied. In present
studies, there was discovered that increases in the liver enzymes in hyperlipi-
demic individuals are not more likely joint in the development of hepatotoxicity
when compared to hyperlipidemic patients with normal transaminases.

There is a study that only 24% of more alcoholic fatty liver disease patients
undergoing the medication on statin move through the stage of fibrosis. Statin
can promote hepatic lipogenesis, which influences the hepatic LDL receptor ex-
pression. These effects may increase hepatic fatty infiltration. The impact of sta-
tin therapy on hepatic histology in non-alcoholic fatty liver disease is unclear [9]
[10] [11] [12]. Hence, the pathophysiology of NAFLD disease is still poorly elu-
cidated [13]. The identification of NAFLD by identifying an asymptomatic in-
creased in the frequent liver enzymes. Non-alcoholic hypertransaminasemia is
used as a critical surrogate measure for NAFLD. The current label, statins,
should be used with active liver disease patients and patients with increased
aminotransferases. Presently, the gastric and liver specialists are consulting to
refer the Physicians about Statin use in patients with increased serum transami-
nases. This event is due to the lack of clinical history or serum markers that
would explain the liver biochemistry abnormalities. In patients with NAFLD,

liver enzymes increase by up to 90% [14].
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1.3. Role of Statins

The statin comes under the category of coenzyme known as HMG-CoA reduc-
tase inhibitors. This event is commonly used all over well-developed countries as
a prescription drug. Statin is considered a subclass in HMG Co-A reductase clas-
sification, where the pharmacological effects will be different. The oral bioavai-
lability and protein binding changes in the statin compared to the HMG Co-A
reductase. The group of starting such as atorvastatin, Lovastatin, simvastatin,
and Fluvastatin has a nature lipophilic they get metabolized with the help of cy-
tochrome p450. The other statin, such as Pravastatin and Pitavastatin, are hy-
drophilic and undergo metabolism compared to the other class of drugs. The
rosuvastatin has an intermediate profile in the liver metabolism. Statin is some-
times restricted as a prescription drug concerned with some side effects: muscle
and liver damage. They have a chance of developing hepatotoxicity, which
changes the biochemical nature of the liver enzymes; thus, it is a concern in liver
disease to prescribe statins.

As the statin is causing hepatotoxicity, the Physicians are much more worried
about the patient; hence it is less under-prescribed for patients with ALD and
NAFLD. It is unfolding that Statin liver damage is in rare conditions. The new
results on Statin prescription have potentially had a higher impact showing a
positive effect in the patients. In this review, we tried to explain the statin’s role
in the development and how it functions during the progression of various dis-
eases such as cirrhosis, fibrosis, and the Vaso protector efforts on portal hyper-
tension [15]. We also concluded the Statin possibility of resolving hepatic fibro-
genesis. This review concludes with the role of statins in different conditions of
liver diseases, such as the development, progression, and complications.

The statin should not be administered in such patients if conditions such as
active liver disease and chronic aminotransferases increase levels. The consulta-
tion of the positions such as gastroenterologist has advised that the safety of the
statin has had no evidence for the abnormal liver biochemistry in the conditions
of elevated serum liver enzymes. Asymptomatic liver enzymes increase due to
liver impairment is a diagnostic parameter for hepatic diseases during statin
therapy [16] [17].

1.4. Symptoms

Symptoms are common for both ALD and NAFLD. The symptoms depend on
the severity of the disease condition. It starts with abdominal pain and tender-
ness, which leads to an increase in thirst and dry mouth. Next, there is an in-
crease in liver enzymes, which leads to jaundice and yellowish discoloration of
the eyes. In this condition, there is weight loss and loss of appetite. Non-alcoholic
steatohepatitis is ballooning with an increase in the inflammation of lobes in the
liver without fibrosis. In a state of steatohepatitis, there is an increase in fat up to
5% than normal liver, leading to insulin resistance syndrome. This condition

may lead to metabolic syndromes such as obesity, diabetes mellitus, and dyslipi-
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demia. There’s also the condition of hypertension polycystic ovarian syndrome

and the risk of cardiovascular disease in this condition.

1.5. Prevalence

The occurrence of alcoholic liver disease is due to excess alcohol intake daily.
The NAFLD prevalence is the intake of mild or no alcohol intake, but it is con-
sidered a global health problem that affects 6% to 45% of the general population.
In Western countries, as a daily basis it is growing up to 30% worldwide. In
Asian countries, more than 40% of the population has liver disease. Hence, di-
abetes mellitus is considering the most critical risk factor for the progression of
hepatic fibrosis. Based on the condition of ALD and NAFLD, there is a chance of
occurring metabolic syndromes like obesity and DM. There is a chance of 40%
cases in an advanced condition of NASH from NAFLD.

The secondary causes might include hepatic fat infiltration and other condi-
tions like viral hepatitis and autoimmune hepatitis. There can be a cause of
drug-induced liver diseases, which may cause complications with the liver con-
dition. Alcohol abuse condition where there is >30 g/per day of alcohol for men

and >20 g/day of alcohol per day for women as a diagnosis of ALD.

1.6. Pathogenesis

The pathogen causes NAFLD estriol, and the advancement of the pathogenesis
of this it’s still not well explained. The primary step is to store high-fat content in
the liver cells, leading to inflammation. Progression of this condition can link to
hepatocellular damage and cause inflammation in the fibrosis condition. There
are a variety of variables that contribute to the different types of biochemical
changes that occur in the hepatocytes. The changes include IR and changes in
the adipose tissue Harmons. The changes in the dietary factors can also change
the gut flora, which can also lead to liver Impairment. So, that is also a chance of
change, and the genetic factors are the epigenetic factors that lead to liver dam-
age.

There are different types of pathogenic factors that cause NAFLD diseases.
The one with the most common factor is the genetic polymorphism that occurs
in the patatin, which contains three gene proteins such as IR oxidative stress and
adipokines. The adipokines are the diagnostic tool for non-alcoholic fatty liver
disease, advancing participation for the endocrine disruptor. This event ulti-
mately leads to studying the therapeutics which target NAFLD treatment.

The liver tissue captures all the excess chemicals caused by the free radicals,
alcohol, and other harmful metabolites, mainly by the liver and parenchymal
cells. The ROS process is due to the effect of oxygen-containing free radicals,
which alter the critical signaling in the cells; hence there is a disturbance in the
regulation of lipids and glucose metabolism. In addition, the ROS can directly
influence the proteins and the DNA, which causes excessive oxidative stress but

increases the RIS within the cells, which directly affects the proteins and DNA.
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1.7. Gut Flora Leading to NAFLD

Alcohol affects the liver by increasing the chances of leakiness in the intestinal cell
wall. This event causes the entry of the gram-negative bacteria as an endotoxin,
which enters the blood and causes the immune response. As the process under-
goes, there is an activation of the immune system leading to the activation of the
immune cells known as Kupffer cells. These cells are macrophages mainly in-
volved in removing bacteria and the foreign proteins that have entered the blood.
[15] [18] [19]. The primary response is when the blood that enters the liver gets
purified from the poisonous foreign particles in the liver. The activation of ma-
crophages helps release the Kupffer cells leading to the activation of tumor necro-
sis factor (TNF) and different interleukins (IL). In addition, the release of the

macrophages leads to the condition of inflammation in the hepatocytes.

1.8. How Does Inflammation Begin?

The National Institute of Health said Kupffer cells’ role in responding to the en-
dotoxin that enters the body results in liver disease [19] [20] [21]. The Kupfter
cells and other immune cells in the parenchyma cells are being responded to,
expressed in the liver; there is a pattern recognition receptor. These pattern rec-
ognition receptors combine with the toll-like receptors, which help detect the
pathogen-related molecular signals and then start the process of inflammation.
There is an involvement in the response of the co-receptors like CD14 and TLR4
[22]. These co-receptors help in the reaction of activating Kupffer cells in the al-
coholic liver damage [23]. Later on, it starts releasing the cytokinin and activa-
tion of Kupffer cells, which leads to the activation of generating ROS in the liver.
This event leads to increased oxidative stress and impairs fatty acid oxidation
and cellular functioning. This event also activates hepatic macrophages leading
to the inflammatory Cascade [24] [25].

There are many negative consequences of alcoholic liver disease, which is
caused mainly due to inflammation, which leads to the progression of the liver
cell death and regenerating nodules that also form scar tissue known as fibrosis
and then leads to cirrhosis. The disturbing result in the molecular signaling
pathway leads to consequences that are still unknown. The alcohol interacts with
the Kupffer cells, resulting in the leaking of the endotoxin into the stomach.
Here, it starts releasing inflammatory mediators like TNF-alpha and cytokinin,
which leads to the production of inflammatory cytokines such as IL1, IL6, and
IL8 [26] [27] [28]. Suppose there is the persistent release of the cytokinesis and
the inflammatory mediators. There is an increase in inflammatory responses in
the liver, leading to the progression of the disease to hepatitis, fibrosis, and cirr-
hosis. There is also an influence by inflammatory cytokines that lead to a process
known as programmed cell death, which might be apoptosis.

The cytokines and chemokines play an essential role in the progression of in-
flammatory responses in ALD. In the condition of alcoholic hepatitis, there is an

increase in cytokine levels like TNF alpha, IL1, and IL6. Interleukin 8 plays a vi-
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tal role in neutrophil infiltration and inflammation in alcoholic liver disease. The
areas of injury and inflammation and mainly attracted by the monocyte che-
moattractant protein MCP1. The MCP1 attracts monocytes and macrophages,
leading to the inflammatory response of alcoholic liver disease patients. The
process of inflammation and fibrosis is progressing by the presence of chemo-
kines like MCP1 and RANTESI. This event helped boost the stellate cell activity.

This activation of stellate cells leads to severe fibrosis conditions in the liver [29].

1.9. Stellate Cells in Liver Diseases

Stellate cells in the liver placed a crucial role in forming fibrosis; this also helps
heal the liver injury tissue. This event involves the activation of IL8 and MCP-1,
where their activity leads to many therapeutic implications. Stellate cells can re-
spond to the injury and help heal certain types of damage in the liver. That is al-
so a recent study about the impacts of the sterlet cells, which can inhibit certain
kinds of chemokines [30] [31].

2. Risk Factors for NAFLD and ALD
2.1. Age

The prevalence of ALD and NAFLD increases with an increase in age [32] [33]
[34]. NAFLD prevalence related to non-alcoholic fatty liver fibrosis increases
with age. A study was made by Frith and colleagues on 351 patients who had
undergone biopsy-proven NAFLD. The patients, based on their age, were cate-
gorized into three groups. The oldest group is greater than 60 years, the mid-
dle-aged people are between 50 and 60 years old, and the younger group is less
than 50 years old [35]. They have identified a connection between age and the
frequency of non-alcoholic liver diseases linked with fibrosis conditions. The
older group has considered at a higher risk and NAFLD such as increased
hypertension, diabetes, and increased lipid levels that are hyperlipidemia and
diseases like obesity are Common.

Another study on NAFLD incidence in hospitalized geriatric patients is stu-
died. A prevalence rate of 46% is found, which is high compared to the general
population study [36]. In the study, there is no link between NAFLD and meta-
bolic syndrome. Therefore, there is no cardiovascular risk in this category.

The pathophysiology of NAFLD may vary in different age groups. The preva-
lence of NAFLD is related to the age correlation where older people have a high-
er risk of disease progression, which sometimes leads to death [37] [38] [39]
[40].

The progression of the disease conditions such as hepatic fibrosis eventually
leads to hepatocellular cancer, which leads to comorbid conditions like diabetes
mellitus, which increases with age [41] [42]. A study on liver donors found an
age-independent risk for severe hepatic steatohepatitis. Elderly diabetic individ-
uals have a higher risk of cirrhosis, known as burnt-out non-alcoholic hepatitis.

Still, the condition here is that the patient is obese presently or in the past [43].
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As per the research conducted by Frithet, the older patient has a greater risk of
hepatic fibrosis and cirrhosis. Age plays a crucial role in the condition of cirr-
hotic patients. Younger people were affected by increased ALT activity. There
was no clear explanation for the liver enzyme increase with the hepatic steatosis
condition [44]. In the research conducted by Hui and his colleagues, they did
not find a significant variation between the age groups and the progression of
the disease NAFLD. There is no link between the age groups getting NAFLD and
fibrosis yet. It is essential to know the association between age and the incidence
of non-alcoholic and alcoholic liver diseases, which helps to see the progression

of the disease like fibrosis and cirrhosis.

2.2. Race and Ethnicity

During the condition of liver biopsy, it is hard to find the frequency of NAFLD.
According to a study conducted by Wagenknecht and his colleagues on the liver
disease condition, the visceral any positive virus in different ethnic groups. In
Hispanics, they are different types of coordination such as age, triglycerides, and
PAII in the conditions of liver diseases. On the other hand, serum adiponectin
levels in African Americans due to the influence that genetic and environmental
factors cannot explain [43] [44] [45]. There is research on the genotype in data
relating to the epidemiology of liver disease with genomic medicine in this
present world.

The family clustering shows the genetic variations studied as extensive fami-
ly-based coherent studies that have the heritability in the disease to the condition
such as hepatic steatosis, which is about 0.27% [46] [47]. A gene such as
PNPLA3 produces adiponectin, a significant genetic contribution to the ALD
and NAFLD [50] [51]. In Caucasians, it is at 0.23%. Assuming the same genes
promote the increase of liver enzymes by 28% in non-steatosis individuals. The
homozygote, 1148M, is the more common condition of non-alcoholic steatohe-
patitis [48] [49].

The regression analysis has taken the sequence of two genes contributing to
72% of hepatic fat changes observed in different ethnic groups. The gene
PNPLA3 losses its functions and leads to the condition of hepatic steatosis. In a
study of 592 participants, the biopsy-proven underground with the condition
hepatic steatosis did Sean the result of having polymorphisms in fat accumula-
tion in the liver, which is due to PNPLA3. Many other genres, such as NCAN,
GCKR, and LYPLAL1 when they undergo genetic variation, they play a signifi-
cant role in the contribution of the ALD and NAFLD. For example, a gene
known as 70 GCKR is associated with identifying ALD and NAFLD diseases in

Chinese patients.

2.3. Gender

Liver impairment is assumed to be more frequent in females, but this research
has been proven false [52] [53] [54] [55]. A study was fibrosis conducted by 527
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Asian people who had done medical health checks have liver disease prevalence
with 31% in males and 16% in women [56] [57]. In India, a study mentioned the
clinicopathological characteristics where men can have a high majority of liver
failure. There is also a link in the increase in liver enzymes, and historical find-
ings of non-alcoholic steatohepatitis and hepatic fibrosis in men are prevalent.
This event can lead to mortality in the NAFLD.

There is only a little research regarding the female link between NAFLD and
fibrosis. One of the research projects mentioned a high risk for females to have
NASH in individuals with metabolic syndrome. Based on these results, the ALD
and NAFLD act differently in men and women. According to the physicians, the
upper and the lower limit of the liver enzyme ALT activity in the woman show
up like ULN£30 UL AND ULNE£ 19 UL, respectively [58] [59]. Kunde and col-
leagues had explained the old and new aminotransferases thresholds. Prevalence
of liver disease in women increases in liver enzymes with obesity is up to 28%,
and at the unique point, the percentage has increased up to 63%. Analogous stu-

dies which relate to the aminotransferase threshold in men have been declining.

2.4. Metabolic Conditions

NAFLD is commonly seen in patients already having metabolic syndromes in
the general world. Diabetes mellitus with this condition having a liver impair-
ment is most prevalent. There is a prevalence rate of 69%, and the patients have
diabetes mellitus type 2 with changes in the ultrasonographic report. In condi-
tions such as obesity and hypertriglyceridemia, there is a condition of ALD and
NAFLD with increased liver enzymes. There is no link between diabetic dege-
nerative sequence and the prevalence of ultrasonic changes in liver disease [60].

A recent study shows a high frequency of liver impairment in people with Di-
abetic Type 2, progressing to liver diseases. The ultrasonography changes in 127
in 204 people with diabetic people have a fatty liver. A study says that 87% who
had been accepted for the liver biopsy and exhibited heavy liver changes in Ul-
trasonography have been diagnosed with alcoholic fatty liver disease [61]. The
study findings can confirm an increased incident rate of non-alcoholic steatohe-
patitis, which tends to be a metabolic syndrome. The non-alcoholic steatohepati-
tis with severe fibrosis has a condition of the report diabetic with no symptoms
indicated in abnormal liver enzymes.

A polycystic ovarian syndrome is an ovarian manifestation of metabolic syn-
drome in a study with the polycystic ovarian syndrome in women with hepatic
steatosis up to 55% [62] [63]. Another study said that 41% of women with poly-
cystic ovarian syndrome have NAFLD with the symptoms of hepatic steatosis
and elevated ALT levels with an incident rate of 19%. Individuals with obese
PCOS have a higher risk of NASH and NAFLD [64] [65].

2.5. Chronic Infections Associated with Fatty Liver

Hepatitis virus C (HCV) can lead to metabolic dysfunction that can increase in-
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sulin resistance (IR), increase blood glucose levels, and lead to diabetes mellitus
type 2. NAFLD consists of cases with hepatitis C virus (HCV). The steatohepati-
tis condition occurs in almost all patients suffering from hepatitis C vi-
rus-infected individuals. Patient with HCV has a high frequency of HIV positive
[66] [67] [68]. There is a high incidence of fatty liver in patients with chronic
HCYV and HIV infection [69] [70] [71].

3. Search Methods

The review has been concluded based on several searches on databases such as
MEDLINE and PUBMED. Review of clinical trials related to the liver enzymes
elevated in conditions of alcoholic and non-alcoholic liver diseases such as ALT,
GGT, and AST in response to the Statin therapy. The literature on the topic and
a comprehensive evaluation are the considerations to identify the effect of statin
use in ALD and NAFLD. The keywords are chosen based on the subject we
searched the articles in PubMed; the last search date is on February 10th), 2022.
The keywords in the investigation include “statin treatment, fibrosis, hepatic
histology, steatosis, inflammation, oxidative stress, liver enzymes, hepatocellular

cancer, liver toxicity, dyslipidemia, alcoholic liver disease”.

3.1. Electronic Searches

The literature is collected using different online search engines Like Medline
PubMed databases. All the review articles related to the liver enzymes like ALT
and AST, elevating commonly in Alcohol and NAFLD. In this search, the re-
sponse of statin in both conditions is considered. In the research evaluating the
effect of statin in the use of alcoholic and non-alcoholic diseases, a comprehen-
sive evaluation of the literature is collected. The data literature is searched in the
online search engine PubMed based on keywords. The last search date is Febru-
ary 10th, 2022.

3.2. Data Collection and Analysis

Study Selection
After evaluating the abstracts and titles of the publications that I found in the
database searches to identify research that could be acceptable for further evalu-
ation, later, we assessed the study, which is compatible with our topic based on
suitability and completeness. We have divided the study selection into different
parts. First, we selected the case and searched the electronic databases based on
the chosen set of keywords. Then based on the inclusion and exclusion criteria,
the data was selected. Finally, all the data was gathered, and the reports were
studied.

A final study of the complete papers decided on the report’s title, relevant to
the topic. The evaluation of the article for the relevance of the title and the ab-
stract will bring evaluated. The two review orders had given eligibility criteria

review without any limitations on the paper.
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3.3. Selection Criteria

3.3.1. Inclusion
We considered most clinical studies submitted on liver enzymes before and after
statin therapy.

This review includes case-control studies that reported liver transaminase le-
vels in both the case and control groups.

We only selected English-language articles having full-text access.

We included case reports from ALD and NAFLD patients who responded to
various statins.

In this review, Statin alone groups are selected.

3.3.2. Exclusion

Studies with fewer patients that are fewer than 15 patients were, excluding.
Dual and multidrug therapy has been banned, except only statin treatment.
The other language studies except English are not in this review.
This review did not include the editorials and comments; we also stopped the

letters and animal experiment studies.

3.4. Criteria for This Review

3.4.1. Types of Study

There is no specific module, so the randomized clinical studies compared dif-
ferent types of people taking different kinds of lipid-lowering medications and
the other with the control. The randomly assigned participants were considered
regardless of the count or the publishing status, such as the publication’s year
and language. The reports were being evaluated for the non-randomized studies,

and the Adverse Events of each study were concluded.

3.4.2. Types of Interventions

Different statins include Lovastatin, atorvastatin, simvastatin, pravastatin, and
rosuvastatin. Fluvastatin was given to the patients for three months and, at a mi-
nimal dose, was considered an experimental intervention study. The participants
in this exploratory study were compared with the placebo patients. They were
not given any medications in the other group as those receiving another type of
lipid-lowering medication. The route of administration in these patients is only
the oral route. Finally, the data report was included as per the result obtained by

the different groups.

3.5. Outcomes Measures

3.5.1. Primary Outcomes

The primary outcomes considered the mortality that might occur due to any
cause and the adverse effects. And that caused hepatitis is regarded in the mor-
tality condition as an adverse event, including the number and the kind of ad-
verse effects and the severity of the event’s damaging effects. In addition, the In-

ternational Conference on harmonization (ICH-GCP 1997) is an additional con-
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sideration.

3.5.2. Secondary Outcomes

The secondary outcomes include the logical history response, which consists of
the biochemical and Imaging reactions in the disease patients. The number of
people who had significant changes in their history reports related to the fatty
liver infiltration or the inflammation in the hepatocytes. There is also a condi-
tion of fibrosis. In the biochemical response, the subjects are testing serum liver
enzymes such as AST and ALT levels. Where has a fantastic response, including
Ultrasonography and CT scan or MRI, which are high in usage in the current
diagnosis. This response clearly states the condition of the liver damage based on
the Imaging report showing the fatty liver infiltration, fat accumulation, in-
flammation conditions, and fibrosis. This event is advantageous in differentiat-
ing various stages of liver disease, mild-moderate or severe, as per the classifica-

tion.

4. Diagnosis and Classification

The diagnosis of ALD and NAFLD includes two types of tests. The first is the
blood test. The rest is the Imaging tests such as an ultrasound, CT scan, and MRI
scan. The blood test helps detect liver function by showing the results of elevated
liver enzymes [72]. In addition, the lipid profile measuring the cholesterol levels,
blood triglycerides, and LDL levels allows the detection of NAFLD.

4.1. Mechanism of Action of Statins

Statins improve alcoholic and non-alcoholic liver diseases by different types of
mechanisms. They improve hepatic steatosis hepatitis by reducing LDL levels.
They also act by the proteins known as activating sterol regulating ele-
ment-binding proteins (SREBPs), which help improve transcription and main-
tain lipid homeostasis [73]. The peroxisome proliferator-activated receptor alpha

(PPAR) plays an essential role in reducing inflammatory responses of NAFLD.

4.2. Anti-Inflammatory and Anti-Fibrotic Effects

Statins act as an anti-inflammatory by inhibiting the small GTPase prenylation,
decreasing the downstream signaling [74]. In the initial stages of fibrosis, the
stains can work by reducing the bile acids by activating the pregnane X receptor
and PPAR-a. Anti-fibrotic effect of statin can be seen by paracrine signaling of
the liver cells on the hepatic stellate cells, which then block the hepatic stellate
cell’s activation. Hence the fibrogenesis is blocked [75]. The hepatic stellate cell
pathway is activated by the Rho kinase [76]. The fibrosis gets improved by inhi-
biting the RhoA.

The role of statin in portal hypertension works by the following mechanism:
an increase in the intrahepatic resistance imbalance, which affects the regulation

of RhoA and nitric oxide signaling pathway, leading to vasoconstriction.
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5. Treatment

5.1. Liver Toxicity Caused by Statin

There is a rare chance of liver damage by statin therapy, but they can be dan-
gerous Adverse Events using statins. An asymptomatic increase in serum ALT
has been prevented in statin-treated people here. There is a risk of observation in
liver damage in a few cases. Asymptomatic raises in ALT during statin treatment
are not considered evidence of ongoing liver disease or injury [77].

The word “transaminitis” is characterized by hepatic enzyme leaking that does
not result in hepatotoxicity that may explain many types of blood ALT increases
in statin-treated patients [78]. There is a widespread agreement that ALT is
More effective than AST in detecting the potential hepatotoxicity because AST
levels can arise either in muscle or liver damage. Hence, ALT level increase is a
successive test because a single ALT increase is more similar to transaminitis
than liver injury. The treatment of the different types of statins has clearly stated
the uses and dosage in Table 1.

In the previous case report, there is a condition where statin use caused autoim-
mune hepatitis [79] [80] [81] [82]. There is a study about three cases of autoim-
mune hepatitis. There is induction of hepatitis after treatment with Fluvastatin in
two cases. The third case is atorvastatin-induced autoimmune hepatitis. Lovastatin
use, particularly at high doses of 80 mg per day, has a modest increase in the liver
enzyme up to 5% of patients [83] [84] [85] [86]. There is a chance of developing
centrilobular necrosis, fulminant liver failure, and cholestasis [87]. Simvastatin can

lead to liver damage due to drug-drug interactions with the self-drug [88].

5.2. Role of Statin in Abnormal Liver Test Patients

The primary issue in clinical practice is an increase in the serum liver enzyme,
which is usually caused by concomitant comorbid diseases like obesity,
pre-diabetic, and diabetic conditions, as well as dyslipidemia, which has the typ-
ical characteristics of NAFLD. Statin therapy decreases the cardiovascular risk in
people with low to moderate levels of abnormal liver tests. Hence, statin therapy
is considered safe and can even improve the liver test.

The liver blood tests should be repeated as soon as possible to declare an in-
crease in the levels. Before starting the Statin treatment, the diagnosis part plays
a crucial role. The quality of evidence is less Baseline liver enzyme testing is ad-
justed before starting the Statin therapy. Before beginning the statin therapy, a
low grade of strength was observed.

5.3. Statin Treatment in Dislipidemia

Hyperlipidemia is considered atherogenic dyslipidemia and can be characterized
by an increase in the serum triglycerides and low HDL cholesterol, which is re-
garded as good cholesterol, and the presence of small LDL particles. In addition,
atherogenic dyslipidemia is symptomized by insulin resistance and metabolic
syndrome, including obesity, diabetes mellitus, and hypertension.
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Table 1. Details of various stains usage in different liver disease conditions based on se-
verity along with their doses [89] [90] [91].

STATIN TREATMENT DOSE

CERIVASTATIN Decreases elevated liver enzymes. 10 - 80 mg/day

Increased serum transaminases.
ATORVASTATIN 10 - 80 mg/day
Autoimmune hepatitis.

Resolving hepatic fibrogenesis.
LOVASTATIN 80 mg/day
Increased serum transaminases.

SIMVASTATIN Cirrhosis 20 mg/day

PRAVASTATIN Steatosis 20 - 80 mg/day

FLUVASTATIN Fibrosis of liver 80 mg/day
ROSUVASTATIN Hyperlipidemic liver diseases. 10 - 80 mg/day

It can be safely treated with a statin, which treats hyperlipidemia. Further-
more, statin hepatotoxicity is very low in these patients; hence, NAFLD and
NASH can be clinically treated with statins.

Statins play a crucial role in managing increased lipid levels in NAFLD pa-
tients by decreasing the lipid levels. The statins successfully reduce cholesterol
levels in people with non-alcoholic liver disease. But one statin that helps reduce
the incidence rate of cardiovascular events is atorvastatin [92].

Many studies consider the safety of Statin therapy for this lipidemia in pa-
tients with NAFLD. It is regarded as a safe and well-tolerated treatment with
pravastatin at 80 mg/day with reduced LDL, TC, and TGs in Hypercholestero-
lemic Patients with NAFLD. However, there is an increase in serum ALT levels
in patients with NAFLD and NASH when treated with a statin. Consequently,
under treatment with a statin patient with NAFLD has frequently been a source

of worry [93].

5.4. Role of Statin in Non-Alcoholic Liver Disdisease

Statin is an antithrombotic, anti-inflammatory, and antioxidant independent of
lipid-lowering activity [94] [95]. The statin treatment plays a significant role in
NAFLD and NASH as both the conditions have inflammation and oxidative
stress [96]. There is an increase in NOX2-related oxidative stress in patients with
NAFLD associated with severe liver steatosis [96].

Up to date, there is no data showing medication for NAFLD. As of now, there
is less evidence relating to the effects of statins in NAFLD [97] [98]. The GTPase
plays a significant role and non-alcoholic steatohepatitis through signal trans-
mission, protein synthesis, cell differentiation, and intracellular vesicle move-
ment. Statin helps by preventing non-alcoholic steatohepatitis by decreasing
GTPases. The PPARs play a significant role in inflammation, metabolic path-
ways, and non-alcoholic steatohepatitis Statin acts on The PPAR receptors and

helps degrade fatty acids. Paraoxonase 1(PONI1) is present in the liver and acts
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as an antioxidant enzyme with anti-inflammatory and Antiatherogenic proper-
ties [99]. The Statin therapy improves PON1, decreasing due to lipid peroxida-
tion [100].

Simvastatin improved the progression of non-alcoholic steatohepatitis-related
fibrosis in animal models (rats). Endothelial and inducible nitric oxide synthase
production can restrict the stellate cell activation. After four years of therapy
with Atorvastatin 20 mg, 71% of patients with NAFLD had improved and re-
duced their risk [101].

6. Newer Studies with Various Targets

The Statin metabolism involves several cotransporters and enzymes, affecting
the effectiveness and tolerance of the statin administration in these patients. In
addition, the hepatic action can also be affected by the cotransporters and en-
zymes by administering the statins.

In chronic liver disease, as the patients have a poor liver function, the safety of
the individuals is more concern; hence, statins are subsequently being as poten-
tial therapeutic options in both ALD and NAFLD are still under examination.
Some polymorphisms affect the gene, which impacts the statin pharmacody-
namics and pharmacokinetic properties and changes the course of fatty liver
disease and the lipid metabolism of NAFLD [102]. As the patients with NAFLD
have a high level of P450-2E1, this issue leaves the polymorphism in PPAR Al-
pha and Gamma 2, leading to an increase in the risk for the patients.

Since recent research indicates that patients with elevated baseline liver en-
zyme levels can benefit from statins, optimism has increased that these medica-
tions can reduce cholesterol and decrease NAFLD-related liver damage [103]
[104].

7. Conclusions

Statins are prescribed to people with high liver enzymes due to ALD and
NAFLD. Observational studies revealed no impact, suggesting that statins are
safe for ALD and NAFLD patients’ livers. What're more stains work effectively
in all conditions of liver problems, from the stage of Fatty liver to cirrhosis and
portal hypertension.

The review mainly discusses the summarization of the role of statins and ALD
and NAFLD. They primarily focused aspects of this review paper on a statin role
in endothelial dysfunction in chronic liver disease caused by alcohol and
non-alcoholic. The other aspects as modulating hepatic fibrogenesis and the
Vaso protective effects in portal hypertension were discussed. In this review, we
mainly focused on the data representing the role of statins in the various condi-
tions of ALD and NALD. The progression of the disease conditions and the
complications of cirrhosis are critically assessed in this review paper.

Liver failure worldwide is considered very rare, with an occurrence rate of 2 in

1 million treated patients. The most helpful treatment in the present day for
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ALD and NAFLD is statin therapy, as it is well-tolerated and safe for the pa-
tients. Statin therapy shows minor side effects such as myalgia in a few patients
and Rhabdomyolysis in other patients, significantly less commonly seen. The
adverse impact seen is an increase in the liver enzymes like aminotransferases,
which might be harmful to the patient. The increase in temporary asymptomatic
aminotransferases is commonly seen in a tiny percentage of patients, nearly 0.1 -
3. Statin tends to change the ultrasound readings. The patients having the ad-
verse symptoms of 1.8% to 12% have a significantly elevated risk of cardiovascu-

lar problems.

8. Discussion

There is no specific efficacious treatment for NAFLD, even though NAFLD is an
emerging disease condition worldwide. Hence, pharmacological medication
must be considered for this condition as soon as possible to improve the health
care system. The use of statins and NAFLD and alcoholic liver disease has been
commonly prescribed worldwide. This treatment has been used to reduce the
comorbid conditions eventuality as the cardiovascular risk associated with
non-alcoholic steatohepatitis.

The statin treatment also improves the conditions of alcoholic liver disease
with the comorbid conditions of metabolic syndrome and type 2 diabetic Melli-
tus. Many factors like liver-related mortality, liver histology, plasma liver en-
zyme activity, and ultrasonographic abnormalities were investigated when taken
by the statin treatment. We can see many changes in the patient’s liver with the
NAFLD and ALD.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

(1] Bhardwaj, S.S. and Chalasani, N. (2007) Lipid-Lowering Agents that Cause
Drug-Induced Hepatotoxicity. Clinics in Liver Disease, 11, 597-613.
https://doi.org/10.1016/j.c1d.2007.06.010

[2] Omagari, K., Kadokawa, Y., Masuda, J., Egawa, 1., Sawa, T., Hazama, H., et al
(2002) Fatty Liver in Non-Alcoholic-Overweight Japanese Adults: Incidence and
Clinical Characteristics. Journal of Gastroenterology and Hepatology, 17, 1098-1105.
https://doi.org/10.1046/j.1440-1746.2002.02846.x

[3] Romeo, S., Kozlitina, J., Xing, C., Pertsemlidis, A., Cox, D., Pennacchio, L.A., et al
(2008) Genetic Variation in PNPLA3 Confers Susceptibility to Non-Alcoholic Fatty
Liver Disease. Nature Genetics, 40, 1461-1465. https://doi.org/10.1038/ng.257

[4] Thurman, R.G. (1998) Mechanisms of Hepatic Toxicity. II. The Alcoholic Liver In-
jury Involves the Activation of Kupffer Cells by the Endotoxin. American Journal of
Physiology, 275, G605-G611. https://doi.org/10.1152/ajpgi.1998.275.4.G605

[5] Loomba, R. and Sanyal, A.J. (2013) The Global NAFLD Epidemic. Nature Reviews

DOI: 10.4236/ijcm.2022.137020

244 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1016/j.cld.2007.06.010
https://doi.org/10.1046/j.1440-1746.2002.02846.x
https://doi.org/10.1038/ng.257
https://doi.org/10.1152/ajpgi.1998.275.4.G605

A. Aishwarya, O. Terry

(6]

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Gastroenterology & Hepatology, 10, 686-690.
https://doi.org/10.1038/nrgastro.2013.171

Struben, V.M., Hespenheide, E.E. and Caldwell, S.H. (2000) Non-Alcoholic Steato-
hepatitis and Cryptogenic Cirrhosis in Kindreds. The American Journal of Medi-
cine, 108, 9-13. https://doi.org/10.1016/S0002-9343(99)00315-0

Violi, F., Calvieri, C. and Ferro, D. (2013) Statins as Antithrombotic Drugs. Circula-
tion, 127, 251-257. https://doi.org/10.1161/CIRCULATIONAHA.112.145334

Pelli, N., Setti, M., Ceppa, P., Toncini, C. and Indiveri, F. (2003) Autoimmune He-
patitis Revealed by Atorvastatin. Furopean Journal of Gastroenterology & Hepatol-
ogy; 15, 921-924. https://doi.org/10.1097/00042737-200308000-00014

Caldwell, S.H., Zaidman, J.S. and Hespenheide, E.E. (2003) The Liver and Statin
Drug Therapy: Uncertain Navigation in the Sea of Risk-Benefits. Pharmacoepide-
miology and Drug Safety, 12, 303-306. https://doi.org/10.1002/pds.833

Ma, P.T., Gil, G., Sudhof, T.C., Bilheimer, D.W., Goldstein, J.L. and Brown, M.S.
(1986) Mevinolin, an Inhibitor of Cholesterol Synthesis, Induces mRNA for
Low-Density Lipoprotein Receptor in Livers of Hamsters and Rabbits. Proceedings
of the National Academy of Sciences of the United States of America, 83,
8370-8374. https://doi.org/10.1073/pnas.83.21.8370

Rehm, J., Taylor, B., Mohapatra, S., Irving, H., Baliunas, D. and Patra, J. (2010) Al-
cohol as a Risk Factor for Liver Cirrhosis: A Systematic Review and Meta-Analysis.
Drug and Alcohol Review, 29, 437-445.
https://doi.org/10.1111/j.1465-3362.2009.00153.x

Shieh, K., Gilchrist, J.M. and Promrat, K. (2010) Frequency, and Predictors of
Non-Alcoholic Fatty Liver Disease in the Myotonic Dystrophy. Muscle & Nerve, 41,
197-201. https://doi.org/10.1002/mus.21484

Angulo, P. (2002) Nonalcoholic Fatty Liver Disease. New England Journal of Medi-
cine, 346, 1221-1231. https://doi.org/10.1056/NEJMra011775

Daniel, S., Ben-Menachem, T., Vasudevan, G., Ma, C.K. and Blumenkehl, M. (1999)
Prospective Evaluation of Unexplained Chronic Liver Transaminase Abnormalities

in Asymptomatic and Symptomatic Patients. American Journal of Gastroenterolo-
27, 94, 3010-3014. https://doi.org/10.1111/.1572-0241.1999.01451.x

de Castro, M.L., Hermo, J.A. and Baz, A. (2006) Acute Cholestatic Hepatitis after
Atorvastatin Reintroduction. Gastroenterologia y Hepatologia, 29, 21-24.
https://doi.org/10.1157/13083248

Patti, G., Cannon, C.P., Murphy, S.A., Mega, S., Pasceri, V., Briguori, C., et al
(2011) Clinical Benefit of Statin Pretreatment in Patients Undergoing Percutaneous
Coronary Intervention: A Collaborative Patient-Level Meta-Analysis of 13 Rando-
mized Studies. Circulation, 123, 1622-1632.
https://doi.org/10.1161/CIRCULATIONAHA.110.002451

Taylor, F., Huffman, M.D., Macedo, A.F., Moore, T.H., Burke, M., Davey Smith, G.,
et al. (2013) Statins for the Primary Prevention of Cardiovascular Disease. Cochrane
Database of Systematic Reviews, 2013, CD004816.
https://doi.org/10.1002/14651858.CD004816.pub5

Fallo, F., Dalla Pozza, A. and Tecchio, M. (2010) Non-Alcoholic Fatty Liver Disease
in Primary Aldosteronism: A Pilot Study. American Journal of Hypertension, 23,
2-5. https://doi.org/10.1038/ajh.2009.206

Adachi, Y., Bradford, B.U., Gao, W., Bojes, H.K. and Thurman, R.G. (1994) The
Activation of Kupffer Cells Prevents Early Alcohol-Induced Liver Injury. Hepatol-
ogy; 20, 453-460. https://doi.org/10.1002/hep.1840200227

DOI: 10.4236/ijcm.2022.137020

245 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1038/nrgastro.2013.171
https://doi.org/10.1016/S0002-9343(99)00315-0
https://doi.org/10.1161/CIRCULATIONAHA.112.145334
https://doi.org/10.1097/00042737-200308000-00014
https://doi.org/10.1002/pds.833
https://doi.org/10.1073/pnas.83.21.8370
https://doi.org/10.1111/j.1465-3362.2009.00153.x
https://doi.org/10.1002/mus.21484
https://doi.org/10.1056/NEJMra011775
https://doi.org/10.1111/j.1572-0241.1999.01451.x
https://doi.org/10.1157/13083248
https://doi.org/10.1161/CIRCULATIONAHA.110.002451
https://doi.org/10.1002/14651858.CD004816.pub5
https://doi.org/10.1038/ajh.2009.206
https://doi.org/10.1002/hep.1840200227

A. Aishwarya, O. Terry

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

Adachi, Y., Moore, L.E., Bradford, B.U., Gao, W. and Thurman, R.G. (1995) Anti-
biotics Prevent Liver Injury in Rats Following Long-Term Exposure to Ethanol.
Gastroenterology, 108, 218-224. https://doi.org/10.1016/0016-5085(95)90027-6

Tilg, H., Jalan, R., Kaser, A., Davies, N.A., Offner, F.A., Hodges, S.J., et al (2003)
Anti-Tumor Necrosis Factor-Alpha Monoclonal Antibody Therapy in Severe Alco-
holic Hepatitis. Journal of Hepatology; 38, 419-425.
https://doi.org/10.1016/S0168-8278(02)00442-7

Hashimoto, E., Yatsuji, S., Kaneda, H., Yoshioka, Y., Taniai, M., Tokushige, K., et al
(2005) The Characteristics and Natural History of Japanese Patients with
Non-Alcoholic Fatty Liver Disease. Hepatology Research, 33, 72-76.

Hritz, 1., Mandrekar, P., Velayudham, A., Catalano, D., Dolganiuc, A., Kodys, K., et
al. (2008) The Critical Role of Toll-Like Receptor (TLR) 4 in Alcoholic Liver Disease
Is Independent of the Standard TLR Adapter MyD88. Hepatology, 48, 1224-1231.
https://doi.org/10.1002/hep.22470

Mandrekar, P. and Szabo, G. (2009) Signaling Pathways in Alcohol-Induced Liver
Inflammation. Journal of Hepatology; 50, 1258-1266.
https://doi.org/10.1016/j.jhep.2009.03.007

Wolters, LM.M and Van Buuren, H.R. (2005) Rosuvastatin-Associated Hepatitis
with Autoimmune Features. European Journal of Gastroenterology and Hepatology,
17, 589-590. https://doi.org/10.1097/00042737-200505000-00019

Diehl, A.M. (2001) Non-Alcoholic Fatty Liver Disease: Implications for Alcoholic
Liver Disease Pathogenesis. Alcoholism: Clinical and Experimental Research, 25,
8S-148. https://doi.org/10.1111/j.1530-0277.2001.tb02368.x

Nakad, A., Bataille, L., Hamoir, V., Sempoux, C. and Horsmans, Y. (1999) Atorvas-
tatin-Induced Acute Hepatitis with No Cross-Toxicity with the Simvastatin. Lancet,
353, 1763-1764. https://doi.org/10.1016/S0140-6736(99)00569-3

Vernon, G., Baranova, A. and Younossi, Z.M. (2011) Systematic Review: The Epi-
demiology and Natural History of Non-Alcoholic Fatty Liver Disease and Non- Al-
coholic Steatohepatitis in Adults. Alimentary Pharmacology and Therapeutics, 34,
274-285. https://doi.org/10.1111/j.1365-2036.2011.04724.x

Karlmark, K.R.,, Wasmuth, H.E., Trautwein, C. and Tacke, F. (2008) Chemo-
kine-Directed Immune Cell Infiltration in Acute and Chronic Liver Disease. Expert
Revue of Gastroenterology & Hepatology, 2, 233-242.
https://doi.org/10.1586/17474124.2.2.233

Seki, E., de Minicis, S., Inokuchi, S., Taura, K., Miyai, K., van Rooijen, N., et al
(2009) CCR2 Promotes Hepatic Fibrosis in Mice. Hepatology, 185, 185-197.
https://doi.org/10.1002/hep.22952

Sheng, Z., Otani, H., Brown, M.S. and Goldstein, J.L. (1995) Independent Regula-
tion of Sterol Regulatory Element-Binding Proteins 1 and 2 in Hamster Liver. Pro-
ceedings of the National Academy of Sciences of the United States of America, 92,
935-938. https://doi.org/10.1073/pnas.92.4.935

Amarapurkar, D., Kamani, P., Patel, N., Gupte, P., Kumar, P., Agal, S., et al (2007)
Prevalence of Non-Alcoholic Fatty Liver Disease: A Population-Based Study. An-
nals of Hepatology, 6, 161-163. https://doi.org/10.1016/S1665-2681(19)31922-2

Li, H., Wang, Y.J,, Tan, K., Zeng, L., Liu, L., Liu, F.J., et al (2009) Prevalence and
Risk Factors of Fatty Liver Disease in Chengdu, Southwest China. Hepatobiliary &

Pancreatic Diseases International, 8, 377-382.

Pasternak, R.C., Smith Jr., S.C., Bairey-Merz, C.N., Grundy, S.M., Cleeman, J.I. and
Lenfant, C. (2002) ACC/AHA/NHLBI Clinical Advisory on the Use and Safety of

DOI: 10.4236/ijcm.2022.137020

246 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1016/0016-5085(95)90027-6
https://doi.org/10.1016/S0168-8278(02)00442-7
https://doi.org/10.1002/hep.22470
https://doi.org/10.1016/j.jhep.2009.03.007
https://doi.org/10.1097/00042737-200505000-00019
https://doi.org/10.1111/j.1530-0277.2001.tb02368.x
https://doi.org/10.1016/S0140-6736(99)00569-3
https://doi.org/10.1111/j.1365-2036.2011.04724.x
https://doi.org/10.1586/17474124.2.2.233
https://doi.org/10.1002/hep.22952
https://doi.org/10.1073/pnas.92.4.935
https://doi.org/10.1016/S1665-2681(19)31922-2

A. Aishwarya, O. Terry

(35]

(36]

(371

(38]

(39]

(40]

[41]

[42]

[43]

(44]

[45]

(46]

(47]

Statins. Circulation, 106, 1024-1028.
https://doi.org/10.1161/01.CIR.0000032466.44170.44

Frith, J., Day, C.P., Henderson, E., Burt, A.D. and Newton, J.L. (2009) Non- Alco-
holic Fatty Liver Disease in Older People. Gerontology, 55, 607-613.
https://doi.org/10.1159/000235677

Kagansky, N., Levy, S., Keter, D., Rimon, E., Taiba, Z., Fridman, Z., et al (2004)
Non-Alcoholic Fatty Liver Disease—A Common and Benign Finding in Octogena-
rian Patients. Liver International, 24, 588-594.
https://doi.org/10.1111/j.1478-3231.2004.0969.x

Kichian, K., McLean, R., Gramlich, L.M., Bailey, RJ. and Bain, V.G. (2003)
Non-Alcoholic Fatty Liver Disease in Patients Investigated for Elevated Liver En-
zymes. Canadian Journal of Gastroenterology and Hepatology, 17, Article ID:
268528. https://doi.org/10.1155/2003/268528

Park, S.H., Jeon, W.K.., Kim, S.H., Kim, H.J., Park, D.I.,, Cho, Y.K,, et al. (2006)
Prevalence and Risk Factors of Non-Alcoholic Fatty Liver Disease among Korean

Adults. Journal of Gastroenterology and Hepatology, 21, 138-143.
https://doi.org/10.1111/j.1440-1746.2005.04086.x

Adams, L.A., Lymp, J.F., St Sauver, J., Sanderson, S.O., Lindor, K.D., Feldstein, A.,
et al. (2005) The Natural History of Non-Alcoholic Fatty Liver Disease: A Popula-
tion-Based Cohort Study. Gastroenterology, 129, 113-121.
https://doi.org/10.1053/j.gastro.2005.04.014

Askgaard, G., Gronbaek, M., Kjaer, M.S., Tjonneland, A. and Tolstrup, J.S. (2015)
Alcohol Drinking Pattern and Risk of Alcoholic Liver Cirrhosis: A Prospective Co-
hort study. Journal of Hepatology, 62, 1061-1067.
https://doi.org/10.1016/j.jhep.2014.12.005

Ascha, M.S., Hanouneh, I.A., Lopez, R., Tamimi, T.A., Feldstein, A.F. and Zein,
N.N. (2010) The Incidence and Risk Factors of Hepatocellular Carcinoma in Pa-
tients with Non-Alcoholic Steatohepatitis. Hepatology, 51, 1972-1978.
https://doi.org/10.1002/hep.23527

Hashimoto, E., Yatsuji, S., Tobari, M., Taniai, M., Torii, N., Tokushige, K., et al
(2009) Hepatocellular Carcinoma in Patients with Non-Alcoholic Steatohepatitis.
Journal of Gastroenterology, 44, 89-95. https://doi.org/10.1007/s00535-008-2262-x

Lee, J.Y.,, Kim, K.M. and Lee, S.G. (2007) Prevalence and Risk Factors of
Non-Alcoholic Fatty Liver Disease in Potential Living Liver Donors in Korea: A Re-
view of 589 Consecutive Liver Biopsies in a Single Center. Journal of Hepatology,
47, 239-244. https://doi.org/10.1016/j.jhep.2007.02.007

Goldstein, J.L. and Brown, M.S. (2015) A Century of Cholesterol and Coronaries:
From Plaques to Genes to Statins. Ce//, 161, 161-172.
https://doi.org/10.1016/j.cell.2015.01.036

Leite, N.C., Salles, G.F., Araujo, A.L., Villela-Nogueira, C.A. and Cardoso, C.R.
(2009) Prevalence and Associated Factors of Non-Alcoholic Fatty Liver Disease in
Patients with Type 2 Diabetes Mellitus. Liver International, 29, 113-119.
https://doi.org/10.1111/j.1478-3231.2008.01718.x

Seki, E., De Minicis, S., Gwak, G.Y., Kluwe, J., Inokuchi, S., Bursill, C.A., et al
(2009) CCR1 and CCR5 Promote Hepatic Fibrosis in Mice. Journal of Clinical In-
vestigation, 119, 1858-1870. https://doi.org/10.1172/JCI37444

Szabo, G. and Dolganiuc, A. (2006) Mandrekar Pattern Recognition Receptors: A
Contemporary View on Liver Diseases. Hepatology, 44, 287-298.
https://doi.org/10.1002/hep.21308

DOI: 10.4236/ijcm.2022.137020

247 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1161/01.CIR.0000032466.44170.44
https://doi.org/10.1159/000235677
https://doi.org/10.1111/j.1478-3231.2004.0969.x
https://doi.org/10.1155/2003/268528
https://doi.org/10.1111/j.1440-1746.2005.04086.x
https://doi.org/10.1053/j.gastro.2005.04.014
https://doi.org/10.1016/j.jhep.2014.12.005
https://doi.org/10.1002/hep.23527
https://doi.org/10.1007/s00535-008-2262-x
https://doi.org/10.1016/j.jhep.2007.02.007
https://doi.org/10.1016/j.cell.2015.01.036
https://doi.org/10.1111/j.1478-3231.2008.01718.x
https://doi.org/10.1172/JCI37444
https://doi.org/10.1002/hep.21308

A. Aishwarya, O. Terry

(48]

(49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

Donohue Jr., T.M., Osna, N.A., Trambly, C.S., Whitaker, N.P., Thomes, P.G., To-
dero, S.L., et al. (2012) Early Growth Response-1 Contributes to Steatosis Develop-
ment after Acute Ethanol Administration. A/coholism: Clinical and Experimental
Research, 36, 759-767. https://doi.org/10.1111/j.1530-0277.2011.01681.x

Ruhl, C.E. and Everhart, J.E. (2005) Joint Effects of Body Weight and Alcohol on
Elevated Serum Alanine Aminotransferase in the United States Population. Clinical
Gastroenterology and Hepatology, 3, 1260-1268.
https://doi.org/10.1016/S1542-3565(05)00743-3

Kotronen, A., Johansson, L.E., Johansson, L.M., Roos, C., Westerbacka, J., Hamsten,
A., et al (2009) A Common Variant in PNPLA3, Which Encodes Adiponutrin, Is
Associated with Liver Fat Content in Humans. Diabetologia, 52, 1056-1060.
https://doi.org/10.1007/s00125-009-1285-z

Sanyal, A.J., Chalasani, N., Kowdley, K.V., McCullough, A., Diehl, A.M., Bass, N.M.,
et al. (2010) Pioglitazone, Vitamin E or Placebo for Nonalcoholic Steatohepatitis.
New England Journal of Medicine, 362, 1675-1685.
https://doi.org/10.1056/NEJM0a0907929

Fan, J.G., Zhu, J., Li, X.J., Chen, L., Li, L., Dai, F., et al. (2005) Prevalence of and
Risk Factors for Fatty Liver in a General Population of Shanghai, China. Journal of
Hepatology, 43, 508-514. https://doi.org/10.1016/.jhep.2005.02.042

Kim, H.J., Kim, H.J., Lee, K.E., Kim, D.]., Kim, S.K., Ahn, CW., ef al (2004) Meta-
bolic Significance of Non-Alcoholic Fatty Liver Disease in Nonobese, Nondiabetic
Adults. Archives of Internal Medicine, 164, 2169-2175.
https://doi.org/10.1001/archinte.164.19.2169

Ong, J.P., Pitts, A. and Younossi, Z.M. (2008) Increased Mortality and Liver-Related
Mortality in Non-Alcoholic Fatty Liver Disease. Journal of Hepatology, 49, 608-612.
https://doi.org/10.1016/j.jhep.2008.06.018

Sookoian, S. and Priola, C.J. (2011) Meta-Analysis of the Influence of the 1148M
Variant of Patatin-Like Phospholipase Domain-Containing Three-Gene (PNPLA3)
on the Susceptibility and Histological Severity of the Non-Alcoholic Fatty Liver
Disease. Hepatology, 53, 1883-1894. https://doi.org/10.1002/hep.24283

Chen, Z.W., Chen, LY., Dai, H.L., Chen, J.H. and Fang, L.Z. (2008) Relation be-
tween Alanine Aminotransferase Levels and Metabolic Syndrome in Non-Alcoholic
Fatty Liver Disease. Journal of Zhejiang University SCIENCE B, 9, Article No. 616.
https://doi.org/10.1631/jzus.B0720016

Souza, M.R,, DinizMde, F., Medeiros-Filho, J.E. and Trigueiro de Aratjo, M.S.
(2012) Metabolic Syndrome and Risk Factors for Non-Alcoholic Fatty Liver Dis-
ease. Arquivos de Gastroenterologia, 49, 89-96.
https://doi.org/10.1590/S0004-28032012000100015

Kariv, R., Leshno, M., Beth-Or, A., Strul, H., Blendis, L., Kokia, E., et al (2006)
Reevaluation of Serum Alanine Amino-Transferase Normal Upper Limits and
Modulating Factors in a Large-Scale Population Study. Liver International, 26,
445-450. https://doi.org/10.1111/j.1478-3231.2006.01197.x

Prashanth, M., Ganesh, H.K. and Vima, M.V. (2009) Prevalence of Non-Alcoholic
Fatty Liver Disease in Patients with Type 2 Diabetes Mellitus. Journal of the Associ-
ation of Physicians of India, 57, 205-210.

Frazier, T.H., Stocker, A.M., Kershner, N.A., Marsano, L.S. and McClain, C.].
(2011) Treatment of Alcoholic Liver Disease. Therapeutic Advances in Gastroenter-
ology; 4, 63-81. https://doi.org/10.1177/1756283X10378925

Schierwagen, R., Maybiichen, L., Zimmer, S., Hittatiya, K., Biack, C., Klein, S., et al

DOI: 10.4236/ijcm.2022.137020

248 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1111/j.1530-0277.2011.01681.x
https://doi.org/10.1016/S1542-3565(05)00743-3
https://doi.org/10.1007/s00125-009-1285-z
https://doi.org/10.1056/NEJMoa0907929
https://doi.org/10.1016/j.jhep.2005.02.042
https://doi.org/10.1001/archinte.164.19.2169
https://doi.org/10.1016/j.jhep.2008.06.018
https://doi.org/10.1002/hep.24283
https://doi.org/10.1631/jzus.B0720016
https://doi.org/10.1590/S0004-28032012000100015
https://doi.org/10.1111/j.1478-3231.2006.01197.x
https://doi.org/10.1177/1756283X10378925

A. Aishwarya, O. Terry

(62]

(63]

[64]

(65]

[66]

(67]

(68]

[69]

(70]

(71]

(72]

(73]

(74]

(75]

(2015) Seven Weeks of Western diet in Apolipoprotein-E-Deficient Mice Induce
Metabolic Syndrome and Non-Alcoholic Steatohepatitis with Liver Fibrosis. Scien-
tific Reports, 5, Article No. 12931. https://doi.org/10.1038/srep12931

Baranova, A., Tran, T.P., Birerdinc, A. and Younossi, Z.M. (2011) Systematic Re-
view: Association of Polycystic Ovary Syndrome with Metabolic Syndrome and
Non-Alcoholic Fatty Liver Disease. Alimentary Pharmacology & Therapeutics, 33,
801-814. https://doi.org/10.1111/j.1365-2036.2011.04579.x

Gambarin-Gelwan, M., Kinkhabwala, S.V., Schiano, T.D., Bodian, C., Yeh, H.C. and
Fut-Terweit, W. (2007) Prevalence of Non-Alcoholic Fatty Liver Disease in Women

with Polycystic Ovary Syndrome. Clinical Gastroenterology and Hepatology, 5,
496-501. https://doi.org/10.1016/j.cgh.2006.10.010

Cerda, C., Pérez-Ayuso, R.M. and Riquelme, A. (2007) Non-Alcoholic Fatty Liver
Disease in Women with Polycystic Ovary Syndrome. Journal of Hepatology, 47,
412-417. https://doi.org/10.1016/j.jhep.2007.04.012

Hossain, N., Stepanova, M., Afendy, A., Nader, F., Younossi, Y., Rafig, N., et al
(2011) Non-Alcoholic Steatohepatitis (NASH) Patients with the Polycystic Ovarian
Syndrome (PCOS). Scandinavian Journal of Gastroenterology 46, 479-484.
https://doi.org/10.3109/00365521.2010.539251

Crum-Cianflone, N, Dilay, A., Collins, G., Asher, D., Campin, R., Medina, S., et al
(2009) Non-Alcoholic Fatty Liver Disease among HIV-Infected Persons. JAIDS
Journal of Acquired Immune Deficiency Syndromes, 50, 464-473.
https://doi.org/10.1097/QAI.0b013e318198a88a

Wrenn, K.D. and Slovis, C.M. (1992) Is Intravenous Thiamine Safe? The American
Journal of Emergency Medicine, 10, 165.
https://doi.org/10.1016/0735-6757(92)90054-2

Guaraldi, G., Squillace, N.., Stentarelli, C., Orlando, G., D’Amico, R., Ligabue, G., et
al. (2008) Non-Alcoholic Fatty Liver Disease in HIV-Infected Patients Referred to a
Metabolic Clinic: Prevalence, Characteristics, and Predictors. Clinical Infectious
Diseases, 47, 250-257. https://doi.org/10.1086/589294

Teli, M.R., Day, C.P, Burt, A.D. and Bennett, M.K. (1995) Determinants of Progres-
sion to Cirrhosis or Fibrosis in Pure Alcoholic Fatty Liver. Lancet, 346, 987-990.
https://doi.org/10.1016/S0140-6736(95)91685-7

Singal, A.K., Chaha, K.S., Rasheed, K. and Anand, B.S. (2013) Liver Transplantation
in Alcoholic Liver Disease Current Status and Controversies. World Journal of Gas-
troenterology, 19, 5953-5963. https://doi.org/10.3748/wjg.v19.i36.5953

Zakhari, S. and Li, T.K. (2007) Determinants of Alcohol Use and Abuse: Impact of

Quantity and Frequency Patterns on Liver Disease. Hepatology, 46, 2032-2039.
https://doi.org/10.1002/hep.22010

Jimenez-Alonso, J., Osorio, ].M., Gutierrez-Cabello, F., Lépez de la Osa, A., Ledn, L.
and Mediavilla Garcia, J.D. (1999) Atorvastatin-Induced Cholestatic Hepatitis in a
Young Woman with Systemic Lupus Erythematosus. Grupo Lupus Virgen de las
Nieves. Archives of Internal Medicine, 159, 1811-1812.

Lefkowitch, J.H. (2005) Morphology of Alcoholic Liver Disease. Clinics in Liver
Disease, 9, 37-53. https://doi.org/10.1016/j.c1d.2004.11.001

Yu, A.S. and Keeffe, E.B. (2003) Elevated AST or ALT to Non-Alcoholic Fatty Liver
Disease: An Accurate Predictor of Disease Prevalence? American Journal of Gas-
troenterology, 98, 955-956. https://doi.org/10.1111/j.1572-0241.2003.07485.x

Chong, L.-W., Hsu, Y.-C., Lee, T.-F., Lin, Y., Chiu, Y.T., Yang, K.C,, et al (2015)
Fluvastatin Attenuates Hepatic Steatosis-Induced Fibrogenesis in Rats through In-

DOI: 10.4236/ijcm.2022.137020

249 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1038/srep12931
https://doi.org/10.1111/j.1365-2036.2011.04579.x
https://doi.org/10.1016/j.cgh.2006.10.010
https://doi.org/10.1016/j.jhep.2007.04.012
https://doi.org/10.3109/00365521.2010.539251
https://doi.org/10.1097/QAI.0b013e318198a88a
https://doi.org/10.1016/0735-6757(92)90054-2
https://doi.org/10.1086/589294
https://doi.org/10.1016/S0140-6736(95)91685-7
https://doi.org/10.3748/wjg.v19.i36.5953
https://doi.org/10.1002/hep.22010
https://doi.org/10.1016/j.cld.2004.11.001
https://doi.org/10.1111/j.1572-0241.2003.07485.x

A. Aishwarya, O. Terry

[76]

(77]

(78]

(79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

hibiting Paracrine Effect of Hepatocyte on Hepatic Stellate Cells. BMC Gastroenter-
ology, 15, Article No. 22. https://doi.org/10.1186/s12876-015-0248-8

Marrone, G., Russo, L., Rosado, E., Hide D, Garcia-Cardeia, G., Garcia-Pagan, J.C,,
et al. (2013) The Transcription Factor KLF2 Mediates Hepatic Endothelial Protec-
tion and Paracrine Endothelial-Stellate Cell Deactivation Induced by Statins. Jour-
nal of Hepatology, 58, 98-103. https://doi.org/10.1016/j.jhep.2012.08.026

Chang, C.Y. and Schiano, T.D. (2007) Revue Article: Drug Hepatotoxicity. Alimen-
tary Pharmacology and Therapeutics, 25, 1135-1151.
https://doi.org/10.1111/j.1365-2036.2007.03307.x

Dujovne, C.A. (2002) Side Effects of Statins: Hepatitis versus “Transaminitis”-
Myositis versus “CPKitis”. American Journal of Cardiology, 89, 1411-1413.
https://doi.org/10.1016/S0002-9149(02)02356-1

Alla, V., Abraham, J., Siddiqui, J., Raina, D., Wu, G.Y., Chalasani, N.P., et al (2006)
Autoimmune Hepatitis Triggered by Statins. Journal of Clinical Gastroenterology;
40, 757-761. https://doi.org/10.1097/00004836-200609000-00018

Graziadei, I.W., Obermoser, G.E., Sepp, N.T., Erhart, K.H. and Vogel, W. (2003)
Drug-Induced, a Lupus-Like Syndrome Associated with Severe Autoimmune Hepa-
titis. Lupus, 12, 409-412. https://doi.org/10.1191/09612033031u313cr

Pignatelli, P., Carnevale, R., Pastori, D., Cangemi, R., Napoleone, L., Bartimoccia, S.,
et al. (2012) Immediate Antioxidant, and Antiplatelet Effect of Atorvastatin via In-
hibition of Nox2. Circulation, 126, 92-103.
https://doi.org/10.1161/CIRCULATIONAHA.112.095554

Becker, U., Deis, A., Sorensen, T.I.A., Gronbaek, M., Borch-Johnsen, K., Muller,
C.F., et al (1996) Prediction of Risk of Liver Disease by Alcohol Intake, Sex, and
Age: A Prospective Population Study. Hepatology, 23, 1025-1029.
https://doi.org/10.1002/hep.510230513

Rehm, J., Mathers, C., Popova, S., Thavorncharoensap, M., Teerawattananon, Y.
and Patra, J. (2009) Global Burden of Disease and Injury and Economic Cost Attri-
butable to Alcohol Use and Alcohol-Use Disorders. Lancet, 373, 2223-2233.
https://doi.org/10.1016/S0140-6736(09)60746-7

Galli, A., Pinaire, J., Fischer, M., Dorris, R. and Crabb, D.W. (2001) The Transcrip-
tional and DNA Binding Activity of Peroxisome Proliferator-Activated Receptor
Alpha Is Inhibited by Ethanol Metabolism: A Novel Mechanism for the Develop-
ment of Ethanol-Induced Fatty Liver. Journal of Biological Chemistry, 276, 68-75.
https://doi.org/10.1074/jbc.M008791200

McClain, C.J., Song, Z., Barve, S.S., Hill, D.B. and Deaciuc, I. (2004) Recent Ad-
vances in Alcoholic Liver Disease: IV. Dysregulated Cytokine Metabolism in Alco-

holic Liver Disease. American Journal of Physiology-Gastrointestinal and Liver
Physiology, 287, G497-G502. https://doi.org/10.1152/ajpgi.00171.2004

Bellentani, S. and Tiribelli, C. (2001) The Spectrum of Liver Disease in the General
Population: Lesson from the Dionysos Study. Journal of Hepatology, 35, 531-537.
https://doi.org/10.1016/50168-8278(01)00151-9

Garbutt, J.C., West, S.L., Carey, T.S., Lohr, K.N. and Crews, F.T. (1999) Pharmaco-
logical Treatment of Alcohol Dependence. JAMA, 281, 1318-1325.
https://doi.org/10.1001/jama.281.14.1318

Wilfred de Alwis, N.M. and Day, C.P. (2007) Genetics of Alcoholic Liver Disease
and Nonalcoholic Fatty Liver Disease. Seminars in Liver Disease, 27, 44-54.
https://doi.org/10.1055/s-2006-960170

Grove, J., Brown, A.S., Daly, A.K.,, James, O., Day, C.P. and Brown, A. (1998) The

DOI: 10.4236/ijcm.2022.137020

250 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1186/s12876-015-0248-8
https://doi.org/10.1016/j.jhep.2012.08.026
https://doi.org/10.1111/j.1365-2036.2007.03307.x
https://doi.org/10.1016/S0002-9149(02)02356-1
https://doi.org/10.1097/00004836-200609000-00018
https://doi.org/10.1191/0961203303lu313cr
https://doi.org/10.1161/CIRCULATIONAHA.112.095554
https://doi.org/10.1002/hep.510230513
https://doi.org/10.1016/S0140-6736(09)60746-7
https://doi.org/10.1074/jbc.M008791200
https://doi.org/10.1152/ajpgi.00171.2004
https://doi.org/10.1016/S0168-8278(01)00151-9
https://doi.org/10.1001/jama.281.14.1318
https://doi.org/10.1055/s-2006-960170

A. Aishwarya, O. Terry

[90]

[91]

(92]

(93]

[94]

[95]

[96]

(97]

(98]

[99]

[100]

[101]

RSAI Polymorphism of CYP2EI and Susceptibility to Alcoholic Liver Disease in
Caucasians: Effect on Age of Presentation and Dependence on Alcohol Dehydroge-
nase Genotype. Pharmacogenetics, 8, 335-342.
https://doi.org/10.1097/00008571-199808000-00007

Bays, H., Cohen, D.E., Chalasani, N. and Harrison, S.A. (2014) An Assessment by
the Statin Liver Safety Task Force: 2014 Update. Journal of Clinical Lipidology, 8,
$47-S57. https://doi.org/10.1016/j.jacl.2014.02.011

Fattaccioli, V., Andraud, E., Gentil, M., French, S.W. and Rouach, H. (1999) Effects

of Ethanol Administration on Rat Liver Protease Activities: Relationship with
Oxidative Stress. Hepatology, 29, 14-20. https://doi.org/10.1002/hep.510290106

Athyros, V.G., Tziomalos, K., Gossios, T.D., Griva, T., Anagnostis, P., Kargiotis, K.,
et al. (2010) Safety and Efficacy of Long-Term Statin Treatment for Cardiovascular
Events in Patients with Coronary Heart Disease and Abnormal Liver Tests in the
Greek Atorvastatin and Coronary Heart Disease Evaluation (GREECE) Study: A
Posthoc Analysis. Lancet, 376, 1916-1922.
https://doi.org/10.1016/50140-6736(10)61272-X

Lewis, J.H., Mortensen, M.E., Zweig, S., Fusco, M.J., Medoff, J.R. and Belder, R.
(2007) Efficacy and Safety of High-Dose Pravastatin in Hypercholesterolemic Pa-
tients with Well-Compensated Chronic Liver Disease: Results of a Prospective,
Randomized, Double-Blind, Placebo-Controlled, Multicenter Trial. Hepatology, 46,
1453-1463. https://doi.org/10.1002/hep.21848

Piton, A., Poynard, T., Imbert-Bismuth, F., Khalil, L., Delattre, J., Pelissier, E., et al.
(1998) Factors Associated with Serum Alanine Transaminase Activity in Healthy

Subjects: Consequences for the Definition of Average Values for Selecting Blood
Donors, and Patients with Chronic hepatitis C. MULTIVIRC Group. Hepatology,
27,1213-1219. https://doi.org/10.1002/hep.510270505

WagenKnecht, L.E., Scherzinger, A.L., Stamm, E.R., Hanley, A.J., Norris, J.M.,
Chen, Y.-D.L, et al. (2009) Correlates and Heritability of Non-Alcoholic Fatty Liver
Disease in a Minority Cohort. Obesity, 17, 1240-1246.
https://doi.org/10.1038/0by.2009.4

Del Ben, M., Polimeni, L., Carnevale, R., Bartimoccia, S., Nocella, C., Baratta, F., et
al. (2014) NOX2-Generated Oxidative Stress Is Associated with the Severity of Ul-
trasound Liver Steatosis in Patients with Non-Alcoholic Fatty Liver Disease. BMC
Gastroenterology, 14, Article No. 81. https://doi.org/10.1186/1471-230X-14-81

Schwimmer, J.B., Celedon, M.A., Lavine, J.E., Salem, R., Campbell, N., Schork, N.J.,
et al. (2009) Heritability of Non-Alcoholic Fatty Liver Disease. Gastroenterology,
136, 1585-1592. https://doi.org/10.1053/j.gastro.2009.01.050

Tanaka, K., Tokunaga, S., Kono, S., Tokudome, S., Akamatsu, T., Moriyama, T., et
al. (1998) Coffee Consumtion and Decreased Serum Gamma-Glutamyltransferase
and Aminotransferase Activities among Male Alcohol Drinkers. International
Journal of Epidemiology; 27, 438-443. https://doi.org/10.1093/ije/27.3.438

Athyros, V.G., Mikhailidis, D.P., Didangelos, T.P., Giouleme, O.I, Liberopoulos, E.N.,
Karagiannis, A., et al (2006) Effect of Multifactorial Treatment on Non-Alcoholic
Fatty Liver Disease in Metabolic Syndrome: A Randomized Study. Current Medical
Research and Opinion, 22, 873-883. https://doi.org/10.1185/030079906X104696

Wheeler, M.D., Kono, H., Yin, M., Nakagami, M., Uesugi, T., Arteel, G.E, et al
(2001) The Role of Kupffer Cell Oxidant Production in Early Ethanol-Induced Liver
Disease. Free Radical Biology and Medicine, 31, 1544-1549.
https://doi.org/10.1016/S0891-5849(01)00748-1

Foster, T., Budoff, M.]., Saab, S., Ahmadi, N., Gordon, C. and Guerci, AD. (2011)

DOI: 10.4236/ijcm.2022.137020

251 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1097/00008571-199808000-00007
https://doi.org/10.1016/j.jacl.2014.02.011
https://doi.org/10.1002/hep.510290106
https://doi.org/10.1016/S0140-6736(10)61272-X
https://doi.org/10.1002/hep.21848
https://doi.org/10.1002/hep.510270505
https://doi.org/10.1038/oby.2009.4
https://doi.org/10.1186/1471-230X-14-81
https://doi.org/10.1053/j.gastro.2009.01.050
https://doi.org/10.1093/ije/27.3.438
https://doi.org/10.1185/030079906X104696
https://doi.org/10.1016/S0891-5849(01)00748-1

A. Aishwarya, O. Terry

[102]

[103]

[104]

Atorvastatin and Antioxidants for Treating Non-Alcoholic Fatty Liver Disease: The
St Francis Heart Study Randomized Clinical Trial. American Journal of Gastroen-
terology, 106, 71-77. https://doi.org/10.1038/ajg.2010.299

Roglans, N., Verd, J.C., Peris, C., Alegret, M., Vazquez, M., Adzet, T., et al. (2002)
High Doses of Atorvastatin and Simvastatin Impel Critical Enzymes Involved in
VLDL Production. Lipids, 37, 445-454. https://doi.org/10.1007/s11745-002-0916-0

Aubert, J., Begriche, K., Knockaert, L., Robin, M.A. and Fromenty, B. (2011) In-
creased Expression of Cytochrome P450 2E1 in Non-Alcoholic Fatty Liver Disease:

Mechanisms and Pathophysiological Role. Clinics and Research in Hepatology and
Gastroenterology, 35, 630-637. https://doi.org/10.1016/j.clinre.2011.04.015

Wang, W., Zhao, C., Zhou, J., Zhen, Z., Wang, Y. and Shen, C. (2013) Simvastatin
Ameliorates Liver Fibrosis via Mediating Nitric Oxide Synthase in Rats with
Non-Alcoholic Steatohepatitis-Related Liver Fibrosis. PLOS ONE, 8, e76538.
https://doi.org/10.1371/journal.pone.0076538

DOI: 10.4236/ijcm.2022.137020

252 International Journal of Clinical Medicine


https://doi.org/10.4236/ijcm.2022.137020
https://doi.org/10.1038/ajg.2010.299
https://doi.org/10.1007/s11745-002-0916-0
https://doi.org/10.1016/j.clinre.2011.04.015
https://doi.org/10.1371/journal.pone.0076538

	Statins in Alcoholic and Non-Alcoholic Fatty Liver Disease and Chronically Elevated Liver Enzymes
	Abstract
	Keywords
	1. Introduction
	1.1. Alcoholic Liver Disease
	1.2. Non-Alcoholic Liver Diseases
	1.3. Role of Statins
	1.4. Symptoms
	1.5. Prevalence
	1.6. Pathogenesis
	1.7. Gut Flora Leading to NAFLD
	1.8. How Does Inflammation Begin?
	1.9. Stellate Cells in Liver Diseases

	2. Risk Factors for NAFLD and ALD
	2.1. Age
	2.2. Race and Ethnicity
	2.3. Gender
	2.4. Metabolic Conditions
	2.5. Chronic Infections Associated with Fatty Liver

	3. Search Methods
	3.1. Electronic Searches
	3.2. Data Collection and Analysis
	Study Selection

	3.3. Selection Criteria
	3.3.1. Inclusion
	3.3.2. Exclusion

	3.4. Criteria for This Review
	3.4.1. Types of Study
	3.4.2. Types of Interventions

	3.5. Outcomes Measures
	3.5.1. Primary Outcomes
	3.5.2. Secondary Outcomes


	4. Diagnosis and Classification
	4.1. Mechanism of Action of Statins
	4.2. Anti-Inflammatory and Anti-Fibrotic Effects

	5. Treatment
	5.1. Liver Toxicity Caused by Statin
	5.2. Role of Statin in Abnormal Liver Test Patients
	5.3. Statin Treatment in Dislipidemia
	5.4. Role of Statin in Non-Alcoholic Liver Disdisease

	6. Newer Studies with Various Targets
	7. Conclusions
	8. Discussion
	Conflicts of Interest
	References

