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Abstract

The liver is a major metabolic organ, essentially controlling glucose and fat
metabolism. Because lipids are water-insoluble, they need to be transported in the
circulation in association with proteins in the form of lipoproteins. These lipoproteins
play a key role in the absorption and transport of dietary lipids by the small intestine,
in the transport of lipids from the liver to peripheral tissues, and in the transport
of lipids from peripheral tissues to the liver and intestine. Upon feeding, energy is
provided by glycolysis and the unused glucose is stored as glycogen in the liver. Excess
glucose is used to synthesize fatty acids through de novo lipogenesis. Fatty acids are
incorporated into triacylglycerol, phospholipids, or cholesterol esters in hepatocytes.
These complex lipids are stored in lipid droplets or secreted into the circulation as very
low-density lipoprotein particles. Upon fasting, after consumption of stored glycogen,
the liver secretes glucose through gluconeogenesis. Fasting also promotes lipolysis in
adipose tissue, resulting in release of free fatty acids which are metabolized in hepatic
mitochondria though beta-oxidation for energy production, while excess fatty acids
are stored by the liver leading to hepatic steatosis. Disturbances in lipid metabolism,
as in alcoholic and non-alcoholic steatohepatitis, obesity and diabetes, will affect liver
performance and function. Likewise, disturbed liver functions by acute or chronic
liver disease, as in viral hepatitis, will affect lipid homeostasis. This may carry an
increased risk of atherosclerosis and ischemic heart disease which may endanger life.
Dietary restriction or fasting was found to have a positive impact on restoring lipid
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homeostasis leading to improved quality of life.
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Introduction

Nutrition and the liver are interrelated in many ways. The liver
plays a key role in converting food into the chemicals essential for
life and serves several important metabolic functions in handling
nutrients. Fatty liver diseases are linked to poor nutrition, obesity
and sedentary lifestyle. In addition to obesity, fatty liver disease has
also been linked to other risk factors, including insulin resistance,
hyperlipidaemia, high blood pressure, and type II diabetes.'

Non-alcoholic fatty liver disease (NAFLD) is the most common
cause of liver disease worldwide, with a prevalence of 20%-40%
in Western populations.? In Europe, the prevalence of NAFLD
varies between 20-30%.° The prevalence increases to 58% in
overweight individuals and can be as high as 98% in non-diabetic
obese individuals.* The problem is also prevailing in the developing
counties® and is considered a global epidemic.®’

The current review provides a comprehensive exploration of the
lipid-liver crosstalk. This will help for the early anticipation and
management of such metabolic disturbance by treating the offending
factor and/or manipulating the caloric intake. In such way, lipid-liver
homeostasis can be restored. This will reduce the morbidity, and
improve quality of life.

Lipid transport and lipoprotein pathway

Because lipids such as cholesterol and triglycerides (TG) are

water-insoluble, these lipids need to be transported in the circulation in
association with proteins in the form of lipoproteins. Large quantities
of fatty acids from diet must be transported as TG to avoid toxicity.
These lipoproteins play a key role in the absorption and transport of
dietary lipids by the small intestine, in the transport of lipids from the
liver to peripheral tissues, and in the transport of lipids from peripheral
tissues to the liver and intestine. Lipoproteins are complex particles
that have a central hydrophobic core of non-polar lipids, primarily
cholesterol esters and TG. This hydrophobic core is surrounded by a
hydrophilic membrane consisting of phospholipids, free cholesterol,
and apolipoproteins. Plasma lipoproteins vary according to size, lipid
composition, and apolipoproteins and hence the function also varies
(Table 1).8

The exogenous lipoprotein pathway starts with the incorporation
of dietary lipids into chylomicrons in the intestine. In the circulation
the TG carried in chylomicrons are metabolized in muscle and
adipose tissue by lipoprotein lipase and then, chylomicron remnants
are formed. The chylomicron remnants are then taken up by the liver.
The endogenous lipoprotein pathway begins in the liver with the
formation of very low density lipoprotein (VLDL). The TG carried in
VLDL’s are metabolized in muscle and adipose tissue by lipoprotein
lipase and intermediate density lipoprotein (IDL) are formed. The IDL
are further metabolized with more consumption of its TG leading to
the formation of low density lipoprotein (LDL), which are taken up
by the LDL receptors in numerous tissues including the liver as the
predominant site of uptake. Reverse cholesterol transport begins with
the formation of nascent high density lipoprotein (HDL) by the liver
and intestine. These nascent HDL can then acquire cholesterol and
phospholipids from peripheral tissues and blood vessels. The HDL
then transports the cholesterol to the liver. Cholesterol efflux from
macrophages and blood vessels to HDL plays an important role in
protecting from the development of atherosclerosis (Table 1).°
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Table | Major lipoprotein classes found in plasma.APO, apolipoproteins; HDL, high density lipoprotein; IDL, intermediate density lipoprotein; LDL, low density
lipoprotein;VLDL, very low density lipoprotein. From Fox 2016% with modifications

. . . . A . . Major .
Lipoprotein Origin Destination Major Lipids Apolipoproteins Functions
Chylomicrons Intestine IIZ?:%E Z\r::hztrw:r:: Triglycerides Apo B-48,Apo C,Apo Deliver lipids of dietary
4 : ¥ org 8l E,Apo A-l, A-IlA-IV lipids origin to body cells
and tissues
Triglycerides Apo B-100,Apo E Deliver endogenously pro-
VLDL Liver Many organs and tissues Cholesterol Apo C S:lclzsed triglycerides to body
Deliver part of endogenous-
Intravascular ly produced triglycerides to
IDL rernoval éf Blood vessels and liver Triglycerides Apo B-100.Apo E, body cells and the remaining
Triglycerides Cholesterol Apo C art is carried back to the
from VLDL .
Intravascular .
removal of Deliver endogenously pro-
LDL . . Blood vessels and liver Cholesterol Apo B-100 duced cholesterol to various
Triglycerides
organs and blood vessels
from IDL
- Remove cholesterol from
peripheral tissues and blood
Liver and steroid vessels
HDL !_lver .and hormone pljoduorgg Cholestel.*o.l Apo A-1l,Apo A-Il,Apo _Deliver cholesterol to hor-
intestine glands (testis, ovaries, Phospholipids C,Apo E

adrenal medulla)

mone producing glands

-Deliver triglycerdies from
VLDL and LDL to the liver

Lipid handling by the liver

The liver is a key player in the whole body energy homeostasis by
its ability to metabolize glucose and fatty acids. When energy intake is
abundant, cells preferentially burn carbohydrates to generate adenosine
tri-phosphate and excess glucose, after replenishing glycogen stores,
is converted to fatty acids (lipogenesis) for use in the synthesis and
storage of TG in adipose tissue.!” Although adipose tissue functions
essentially as a limitless reservoir to accumulate TG, the liver is also
able to store significant quantities of lipids in conditions associated
with prolonged excess energy consumption or impaired fatty acid
metabolism manifesting as steatosis. During fasting, when glucose
availability and insulin levels are low, there is a depletion of hepatic
glycogen stores and a reduction in fatty acid production. Under these
conditions, TG stored in adipose tissues are hydrolyzed to free fatty
acids (FFA) and mobilized into plasma to reach the liver. In the liver,
they undergo oxidation and converted to ketone bodies to be used as
fuel by extrahepatic tissues.!!

Disturbances in fatty acid oxidation will lead to excess lipid
storage in the liver. Fatty acid oxidation is roughly proportional to
the plasma concentration of FFA released from adipose tissue. Fatty
acid mobilization is stimulated by glucagon and inhibited by insulin.
Oxidation of fatty acids occurs in three sub cellular organelles,
with oxidation confined to mitochondria and peroxisomes and the
cytochrome P4A (CYP4A)-catalyzed omega-oxidation occurring in
the endoplasmic reticulum.!®

Mitochondrial oxidation is primarily involved in the oxidation of
short-chain (less than 8 carbons length), medium-chain (8-12carbons

length), and long-chain (12- 20 carbon length) fatty acids, and this
process provides energy to cellular processes.'? Mitochondrial
oxidation results in shortening of fatty acids progressively into
acetyl-Co A subunits, which either condenses into ketone bodies
that is oxidized to produce energy for extrahepatic tissues, especially
during starvation, or enter into the tri carboxylic acid cycle for further
oxidation with production of adenosine tri-phosphate.'®

Paroxysmal oxidation is concerned exclusively with the metabolism
of less abundant and relatively more toxic very-long-chain fatty acids
as (containing more than 20carbons), 2-methyl-branched fatty acids,
di carboxylic acids, prostanoids, and C27 bile acid intermediates.
Very-long-chain fatty acids are not processed by the mitochondrial
oxidation system, and they require peroxisomal oxidation to shorten
the chain length for further completion of oxidation in mitochondria.
Long-chain di carboxylic acids generated by the microsomal
oxidation of fatty acids are metabolized by the peroxisomal oxidation
system.!¥ Di carboxylic acids are generally more toxic than very-long-
chain fatty acids and are known to inhibit the mitochondrial fatty
acid oxidation system. An effective peroxisomal oxidation system is
needed to protect the liver from the harmful effects of di carboxylic
and other toxic fatty acids.!-!®

Fatty acids are also oxidized by the microsomal oxidation
system by CYP4A enzymes capable of hydroxylating saturated
and unsaturated fatty acids. The first step in microsomal fatty acid
oxidation is hydroxylation in the endoplasmic reticulum, and the
resulting hydroxy fatty acid is then dehydrogenated to a di carboxylic
acid in the cytosol. Di carboxylic acids are then converted to di
carboxyl-Co A’s for oxidation by the classical oxidation pathway.'?
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Disturbed
affection

lipid metabolism and secondary liver

Hepatic steatosis, or the accumulation of significant amounts of TG
in hepatocytes, was long thought to be mainly a symptom of alcoholic
drinking leading to liver disease. In recent years, steatosis has been
found in the absence of alcohol intake and led to the definition of
a new category of disorders ranging from nonalcoholic fatty liver
(NAFL) to nonalcoholic steatohepatitis (NASH).!® Hepatic steatosis
may progress to steatohepatitis which leads to fibrosis and cirrhosis
in late stages. This progression may be due to damage caused by lipid
peroxidation and the production of reactive oxygen species. Excess
lipid peroxidation is dependent on excess substrate, which is the
stored lipid in hepatocytes as TG.!”

Sources of increased lipid, TG, content in hepatic steatosis include
excess dietary TG associated with overeating that reach the liver as
chylomicron particles from the intestine, increased TG synthesis in the
liver from fatty acids as de novo lipogenesis, excess fatty acid influx
into the liver from lipolysis of adipose tissue in obese and insulin
resistant states and subsequent conversion to TG, diminished export of
lipids from the liver in VLDL, and fatty acids oxidation defect. High
insulin inhibits hepatic glucose production, increases hepatic glucose
uptake, and enhances lipogenesis in the liver. Generally, conditions
encouraging fatty acid influx into the liver, their de novo synthesis,
and conversion to TG and/or oxidation to generate adenosine tri-
phosphate contribute to disturbances in hepatic lipid homeostasis.'®!”

Lipids arrive at the hepatocyte surface in a number of forms. Both
FFA and lipoprotein particles provide lipids to the liver. Although some
lipoprotein particles are taken up by receptor-mediated endocytosis, in
others, the TG may be broken down by hepatic lipase, to produce FFA,
which cross the hepatocyte membrane by a combination of facilitated
transport and diffusion.'” In hepatocytes, the FFA may be converted
to TG or oxidized as fuel. Some may be used in the synthesis of
phospholipids and mediators such as prostaglandins and leukotrienes
and parts of the carbon skeletons may be used to synthesize glucose,
cholesterol, and other compounds. FFA may also be converted to TG,
which can be used for production of VLDL particles for lipid export
from the liver.?’

Excess FFA may be transported out of cells by the same
mechanisms that allow for uptake, but this is likely a minor fraction,
because FFA are modified by fatty acyl-Co A synthetases immediately
after entry into cells and became unavailable for transport or diffusion.
The majority of excess FFA is likely converted to TG, and stored in
hepatocytes.?! The storage capacity of hepatocytes can be increased
by increased diffusion, such as by increased cell surface area or
alterations in membrane composition, or by increasing the number of
transporter molecules. If a transporter be up regulated inappropriately,
it could lead to increased hepatocyte FFA uptake and contribute to
steatosis and subsequent clinical problems.?

Excessive fat in the diet, will lead to increased plasma
concentrations of TG and FFA. The increased FFA concentration will
allow for increased uptake into hepatocytes.!” Furthermore, because
carbohydrates and proteins can serve as sources for synthesis of fatty
acids, excess caloric intake results in increased adiposity, and eventual
obesity. Hepatic steatosis can occur in the presence of obesity,
especially in those with type 2diabetes and the metabolic syndrome.
Type 2diabetes usually occurs in association with obesity but with
the added problem of insulin resistance. Peripheral tissues fail to
respond to insulin in a normal manner, leading to lowered utilization
of glucose as an energy source.?
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Obesity and obesity-associated fatty liver disease (FLD) are
becoming global health problems in adults as well as children.
When caloric intake far exceeds the daily needs, the unused energy
is conserved in the form of TG in adipose tissue, leading to obesity.
Obesity-associated insulin resistance appears to serve as a pathogenic
event responsible for the metabolic syndrome comprising type
2diabetes mellitus, dyslipidemia, atherosclerosis, hypertension, and
hepatic steatosis progressing to FLD. Insulin is normally a stimulus
for adipose tissue to take up more FFA from lipoproteins and to export
less FFA. Insulin resistance depresses both of this functions.!”

The result of insulin resistance in adipocytes is lowered conversion
of lipoprotein TG to FFA for uptake and increased breakdown of
stored TG for export. This might be beneficial to the adipocyte, as
it protects from storing excessive amounts of fat. Also, increased
lipolysis leads to increased FFA export into the circulation. This will
cause some FFA to be returned to adipocytes, but the plasma FFA
concentration will continue to rise with increase in FFA flux across
the hepatocyte membrane.?

Conditions such as lipodystrophy, where adipose depots are
severely reduced, or absent, prevent the normal storage of fat in
adipocytes. Therefore, the plasma will have elevated levels of FFA
and TG and the liver will be one organ capable of removing them
from circulation. In such case, any abnormality that leads to elevated
plasma FFA and TG will predispose to hepatic steatosis, including
rapid weight loss.!”

Hepatic steatosis is encountered in about 20-35% of the general
adult population in the United States with about 10% of these
advancing toward NAFLD,?* while, the prevalence of steatosis in obese
individuals is about 75%, and nearly 35% or more of these develop
NAFLD.»?¢ FLD, whether it is alcoholic fatty liver disease (AFLD)
or NAFLD, encompasses a morphological spectrum consisting of
hepatic steatosis and steatohepatitis, whether alcoholic steatohepatitis
(ASH) or NASH, that may progress toward the development of
cirrhosis and hepatocellular carcinoma.'***?¢” NAFLD is currently
the most common form of chronic liver disease in both children and
adults and threatens to become a serious public health problem.? It is
estimated that one in three adults and one in 10 children or adolescents
in the United States have NAFLD.?¢%

Hepatic steatosis is considered benign in its bland form, reversible,
and to a large extent non-progressive if the underlying cause is
properly dealt with. Progression to steatohepatitis, ASH or NASH,
is influenced by the persistence and severity of the cause of hepatic
steatosis. Steatohepatitis in ASH and NASH represents an association
of macro-vesicular steatosis with necro-inflammatory features
such as ballooning hepatocytes, apoptotic cells, and infiltration of
inflammatory cells. The extent of the inflammatory response varies
considerably and does not always correlate with the degree of
steatosis. !

The pathogenesis of ASH and NASH is multifactorial and
includes several overlapping events such as reactive oxygen species,
gut-derived endotoxins and adipocytokines such as tumor necrosis
factor alpha and other cytokines. The precipitating or inciting event
may be directly related to rupture or apoptosis of markedly steatotic
hepatocytes and the release of TG and toxic fatty acids which act
as an inducer of fatty acid oxidation systems that generate reactive
oxygen species resulting in oxidative stress.'* Oxidative stress causes
the release of several cytokines including tumor necrosis factor alpha,
transforming growth factor and interleukins by Kupffer cells.*
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Other causes of NAFLD include Parenteral nutrition, gastric bypass
surgery, and certain disorders associated with fatty acid metabolism.
Prolonged Parenteral nutrition may be necessary in patients suffering
from a variety of gastrointestinal motility, malabsorptive, or metabolic
disorders. As the number of patients relying on prolonged Parenteral
nutrition support increases, associations between Parenteral nutrition
and a group of hepatobiliary complications emerge. These Parenteral
nutrition associated liver dysfunction varies according to age.!
Cholestatic syndromes occur more frequently with children, whereas
steatosis and steatohepatitis are noted more commonly with adults.*

Clinical studies suggest that parenteral nutrition-related hepatic
steatosis is primarily related to the effects of excess caloric intake,
usually in the form of dextrose or glucose, and impaired hepatic
secretion of TG. Increased hepatic fat deposition may begin with
infusions of highly concentrated glucose and amino acids stimulating
increased insulin secretion. Subsequent hyper insulinemia promotes
lipogenesis and synthesis of TG from glucose while inhibiting
mitochondrial fatty acid oxidation.?!

Disturbed liver function and secondary lipid affection

The liver has remarkable capacity to recover from injury by
regeneration. Such regenerative potential is essential for survival
following partial hepatectomy (as in tumor removal or live-donor liver
transplantation) and from acute and chronic liver injury secondary to
toxins, infections, immune dysfunction, metabolic diseases, or other
causes.** Nevertheless, liver diseases remain an important cause of
morbidity and mortality, and inadequate hepatic regeneration likely
contributes. A number of studies have identified fatty liver as an
important risk factor for impaired liver regeneration in humans.>>*

Recent reports have characterized the decline in systemic adipose
tissue stores and the consequent rise in circulating and hepatic FFA
and specific amino acids that occur in response to partial hepatecto
my prior to the onset of regeneration.’” Systemic adipose tissue
depletion has also been observed in various models of toxin-induced
liver regeneration.’” These findings together suggest that catabolism
of systemic adipose tissue might regulate the hepatic regenerative
response to surgical and toxin-induced loss of liver mass.* It has
long been recognized that the early regenerating liver transiently
accumulates hepatocellular fat after partial hepatectomy. !

It has been suggested that the inhibitory effect of dextrose
supplementation on liver regeneration might be secondary to the
suppressive effect of such supplementation on the release of FFA from
systemic adipose stores, and infusion of an inhibitor of B-oxidation,
has been reported to impair regeneration.*” Moreover, Parenteral
administration of lipid emulsions has been reported to accelerate pH-
induced regeneration.*

On the other hand, chronic steatosis has been associated with
adverse outcomes after major hepatic resection in humans. It has been
shown that the risk of postoperative complications in patients with any
degree of steatosis undergoing partial hepatectomy was double that of
their non-steatotic counterparts, and that those with severe steatosis
had an almost 3-fold increased risk of death.* In addition, a study of
patients undergoing liver resection for living-related liver donation
showed reduced recovery of liver volume over the initial 3months
following surgery in patients with mild steatosis versus no steatosis.*

Lipid profile in different diseases

As the liver plays an essential role in lipid metabolism, several
stages of lipid synthesis and transportation, it is reasonable to expect
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an abnormal lipid profile in those having liver dysfunction. There is
prominent decline in plasma cholesterol and TG levels in patients with
severe hepatitis and hepatic failure because of reduction of lipoprotein
biosynthesis.*¢

Ghadir et al.*” reported that lower lipid levels are found in patients
with liver diseases, and all the studied variables (HDL, LDL, total
cholesterol and TG) were significantly lower in cirrhotic patients than
in the comparison healthy normolipidemic group. Furthermore, the
decrease in the serum HDL, LDL and total cholesterol (but not TG)
had a positive correlation with the severity of liver damage.

The significant decline in the serum total cholesterol and TG levels
in cirrhotic patients compared with healthy people has been confirmed
earlier in other studies, which is reasonably expected since liver
biosynthesis has been reduced. Mehbob et al.*® studied 160 patients
with chronic liver diseases. They found a significant decline in the
serum total cholesterol and TG levels of those patients. Siagris et al.*’
performed a study on 155 patients infected with HCV and 138 healthy
controls. They found that serum total cholesterol was lower in patients
than the comparison group. In addition, Selimoglu et al.*® found
that HDL levels were lower with more advanced disease. Kumar &
Harisha’! reported that, a significant difference was observed between
patients and the comparison group in all lipid profile values studied
and in severe liver disease as the liver function deteriorates, more
decline is observed in LDL, HDL, total cholesterol levels and TG
levels. Similar results were reported by Mandal et al.>> Subhan et al.*
and Varghese et al.>* where they showed a progressive decline in the
lipid levels with progression of liver disease.

Disorders of lipid metabolism in acute hepatitis are common.
Plasma levels of total cholesterol, HDL were significantly lower in the
patients at the acute phase of hepatitis than those in normal subjects,
whereas plasma levels of TG and LDL were obviously higher in the
patients than in normal subjects. Moreover, patients’ plasma levels of
total cholesterol, LDL and HDL were lower at the active phase of the
diseases than at the recovering phase, which indicating that acute liver
damage could significantly influence lipid metabolism.>

On the other hand, this was not in agreement with the finding
reported by Zuberi & Husnain®*® where they found a significant
elevation in serum cholesterol level in hepatitis than in cirrhosis and
cancer. Serum TG and serum LDL were also significantly raised.
Hyperlipidaemia in such patients could result from an inability of the
liver to excrete lipids into the bile as a result of parenchymal damage.
It is logical to conclude that this increase is initial in the course of the
disease and only temporary. In later stages, the decline might be due
to decreased synthesis in liver cells as cirrhosis involves considerable
destruction of hepatic cells.”’

Fatty liver disease and atherogenic risk

Elevated levels of blood lipids are well-documented risk factors
for cardiovascular disease. Cardiovascular disease remains the
leading cause of death in the adult population, and it has been shown
that the atherosclerotic process begins in childhood.’®% In children,
investigators found that the extent to which the intimal surface was
covered with atherosclerotic lesions was significantly associated with
elevation of concentrations of total cholesterol, LDL, TG, and lower
concentration of HDL. Ratios of cholesterol ester-rich lipoprotein
levels (total cholestero/HDL and LDL/HDL) are well-established
predictors of cardiovascular disease.” More recently, the TG/HDL
ratio has been shown to be a strong predictor of cardiovascular
disease.®¢!
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Nobili et al.®? described the link between severity of liver disease
and atherogenic risk in children with NAFLD. The results show that
the degree of liver injury and stage of fibrosis positively correlates
with established markers of atherogenic risk. The association between
liver damage and an atherogenic profile is independent of obesity,
insulin resistance, and the presence of metabolic syndrome in children
with NAFLD. The atherogenic profile is particularly prominent in
patients with established NASH as compared to those with simple
steatosis. Taken together, these results suggest a significant effect of
the severity of NAFLD on cardiovascular risk in children.

The pathogenic mechanisms leading the progression of
atherosclerotic lesions are various and involve endothelial cells,
inflammatory cells, and platelets. Clinical observations indicated
that NAFLD might be an independent risk factor for coronary
artery disease. Moreover, NASH may increase atherosclerotic
and cardiovascular risks by local overexpression of inflammatory
mediators and endothelial damage. These aspects suggest the necessity
for an early therapeutic intervention in NASH patients, not only for
ameliorating the liver injury, but also for improving the systemic
proatherogenic state.%>6*

Dietary restriction or fasting and lipid metabolism

Caloric restriction has been shown to increase permanence,
improve health and expand lifespan, reduces the morbidity, including
autoimmune diseases, atherosclerosis, cardiomyopathies, cancer,
diabetes, renal diseases, and respiratory diseases.® 7 Weight loss with
a low-fat diet decreases the plasma LDL concentration by increasing
the catabolism of LDL. Weight loss also delays the catabolism of
HDL with a concomitant reduction in the secretion of HDL with a net
result of maintained HDL levels.®

Fasting is demarcated as a partial or total refraining from all foods,
or a select abstention from prohibited foods. Fasting has been the
subject of abundant scientific soundings.® According to the Islamic
Hijri calendar, Ramadan is the holiest month and Muslims fast during
this month. It lasts between 29 to 30days. Believers are commanded
to abstain from food, drink and conjugal relationships from sunrise
to sunset.

Many physiological and psychological changes take place during
Ramadan. Some studies in the eastern Mediterranean area have
shown an increase of HDL concentration during Ramadan fast.”*"!
A balanced diet, even less in quantity than normal, is sufficient to
keep a person healthy and active during Ramadan fast. Lipid profile is
affected by dietary habit, amount and type of fat present in the daily
diet, amount of simple sugar intake and exercise performed.””® Some
studies showed positive effects of fasting on the lipid profile changing
them in anti-atherogenic direction.”*”’

A significant reduction of serum total cholesterol, LDL and a
significant rise in serum HDL were observed in the present study
during one month of Ramadan fasting but serum TG showed no
significant difference. The reduction of serum total cholesterol at the
end of one month Ramadan fast was 8.31%.”” This is in agreement
with the study done by Al Hourani et al.”® These studies, suggested
that fasting may be beneficial to health and have some protective role
against the development of atherosclerotic cardiovascular disease.

Shah et al.” found that blood glucose showed significant reduction
post Ramadan fasting. Serum cholesterol, TG and LDL showed
reduction; however reduction was not significant in case of TG levels.
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Serum HDL showed significant elevation after Ramadan fasting. This
finding is supported by Attarzadeh.®” However; another study reported
a decrease in HDL.*!

Shehab et al.® observed significant improvements in HDL, and
LDL levels even after four weeks post Ramadan. Ramadan-like
fasting may be considered for more effective lipid and lipoprotein
control.®? Generally, low caloric intake and dietary restriction have a
positive impact on lowering body weight, blood glucose, glycosylated
hemoglobin, TG, total cholesterol, and LDL. There are also positive
changes in LDL subclass distribution and a similar shift in HDL
subclass distribution.*

Conclusion

The liver plays a key role in lipid metabolism. It largely affects
fatty acid synthesis and lipid circulation through lipoprotein synthesis.
Eventually the accumulation of lipid droplets into the hepatocytes
results in hepatic steatosis, which may develop as a consequence of
multiple dysfunctions such as alterations in B-oxidation, very low
density lipoprotein secretion, and pathways involved in the synthesis
of fatty acids. In addition an increased circulating fatty acid may also
to be a major determinant in the pathogenesis fatty liver disease.
Hepatic lipid metabolism is a highly coordinated process, and liver
disease will certainly have some compromise on lipid homeostasis
leading to pathological consequences. Manipulating lipid metabolism
by changing caloric intake and diet restriction may have positive
impact on health and better quality of life.*%¢
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