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Abstract 

A diet rich in fat increases the risk of many diseases, which are the leading cause of death in adults. 

Whenever the higher the percentage of body fat, the higher the risk of cardiovascular disease. In view 

of the severe damage that affects human health when the level of fat is high, the current review aimed 

to investigate the negative effects of excessive fat on human health, by reviewing the mechanisms of 

excessive fat, its complications and methods of treatment, A review of the lipid profile was presented 

through the definition of cholesterol and lipoproteins of cholesterol, which included Low density 

lipoproteins (LDL-C), High density lipoprotein cholesterol (HDL-C), and very low density lipoproteins. 

Very low density lipoproteins (VLDL-C) as well as triglycerides (TG). 

The role of excess fat on inducing atherosclerosis was discussed, and the relationship between high 

body fat and the level of adipose tissue hormones, which included leptin and resistin, was presented. 

The current review indicated the role of the enzyme HMG-CoA reductase in the processes of 

manufacturing cholesterol in vivo. Finally, the side effects of hyperlipidemia on human health were 

presented, which included the negative effects of hyperlipidemia on the lipid profile, the concentration 

of the hormone resistin, the concentration of leptin, oxidative stress variables and the activity of liver 

enzymes, in addition to the negative effects of hyperlipidemia on the histological parameters of the liver 

and aorta. 
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Introduction 

Hyperlipidemia is a very important risk factor for predicting atherosclerosis, coronary artery diseases 

and cerebral vascular diseases, which are the leading cause of death in the world (Zhang et al., 2018). 

Hyperlipidemia is characterized by elevated Total Cholesterol (TC) and Low Density Lipoprotein 

Cholesterol (LDL-C) and decrease High Density Lipoprotein Cholesterol levels (HDL-C) in the blood 

serum, and that the hyperlipidemia associated with lipid disorders Dyslipidemia is the cause of 
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cardiovascular diseases arising from atherosclerosis and disturbance of the oxidative stress balance 

state in the body (Ahmed et al., 2020; Ahmed et al., 2022a). Atherosclerosis is a common disease of 

the network of arteries and is known as a progressive disease and a silent killer that narrows the large 

and medium-sized coronary arteries, reduces blood flow to the heart muscle and gives rise to the so-

called coronary artery diseases (Ahmed et al., 2022b). 

Hyperlipidemia is caused by disturbances in lipid metabolism including elevated levels of TC, TG and 

LDL-C, or by low levels of HDL-C that negatively affect cholesterol transport pathways (Surya et al., 

2017). Dietary intake may not be the main source of cholesterol as 80% of it is built up in the body, but 

dietary intake affects the amount of total cholesterol to some extent (Ahn et al.,2017). A bad or 

unhealthy diet, mainly when eating foods rich in fat, is a risk factor, in addition to other factors such as 

being overweight, smoking, excessive alcohol consumption, lack of physical activity and lack of exercise, 

as well as the incidence of some diseases such as diabetes, kidney disease, pregnancy and endocrine 

disease (Varghese et al., 2017). 

 

Hyperlipidemia 

Also known as hyperlipidemia, it is a major risk factor for atherosclerosis, coronary heart disease, 

cardiac arrest, and renal failure, and recently it has become a major health problem in the world. It is 

believed that cardiovascular diseases are the leading cause of death in the world (Jorgensen et al., 

2013). Getting rid of stored fat in the body helps reduce body weight and improves insulin sensitivity, 

thus reducing blood glucose levels and avoiding diabetes, as hyperlipidemia is a heterogeneous group 

of disorders characterized by an excess of fat in the bloodstream, and hyperlipidemia is also known as 

an increase in one or more plasma lipids, including triglycerides, cholesterol, cholesterol esters, and 

phospholipids (Miao et al., 2016; Ahmed et al., 2022c), It is a condition characterized by high 

cholesterol levels, also called hypercholesterolemia. Hyperlipidemia occurs due to a defect in 

lipoproteins due to an increase or decrease in its production, thus causing an increase in the levels of 

LDL-C, which is the most common, and the reason for this is an increase in TC and the level of TG with 

a decrease in the levels of HDL-C and an increase in body mass index (wakea et al.,2019). 

This disease is divided into two types, the first type is primary hyperlipidemia, and this type usually 

occurs as a result of genetic problems such as a mutation within the receptor protein, and may result 

from a defect in one or several genes as a result of a change in diet and lack of appropriate sports 

activities. As for the second type, it is secondary hyperlipidemia. This type occurs due to diseases such 

as diabetes, chronic nephrotic syndrome, alcoholism, use of drugs such as corticosteroids and others 

(Shukr et al., 2019). It is considered one of the most important risk factors for cardiovascular diseases, 

as venous hypertension accounts for a third of all deaths worldwide, and researchers expect that deaths 

due to cardiovascular diseases will increase from 17.3 million cases annually at the present time to 23.6 

million deaths by 2030 (Verma, 2016). There may be significant differences in the levels of the 

prevalence of hyperlipidemia between different ethnic groups, and that different dietary habits, 

lifestyle, physical activity, increased gender and age factors, as well as genetic origin play a role in the 
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prevalence of hyperlipidemia, as high cholesterol was recorded as the person advanced in age (Ruixing 

et al., 2006; Grauvogel et al., 2010). 

 

Complication of Hyperlipidemia 

Lipid metabolism disorders are pathological disorders in which problems occur in the breakdown or 

synthesis of fats. Disorders of lipid metabolism are associated with increased concentrations of plasma 

lipids in the blood such as LDL-C, TG and VLDL-C that often lead to cardiovascular disease (Gyton and 

Hall, 2020). 

The cause of hyperlipidemia is due to two possible processes, the first is the excessive production of 

VLDL-C by the liver as a result of the increased flow of free fatty acids to this organ, and the second 

process is a defect in the process of decomposition of VLDL-C and TG and Chylomicrons by lipoprotein 

lipase enzyme secreted by the liver. When there is a decrease or defect in the levels of this enzyme, it is 

not possible to analyze TGs, as well as the metabolism of VLDL-C and Chylomicrons may occur (Jap et 

al., 2003). 

Hyperlipidemia is characterized by the accumulation of triglycerols within the liver cells, and the 

condition can progress to more serious liver diseases, such as non-alcoholic steatohepatitis, liver 

fibrosis, and cirrhosis, rarely, it causes liver carcinoma (Kleiner et al., 2005). Previous studies have 

shown that feeding mice a high-fat diet stimulates liver degeneration and fibrosis, the first step in 

inducing hyperlipidemia (Cano et al., 2009). 

Among the most important complications caused by hyperlipidemia are: First: Coronary artery disease 

(CAD) The main cause of coronary artery disease is excess fat, as it causes the accumulation of fat and 

the formation of fibrous plaques in the arterial walls, which causes narrowing in the arteries that supply 

blood to the heart muscle, thus limiting blood flow and stopping the oxygen needs of the heart from 

being met (Gao et al., 2012). Second: - Myocardial infarction (MI) This condition occurs when blood or 

oxygen is prevented from flowing in the arteries of the heart, causing heart cells to die or become 

damaged. Or, the cause may be a breakdown in arterial plaques. Recent studies have shown that about 

a quarter of myocardial infarction survivors are people with hyperlipidemia (Zodda et al., 2018). Third: 

Retinal vein occlusion (RVO) This disease is associated with people who have a high level of cholesterol, 

a condition that causes blockage of blood drainage from the retina, leading to vision loss, and it was 

found that people who have a high level of cholesterol are in 2.5 times the risk of retinal obstruction 

(Ganesan et al., 2018). Fourth: - Ischemic stroke is a major cause of death and occurs due to blockage 

of the artery by a blood clot that disintegrates in a small vessel and thus closes the small blood vessels 

inside the brain. Studies have shown that a decrease in LDL-C and TC by 15% clearly reduces the risk 

of heart attack. (Amarenoco and Labreuche, 2009; Welde, 2017). 

 

Treatment of Hyperlipidemia 

1. Change in therapeutic lifestyle: Modifying the diet as well as regular physical activity is one of the 

most important reasons for treatment, such as quitting smoking and reducing weight, and this 

treatment is effective in the beginning, especially in mild cases of hyperlipidemia in healthy people from 
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coronary artery disease and when A person follows a healthy diet that should reduce cholesterol intake 

(Armstrong, 2013). 

2. Treatment with lipid-lowering drugs: The beginning of treatment is to change the daily lifestyle of 

food, movement and exercise. If these changes do not affect the treatment, the treatment is through 

medicines, and there are many medicines that are used at the present time to treat hyperlipidemia, 

including statins, fibrates, and Niacin , Bile acid sequestrants (Logue et al., 2015). 

 

Lipid Profile 

Fats are organic substances that are soluble in organic solvents, but do not dissolve in water, and of the 

polar derivatives, they have two groups, one of them is polar, hydrophilic and the other is non-polar, 

hydrophobic (Akoh, 2017). Fats in the bloodstream are usually classified as triglycerides and cholesterol 

(Braamskamp et al. .,2012). And fats are necessary for many of the normal functions of living 

organisms, and are important components of the membranes of living cells, and are used to store 

energy, and can act as an aid to enzymes and the manufacture of hormones (Karam et al., 2017). 

 

Cholesterol 

It is a soft and waxy substance that is one of the natural components of fats in the blood and all cells of 

the body. Cholesterol is an essential part of a healthy body, but it has great risks when its level in the 

blood increases, as it causes cardiovascular diseases that lead to stroke or cardiac arrest. Likewise, the 

presence of large amounts of it in the blood causes the emergence and development of plaques on the 

walls of the arteries, which causes the closure of the bloodstream and prevents it from reaching the 

brain, heart and other organs. A large part of it is made inside the cells of the body and through the 

manufacture of bile acids, sex hormones, and vitamin D3 (Lyu et al., 2019). There are two sources 

through which cholesterol is manufactured in the body. They are an internal source, which is made 

inside the liver, and an external source is through eating animal products such as dairy and meat such 

as liver, as well as eggs and fish liver oil (Guo et al., 2018). The liver has an important role in cholesterol 

metabolism because it contains low-density lipoprotein receptors, and it also has a major role in the 

formation of the bulk of cholesterol of endogenous origin (Goto, 2002). 

 

Cholesterol Lipoproteins: 

Low Density Lipoproteins Cholesterol (LDL-C) 

They are very small particles found in the bloodstream that transport cholesterol from the liver to the 

body tissues to be stored (Black, 2007). It is also known as bad cholesterol because of its high content 

in the blood, and it is the important line in the development of heart diseases, including atherosclerosis, 

and works on the fragmentation and destruction of the VLDL-C molecule and its association with 

cholesterol and protein (Walker et al., 2013), and it was found that its percentage in males is higher 

than in Females, as it is estimated at (40-50%) of total plasma proteins, and it has a significant role in 

the risk of coronary heart disease (Tierney et al., 2005). 
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High Density Lipoprotein Cholesterol (HDL-C( 

It is one of the smallest types of lipoproteins, but it is the most dense, consisting of 50% protein, 18% 

cholesterol, and very small amounts of TG (Racette et al., 2015). This type of protein is characterized 

by having antioxidant properties, as well as being anti-inflammatory, as it has a negative relationship 

with heart disease, and is believed to be able to absorb cholesterol crystals that have begun to be 

deposited on the walls of the arteries, as it helps to avoid atherosclerosis (Ridgway and Mcleod, 2016) . 

Recent studies have shown that when the HDL-C ratio decreases, the incidence of heart diseases 

increases, and it was found that in women, it is in greater proportions than in men, and its danger 

increases when the age is over 65 years (Tierny et al., 2006; Guyton and Hall, 2020). 

 

Very Low Density Lipoproteins Cholesterol (VLDL-C( 

It is made mainly in the liver, but also made in the intestine from triglycerides and cholesterol, which 

is responsible for transporting phospholipids, triglycerides, and cholesterol esters of endogenous 

origin. It was found that this type of lipoproteins increases in heart disease (Ridgway and Mcleod, 

2016), because the molecules of this protein carry triglycerides in the circulatory system and also 

transfer fats made in the liver to other body tissues (Lin et al., 2016).  

 

Triglycerides (TG) 

It is one of the most common types of fats, and it is a group of cholesterol esters with triple fatty acids. 

It has several functions in the body of the organism, as it prepares cells with energy, as a large amount 

of fatty acids present in the plasma are stored through esters linked with cholesterol within fatty tissues. 

, as the concentration of glycerides is balanced at all times according to the rate of their entry into the 

cells and their re-removal, and the change in concentration depends on these two factors (Kaplan et al., 

2011). Triglycerides (TG) cause heart disease, including atherosclerosis, high blood pressure, and heart 

disease (Mehta et al., 2002). In cases of oxidative stress, the increase in free radicals causes a decrease 

in the enzyme lipoprotein lipase present in different tissues of the body, and thus this decrease causes 

an imbalance in lipid levels and an increase in the concentration of TG in the blood (Stohsj et al., 2000). 

 

Atherosclerosis 

Coronary heart disease due to atherosclerosis is one of the most common cardiovascular diseases in the 

population, especially in adults aged 40 years and over (Chuang et al., 2016). Atherosclerosis is an 

inflammatory vascular disease that clinically affects all blood vessels, including cerebral, coronary and 

peripheral vessels (Clemmons, 2015; Lepedda and Formato, 2020). Atherosclerosis results from the 

deposition of fats in the inner walls of the blood vessels, so that they grow to the point of obstructing 

blood flow, and these deposits clump together, which leads to the narrowing of the artery and the 

formation of a clot or thrombus, causing a stroke (Pownall et al., 2015).  

The disease develops over many years in the inner layer of large and medium-sized arteries, with 

devastating manifestations, usually after the fourth or fifth decade, and that the main contributor to the 

progression of the disease is abnormalities in the metabolism of lipids and lipoproteins due to the 
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presence of high concentrations of cholesterol levels in plasma, especially LDL-C and cholesterol in the 

blood (Sato et al., 2002). The causes of atherosclerosis are multiple, the most important of which is 

hyperlipidemia, especially if it is accompanied by hyperglycemia as a result of increased oxidative 

stress. Oxidative stress is an integral part of the mechanism of development of cardiovascular diseases 

and atherosclerosis. Clinical and epidemiological studies have confirmed that high blood pressure has 

a stronger effect than other risk factors such as smoking, alcohol, age and lipoprotein levels, and causes 

fibrosis and enlargement of blood vessels and small arteries (kirabo et al., 2014). 

 

Atherosclerosis Mechanism 

It is the process of forming atherosclerotic plaques in the inner layer of the arteries, it gradually 

develops with the development of inflammation and the accumulation of fat in a large way, especially 

LDL-C. Arteritis is the first stage of the disease, as it begins with a qualitative change in the inner arterial 

surface (Libby et al., 2013). There are three layers of tissue in a normal artery: the inner layer 

(endothelium), the middle layer, and the outer layer (Tabas et al., 2007). Endothelial cells possess 

adhesion molecules that at the beginning of the first stage of sclerosis capture leukocytes on their 

surface when affected by irritating stimuli, and then lead to their migration to the inner layer. When 

plaques form under the endothelium, due to changes in endothelial permeability, LDL-C molecules help 

migrate into the arterial wall (Fig. 1). White blood cells within the inner layer mature into macrophages 

that take in LDL-C molecules, and endothelial dysfunction can be caused by inflammatory cytokines, 

oxidative stress, hypertension, hypercholesterolemia, and diabetes mellitus (Tabas, 2010; Gimbrone 

and Garcia, 2016). 

The body's immune system responds to the damage done to the artery walls from oxidation of these 

molecules by sending monocytes to the site of injury to devour them (Kaplan and jaskson, 2011). Under 

oxidative stress, LDL-C is transformed into oxidative lipoproteins OX-LDL and is devoured by 

Macrophage, stimulating endothelial cells to produce cytokines, chemokines (Ramji and Davies, 2015). 

The macrophages are unable to eat them and fuse with them to form foam cells. The macrophages take 

the form of a lipoprotein and then go through apoptosis, which ends with the accumulation of large 

amounts of cellular waste and cholesterol, which ends with the formation of an area of cellular 

degeneration with the accumulation of fats in the layers of the arteries. In the advanced stages, smooth 

muscle cells migrate from the outer layer of the artery to the inner layer, causing increased secretion of 

collagen and forming fibrous plugs in the artery lining called plaques. Atherosclerosis is not limited to 

the heart arteries, but can also occur in other areas of the body, such as the brain (Hauser et al., 2011). 
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Figure 1. A schematic diagram of the cellular interactions of atherosclerosis (Pawlina and Ross, 2016). 

 

Adipose Tissue Hormones 

Leptin Hormone 

It is a protein with a molecular weight of 16 KD. It contains 167 amino acids. It is one of the most 

important hormones derived from adipose tissue. It has a very important role in regulating energy 

within the body as well as regulating body weight (Alsamadi et al., 2014). White adipose tissue is the 

important source of leptin, but it is also produced from other tissues such as brown adipose tissue, 

placenta, ovaries, skeletal muscle, Stomach, as well as bone marrow (Margetic et al., 2002). Research 

has shown that leptin has a significant role in regulating body mass and sharp changes in the energy 

balance associated with appetite, as a deficiency of the hormone can cause obesity (Allison et al., 2013). 

In addition, the hormone has a role in fertility and childbearing, as it was found that very skinny women 

with small amounts of fat suffer from menstrual disorders, and that the injection of this hormone into 

laboratory animals affects the secretion of the hypothalamus gland, as it increases the secretion of the 

gonadotropin-inducing hormone, which in turn stimulates the pituitary gland In the secretion of LH 

and FSH for their essential role in the fertilization process in males and females (Ahima et al., 2000). 

The hormone has a relationship with obesity and heart disease, as the increase in the hormone increases 

the incidence of myocardial infarction, because the increase in the level of the hormone is associated 

with an increased risk of disease (Diab, 2005). The leptin hormone is an indicator of some heart 

diseases, and it was found (Wang et al., 2014) that the hormone has a role in the development of 

atherosclerosis. The hormone affects the blood lipids. When the hormone rises, it is accompanied by a 

high level of triglycerides, with high TC and LDL-C, with a low level of HDL-C in both sexes. In addition, 

it increases the burning of fat in the muscles and reduces the production of VLDL-C in the liver 

(Lundasen et al., 2003). 
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The Relationship Between Hyperlipidemia and Leptin Concentration 

Leptin is secreted from adipose tissue, hypothalamus, stomach, placenta, skeletal muscle, and 

mammary epithelial cells. It is considered one of the hormones that signal the brain to feel full and 

regulate nutrition and energy in the body by regulating the secretion of hormones that increase 

appetite. It works by the feedback mechanism (Gale et al., 2004 ; Norman et al., 2015). A positive 

relationship was found between the hormone leptin and the hormone insulin, and a negative 

relationship between leptin and glucose levels in the blood, and that increased insulin secretion 

increases the formation of leptin messenger ribonucleic acid (mRNA) in adipose tissue. In 2002, 

researchers were able to use leptin in the treatment of diabetes when they found that it reduces insulin 

resistance and prevents the accumulation of fat in the body (Miyanaga et al., 2003), and leptin plays an 

important role in regulating body weight, metabolism and energy (Alsmadi et al., 2014), It was found 

that subcutaneous injection of leptin in subjects with congenital leptin deficiency reduces TC, TG and 

LDL-C , while increasing the concentration of HDL-C in adipose tissue (GM et al., 2002). 

 

Resistin Hormone 

Resistin was originally discovered in mice in 2001 and has been named for its ability to resist insulin 

(Steppan et al., 2001). It has been suggested as a link between obesity and diabetes. The hormone 

resistin modulates molecular pathways associated with metabolic, inflammatory and autoimmune 

diseases, as well as cardiovascular disease. Recent studies indicate that resistin directly causes 

endothelial cell dysfunction. Clinical studies have indicated that resistin is a predictive factor for 

coronary artery disease and cardiovascular disease mortality. Furthermore, the hormone appears to be 

involved in angiogenesis, thrombosis, and vascular smooth muscle cell (VSMC) migration and 

proliferation, all of which contribute to atherosclerosis (Calabro et al., 2004). 

Resistin hormone is a peptide that ends with the amino acid Cystein, its molecular weight is 12.5 KD, 

and it is a class of cysteine-rich proteins and is secreted from adipose tissue and the macrophages in it. 

There are three forms of monomer, trimer, and hexmer, and the smaller molecule is the most effective. 

The hormone receptor is located on the surfaces of adipose tissue-producing cells and is known as 

decorin. The clinical importance of this hormone is due to the association of its levels in the serum with 

the increase in Arteriosclerosis cardio vascular disease, which makes it a linking factor between obesity 

and the development of cardiovascular disease in obese people (Janke et al., 2002). Resistin is involved 

in the primary physiological processes of atherosclerosis in arterial walls. It promotes endothelial 

dysfunction, smooth muscle cell migration and proliferation, monocyte activation and proliferation, 

and macrophage to lipid-filled foam cells that compose the major cellular component of the fatty 

filaments characteristic of Atherosclerotic plaques (Jamaluddin et al., 2012). 

 

The Relationship Between Hyperlipidemia and Resistin Concentration  

Resistin is a peptide hormone secreted from fat cells of rodents, and it is one of the proteins rich in the 

amino acid cysteine (Steppan et al., 2001). The researcher (Bokarewa et al., 2005) noted the possibility 
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of a relationship between resistin and cardiovascular disease, which indicates the possibility of a 

possible link between resistin and cardiovascular disease through inflammatory pathways. 

The elevated resistin level upon induction of hyperlipidemia is consistent with its effect on endothelial 

function and vascular smooth muscle cell migration, which are major pathophysiological mechanisms 

of atherosclerosis. Moreover, recitin has been observed to play a vital role in increasing the level of very 

low-density lipoprotein and low-density lipoprotein in the obese person causing direct atherosclerosis 

(Rizkalla et al., 2009). 

The hormone resistin had a clear role as one of the indicators of heart disease, especially cardiovascular 

disease and heart failure. In rabbits, the expression of the resistin gene is increased in the 

atherosclerotic plaques, which increases the macrophage and lipid content of the sclerotic plaques. 

Because of these effects, it not only increases the size and progression of atherosclerotic plaque, but 

also increases its instability, stability, and susceptibility to injury, because it activates the endothelial 

cells of the blood vessels and stimulates the proliferation of smooth muscle cells, thus increasing the 

thickness of the lining of the coronary arteries (Rashid, 2013). 

 

HMG-CoA reductase Enzyme 

Creates more than two-thirds of cholesterol produced in the liver (William et al., 2002), and the enzyme 

HMG-COA reductase controls the rate of cholesterol synthesis in the liver through the mevalonate 

pathway, which stimulates the conversion of HMG-COA to mevalonate (kopple and massry, 2012). The 

liver is the main organ in the process of controlling and regulating cholesterol levels in the body. 

In mammals, the concentration of cholesterol inside cells is regulated by the endogenous structure and 

the intake from the outside (through diet), and the endogenous synthesis takes place through feedback 

by the enzyme Hepatic HMG-COA reductase, while the external source is controlled by the LDL-C 

receptors by a mechanism Enzyme and LDL-C receptor feedback is mediated by genetic regulation 

(Maron et al., 2000). 

 

The Negative Effects of Hyperlipidemia on The Lipid Profile 

An increase in the concentration of TC, TG, LDL-C, VLDL-C, and a decrease in HDL-C expresses a state 

of dyslipidemia or hyperlipidemia. These disorders are caused by several factors that have a role in the 

process of fat metabolism, including the disruption in the processes of fat absorption and excretion 

(Ahmed et al., 2020). In addition, the rise in lipid variables may be due to the excessive production of 

free radicals and the depletion of antioxidants, which may cause oxidative damage to hepatocytes and 

thus disrupt the normal lipid metabolism function as a result of inhibiting the enzymes responsible for 

these mechanisms (Mazmancı et al., 2011). Scientific research has indicated that the state of oxidative 

stress leads to imbalances in fatty acid metabolism and the emergence of lipid peroxidation, and thus 

the accumulation of fat in the blood serum and liver tissue, which may cause non-alcoholic fatty liver 

disorder (Lankarani et al., 2013). 

LDL-C is responsible for transporting TC to the cells of the body, it transports about 60-70% of the TC 

, so the increase in TC levels is followed by an increase in LDL-C that cannot be eliminated in the process 
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of fat metabolism, and most likely will enter the space under The endothelial prelude to oxidation 

carries oxidized LDL-C mediated by macrophage inhibitors, the lipid-laden macrophages are foam cells 

that will leave a pulp rich or full of lipids and cholesterol after storage and then start atherosclerosis 

(Beckman et al., 1990). As the oxidation of these fats turns them into smaller, oxidized LDL-C particles, 

which gives them the opportunity to move and enter the tissues of blood vessels, especially arteries and 

deposition in them, causing the development of atherosclerotic lesions, which is one of the main risk 

factors for cardiovascular diseases (Zheng et al., 2018; Elkhateeb et al., 2019). 

The researcher (Abu-Raghif et al., 2015) found that causing hyperlipidemia in white mice by feeding 

them on a high fat diet causes an imbalance in the level of fat represented by an increase in the 

concentration of TCl, TG, LDL-C and VLDL-C with a decrease in the level of fat. On the other hand, the 

researcher also found a disturbance in the case of oxidative stress, represented by a high concentration 

of MDA and a decrease in GSH concentrations, and he indicated that the change in oxidative stress 

factors may be due to the deposition of fat in the liver, which in turn leads to a defect in the function of 

hepatocytes and their role in regulating fat metabolism. The researchers (Al-Razzak Abdu Al-Latif and 

Faisal Jaber, 2013) also found that inducing hyperlipidemia in rabbits led to an increase in MDA 

concentration and at the same time, a decrease in GSH concentration compared to the control group. 

The oxidative stress disorder causes the formation of damaged areas in the epithelium of blood vessels, 

an increase in its permeability, a decrease in its elasticity, and the development of atherosclerosis. 

Several studies have confirmed that people who have high levels of lipids and lipoproteins have a high 

predisposition to atherosclerosis. The reason for the high levels of atherosclerosis evidence may be 

attributed to the increased production of free radicals that break down and remove nitric oxide, NO, 

which has anti-atherogenic properties, as well as damage to the lining of the arteries, which stimulates 

phagocytes to produce large amounts of free radicals that oxidize fats, especially LDL-C was enhanced 

by an increased risk of atherosclerosis (Stevinkel et al., 2004). 

 

The Negative Effects of Hyperlipidemia on The Oxidative Balance 

Hyperlipidemia leads to a decrease in the level of antioxidants and a high level of free radicals, and thus 

free radicals attack the unsaturated fats that enter the composition of cell membranes, causing fat 

super-oxidation, or lipid peroxidation and the production of malondialdehyde(MDA) as a final product 

of this process. The MDA is the most widely used indicator in detecting the lipid peroxidation and it is 

a measure of the generation of free radicals, and its high concentration in animals indicates that 

hypercholesterolemia that enhances the lipid peroxidation (Prasanna and Purnima, 2011; Ahmed et al., 

2021). The lipid peroxidation is initiated by the free radical attack on the unsaturated fatty acids in the 

membrane, which leads to their conversion and fragmentation into reactive alkanes and aldehydes 

(Olorunnisola et al., 2012). 

The continuous production of cholesterol increases the production of free radicals in several ways. It 

increases the activity of the enzyme systems that produce the three main oxidation: such as the enzyme 

myeloperoxidase, which is produced by neutrophils and monocytes and produces toxic hypochlorous 

acid, and the enzyme Xanthine Oxidase and NADPH Oxidase, as the latter works to transfer the electron 
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to the oxygen molecule , and the superoxide eventually forms hydrogen peroxide. Increased lipid 

peroxidation inactivates antioxidant enzymes by cross-linking with MDA and this will cause an increase 

in the accumulation of superoxide, hydrogen peroxide and hydroxyl radical, which can increase lipid 

super-oxidation (Noeman et al., 2011). 

 

Negative Effects of Hyperlipidemia on The Liver 

Disorders in blood lipids, represented by an increase in the concentration of most lipid variables, 

especially cholesterol, when induced hyperlipidemia, and the accompanying imbalance in oxidative 

stress variables, increase the levels of free radicals and active oxygen species, causing oxidative damage 

to liver cells, which often leads to greater oxidation of liver fat as a result of activation of Kupffer cells, 

which causes the emergence and maintenance of the inflammatory response and the development of 

fibrosis (Jun Luo et al., 2015). The results of the study (Ahmed et al., 2022a) when hyperlipidemia was 

stimulated in rats and the examination of histological sections of the liver showed histological disorders 

that included the presence of deposition of fatty droplets and their accumulation in hepatocytes with 

the presence of vacuolar degeneration and congestion of the central veins of the liver with the presence 

of fibrosis and the researcher attributed the reason for this to an increase free radical levels in 

hepatocytes causing various histological lesions in the liver. 

Oxidation is an essential biological process for many living organisms to produce energy. However, the 

uncontrolled production of oxygen-derived free radicals contributes to the emergence of many diseases, 

such as cancer, rheumatoid arthritis, and atherosclerosis, as well as to the degeneration processes 

associated with aging (Mau et al., 2002). Cells must maintain an appropriate balance between levels of 

free radicals and antioxidants to ensure the structural integrity of vital components. When levels of free 

radicals exceed antioxidant levels during oxidative stress, sensitive biomolecules such as lipids, 

proteins, and DNA can be damaged (Lee and Seo, 2006). 

In the study (Parwin et al., 2019), the researchers indicated that induction of hyperlipidemia led to 

various tissue lesions in the liver tissue, including apoptosis of hepatocytes and infiltration of 

lymphocytes with the formation of fibrous connective tissues in the liver and thickening of the walls of 

the central veins. The researcher attributed the reason to the increase in the formation of free radicals 

as a result of hyperlipidemia. In a study prepared by (Abdou et al., 2018), the researcher indicated that 

inducing hyperlipidemia leads to hepatocyte degeneration with congestion of the central veins, vacuolar 

degeneration of hepatocytes, and infiltration of lymphocytes. 

Other studies indicated that the fatty diet is the main source of hepatocyte injury, vascular inflammation 

dilation, inflammation, and fibrosis outcomes after this injury (Al-Awadi et al., 2013). Injury to liver 

tissue due to hyperlipidemia alters its functional capacity for transport and membrane permeability or 

integrity, leading to leakage of enzymes from hepatocytes that indicates severe damage to hepatocyte 

membranes (Nishi et al., 2002). 

Hyperlipidemia leads to oxidative stress due to the generation of free radicals, cellular damage, 

increased lipid peroxidation processes, effect on cell membranes and weakening of antioxidants where 

malondialdehyde is formed. Hypercholesterolemia is associated with oxidative stress that results from 
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increased production of active oxygen species or impairment of the antioxidant system (Duarte et al., 

2009). A study (Xie et al., 2018) found that hyperlipidemia causes liver toxicity by producing free 

radicals, increasing levels of fat peroxide, increasing MDA generation, and increasing liver 

aminotransferase enzymes AST, ALT and alkaline phosphatase (ALP), and an increase in hydrogen 

peroxide H2O2 and a decrease in the enzyme antioxidants such as the enzyme superoxide dismutase 

SOD and the enzyme catalase CAT, respectively, as well as a decrease in the level of GSH. 

 

Negative Effects of Hyperlipidemia on The Aorta 

The results of the study (Temel and Rudel, 2007), which found that hypercholesterolemia activates the 

development of atherosclerosis of the aorta, which often progresses as a result of the continued 

deposition of fatty droplets between muscle layer fibers. The study (Takahashi et al., 2002) showed 

disorders in the aorta of the high-cholesterol diet categories, the elastic lamina layer of the artery was 

significantly damaged, and macrophages and foam cells were discovered in the walls of the aorta, as the 

formation of macrophages is important for the accumulation of fat within cells and foam cell 

development in coronary artery disease. A study (Kafi and Al-Ezzi, 2017) showed that when 

hyperlipidemia was induced in mice, histological lesions in the aorta included the appearance of 

vacuoles in the sub-endothelial layer, the appearance of vacuoles and the thickness of the inner lining, 

as well as the infiltration of inflammatory cells around the aorta. 

According to the lipid hypothesis, abnormally high cholesterol levels (hypercholesterolemia), which 

higher concentrations of LDL-C and lower concentrations of HDL-C are closely associated with 

cardiovascular disease because they promote the development of swelling and atherosclerosis in the 

arteries (Ballantyne, 1998). It leads to myocardial infarction (heart attack), stroke and peripheral 

vascular disease(Husain and Ari,2011). 

 

Conclusion 

The results of the current review showed that hyperlipidemia leads to an increase in the level of Total 

Cholesterol (TC), Low Density Lipoproteins Cholesterol (LDL-C), Very Low Density Lipoproteins 

(VLDL-C) and a decrease in High Density Lipoprotein Cholesterol (HDL-C) in addition to the high level 

of Triglycerides (TG) and is a predictor of atherosclerosis. 

And that the stored fat tissue secretes Leptin hormone , while the insulin resistance increases when 

obesity is due to the secretion of Resistin hormone, and that the majority of fats are manufactured 

inside the body by the enzyme HMG-CoA reductase in the processes of manufacturing cholesterol 

inside the liver, and hyperlipidemia affects human health by raising the level of free radicals and 

reducing the level of antioxidants, and it increases the concentration of liver enzymes as a result of 

histological imbalances caused by hyperlipidemia on the histological parameters of the liver, finally, the 

high level of (LDL-C) resulting from hyperlipidemia leads to the induction of atherosclerosis of the 

aorta. 

 

 



   
 

 
 
 

                        ISSN: 2776-1010        Volume 3, Issue 10, Oct., 2022 
 

 

304 
  
  

References 

1. Abdou HM, Yousef MI, Newairy AA. Triton WR-1339-induced hyperlipidemia, DNA 

fragmentation, neurotransmitters inhibition, oxidative damage, histopathological and 

morphometric changes: the protective role of soybean oil. The Journal of Basic and Applied 

Zoology. 2018 Dec;79(1):1-2. 

2. Abu-Raghif AR, Sahib HB, Abbas SN. Anti-hyperlipidemic effect of Vitex agnus castus Extracts in 

Mice. Int. J. Pharm. Sci. Rev. Res. 2015;35:120-5. 

3. Ahima RS, Saper CB, Flier JS, Elmquist JK. Leptin regulation of neuroendocrine systems. 

Frontiers in neuroendocrinology. 2000 Jul 1;21(3):263-307. 

4. Ahmed Q, Rahim S, Hameed A. The Effect of Hydroxytyrosol (HXT) and Local Olive Oil (LOO) on 

Oxidative Stress and Histopathological Changes in the Liver Resulting from Induced 

Hyperlipidaemia in Male Rats. INTERNATIONAL JOURNAL OF MEDICAL SCIENCES. 2022a 

May 16;5(1):43-54. 

5. Ahmed Q, Rahim S, Hameed A. The Effect of Hydroxytyrosol (HXT) and Local Olive Oil (LOO) on 

Lipid Profile and Histopathological Changes in The Heart as Outcome of Induced Hyperlipidemia 

in Male Rats. International Journal of Medical Sciences. 2022b May 14;5(2):44-54. 

6. Ahmed QA, Abdullah KK, Hassan HS. The Effect Of Olive Oil (Oo) And Hydroxytyrosol (Hxt) In 

Improving The Level Of Sex Hormones And Suppressing Oxidative Stress And Histopathological 

Of The Testes Caused By Hyperlipidemia In Male Rats. NVEO-NATURAL VOLATILES & 

ESSENTIAL OILS Journal| NVEO. 2021 Dec 16:13072-86. 

7. Ahmed QA, Abdullah KK, Mutar WM. A Review of the Uses of the Ketogenic Diet. Kirkuk 

University Journal-Scientific Studies. 2022c;17(2). 

8. Ahmed QA, Rahim SM, Hameed AK. THE EFFECT OF HYDROXYTYROSOL (HXT) AND A 

LOCAL OLIVE OIL EXTRACT ON THE LEVEL OF HEPCIDIN HORMONE AND 

PATHOLOGICAL HISTOLOGICAL CHANGES WITH IRON DEPOSITION IN THE AORTA 

RESULTING FROM INDUCED HYPERLIPIDEMIA IN MALE RATS. Plant Archives. 

2020;20(2):1895-902. 

9. Ahn J, Kim NS, Lee BK, Park S. Carbohydrate intake exhibited a positive association with the risk 

of metabolic syndrome in both semi-quantitative food frequency questionnaires and 24-hour 

recall in women. Journal of Korean medical science. 2017 Sep 1;32(9):1474-83. 

10. Akoh CC. Food lipids: chemistry, nutrition, and biotechnology. CRC press; 2017 Mar 16. 

11. Allison MA, Bluemke DA, McClelland R, Cushman M, Criqui MH, Polak JF, Lima JA. Relation of 

leptin to left ventricular hypertrophy (from the Multi-Ethnic Study of Atherosclerosis). The 

American journal of cardiology. 2013 Sep 1;112(5):726-30. 

12. Al-Razzak Abdu Al-Latif A, Faisal Jaber A. The Effect of Zinc Sulfate on Oxidative Stress and Lipid 

Profile Parameters in Male Rabbits Fed High Cholesterol Diet. karbala journal of pharmaceutical 

sciences. 2013 Apr 1;4(5):106-18. 



   
 

 
 
 

                        ISSN: 2776-1010        Volume 3, Issue 10, Oct., 2022 
 

 

305 
  
  

13. Alsmadi O, Melhem M, Hebbar P, Thareja G, John SE, Alkayal F, Behbehani K, Thanaraj TA. 

Leptin in association with common variants of MC3R mediates hypertension. American journal of 

hypertension. 2014 Jul 1;27(7):973-81. 

14. Alsmadi O, Melhem M, Hebbar P, Thareja G, John SE, Alkayal F, Behbehani K, Thanaraj TA. 

Leptin in association with common variants of MC3R mediates hypertension. American journal of 

hypertension. 2014 Jul 1;27(7):973-81. 

15. Amarenco P, Labreuche J. Lipid management in the prevention of stroke: review and updated 

meta-analysis of statins for stroke prevention. The Lancet Neurology. 2009 May 1;8(5):453-63. 

16. Armstrong C. Endocrine society releases guidelines on diagnosis and management of 

hypertriglyceridemia. American family physician. 2013 Jul 15;88(2):142. 

17. Ballantyne CM:Low-density lipoproteins and risk for coronay artery diseas. Am J Cardiol 

(1998):82:3Q-12Q. 

18. Beckman JS, Beckman TW, Chen J, Marshall PA, Freeman BA. Apparent hydroxyl radical 

production by peroxynitrite: implications for endothelial injury from nitric oxide and superoxide. 

Proceedings of the National Academy of Sciences. 1990 Feb;87(4):1620-4. 

19. Bokarewa M, Nagaev I, Dahlberg L, Smith U, Tarkowski A. Resistin, an adipokine with potent 

proinflammatory properties. The Journal of Immunology. 2005 May 1;174(9):5789-95. 

20. Braamskamp MJ, Wijburg FA, Wiegman A. Drug therapy of hypercholesterolaemia in children 

and adolescent. Drugs. 2012 Apr;72(6):759-72. 

21. Calabro P, Samudio I, Willerson JT, Yeh ET. Resistin promotes smooth muscle cell proliferation 

through activation of extracellular signal–regulated kinase 1/2 and phosphatidylinositol 3-kinase 

pathways. Circulation. 2004 Nov 23;110(21):3335-40. 

22. Cano A, Ciaffoni F, Safwat GM, Aspichueta P, Ochoa B, Bravo E, Botham KM. Hepatic VLDL 

assembly is disturbed in a rat model of nonalcoholic fatty liver disease: is there a role for dietary 

coenzyme Q?. Journal of applied physiology. 2009 Sep;107(3):707-17. 

23. Chuang KJ, Fedoseev G, Ioppolo S, Van Dishoeck EF, Linnartz H. H-atom addition and 

abstraction reactions in mixed CO, H 2 CO and CH 3 OH ices–an extended view on complex 

organic molecule formation. Monthly Notices of the Royal Astronomical Society. 2016 Jan 

11;455(2):1702-12. 

24. Clemmons N.S.,  Jenkins E.M., Gaydos J.C., Pacha L.A. Pneumonia Associated with Chlamydia 

pneumoniae Infection at a US Army Training Installation [abstract]. International Conference on 

Emerging Infectious Diseases poster and oral presentation abstracts. Emerg Infect Dis.2015. 495, 

404 - 480. 

25. Diab DS. The use of vitamin" C" as antioxidant to decrease lesions of atherosclerosis that induced 

experimentally by hydrogen peroxide in rabbits: DS Diab, BS Toma, KK Khudiar. The Iraqi 

Journal of Veterinary Medicine. 2005 Jun 30;29(1):51-63. 

26. Duarte MM, Rocha JB, Moresco RN, Duarte T, Da Cruz IB, Loro VL, Schetinger MR. Association 

between ischemia-modified albumin, lipids and inflammation biomarkers in patients with 

hypercholesterolemia. Clinical biochemistry. 2009 May 1;42(7-8):666-71. 



   
 

 
 
 

                        ISSN: 2776-1010        Volume 3, Issue 10, Oct., 2022 
 

 

306 
  
  

27. Elnahas MO, Thomas PW, Daba GM. Trametes versicolor and Dictyophora indusiata champions 

of medicinal mushrooms. Pharm Res. 2020;4(1):00019. 

28. Gale SM, Castracane VD, Mantzoros CS. Energy homeostasis, obesity and eating disorders: recent 

advances in endocrinology. The Journal of nutrition. 2004 Feb 1;134(2):295-8. 

29. Ganesan P, Ganesh M, Joseph LL, Kalist V. Central Retinal Vein Occlusion: An Approach for the 

Detection and Extraction of Retinal Blood Vessels. Journal of Pharmaceutical Sciences and 

Research. 2018;10(1):192-5. 

30. Gao W, He HW, Wang ZM, Zhao H, Lian XQ, Wang YS, Zhu J, Yan JJ, Zhang DG, Yang ZJ, Wang 

LS. Plasma levels of lipometabolism-related miR-122 and miR-370 are increased in patients with 

hyperlipidemia and associated with coronary artery disease. Lipids in health and disease. 2012 

Dec;11(1):1-8. 

31. Gimbrone Jr MA, García-Cardeña G. Endothelial cell dysfunction and the pathobiology of 

atherosclerosis. Circulation research. 2016 Feb 19;118(4):620-36. 

32. GM FI. Keogh JM Lawrence E Agwu C Sanna V Jebb SA Perna F Fontana S Lechler RI DePaoli 

AM O’Rahilly S. Beneficial effects of leptin on obesity, T cell hyporesponsiveness, and 

neuroendocrine/metabolic dysfunction of human congenital leptin deficiency J Clin Invest. 

2002;110:1093-103. 

33. Gotto Jr AM. Statins: powerful drugs for lowering cholesterol: advice for patients. Circulation. 

2002 Apr 2;105(13):1514-6. 

34. Grauvogel J, Grauvogel TD, Taschner C, Baumgartner S, Maier W, Kaminsky J. A rare case of 

radiologically not distinguishable coexistent meningioma and vestibular schwannoma in the 

cerebellopontine angle–Case report and literature review. Case Reports in Neurology. 

2010;2(2):111-7. 

35. Guo S, Li L, Yin H. Cholesterol homeostasis and liver X receptor (LXR) in atherosclerosis. 

Cardiovascular & Haematological Disorders-Drug Targets (Formerly Current Drug Targets-

Cardiovascular & Hematological Disorders). 2018 Apr 1;18(1):27-33. 

36. Guyton, A. C., & Hall, J. E. (2020). Text Book of medical physiology. 11thEd. Elsevier science, 

Philadelphia; Pp 1014-1073. 

37. Hannon Hashim Al-Awadi J, Hammed Rashid K, Jawad Hassen A. High fat diet induce 

hyperlipidemia incidences with sever changes in liver tissue of male albino rats: A histological and 

biochemical Study. karbala journal of pharmaceutical sciences. 2013 May 1;4(6):21-32. 
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