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Abstract: Blood plasma lipids play a fundamental role in energy homeostasis, cellular
integrity, hormone synthesis, and intercellular communication. The major plasma lipids
include triglycerides, cholesterol, phospholipids, and free fatty acids, which circulate in
association with specialized lipoprotein particles. Proper regulation of lipid metabolism is
essential for maintaining physiological balance and preventing metabolic diseases.

Disturbances in lipid metabolism contribute significantly to the development of
atherosclerosis, cardiovascular disease, obesity, diabetes mellitus, metabolic syndrome,
non-alcoholic fatty liver disease, and inherited lipid disorders. The pathogenesis of these
conditions involves complex interactions among genetic factors, hormonal regulation,
nutritional status, and environmental influences. Recent advances in molecular biology,
lipidomics, and precision medicine have expanded understanding of lipid metabolism and
improved diagnostic and therapeutic approaches. This review discusses the composition
and physiological functions of plasma lipids, mechanisms of lipid transport, major
disorders of lipid metabolism, and contemporary strategies for prevention and treatment.
Keywords: plasma lipids, cholesterol, triglycerides, phospholipids, lipoproteins,
dyslipidemia, atherosclerosis, lipid metabolism.

Introduction

Lipids are essential biological molecules involved in numerous physiological
processes. They serve as major energy reserves, structural components of cellular
membranes, signaling molecules, and precursors for steroid hormones and bile acids. Since
most lipids are hydrophobic, their transport in blood plasma requires specialized carrier
systems known as lipoproteins.[1,2,3,4,5,6]

Blood plasma contains several classes of lipids that are continuously exchanged
between tissues and organs. Their concentrations are tightly regulated through coordinated
metabolic pathways involving the liver, adipose tissue, intestine, endocrine organs, and
vascular system. Disruption of lipid homeostasis can result in severe metabolic
abnormalities and chronic diseases.[7,8,9,10,11]

The increasing prevalence of obesity, diabetes mellitus, and cardiovascular diseases
worldwide has intensified scientific interest in lipid metabolism and its
disorders.[12,13,14]

Composition of Blood Plasma Lipids

Blood plasma contains four major classes of lipids.

Triglycerides

Triglycerides are esters formed from glycerol and three fatty acids.
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They represent:

The primary storage form of energy

The major lipid component of adipose tissue

An important source of metabolic fuel

. Triglycerides transported in plasma originate from:
n Dietary fats

Hepatic synthesis
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% " Elevated plasma triglycerides are associated with increased cardiovascular risk and

& 2 pancreatitis.[15,16,17]

(: Cholesterol

D Cholesterol is a sterol essential for cellular function.

< Its biological roles include:

ab) Maintaining membrane fluidity
_— Steroid hormone synthesis

- Vitamin D production

-) Bile acid formation
7 Approximately 70-80% of plasma cholesterol is transported as cholesterol esters.
-’ Both excessive and deficient cholesterol levels may adversely affect health.[18,19]
pr— Phospholipids

CU Phospholipids are major structural components of biological membranes.

Important phospholipids include:

Phosphatidylcholine

Phosphatidylethanolamine

Sphingomyelin

Phosphatidylserine

Functions include:

Membrane formation

Lipoprotein structure stabilization

Cell signaling regulation

Free Fatty Acids

Free fatty acids circulate bound primarily to albumin.

They serve as:

Immediate energy substrates

Precursors of bioactive molecules

Components of membrane lipids

The concentration of free fatty acids increases during fasting, exercise, and
stress.[20,21,22]

Lipoproteins and Lipid Transport

Because lipids are insoluble in water, plasma transport depends upon lipoproteins.

Lipoproteins consist of:

Triglycerides

Cholesterol
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Phospholipids
Apolipoproteins
These complexes facilitate lipid transport between tissues.[23,24,25]
Classification of Plasma Lipoproteins
! Chylomicrons
n Functions:
Transport dietary triglycerides
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High-Density Lipoproteins (HDL)

HDL performs reverse cholesterol transport.

Functions include:

Removal of excess cholesterol

Delivery of cholesterol to the liver

Protection against atherosclerosis

HDL is commonly referred to as “protective cholesterol.”
Physiological Functions of Plasma Lipids

Plasma lipids perform diverse biological functions.

Energy Production

Fatty acids provide substantial amounts of ATP through p-oxidation.
One gram of lipid yields approximately 9 kcal of energy.[26,27,28]
Structural Functions

Lipids maintain:

Cell membrane integrity

Membrane fluidity

Organelle stability

Endocrine Functions

Lipids serve as precursors for:

GS " Deliver absorbed lipids from intestine to tissues
) = Chylomicrons are the largest and least dense lipoproteins.
(: o Very-Low-Density Lipoproteins (VLDL)
D 4 Synthesized in the liver.
< ELD‘ Functions:
QD Y Transport endogenous triglycerides
_— é Deliver lipids to peripheral tissues
5 Intermediate-Density Lipoproteins (IDL)
- g Represent metabolic intermediates generated during VLDL degradation.
RS, Low-Density Lipoproteins (LDL)
- LDL particles contain high concentrations of cholesterol.
pr— é Functions:
CU O . Deliver cholesterol to tissues
g LE . Support membrane synthesis
O E . Participate in hormone production
s = -% Excessive LDL accumulation contributes to atherosclerosis.
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Cortisol

Aldosterone
Estrogens
Testosterone
Signaling Functions
n Bioactive lipid mediators regulate:
Inflammation
Immune responses
Blood coagulation
Cellular growth
Overview of Lipid Metabolism
Lipid metabolism includes:
Digestion
Absorption
Transport
Storage
Utilization
: Excretion
These processes are regulated by enzymes, hormones, and genetic
factors.[29,30,31]
Regulation of Lipid Metabolism
Insulin
Insulin promotes:
. Lipogenesis
. Triglyceride synthesis
. Fat storage
It inhibits lipolysis.
Glucagon
Glucagon stimulates:
Lipolysis
Fatty acid oxidation
Particularly during fasting.
Epinephrine
Epinephrine mobilizes stored lipids during stress and exercise.
Thyroid Hormones
Thyroid hormones increase lipid turnover and energy expenditure.
Abnormal thyroid function frequently alters plasma lipid concentrations.
Disorders of Lipid Metabolism
Disorders of lipid metabolism may be inherited or acquired.
They are collectively referred to as dyslipidemias.
Hyperlipidemia
Hyperlipidemia is characterized by elevated plasma lipid concentrations.
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Major forms include:

Hypercholesterolemia
Hypertriglyceridemia
Mixed dyslipidemia

; Common causes:

n Obesity

Diabetes mellitus

Fu L

% Hypothyroidism
) High-fat diets
(: Genetic mutations
D Hypercholesterolemia
< Hypercholesterolemia results from elevated cholesterol levels.
N Familial Hypercholesterolemia
D
_— An inherited disorder caused by defects in:
- LDL receptors
- ApoB protein
7 PCSK9 pathway
-’ Clinical manifestations include:
[ Premature atherosclerosis
CU Tendon xanthomas

Coronary artery disease

Hypertriglyceridemia

Elevated triglyceride levels may result from:

Obesity

Insulin resistance

Alcohol consumption

Genetic disorders

Severe hypertriglyceridemia increases the risk of acute pancreatitis.

Hypolipidemia

Hypolipidemia is characterized by abnormally low lipid levels.

Causes include:

Malnutrition

Hyperthyroidism

Liver disease

Genetic disorders

Although less common than hyperlipidemia, it may impair cellular function and
hormone synthesis.[32,33,34]

Atherosclerosis

Atherosclerosis is the most clinically significant consequence of dyslipidemia.

The disease develops through:

1. Endothelial injury

2. LDL infiltration
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3. Oxidative modification

4. Foam cell formation
5. Plaque development
Progressive plaque growth may result in:
: Coronary artery disease
n Stroke
Peripheral arterial disease
Obesity and Lipid Metabolism
Obesity is associated with profound alterations in lipid homeostasis.
Common abnormalities include:
Elevated triglycerides
Increased LDL cholesterol
Reduced HDL cholesterol
These changes contribute to metabolic syndrome and cardiovascular disease.
Diabetes Mellitus and Dyslipidemia
Diabetes mellitus profoundly influences lipid metabolism.
Typical diabetic dyslipidemia includes:
. Hypertriglyceridemia
. Increased small dense LDL particles
. Reduced HDL cholesterol
These abnormalities accelerate vascular complications.
Non-Alcoholic Fatty Liver Disease
Non-alcoholic fatty liver disease (NAFLD) is characterized by excessive
triglyceride accumulation in hepatocytes.
Risk factors include:
Obesity
Type 2 diabetes
Insulin resistance
Dyslipidemia
NAFLD has become one of the most common chronic liver diseases worldwide.
Diagnostic Evaluation of Lipid Disorders
Assessment of lipid metabolism includes:
Lipid Profile
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Additional Biomarkers
Apolipoprotein B
Lipoprotein(a)
High-sensitivity C-reactive protein
Molecular testing may be indicated in inherited disorders.
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Prevention and Treatment

Effective management includes lifestyle modification and pharmacological
intervention.

Lifestyle Measures

Healthy diet

Weight reduction

Physical activity

Smoking cessation

Pharmacological Therapy

Statins

Reduce cholesterol synthesis.

Fibrates

Lower triglyceride concentrations.

PCSK9 Inhibitors

Enhance LDL clearance.

Omega-3 Fatty Acids

Reduce hypertriglyceridemia.

Early intervention significantly reduces cardiovascular risk

Future Perspectives

Modern lipid research increasingly focuses on:

Lipidomics

Precision medicine

Gene therapy

RNA-based therapeutics

Acrtificial intelligence-assisted risk prediction

These approaches may revolutionize the diagnosis and treatment of lipid
disorders.[35,36]

Conclusion

Blood plasma lipids are essential for energy metabolism, membrane structure,
endocrine regulation, and cellular signaling. Their transport through lipoproteins ensures
efficient distribution throughout the body. Disturbances in lipid metabolism represent
major risk factors for cardiovascular disease, obesity, diabetes mellitus, and liver disorders.
Advances in molecular biology and clinical lipidology have improved understanding of
these conditions and facilitated development of effective preventive and therapeutic
strategies. Continued research is necessary to further reduce the global burden of lipid-
related diseases.
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