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Abstract: To understand and diagnose chronic diseases, this study focuses on the role of lipidomics, proposed
development in biomarkers, and therapy. Many biological samples from patients with different chronic diseases as
well as from healthy people were examined using advanced systems of lipidomic profiling in this context. Over
lipidomics, we found that cancer patients had higher concentration of some phospholipids (p<0.05) and that patients
with metabolic syndrome had changes in their ceramide levels (p<0.01). We also also detected lipidomic markers for
neurodegenerative diseases that particular triglyceride profiles had high disease to marker correlation coefficient of
(r=0.88 p<0.001). Furthermore, interest in developing accomplishments with rational machine learning models to
improve the precision in analysis of lipidomic data was acted upon, uncovering further Aerobic lipid biomarkers with
an efficiency of 85% for early disease detection. These results corroborate the notion that lipidomics may provide
valuable information about the chronic diseases pathophysiology and gives hope for early diagnostics, follow-up,
and a concept of individual approach to treatment and prevention. Therefore, the study affirms the lipidomics as one
of the critical components to advance in precision medicine and chronic disease.
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[. INTRODUCTION

Metabolomics is the comprehensive understanding of the metabolites present in the cell and its functionality subfield
is Lipidomics. This is very important in understanding the biochemical pathways that result in many diseases.
Cardiovascular, diabetes, neurological and cancer diseases; these are some of the chronic diseases that have continued
to rise worldwide. The molecular defect of these diseases is assuming increasing importance in the search for
appropriate diagnostic and therapeutic approaches. Phospholipids, triglycerides, sphingolipids and sterols are crucial
in cellular processes and energy source and as an action signal [1]. It has now become apparent that abnormal lipid
metabolism is an incipient risk factor in chronic diseases of the circulatory system. Recent innovations in lipidomic
profiling, including MS-based methods and LC-MS, are helping researchers identify specific lipid biomarkers for
early detection of a disease, its prognosis, and monitoring the response of patients to treatments [2]. Advancements
in the analysis of lipid species with high precision helped previously unrecognized pathways linking dysregulation
of lipids with disease pathology. Furthermore, combining lipidomic data with genomics, proteomics, and clinical
data leads to the development of novel personalized medicine approaches, where the lipid profile guides tailored
therapeutic intervention [3]. Despite these advancements, challenges still exist in trying to standardize lipidomic
methodologies, interpret complex data sets, and validate lipid biomarkers in clinical settings. The research explores
some of the innovations in techniques for lipidomic profiling and their application toward chronic diseases, focusing
on their potential impact on our understanding of disease mechanisms and how, in turn, these have the ability to
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influence developing more effective diagnostic and therapeutic strategies. The current study aims to bridge the gap
between lipidomics and clinical practice, hoping to provide new insights into the role of lipids in chronic disease and
highlight the potential of lipid-based biomarkers in improving patient outcomes.

II. RELATED WORKS

Among the prominent killer cancers, lung cancer is on high priority for early diagnosis by metabolomics research
with strategic improvement in the therapeutic procedure. Liang et al., 2024 made multiple sample types the base to
analyze the metabolome concerning lung cancer; further indicating that such strategies have enormous future
potential for the development of non-invasive diagnostics along with the identification of new markers that define or
monitor disease progression and treatments accordingly [15]. Similarly, metabolomics is significantly useful in the
discovery of clinical biomarkers and therapeutic targets for a variety of diseases. This is evident from the study of
Lin et al. (2024), which spoke to its utility in the discovery of biomarkers for diseases ranging from cancer to
metabolic disorders [16]. The use of omics technologies to decipher oral microecology has also emerged as a
promising avenue for understanding the interactions between the human microbiome and disease. Using omics
strategies, Lin et al. (2024) discussed how the oral microbiota could be investigated to understand its relationship
with oral health and diseased, and how this would open the way for microbiome-targeted therapy studies [17].
Further, metabolomics has also been applied in research on neurodegenerative diseases, for example, Parkinson’s
diseases. To identify the metabolites most often related with Parkinson’s disease and for possible biomarker for early
diagnosis and treatment, Luo et al. (2024) conducted a meta-analysis [18]. This work exemplifies the role of
metabolomics in understanding the molecular pathology of neurological disorders and how it can be harnessed to
enhance diagnostic evaluation and therapeutic strategy. As observed in the case of lipidomics it has even more
vigorously chased the identification of the lipid varieties that take place as a change of occurrence as due to
environmental change and disease status. The study done by Maffioli et al (2024) postulates that the, “Temperature
fluctuations influence the lipid profiles of the zebrafish brain™. This has opened the insight into how the environment
influences lipid metabolism and has the relelivance to neurological diseases [19]. Owing to this, the present work
contributes to the understanding of broader lipidomics in disease-related models and biomarkers. It was then merged
with metabolomics, this helped to advance this field to make more accurate and fine-grained analysis. For instance,
Shaheenur et al., 2024 had explained that integrative machine learning models along with metabolomic profiling of
nasopharyngeal samples would proved useful in improving the flu diagnosis, illustrating how computational
approaches aid in improving the precision in a diagnosis [20]. Metabolomics has also proved useful in the
understanding of other metabolic diseases, including obesity and Type 2 diabetes mellitus. Mujammami et al. (2023)
investigated metformin effects on lipid profiles in obesity and type 2 diabetes, which offer directions for
pathophysiology biomarkers of these diseases and therapeutic efficacy drug including metformin [21]. In the same
vein, several studies have evidenced sex-related differences in lipidomic profiles of patients with alcohol use disorder,
and how lipidomics can contribute to better comprehension of disease pathophysiology; all this was reported by
Perpina-Clérigues et al., 2024 [23]. Last, Petrovic et al. POINT YEAR studied the possibility of metabolomics to
explain metabolic syndrome. In this regard, Petrovic et al identified changes in lipid profiles of the tissues of the
dietary-induced rat models); this work shows that lipidomic analyse is capable of yielding beneficial information
associated metabolic diseases such as; the metabolic syndrome. reviewed collectively, these works unmistakably
characterise the advancing role of metabolomics in disease diagnosis/therapy and in the domain of customization.
III. METHODS AND MATERIALS

This research shall investigate new avenues in lipidomic profiling and analysis, especially related to chronic diseases,
employing advanced techniques, such as mass spectrometry (MS) and liquid chromatography-mass spectrometry
(LC-MS). In this way, research methodologies will explore lipid changes during chronic diseases, such as
cardiovascular diseases, diabetes, and neurodegenerative diseases, and investigate which lipidomics approaches have
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utility for discovering biomarkers, pathway analysis, and monitoring of therapeutics [4].

3.1 Research Philosophy

Using an empirical positivist approach in the investigation, this lipidomic study depends on observational data and
quantifies any changes related to chronic disease. In theory, given such expectations related to disease biochemistry
being objective and able to track the course of the process, disease lipid biomarkers can be used for diagnoses and as
predictors of changes through treatment efficacy [5].

3.2 Research Strategy

This study follows a deductive research approach; that is, existing knowledge in lipid metabolism and chronic
diseases would form the basis for the testing of hypotheses. Research will involve experimental design to acquire and
analyze lipid data, which could identify significant lipidomic changes with chronic diseases [6]. Hypotheses for
specific lipid alterations in these diseases are tested through the analysis of lipid profiles in patient samples and
disease models.

3.3 Research Design

This study is cross-sectional. It will compare lipidomic profiling in blood, serum, or tissue samples from patients
who are diagnosed with chronic diseases versus controls. The interest mainly focuses on the identification of
differentially expressed biomarkers in patients compared to healthy individuals [7]. These lipids will be profiled with
highly sophisticated analytical methods, and these data will be analyzed in relation to patterns and correlations among
species and disease states.

3.4 Data Collection Method

Lipidomic data would be acquired by using the techniques LC-MS and GC-MS. LC-MS and GC-MS are two widely
employed techniques to get detailed lipid species, providing high resolution and sensitivity. Data is going to be
acquired from the following sources:

1. Patient Samples: Samples from patients diagnosed with chronic diseases, such as cardiovascular diseases,
diabetes, and neurodegenerative disorders will be collected. Blood, serum, or tissue samples will be collected.
They will be obtained with the proper consent protocols following ethical approval from hospitals or clinics.

2. Healthy Controls: Samples from healthy volunteers will be used for a comparative basis.

3. Animal Models: In some disease-specific studies, appropriate animal models will be used to simulate chronic
disease conditions and obtain tissue samples for lipidomic analysis [8].

The data collection will be carried out under the supervision of clinical experts, and all protocols will be in compliance
with the ethical guidelines on handling biological samples.
3.4.1 Sample Preparation

e Blood/Serum/Tissue Extraction: Lipid extraction will be done by chloroform-methanol extraction as per
the Folch method. In case of tissues, homogenization in appropriate buffers will be performed before
extraction [9].

o Quantification and Normalization: Internal standard such as deuterated lipids will be used for
quantification of lipid extracts for proper comparison and reproducibility between samples. Lipid classes will
be normalized against protein content or total lipid mass.

3.5 Data Analysis
Multiple bioinformatics and statistical techniques will be used to analyze the lipidomic data:

e Data Preprocessing: Raw MS data will be preconditioned via software such as XCMS or MZmine for the
purposes of peak detection, alignment, and normalization [10]. lon intensities for each lipid species will be
noted down, and data transformed to make downstream analysis easy.
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e Multivariate Analysis: These analyses include the assessment of lipid profiles in terms of separation
between disease and control groups using PCA and PLS-DA. They contribute to the visualization of patterns
in the data and identification of any potential lipid biomarkers.

e Statistical Testing: Differential lipid species will be determined by t-tests or ANOVA, depending on the
number of groups. FDR adjustment will be done using the Benjamini-Hochberg method for the correction of
multiple comparisons [11].

3.5.1 Lipid Class Identification
LC-MS will be used for identifying and quantifying the classes of lipids through accurate mass measurements and
fragmentation patterns. The main classes that are to be studied are as follows:

e Phospholipids (PLs)

e Sphingolipids (SLs)

e Triglycerides (TGs)

o Free Fatty Acids (FFAs)

e Cholesterol Esters (CEs)

Table 1: Lipid Classes and Their Relevant Chronic Diseases

Lipid Chronic Function/Rol
Class Disease e
Focus

Phospholi | Cardiovascu | Cell

pids lar diseases, | membrane
Diabetes integrity,
signaling
Sphingoli | Cancer, Cell signaling,
pids Neurodegen | apoptosis
erative regulation
diseases
Triglyceri | Obesity, Energy
des Diabetes storage,
metabolic
regulation

Free Fatty | Cardiovascu | Inflammatory

Acids lar diseases, | mediators,
Diabetes metabolic
stress

Cholester | Cardiovascu | Lipid storage,
ol Esters | lar diseases | atherogenesis

3.6 Validation of Findings
To validate robustness, the following validation experiments will be carried out:
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1. Cross-validation: Validation data will be set apart. This will be the test data set to check predictive ability
of biomarkers identified in machine learning algorithms such as Random Forest or Support Vector Machines.
2. External Validation: This is the process of identifying the lipid biomarkers for independent cohorts like
different hospitals, animal models [12].
3. Enzyme Activity Assays: Lipid-modifying enzymes such as phospholipases and sphingomyelinases will be
assayed in patient samples to correlate lipid changes with enzymatic activity.
3.7 Ethical Considerations
Ethical clearance of this study will be made by an institutional review board before the collection of data and
biological samples from the patients. All participants will sign the informed consent, and their personal data will be
made anonymous to ensure privacy [13]. In this study, animal works shall be conducted according to ethical practices,
and proper veterinary supervision is maintained.
IV. FINDINGS AND DISCUSSION
This section presents results from lipidomic profiling in various chronic diseases, including cardiovascular disease,
diabetes, and neurodegenerative disorders, as well as a discussion of the findings. Experiments with changes in lipid
metabolism and shifts in patient and disease samples give new information regarding this process in Chronic disease
development [14]. Other related investigations are discussed in relation to these outcomes to assess the impact of

these works on further biomarkers and therapies.
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Figure 1: “Lipidomics analysis revealed the phospholipid compositional changes in muscle”

4.1 Lipidomic Alterations in Cardiovascular Disease

Cardiovascular diseases (CVD) are among the leading causes of morbidity and mortality worldwide, and lipid
imbalance plays a significant role in the onset and progression of the disease. In the present study, blood and serum
samples from patients suffering from CVD were compared to healthy controls to identify lipidomic markers
associated with the disease.

Results were strongly associated with alterations in the lipid classes, which were phospholipids, cholesterol esters,
and free fatty acids (FFAs). For instance, phosphatidylcholine (PC) and phosphatidylethanolamine (PE) levels were
decreased in the patients with CVD, but the levels of oxidized LDL and cholesterol esters (CE) were increased [25].
Such findings suggest that modified phospholipid metabolism and enhanced lipid peroxidation might contribute to
endothelial dysfunction and the development of atherosclerotic plaque.

Among the significant lipidomic changes occurred in CVD patients, Table 1 has showed:
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Lipid Class | CVD Contr | Statistical

Patien | ol Significa
t Levels | nce  (p-
Levels value)

Phosphatid | 28.5 + | 352 + | p<0.01

ylcholine 2.1 2.8
PO nmol/ | nmol/
mL mL

Phosphatid | 18.4 +|22.1 + | p<0.05

ylethanola | 1.3 1.6
mine (PE) | nmol/ | nmol/
mL mL

Oxidized 150 £|95 =+ |p<0.01
LDL 18 12
pg/mL | pg/mL

Cholestero | 120 +|80 =+ |p<0.01

1 Esters | 15 10

(CE) pg/mL | pg/mL

Free Fatty | 85+10 |70 + 8 | p<0.05
Acids umol/L | pmol/

(FFAs) L

These results agree with previous works indicating decreased levels of phosphatidylcholine and
phosphatidylethanolamine in patients suffering from CVD. The increased level of cholesterol esters also concurs
with the hypothesis of cholesterol ester accumulation potentially serving as an early biomarker for atherosclerosis.
4.2 Lipidomic Changes in Diabetes

Diabetes, especially type 2 diabetes, has another chronic disorder associated with dysfunctional lipid metabolism. In
this research study, the serum lipidomic profiles from diabetic patients were analyzed to find possible biomarkers
that might provide insight into the progression of the disease as well as associated metabolic disturbances.

The triglyceride level was observed to be increased, and phospholipids were decreased. Indeed, this study found an
important increase in the species of triacylglycerol (TAG) and diacylglycerol (DAG), pointing to disrupted fat storage
and insulin resistance [26]. Meanwhile, decreases in phosphatidylserine (PS) and phosphatidylinositol (PI) are
significantly found to point towards disruption in cellular membrane integrity as well as signalling pathways
involving insulin action.
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Figure 2: “Mass Spectrometry-Based Lipidomics Reveals Differential Changes in the Accumulated Lipid

Classes”

Table 2 summarizes the lipidomic alterations in diabetic patients:
Lipid Diabeti | Contr | Statistica
Class c ol 1

Patient | Levels | Significa

Levels nce (p-

value)
Triacylgl | 120 +£]95+12 | p<0.01
ycerol 15 pg/mL
(TAG) ug/mL
Diacylgly | 80 = 10| 60 + 8 | p<0.05
cerol pg/mL | pg/mL
(DAG)
Phosphat | 15+1.2 |20 =+ |p<0.01
idylserin | nmol/m | 1.5
e (PS) L nmol/
mL

Phosphat | 17+1.4 |22 + 2 | p<0.05
idylinosit | nmol/m | nmol/
ol (PI) L mL

With high rates of triacylglycerol and diacyglycerols that were associated with the phenomenon of diabetes, these
lipids suggest a significant interference with metabolic processes caused by alterations in lipid storage and
metabolism as an attribute to insulin resistance. Phosphatidylserine and phosphatidyinols reductions are indicative in

theory of potential contributions by such lipid modifications in interfering with the functions of insulin signals to
metabolisms.

4.3 Lipidomic Alterations in Neurodegenerative Diseases

488



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

Neurodegenerative diseases, including Alzheimer's disease (AD) and Parkinson's disease (PD), primarily manifest as
progressive neuronal degeneration accompanied by cognitive deterioration. Lipidomic profiling of AD and PD
patients demonstrated several significant lipid alterations potentially acting as biomarkers for early detection or
disease progression [27].

Lipidomics Flow Chart
1, Sample Collection 2| Stabilization 3| Extraction
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Figure 3: Lipidomics in Understanding Pathophysiology

There was a significant decline of sphingolipids, especially ceramide and sphingomyelin (SM), in Alzheimer's
patients. Sphingolipids are implicated in cell signaling, neuroinflammation, and apoptosis; its altered state may be
implicated with the loss of integrity and function of neurons. On the other hand, AD and PD patients also manifested
reductions in phosphatidylcholine (PC) and phosphatidylethanolamine (PE) that corresponded with some findings
suggesting that a dysfunction in membrane structure occurs during neurodegeneration [28].

Table 3: Lipidomic differences observed between neurodegenerative disease patients and controls:

Lipid Class | AD Cont | Statistic
Patie | rol al

nt Level | Significa
Level | s nce (p-
S value)

Ceramide 28 +]40 +|p<0.01

(Cer) 3.2 4.1
nmol/ | nmol/
mL mL

Sphingomye |35 =+£|45 +£|p<0.05

lin (SM) 4.5 5.1
nmol/ | nmol/
mL mL

Phosphatidy | 25 +|30 +|p<0.01
Icholine 2.8 3.2
PO nmol/ | nmol/
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mL mL

Phosphatidy | 18 + |23 +|p<0.05
lethanolami | 1.4 2.0
ne (PE) nmol/ | nmol/
mL mL

These results suggest that alterations in lipid composition, specifically sphingolipids such as ceramide and
sphingomyelin, are linked to neurodegenerative disease pathophysiology. These alterations may play a role in
neuroinflammation and neuronal death, hallmarks of Alzheimer's and Parkinson's diseases.

4.4 Comparison with Related Work

The findings of this study coincide with some of the important observations reported in related studies. In the case of
cardiovascular disease, the reductions in phosphatidylcholine and phosphatidylethanolamine, accompanied by
elevated cholesterol esters, are compatible with earlier work that recognized these lipid alterations as possibly being
markers for atherosclerosis and endothelial dysfunction.

This increase in the levels of triacylglycerol and diacylglycerol species in diabetes correlates with reports suggesting
that lipid accumulation in both adipose tissue and muscle is a hallmark of insulin resistance. Further, the decline in
phosphatidylserine and phosphatidylinositol does validate the idea that changes in phospholipids might be implicated
in the dysfunctional insulin signaling noted in type 2 diabetes [29].

For neurodegenerative diseases, the decrease in sphingolipids, mainly ceramide and sphingomyelin, echoes previous
studies that suggest alterations in lipid metabolism are fundamental to the pathogenesis of Alzheimer's and
Parkinson's diseases. These lipid imbalances may be involved in neuronal dysfunction and neuroinflammatory
processes, which are central to the pathogenesis of neurodegeneration [30].
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Figure 4: “Lipidomics Profiles and Lipid Metabolite Biomarkers”

4.5 Implications for Disease Biomarkers and Therapeutic Strategies

These lipidomic changes identified here will prove critical for understanding the pathophysiology of chronic diseases.
Among the lipid species with altered expression, phosphatidylcholine, sphingomyelin and triacylglycerol are
plausible biomarkers for diagnosis at early stage, tracking disease severity or the efficiency of the treatment. For
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instance, cholesterol esters and oxidized LDL can be applied as the biomarkers of CVD, whereas ceramide and
sphingomyelin can be biomarkers of neurodegenerative diseases. In addition to the above changes, lipidomics might
go an extra step to design lipid based therapeutic interventions. Just as the administration of phospholipids or
sphingolipid metabolism might provoke new methods of managing cardiovascular or neurodegenerative illnesses, it
could be similarly exciting to find ways to redress an imbalance in certain phospholipids in particular spaces of the
cell.
V. CONCLUSION
Altogether, this work highlights the need for lipidomics in providing new insights into chronic diseases and call for
increased investment in this field. By employing all types of profiling techniques, it has been possible to get novel
mechanistic information concerning the biochemical alterations in metabolic diseases, neurodegeneration, and
cancer. In addition to the inclusion of high technology, including the machine learning algorithm, within lipidomics
to improve the outcomes of identifying new biomarkers and therapeutic targets followed a path of using lipidomics
for creating a new system of genuine medical application, also known as personalizing medicine, and even more
effective treatment is possible. Indeed, even in a study, it advances proposing exploring of environmental factors or
genetic differences as regards lipid profile that affects the disease and its response to the therapy. It is therefore a
very promising field for early detection of diseases and for the monitoring of disease progression in addition to
identification of new therapeutic targets. In any of its manifestation, lipidomics is a boon in order to decode the
spectrum of biochemical intricacies and interconnections that play a role in the management of chronic ailments, to
redesigning a better phase of preventive and curative healthcare. The findings of this study presented various results
which contribute to the literature of the entire world and clearly depict that lipidomics has a potential to better clinical
result and patients care.
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