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Introduction. Age-related macular degeneration is a multifactorial, polyetiological condition, affecting individuals over 
the age of 50, primarily characterized by progressive and irreversible loss of central vision. In the pursuit of a deeper un-
derstanding of its etiopathogenesis, risk factors, associated biomarkers, and diagnostic metabolites, the omics approach 
plays an essential role. The primary objective of this study was to evaluate selected omics biomarkers along with hemato-
logical and clinical data and to establish their correlations with macular degeneration.

Material and methods A pilot retrospective study was conducted, analyzing medical records of 80 patients admitted to 
the Ophthalmology Department of the Timofei Moșneaga Republican Clinical Hospital. Laboratory parameters were as-
sessed and statistically analyzed using the Statistical Package for the Social Sciences. Statistical methods included binomial 
tests, Wilcoxon Signed-Rank tests, and One-sample tests. The data obtained were compared with the results of a compre-
hensive analysis of the latest scientific literature on age-related macular degeneration.

Results. Omics approach analysis, particularly proteomic and metabolomic analyses, has contributed significantly to the 
identification of metabolic pathways involved in age-related macular degeneration pathogenesis, facilitating the investi-
gation of novel biomarkers for early diagnosis and potential therapeutic targets. In our pilot study, we evaluated clinical 
and biochemical data, including age, sex, laboratory values, and comorbidities, and compared them with currently pub-
lished research data. Statistically significant biomarkers identified included glucose, triglycerides, prothrombin, fibrin-
ogen, platelet count, and leukocyte count. Partially significant (dual) biomarkers included total cholesterol, erythrocyte 
sedimentation rate, and lymphocyte count. No statistical significance was observed for HDL-cholesterol, LDL-cholesterol, 
and international normalized ratio.

Conclusions. Omics approach represents a promising avenue for monitoring, diagnosing, and potentially treating age-re-
lated macular degeneration. By identifying key biomarkers, this approach supports early detection and opens the path for 
advanced therapeutic strategies such as gene therapy, cell-based treatments, complement pathway inhibitors, and nano-
technology-based interventions.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the sub-
mitted manuscript
The precise clinical significance and consistency of omics biomark-
ers in differentiating age-related macular degeneration subtypes 
and stages, particularly in underrepresented populations, remain 
unclear.
The research hypothesis
Specific biomarkers are significantly altered in age-related macu-
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lar degeneration and may serve as both early diagnostic markers 
and therapeutic targets.
The novelty added by manuscript to the already published 
scientific literature
This study introduces new data, categorizes biomarkers by statis-
tical relevance, and links them to the pathogenesis of age-related 
macular degeneration through a multi-test validation approach.

Introduction
According to studies and research conducted since the 

beginning of 2025, this year marks a significant milestone in 
medical advancements across various disciplines, with nota-
ble progress in ophthalmology. A particular focus has been di-
rected toward neurodegenerative ocular diseases. Stargardt 
disease, for instance, is caused by loss-of-function mutations 
in the ABCA4 gene, leading to progressive macular degenera-
tion and eventual vision loss. As an incurable condition, it has 
posed a major therapeutic challenge. However, recent break-
throughs in 2025 have brought promising developments in 
gene therapy, particularly through the identification of novel 
therapeutic vectors capable of precisely editing ABCA4 muta-
tions. These advancements pave the way for potential vision 
restoration and represent a critical step forward in the man-
agement of inherited retinal dystrophies [1].

Additional innovations published throughout the year 
have highlighted the role of gene therapy in the treatment of 
age-related macular degeneration (AMD). Notably, studies 
have demonstrated that a single gene therapy intervention 
targeting retinal pigment epithelium (RPE) cells can induce 
sustained production of anti-angiogenic proteins, offering a 
promising long-term strategy for controlling neovascular-
ization in AMD [2].

AMD is one of the leading causes of vision loss globally 
among individuals over 50 years of age. This research is of 
significant importance, as AMD has emerged as a major public 
health concern. In 2020, approximately 10 million individuals 
were diagnosed with AMD, and current projections estimate 
that this number will double by 2040, emphasizing the urgent 
need for effective diagnostic and therapeutic strategies [3].

AMD is a polyetiological condition influenced by both mod-
ifiable and non-modifiable risk factors. According to recent 
studies, modifiable factors such as smoking, hypertension, di-
abetes mellitus, and cardiovascular diseases are significantly 
associated with an increased risk of AMD. Non-modifiable fac-
tors, including advanced age and male sex, also show a strong 
statistical correlation with disease onset. However, findings 
regarding body mass index (BMI), total cholesterol, and tri-
glyceride levels remain controversial, as these variables have 
not demonstrated statistically significant associations [4, 5].

According to the latest research, AMD is classified into 
several stages: subclinical AMD, characterized by the absence 
of retinal pigment epithelium (RPE) depigmentation and the 
presence of small drusen; early AMD, which involves small 
to medium drusen, focal depigmentation, and impaired dark 
adaptation; intermediate AMD, associated with the accumula-

tion of large drusen and more pronounced RPE changes; and 
advanced AMD, which is currently divided into two forms: dry 
AMD, also known as geographic atrophy (GA), and wet AMD, 
referred to as choroidal neovascularization (CNV) [6-8].

Currently, omics-based approaches – particularly the 
metabolomic one – are increasingly applied in the study 
of AMD, with a focus on the early detection of the disease 
through specific biomarkers and the development of per-
sonalized therapeutic targets tailored to the individual 
pathophysiological profile of each patient. In parallel, efforts 
are being made to implement efficient and early screening 
strategies by integrating artificial intelligence (AI) technol-
ogies into diagnostic workflows [9].

The scientific relevance of this work also lies in its analy-
sis of existing therapeutic approaches for AMD, particularly 
its advanced wet form, which is associated with severe, of-
ten irreversible, vision loss. While anti-VEGF agents remain 
the standard of care, recent advancements have introduced 
complement system inhibition therapies targeting com-
ponents such as C3 (pegcetacoplan) and C5 (avacincaptad 
pegol), the latter approved by the U.S. Food and Drug Ad-
ministration in 2023 [10]. However, these treatments re-
main insufficient for achieving definitive disease control, 
and there is still no effective pharmacological therapy avail-
able for the dry (atrophic) form of AMD.

To elucidate the etiopathogenesis of AMD, enable early 
diagnosis through biomarkers, and identify innovative ther-
apeutic targets, the application of omics-based approaches, 
particularly metabolomics and proteomics, has proven es-
sential. Metabolomics involves the comprehensive analysis 
of low-molecular-weight metabolites (typically < 1500 Da), 
while proteomics focuses on the study of proteins involved 
in biochemical reactions, cellular processes, and metabolic 
pathways [4]. Together, these approaches provide power-
ful tools for the quantitative and qualitative assessment of 
specific biomarkers, offering insights into the pathogenetic 
mechanisms underlying AMD and supporting the develop-
ment of targeted, personalized interventions.

The aim of this study was to identify characteristic bio-
markers in patients diagnosed with age-related macular de-
generation and to interpret their alterations.

Material and methods
The research was based on a pilot retrospective study 

involving the analysis of 80 medical records of patients ad-
mitted to the Ophthalmology Department of the “Timofei 
Moșneaga” Republican Clinical Hospital between 2019 and 
2023. Among the 80 patients diagnosed with age-related 
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macular degeneration (AMD), 42 were men (52.5%) and 
38 were women (47.5%), with a mean age of 71.21 ± 8.81 
years. Relevant data, including metabolic indices and bio-
markers, were analyzed using SPSS version 23 (Statistical 
Package for the Social Sciences) for Windows XP. To assess 
statistical correlations with AMD, binomial tests, Wilcoxon 
Signed-Rank tests, and One-sample tests were applied.

The data obtained were compared with the results of a 
comprehensive analysis of the latest scientific literature on 
AMD. A systematic search of PubMed, MEDLINE, Web of Sci-
ence, and Google Scholar was conducted to identify relevant 
studies published in English up to June 2025. Keywords in-
cluded “age-related macular degeneration,” “retinal degen-
eration,” “metabolomics,” “proteomics,” “biomarkers,” “oxi-
dative stress,” and “lipid metabolism.”

Inclusion criteria were original research articles, reviews, 
and meta-analyses focusing on the AMD pathobiochemical 
mechanisms of ocular damage and potential marker identi-
fication by omics approaches. Data extraction and quality as-
sessment were performed independently by two reviewers.

Results
Among the most researched etiopathogenetic mecha-

nisms of AMD are oxidative stress (OS), nitrosative stress 
(NS), the complement system, lipid peroxidation (LPO), mi-
tophagy, and mitochondrial DNA disorders [7].

The retina functions as a highly active metabolic center, 
with a substantial daily oxygen demand. However, exposure 
to various risk factors, such as psychological stress, aging, 
smoking, sleep deprivation, poor hygiene, and a nutritionally 
inadequate diet, can disturb the equilibrium between the an-
tioxidant defense system and OS. This imbalance leads to the 
accumulation of reactive oxygen species (ROS), which cause 
oxidative damage at the level of the RPE, disrupt retinal me-
tabolism, and contribute to progressive degeneration [9].

Additionally, with aging, lipofuscin (LF) – a cytotoxic and 
phototoxic component – accumulates. It contributes to the ac-
tivation of drusogenesis and, upon exposure to blue light, has 
the property of releasing H2O2 and O2

- (superoxide anion rad-
ical). Transformed into N-retinylidene-N-retinylethanolamine 
(A2E), it influences homeostasis and interferes with cholester-
ol metabolism by inducing OS, accompanied by LPO [11-13].

The hyperoxidative state within LPO initiates a vicious 
circle, which consequently damages DNA, proteins, and lip-
ids, disrupting cellular functionality, survival, and prolifer-
ation, and additionally favoring the accumulation of LF [7].

Microvascular dysfunction is also involved in the deteri-
oration of RPE function, leading to the dysregulation of nu-
trition and vascularization, setting up ischemia and activat-
ing angiogenesis by increasing the production of vascular 
endothelial growth factor (VEGF). Additionally, OS and vas-
cular inflammation are associated, which worsen visual de-
ficiencies, leading to pathological neovascularization, vas-
cular damage, and disruption of the blood-retinal barrier.

Excessive production of ROS impairs the activation capacity 
of the antioxidant defense system and limits its ability to under-
go repair. Consequently, this dysfunction leads to an energy cri-
sis, primarily driven by damage to mitochondrial DNA [14, 15].

OS is one of the main causes of degeneration. Through 
pathological changes produced at the DNA level, it causes 
the activation of the STING (Stimulator of Interferon Genes) 
pathway, a cell signaling pathway located at the endoplas-
mic reticulum, which plays a role in detecting cytoplasmic/
foreign DNA. This activation promotes chronic inflamma-
tion and, ultimately, the degeneration of RPE cells [16].

Moreover, OS triggers the activation of the PINK1/Par-
kin-mediated mitophagy pathway, leading to damage of the 
outer blood-retinal barrier. This impairment contributes to 
reduced choriocapillaris perfusion, resulting in ischemia and 
increased expression of VEGF. These events, in turn, activate 
the p62/Nrf2 signaling pathway, promoting dysregulated 
mitophagy and accumulation of dysfunctional mitochondria, 
thereby disrupting cellular homeostasis. Concurrently, the 
accumulation of PINK1 on the outer mitochondrial mem-
brane and the subsequent recruitment of Parkin initiate the 
degradation of impaired mitochondria [17-19].

Similar to oxidative stress, nitrosative stress also contrib-
utes to the development of AMD through the release of per-
oxynitrite ‒ a cytotoxic byproduct of nitric oxide (NO) dysregu-
lation. This leads to disturbances in choroidal microcirculation 
and degeneration of the retinal pigment epithelium (RPE), 
ultimately promoting neovascularization via upregulation of 
vascular endothelial growth factor (VEGF) synthesis [20].

The enhanced risk of developing degeneration is also 
marked by aberrant activation of the complement system, 
with the alternative pathway being the primary one in-
volved. These processes lead to the dysregulation of cellu-
lar turnover. This hypothesis was supported by research on 
donor eyes, where the presence of C3b deposits and mem-
brane attack complex (MAC) accumulations in the chorio-
capillaris and RPE was confirmed, and components of this 
system were detected within drusen structures [21].

Along with etiopathogenetic mechanisms, significant 
changes are also observed at the level of cellular metabolism. 
Approximately 80%-89% of metabolic alterations involve lip-
ids, for which the following biomarkers are characteristic: total 
cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, 
ApoA1, and ApoB. Very low-density lipoproteins (VLDL) show 
reduced values, in contrast to HDL, whose levels are elevated 
[22]. In the literature, increased activity of the complement 
system alongside reduced cholesterol level and a quantitative 
reduction of glycerophospholipids, which promotes the risk 
of developing AMD as well as other degenerative pathologies. 
Some epidemiological studies have concluded that increased 
HDL levels and reduced triglycerides (TAG) are more charac-
teristic of patients diagnosed with AMD [23-25].

In addition to changes in lipid metabolism, there are also 
changes in amino acid metabolism. Thee EF et al. (2023), in 
the conducted studies, concluded that the following amino 
acids had lower levels: histidine, citrate, alanine, phenylala-
nine, tyrosine, leucine, and valine, and, conversely, the ketone 
bodies, acetoacetate and 3-hydroxybutyrate, were elevated 
[22]. Also, hyperhomocysteinemia considerably increases 
the risk of AMD development via the inflammatory process-
es caused, OS, cell apoptosis, and epigenetic changes, which 
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lead to degeneration [26]. Additionally, it increases the level 
of glutamate, which induces neurotoxicity, promoting mito-
chondrial dysfunction and OS, resulting in cell death [27]. 
Mitochondrial dysfunction has also been found in the case of 
disorders of alanine, glycine, and serine metabolism [28].

As previously mentioned, the retina is an active meta-
bolic center, and relies on glucose as an energy substrate, 
meaning that glucose metabolism cannot be overlooked in 
the case of AMD. Thus, the following changes in glucose me-
tabolism have been observed: elevation of citrate and isoc-
itrate, and a decrease in succinate, glutamine, and α-keto-
glutarate, which promote the secretion of VEGF, responsible 
for macular neovascularization in AMD [29]. Hyperglycemia 
promotes the accumulation of advanced glycation end prod-
ucts (AGEs) which in turn trigger OS and pro-inflammato-
ry pathways, ultimately leading to RPE dysfunction. At the 
same time, hyperglycemia stimulates VEGF expression and 
favors the development of the wet form of AMD [30].

Although there are multiple and varied controversies re-
garding the disorders detected in hemostatic metabolism, 
researchers support the idea that elevated fibrinogen con-
centrations may increase the risk of developing AMD, par-
ticularly its wet form. A few studies suggest that plasmino-
gen activator inhibitor-1 is correlated with the occurrence 
of AMD. However, due to disputes in this area, the factors in-
volved in hemostatic metabolism cannot yet be considered 
potential biomarkers for AMD [31].

In this study, the pilot retrospective analysis was consid-
ered relevant for comparing the data obtained from a select-
ed patient cohort with findings reported in clinical studies. 
The investigation involved the review and evaluation of 80 
medical records of patients admitted to the Ophthalmology 
Department of the “Timofei Moșneaga” Republican Clinical 
Hospital between 2019 and 2023. All patients included in 
the study were diagnosed with AMD, comprising 42 males 
(52.5%) and 38 females (47.5%), with a mean age of 71.21 
± 8.81 years. Relevant available data were extracted from 
the patients’ medical records, including age, sex, laboratory 
indices, primary diagnosis, and comorbidities. These vari-
ables were analyzed using binomial tests, One-sample tests, 
and Wilcoxon Signed-Rank tests in SPSS to determine their 
statistically significant correlations with AMD. The binomial 
test, One-sample test, and Wilcoxon Signed-Rank test were 
applied to assess the statistical significance of categorical 
and continuous variables, allowing for the comparison of ob-
served data with theoretical or clinical reference values, par-
ticularly where normal distribution could not be assumed.

Application of the binomial test identified the pres-
ence of statistically significant biomarkers with values of 
p<0.05, as outlined below: glucose (p=0.022); prothrombin 
(p<0.001); fibrinogen (p<0.001); triglycerides (p=0.031); 
platelet count (p=0.000); leukocyte count (p<0.001); and 
ESR (p=0.017). Statistically insignificant were the values of 
INR (p=0.203), total cholesterol (p=0.458), HDL-cholester-
ol (p=1.000), LDL-cholesterol (p=0.289), and lymphocyte 
count (p=0.110) (Table 1).

Table 1. Results obtained from the analysis of various biomarkers using 
the binomial and Wilcoxon Signed-Rank tests.

Parameter Binomial test Wilcoxon Signed-Rank test
Glucose p<0.022 * p=0.004 **
Prothrombin p<0.001 *** p=<0.001 ***
Fibrinogen p<0.001 *** p<0.001 ***
INR p=0.203 ns p<0.001 ***
Triglycerides p=0.031 * p=0.009 **
Total cholesterol p=0.458 ns p=0.041 *
HDL-cholesterol p=1.000 ns p=0.541 ns
LDL-cholesterol p=0.289 ns p=0.208 ns
Platelet count p=<0.001 *** p<0.001 ***
Leukocyte count p<0.001 *** p<0.001 ***
Lymphocyte count p=0.110 ns p=0.003 **
ESR p=0.017 * p=0.309 ns
Note: Statistical significance compared to the control group: * − p < 
0,05; ** − p < 0.01; *** − p < 0.001; ns – not significant. ESR – erythrocyte 
sedimentation rate; INR – international normalized ratio.

Compared to the results of the Wilcoxon Signed-Rank 
test, some discrepancies were observed. Statistically sig-
nificant laboratory indices in this test included fibrinogen, 
prothrombin, INR, platelet count, and leukocyte count, all 
with p-values < 0.001. Total cholesterol was also significant 
with p=0.041, though close to the significance threshold. 
Additionally, triglycerides (p=0.009), glucose (p=0.004), 
and lymphocyte count (p=0.003) showed statistical signifi-
cance. The biomarkers found to be statistically insignificant 
in this test were ESR (p=0.309), HDL-cholesterol (p=0.541), 
and LDL-cholesterol (p=0.208) (Table 1).

These deviations may be due to study limitations, such as 
the relatively small number of patients involved, given that 
the pathology is not very common in the Republic of Moldo-
va, incomplete laboratory data, lacunar diagnosis, and the 
lack of stratification according to the wet or dry form of AMD.

Another test used to investigate biomarkers associat-
ed with AMD is the One-sample test (Fig. 1). Regarding this 
test, it was observed that glucose has a lower mean value of 
1.7053 and an upper mean of -0.2755, indicating asymmetry 
in the data and suggesting that it is statistically significant, 
thus showing a moderate but meaningful deviation. Prothrom-
bin has a lower mean value of 22.0073 and an upper mean 
of -37.5641, both significant as they lie outside the reference 
range, indicating major deviations from the mean. For fibrino-
gen, the lower mean is 1.2843 (positive), and the upper mean 
is -0.7249 (negative); these data suggest asymmetry and a 
potential imbalance in data distribution. Additionally, devia-
tions were noted for ESR, with a lower mean of 11.3533 and 
an upper mean of -0.3133, not necessarily significant on both 
sides, indicating slight asymmetry. A comparable pattern was 
observed for triglycerides, with a lower mean of 1.3061 and an 
upper mean of -0.4189, suggesting a slight deviation from ref-
erence values. In this test, insignificant deviations were found 
for total cholesterol and LDL-cholesterol, as presented in Fig.1.

As a result of the comprehensive investigation of the ob-
tained data, we can conclude that acquired biomarkers can be 
divided into 3 categories: statistically significant biomarkers, 
dual biomarkers, and statistically insignificant biomarkers.
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Among the statistically significant biomarkers are glu-
cose, triglycerides, prothrombin, fibrinogen, platelet count, 
and leukocyte count. These data confirm the involvement 
of glucose and lipid metabolism disorders–represented by 
triglycerides–in the etiopathogenesis of AMD; hemostatic 
metabolism imbalances, evidenced by changes in fibrino-
gen and prothrombin levels, indicating possible coagulation 
disorders along with platelet count; and last but not least, 
systemic inflammatory process, chronically represented by 
leukocyte count, which suggest an association with the risk 
of progression of macular lesions. These biomarkers thus 
become pathognomonic factors for AMD.

Among the dual biomarkers are total cholesterol, ESR, 
and lymphocyte count. ESR is statistically significant in the 
binomial test (p=0.017) and the One-sample test but is insig-
nificant in Wilcoxon Signed-Rank test (p=0.309), likely due 
to differences in sensitivity to data distribution. Total cho-
lesterol is insignificant (p=0.458) in the binomial test and 
significant, but close to the threshold (p=0.041) in Wilcox-
on Signed-Rank test, indicating unclear deviations from the 
proportion. Additionally, lymphocyte count is insignificant 
(p=0.110) in the binomial test, but significant (p=0.003) in 
Wilcoxon Signed-Rank test, suggesting that the proportion 
does not differ from the clinical reference range, while the 
median level shows discrepancies.

Representatives of the subgroup of statistically insignif-
icant biomarkers are HDL-cholesterol, LDL-cholesterol, and 
INR. Despite studies indicating the active involvement of 
hyperlipidemia in the etiopathogenesis of the disease and 
vascular risk at the ocular level, in the studied population 
we observe the opposite. The possible reason is that these 
biomarkers are not directly correlated with AMD.

Thus, to minimize the discrepancies observed in the 
study, it is necessary to apply several statistical methods to 
avoid presenting erroneous data. At the same time, we con-
clude that the study detected significant biomarkers correlat-
ed with AMD, such as glucose, triglycerides, and fibrinogen, 

indicating that these indices could be promising for assessing 
AMD risk, as they are associated with metabolic and inflam-
matory disorders specific to degeneration. However, to con-
firm these results, paraclinical imaging data of the patients 
involved in the study are also necessary, in particular those 
obtained by optical coherence tomography, as well as their 
medical history (diabetes mellitus, hypertension).

Discussions
In recent years, degeneration has gained momentum prac-

tically on all continents, with research demonstrating inevita-
ble, progressive, and irreversible damage to the visual system, 
resulting in an unfavorable prognosis for this pathology.

As a result of this study, as well as those researched in 
scientific databases, we conclude the importance of modi-
fiable and non-modifiable risk factors, environmental in-
fluences, lifestyle, and genetic factors in the evolution and 
manifestation of degeneration. These data are necessary for 
identifying potential effective therapeutic targets. We have 
presented their impact on health and the devastating conse-
quences that lead to disability [5].

The burden imposed by this condition on individual 
health and societal systems has led the medical community 
to recognize AMD as a public health priority, for which early 
diagnosis and effective treatment are critically needed [3].

The integration of omics technologies, particularly me-
tabolomics and proteomics, has significantly advanced our 
understanding of AMD pathogenesis. Metabolomics enables 
the identification of small-molecule metabolic signatures as-
sociated with disease progression, while proteomics allows 
characterization of changes in protein expression, structure, 
and interactions within retinal tissues. These approaches 
have uncovered new biomarkers and potential therapeutic 
targets, emphasizing their importance in both early diagnosis 
and personalized medicine strategies for AMD [4].

After understanding the etiopathogenetic mechanisms 
of AMD, researchers have identified that restoring the com-
promised antioxidant system can be achieved through sup-

Fig. 1 Lower and upper 
mean estimates of key 

biomarkers in AMD 
patients as identified by the 

One-sample test
Note: a) Data are expressed as 
estimated mean differences. b) 
The One-sample test was used 
to assess whether the sample 
mean significantly deviates 
from the clinical reference 
value for each biomarker. Pos-
itive or negative mean values 
indicate the direction and mag-
nitude of deviation from the 
reference mean. c) ESR – eryth-
rocyte sedimentation rate.



51

Mold J Health Sci. 2025;12(3):46-52Targeting the biochemical signature of AMD

plementation with exogenous antioxidants, such as β-caro-
tene, vitamins C and E, copper, and zinc. The consumption of 
these antioxidants results in approximately a 25% decrease 
in the progression of the neovascular form of AMD over 5 
years. Additionally, administration of lutein and zeaxanthin 
reduces the risk of progression to late AMD. Furthermore, 
consumption of acetyl L-carnitine, ω-3 fatty acids, and coen-
zyme Q10 has demonstrated considerable improvement in 
visual function in patients diagnosed with AMD [32].

Future research directions focus on gene and cell ther-
apy, AI, and the development of targeted, individualized 
treatments aimed at monitoring, exploring, and managing 
the disease. For example, one promising therapy is intravit-
real gene therapy with ADVM-022, which enables continu-
ous production of aflibercept in retinal cells through a sin-
gle injection, effectively inhibiting neovascularization [33].

Anti-VEGF therapy remains the standard treatment for 
wet AMD but has limitations in cases with macular fibrosis 
and carries side effects, including treatment resistance. Ad-
ditionally, complement system inhibitors (pegcetacoplan, 
avacincaptad pegol) have shown promising results in AMD 
therapy but pose a risk of intraocular inflammation, partic-
ularly in geographic atrophy cases [34].

Thus, the omics approach opens new perspectives for 
the identification of AMD biomarkers and the development 
of effective therapies, but further studies are needed to opti-
mize treatments and prevent disease progression.

In conclusion, we support the idea that, as a result of this 
pilot retrospective study, we identified some omics-derived 
indices as potential biomarkers for AMD risk assessment and 
monitoring. However, given the complexity of this pathology, a 
multidisciplinary approach that includes targeted metabolom-
ic and proteomic investigations is essential. Additionally, to re-
duce the limitations encountered during the study, it is recom-
mended to increase the sample size and extend the spectrum 
of monitored and analyzed parameters to avoid deficiencies.

Conclusions
The study highlighted the involvement of several bio-

markers in the pathogenesis and progression of age-relat-
ed macular degeneration (AMD), particularly those related 
to lipid metabolism (e.g., total cholesterol, LDL-cholesterol, 
HDL-cholesterol, triglycerides, apolipoprotein B, apolipopro-
tein A1), glucose metabolism, and hemostatic imbalance (e.g., 
fibrinogen, prothrombin). Among these, our pilot retrospec-
tive study confirmed the statistical significance of glucose, 
triglycerides, fibrinogen, prothrombin, platelet count, and 
leukocyte count, supporting their potential role as biomark-
ers for AMD risk assessment and disease monitoring.

These findings suggest that omics-derived indices, par-
ticularly from metabolomics and proteomics, could help in 
identifying personalized diagnostic and therapeutic targets. 
However, further large-scale, stratified studies are required 
to validate these associations, integrate imaging findings, 
and address current limitations related to data complete-
ness and AMD subtype differentiation.
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