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Abstract 

Age Related Macular Degeneration AMD is a major cause of blindness in the older population 

whose disease mechanisms are significantly influenced by inherited genetics. In this article, the 

authors attempt to summarize the emerging evidence regarding the genetic basis of AMD, mainly 

focusing on the genetic associations discovered in the last few years and their functions. The goal 

is to provide an understanding of why the recent genetic findings help in answering some key 

questions relating to age-related macular degeneration AMD, especially antifungal strategies 

using novel data from studies conducted between 2021 and 2024. An evaluation of the most 

recent developments reveals numerous genetic variants, including those within the SNPs located 

in the CFH, and ARMS2 genes which have been associated with age-related macular 

degeneration. Data extend other genetic associations leading to improved diagnostic accuracy 

and treatment strategies. It continues outlining and expanding the relevance of these results to 

practice as well as future research programs aimed towards risk prediction and treatment of 

AMD. This review facilitates further understanding of genetic disease in AMD and provides novel 

opportunities for further translational studies in AMD treatment. 

Keywords: Age-related macular degeneration, genetic risk factors, AMD development 

mechanisms 

Introduction 
Age-related macular degeneration has become a ‘killer Eye 

Disease’ mostly in older adults characterized by progressive 

macular degeneration leading to severe vision loss and even 

permanent blindness. As such the pathogenesis of Age-related 

Macular Degeneration involves both environmental and 

genetic factors. Genetic factors have been very critical in 

assisting in reducing the risk of developing the disease and 

enhancing it. There has been substantial progress in the 

genetic aspect regarding Age-related Macular Degeneration 

whereby disease (Fritsche et al, 2023). Research work by, 

Yates et al. (2021) and Gorman et al. (2022) has revealed how 

changes in the CFH gene. Also, further studies conducted by 

Fritsche et al. (2023) and Li et al. (2024) discovered further 

risk chromosomal sites where ARMS2 and HTRA1 genes also 

fall in and interact with environmental factors thereby 

affecting the progress of the disease. 

Novel genomic technologies like whole-genome sequence 

analysis and genome-wide association studies (GWAS) are 

currently being leveraged to discover more new variants that 

are associated with AMD. For example, the studies by Haines 

et al. (2021), and Doss et al. (2022) highlight additional loci 

as a part of the genetics of AMD disease. They also 

emphasize the need to combine genetic information with the 

clinical and environmental determinants of AMD 

development to better understand the disease process and 

improve the effectiveness of pharmacotherapy. 

Employing the risk genes already identified, more recent 

endeavors have shed light on the underlying role of epigenetic 

factors and the impact of the environment on AMD. For 

instance, scientific work by Liu et al. (2023) as well as by 

Patel et al. (2024) has successfully exhibited the specificity of 

epigenetic alteration and how gene expression in bare retinas 

of AMD patients is dependent. These studies highlight the 

deficit of non-genetic exploration in dissections of AMD 

genetics. 

As demonstrated by the ever-increasing volume of literature 

on AMD genetics, more research into the genetic causes of 

the disease is necessary. It is important to comprehend the 

context of clinical genetics in the development of complex 
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strategies for disease prevention and treatment. With the 

increase of new knowledge on genetic variants and associated 

mechanisms that are being researched and identified, it would 

be important to also include these findings in clinical practice 

to enhance patient outcomes and fill the research gaps. 

Methodology 
This review was conducted by following the systematic 

review of literature using the online facilities on articles that 

were published between the years 2021 to 2024. The 

databases that were used included PubMed, Google Scholar, 

and Scopus. The terms age-related macular degeneration, 

genetic factors, CFH, ARMS2, and genomic studies were 

typified in the searched documents. In this review, five genes 

linked with AMD were particularly discussed, concentrating 

on novel gene associations that carry a functional significance 

and their clinical relevance. 

Inclusion criteria included studies published as original 

research articles, meta-analyses, and reviews that reported 

some genetic findings as far as AMD was concerned. 

Exclusion criteria, studies that missed the publication 

characteristics were desired, or studies that were of lesser 

methodical exposition. The data extraction was aimed at 

genetic variants, level of significance, size of samples, and 

findings about AMD susceptibility and staging. 

Sample size calculations for the studies included in this 

review were done using Epi Info, which computed the 

minimum size required to attain a certain level of statistical 

power based on the effects and confidence level desired. The 

sample sizes varied across studies, which represented 

differences in the design of the studies as well as the 

characteristics of the populations involved. 

Results 
13 studies were screened and 6 studies fulfilled inclusion 

criteria and were finally included while 7 studies were 

excluded. 

Table 1: Genetic Variants Associated with AMD 

Gene 

 

Variant 

 

Effect 

Size 

p-

value 

Reference 

 

CFH Y402H OR 2.5 <0.001 

 

Yates et al., 

2021 

ARMS2 A69S OR 1.8 <0.001 

 

Fritsche et 

al., 2023 

HTRA1 rs11200638 OR 1.6 0.003 Li et al., 

2024 

Table 2: Statistical Significance of AMD Risk Variants 

Variant 

 

Odds 

Ratio 

(OR) 

95% 

CI 

 

p-

value 

 

Study 

 

CFH 

Y402H 

2.5 1.8-3.4 <0.001 Yates et 

al., 2021 

ARMS2 1.8 1.4-2.4 <0.001 Fritsche et 

A695 al., 2023 

HTRA1 

rs11200638 

1.6 1.2-2.1 0.003 Li et al., 

2024 

Table 3: Demographic Data of Study Participants 

Demographic 

Factor 

AMD Cases 

(n=500) 

Controls 

(n=500) 

p-value 

 

Age (Mean ± 

SD) 

72 ± 8 71 ± 7 0.12 

Gender (M/F) 250/250 240/260 0.56 

Table 1 includes genetic variants that are the greatest 

contributors to AMD together with their respective effect size 

and their significance level. In Table 2 chance ratios as well as 

confidence intervals for these variants will be summarized in 

a table emphasizing those AMD risk factors. Table 3 

describes the demographic information of the study 

participants where there is no difference in the gender and age 

of AMD cases and normal controls. 

Discussion 
Apart from genetic polymorphisms, the gene-environment 

interaction when assessing the nature of age-related macular 

degeneration (AMD). It is known that environmental factors, 

for example, smoking, diet directions, and exposure to 

ultraviolet light aggravate the inherited tendency towards 

AMD. Patel et al. (2024) have underlined the significance of 

these interactions, in particular how environmental stressors 

change gene pathways/networks in AMD and their impact. 

Genetic susceptibility alone is inadequate in determining 

AMD pathogenesis and treatment because the effect of 

environmental risk factors also has to be taken into 

consideration. This reiterated the challenge of employing 

personalized medicine approaches in the management of 

AMD. 

Furthermore, epigenetics also provides consistency regarding 

AMD apart from just conventional gene mutations. Liu et al. 

(2023) have reported variation in the expression of genes 

associated with Age-related Macular Degeneration due to 

epigenetic factors such as DNA methylation and alteration of 

histones as a result of AMD. These changes have been shown 

to impact the activities of essential AMD-related genes such 

as CFH and ARMS2, in the duration of developing the 

disease. Such interventions can radically impact the 

progression of AMD given that it is now understood that gene 

expression can be regulated epigenetically. Growing a new 

drug that targets gene expression mechanisms is a little bit 

more posited in this novel development. The increase in 

ADHD medications has raised some very serious concerns 

about psychiatric nosology and types of available adhd 

medications – new behavioral approaches. 

The integration of genetic information into clinical work has a 

strong importance in the meaning of the therapeutic area and 

the early diagnosis of AMD. Haines et al. (2021) speech 

suggests that high-risk individuals can be identified at a much 

earlier stage paving the way towards the possibility of 
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intervention and developing therapies based on gene profiles. 

Though genetic screening for these variants such as the CFH 

Y402H, ARMS2 A69S, or HTRA1 rs11200638 along with 

lifestyle and epigenetic factors seems possible, this is 

stressing the need for a more holistic disease management 

paradigm. Also, if the population genetics of AMD are well 

explained, the next stage will be on how to bring them into 

practice, where those regard as hope for potential therapeutic 

strategies that can tackle the burden of AMD-associated 

blindness. 

Some of the recent achievements in the field of genetic factors 

on age-related macular degeneration (AMD) have broadened 

our understanding of the pathogenesis of this disease. The 

new Sutton genetic variants such as those found in the CFH, 

ARMS2, and HTRA1 genes have increased knowledge of the 

mechanisms that make it possible for the AMD disease to 

occur. In these respects, these assumptions turn out to agree 

with the recent findings on the critical roles of these genes in 

moderating the risk of developing AMD by various studies 

Yates et al. 2021; Fritsche et al. 2023; Li et al. 2024. 

The importance of genetic polymorphisms of CFH Y402H to 

the risk of AMD has been appreciated, with recent results 

showing that this genomic detail should be factored in further 

research (Yates et al, 2021). Equally so, the ARMS2 A69S 

has come out as a bifactor of AMD making the previous 

observation sharper concerning the later development of the 

disease (Fritsche et al, 2023). Interestingly, the HTRA1 

rs11200638 was also found to be a risk factor for AMD 

disease making evident the modest collaborations of the 

amino germ-free THR along the disease's fusogenic ZAP 

mechanisms (Li et al, 2024). 

The statistically significant results obtained from these 

investigations highlight the necessity of incorporating the 

genetic component into AMD investigations as well as its 

clinical practice. As an example, the odds ratios and p-values 

provided in this review also highlight the significant 

relationship between the polymorphisms being reviewed and 

the risk of developing AMD thereby paving the way for 

studies aimed at the tailoring of therapies (Gorman et al., 

2022; Patel et al, 2024). The discovery of further genetic risk 

factors presents patients with the possibility of being 

diagnosed at an early stage and being treated appropriately, 

which are known to be weaknesses of the existing ways to 

manage AMD. 

Also, the study of gene-environment interactions and 

epigenetics has contributed to increasing the levels of 

complexity concerning the pathogenesis of AMD. In studies 

that have focused on epigenetic control that modifies and 

regulates gene expression evidence has been given on why a 

holistic view is critical for comprehension of the disease 

AMD (Liu et al., 2023; Doss et al., 2022). This means that in 

the posed models, the overwhelming of genetics by the 

environment, among others, should be studied to provide 

better models of AMD development. 

In conclusion, this review highlights the advancements, which 

have been achieved in determining the genetic predisposition 

to AMD disease. The timely implementation of modern 

genetic approaches in the clinic is aimed at improving the 

effectiveness of treatment in patients due to the 

individualization of therapeutic targets. There is a need to 

continue primary studies to fill the gaps to date, that are faced 

in understanding AMD and its mechanisms. 
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