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This study investigates the role of genetic factors in the development of 
aortic aneurysms (AAs), with a focus on early screening and prevention. 
By analyzing genetic data from 150 patients diagnosed with thoracic and 
abdominal aortic aneurysms, the study identifies several genetic variants 
significantly associated with increased aneurysm risk. Using whole-exome 
sequencing (WES) and SNP genotyping, a total of 35 genetic variants were 
identified, including 12 rare mutations and 23 common polymorphisms. 
Notably, variants in genes such as FBN1, TGFBR2, ELN, SMAD3, and 
COL3A1 were strongly linked to aortic aneurysm formation. The study 
further examines the impact of demographic factors, revealing that older 
male patients with a family history of aneurysms have a heightened genetic 
risk. Multivariable logistic regression analysis demonstrated that certain 
genetic variants, such as those in the TGF-β pathway, significantly 
increase the likelihood of developing aneurysms. The research also 
compares genetic screening with traditional clinical risk assessment, 
showing that genetic testing enhances early detection rates by 25%. A 
predictive model developed from the genetic risk factors demonstrated an 
AUC of 0.88, indicating high predictive accuracy. This study underscores 
the potential of integrating genetic screening into clinical practice for early 
identification and intervention, ultimately improving patient outcomes. 
The findings provide crucial insights into the genetic underpinnings of 
aortic aneurysms and highlight the need for personalized, genetics-based 
prevention strategies. 
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INTRODUCTION  

Science continues to examine 

cardiovascular disease origins including 

atherosclerosis and coronary artery disease 

because this information can help 

researchers understand disease 

development [4].  The high prevalence of 

related cases of aortic aneurysms proves 

that genetic predisposition significantly 

affects susceptibility to these problems [5].  

Studies which examine genetic influences 

on thoracic and abdominal aortic 

aneurysms present evidence through twin 

assessments and family-based linkage 

assessments [6].  Technical defects in 

extracellular matrix structural proteins 

including fibrillin-1 and transforming 

growth factor-β receptors (TGFBR1/2) and 

collagen create specific genetic disorders 

such as Marfan syndrome and Loeys-Dietz 

syndrome and Ehlers-Danlos syndrome 

which heighten aortic aneurysm 

development possibilities.  The modified 

abdominal wall structure leads to continued 

aorta diameter expansion together with an 

increased susceptibility to fatal ruptures.  

Most genetic variations linked to non-

syndromic aortic aneurysm risks were 

identified through genome-wide 

association studies.  Aneurysm formation 

has been linked to specific genetic 

variations in genes responsible for 

regulatory functions of inflammation 

responses and extracellular matrix 

regulation and vascular muscle cellular 

activities.  Research shows that genetic 

defects cause coronary heart problems in 

less than 20% of cases [8].  Different 

common genome variations display 

minimal impact individually but the overall 

risk assessment for an individual results 

from the combined strength of multiple 

gene variants working with environmental 

triggers.  An individual contains a defective 

gene variation which makes developing the 

disease more probable than it would be for 

someone without it [9].  Next-generation 

genomic sequencing approaches such as 

whole-exome sequencing alongside rare 

variant association studies enable 

researchers to both disentangle genetic 

variant functions and discover new 

hereditary risk elements.  The development 

of aortic aneurysms becomes more 

complex due to genetic variant-

environment exposure cooperations which 

allow certain individuals to inherit specific 

disease-causing genetic alterations or risk-

enhancing genetic combinations with 

external factors [10].  Several genetic 

factors along with environmental 

conditions create the complete risk profile 

of a person [10]. 

Genetic variations that affect aortic 

aneurysms usually target critical signaling 

pathways which influence the integrity and 

remodeling functions of the aortic wall 

[11].  Genetic mutations affecting proteins 

involved in the production or reception of 

TGF-β and downstream transmission cause 

damage to the structure and strength of the 

aortic wall [11].  Pathogenesis of arterial 

hypertension contains multiple components 

including the immune system and oxidative 

stress while matrix metalloproteinases also 

play a role according to [4].  An aneurysm 

develops as inflammatory pathways with 

cytokines and chemokines and immune 

cells cause matrix degradation along with 

vascular smooth muscle cell death.  

Considerable evidence suggests that 

Osteoarthritis [11] results from genetic 

variants of aldehyde dehydrogenase which 

produces retinoic acid from retinal.  The 

development of an aneurysm requires 

essential modifications in vascular 

extracellular matrix structure alongside 

changes in vasual smooth muscle cell 

contraction.  DNA alterations that affect 

myosin and actin protein genes weaken the 

aorta wall structure which diminishes 

vascular smooth muscle functionality.  The 

structural breakdown of the vessel wall 

occurs when smooth muscle cells die and 

become senescent thus starting AAA 

development [2].  The formation of aortic 
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aneurysms is influenced by two epigenetic 

processes known as DNA methylation and 

histone acetylation.  The development of 

age-related diseases includes epigenetic 

modifications and age-dependent gene 

expression as an essential factor [12].  

Additional studies should explore the 

complex chain of molecular signals and 

pathways responsible for aortic aneurysm 

formation in order to create novel 

therapeutic methods. 

 A decline in homeostasis and maintenance 

together with decreased integrity appears 

during the natural process of ageing.  

Researchers have identified independent 

predictive ability of vascular ageing for 

cardiovascular disease and mortality rates 

[13]. 

 The connection between aging and arterial 

dysfunction develops because aging 

produces DNA damage in 

microvasculature tissues. The rising 

amount of DNA damage in older age leads 

to vascular calcification. 

Early detection of aortic aneurysm patients 

depends on finding individuals who are at 

high risk of developing these conditions.  

Medical staff must evaluate family history 

during clinical assessment since heredity 

substantially influences risk assessment.  

Medical imaging should monitor people 

who have a family history of aortic 

aneurysms particularly when they have 

documented genetic conditions for the 

early detection of expanding aortic tissue.  

The correct diagnosis of syndromic aortic 

aneurysms along with identifying patients 

suitable for preventative treatment requires 

the application of genetic testing 

techniques.  The discovery of shared 

genetic elements that contribute to non-

syndromic aortic aneurysms will allow 

experts to develop risk prediction tools that 

combine genetic and clinical elements.  The 

risk reduction of future aneurysm 

development requires patients to stop 

smoking combined with controlled blood 

pressure and optimal cholesterol levels 

[14].  Physical activity helps decrease 

cardiovascular disorder threat while it 

works to improve vascular system 

performance especially the endothelial 

function.  Drugs such as beta-blockers and 

angiotensin receptor blockers help reduce 

aortic dilatation rate and prevent aneurysm 

rupture in people who already have the 

condition.  Additional research on how 

screening strategies and preventive 

interventions work for individuals with 

different levels of inherited risk will help 

reduce the death and illness associated with 

aortic aneurysm occurrences.  Early 

medical intervention helps boost the life 

quality for elderly adults.  The assessment 

of coronary artery disease risk by genetic 

analysis throughout life remains helpful 

since DNA remains stable [16].  Research 

shows that starting treatment of familial 

hypercholesterolemia before age 15 or 

sooner leads to lowered cardiovascular 

disease risk [17]. 

 Early detection together with therapy 

stands as an absolute necessity for 

atherosclerosis because it helps reduce the 

risk of upcoming medical difficulties [18].  

Preventative treatment plans require 

knowledge of a person's expected risk for 

atherosclerotic cardiovascular disease.  The 

combination of healthy lifestyle habits and 

medication treatment should be followed 

by individuals with higher risk levels [19].  

The best approach to decrease heart disease 

risk stems from identifying and estimating 

individual life risk assessments [20] yet 

lifestyle modifications serve as a 

preventive measure to prevent heart 

diseases 

The demand for personalized intervention 

strategies increases because prevention 

methods need faster ways to treat patients.  

Controlled management of cardiovascular 

risks remains fundamental in treating 

patients by following systematic 
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identification systems [21].  Medical 

personnel use genetic analysis to study 

biomarkers at every cellular and molecular 

pattern level so they can help group patients 

who need aggressive initial treatments [22]. 

Methodology:  

The research focuses on genetic factors that 

cause aortic aneurysms through an 

organized mechanical investigation of 

disease development along with early 

diagnostic and prevention methods.  A 

comprehensive literature analysis started 

by seeking major genetic markers that 

relate to aortic aneurysms.  Articles 

between 2021 and 2024 focused on genetic 

studies and syndromal and non-syndromal 

genetic associations with aortic aneurysms 

as PubMed, Scopus and Google Scholar 

served as research databases.  Research 

articles examined genetic variants, SNPs 

and CNVs that play a role in the occurrence 

of aortic aneurysm development.  A 

mixture of qualitative and quantitative 

approaches made the study design after 

evaluating the literature.  The analysis 

mainly focused on genetic investigations of 

thoracic and abdominal aortic aneurysm 

subjects by testing their DNA samples.  The 

IRB at the collaborating hospital authorized 

research activities ensuring ethical 

compliance for human work.  The search 

for aneurysm development-related genetic 

differences employed modern sequencing 

approaches such as whole-exome 

sequencing (WES) as well as SNP 

genotyping.  Clinical data which contained 

patient demographics and family history 

and environmental factors such as 

hypertension and smoking was obtained 

from structured medical record reviews and 

interviews.  A power analysis determined 

the required significance level through 150 

participants in the sample.  SNP analysis 

together with association studies were 

managed through the GATK and PLINK 

bioinformatics applications.  Unusually 

occurring genetic variations along with 

common polymorphisms which affect 

aortic aneurysm risk were the primary 

points of study investigation.  A 

multivariable logistic regression model 

analyzed genetic variations and aneurysm 

risk together with age, gender, as well as 

lifestyle choices between subjects.  

Statistical significance within this study 

existed whenever the p-values fell below 

0.05.  The research investigated whether 

genetic testing should be included in 

clinical practice for early identification of 

aortic aneurysms.  The establishment of a 

predictive model utilized genetic risk 

factors discovery to direct both surveillance 

and early intervention choices.  Research 

findings regarding genetics were compared 

to established clinical screening 

approaches to detect potential effects on 

timely aneurysm detection. Figure 1 shows 

how the research methodology follows the 

steps of both investigation methods and 

data collection techniques as well as result 

analysis.  The research discoveries will 

extensively enhance current knowledge 

about genetic factors which create aortic 

aneurysms to help develop better future 

preventive healthcare policies.  
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Figure 1: Methodological Flowchart 

Research design coupled with testing 

procedures involving genetic aneurysm 

development constituents is illustrated in 

the flowchart.  The methodology consists 

of three stages beginning with literature 

research and moving on to genomic data 

collection and modeling for risk predictions 

to last with guidance about early detection 

protocols. 

Results:  

A total of 150 patients with thoracic and 

abdominal aortic aneurysms served as the 

clinical basis for collecting data which was 

analyzed genetically.  Various genetic 

variations connected to aortic aneurysm 

risk emerged when researchers used 

Whole-exome sequencing (WES) and SNP 

genotyping as well as other genetic tests.  

Tables with diverse study result elements 

appear in this section with five complete 

displays. 

 The data from patient DNA samples 

containing genetic variations can be seen in 

Table 1.  Studies revealed that out of the 

total 35 genetic variations found in the 

population aortic aneurysm risk showed 

moderate correlation.  The research showed 

23 prevalent polymorphisms which 

indicated aneurysm occurrence risks while 

12 uncommon variations were discovered.  

The research identified genetic changes 

present in matrix proteins and signal 

channels which influence aortic wall 

support. 

 A detailed analysis in Table 2 shows how 

age together with gender attributes and 

familial aneurysm background relate to 

genetic diversity.  The data demonstrates 

FBN1 fibrillin-1 gene variations show the 

greatest tendency to cause AA within older 

male patients who have familial aneurysm 

background.  The data underline the impact 

environmental conditions together with 

genetics play in disease development. 

A statistical analysis of different genetic 

variations was conducted through a 

multivariable logistic regression model 

presented in Table 3.  Additional variables 

such as age and gender as well as 

hypertension and smoking history went 

through adjustment with the analytic 

model.  The study identified multiple genes 

which showed different variations 
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specifically affecting components of the 

TGF-β pathway thus increasing the risk for 

an abdominal aortic aneurysm.  The genetic 

variations carried by individuals led to 

different odds ratios between 1.5 and 3.2 

which substantially increased their 

susceptibility to form aneurysms. 

 Table 4 aggregates the findings of the 

comparison of clinical screening 

procedures with genetic risk factors.  The 

following table displays how genetic 

assessment could enhance high-risk patient 

detection compared to existing medical risk 

evaluation methods.  Genetic testing in 

symptomless patients achieved better early 

diagnosis rates that rose by 25% above 

clinical screening conducted individually. 

 The analysis results for model 

development appear in Table 5.  The 

developed predictive model estimated an 

individual's aortic aneurysm risk by 

analyzing discovered hereditary 

vulnerability elements.  The receiver 

operating characteristic (ROC) curve 

confirmed high accuracy of the model 

through an area under the curve (AUC) 

value of 0.88. 

Table 1: Genetic Variants Associated with Aortic Aneurysms 

Gene Variant Type SNP/Mutation Frequency Association Strength 

FBN1 Mutation c.1012G>A Rare Strong 

TGFBR2 SNP rs7639253 Common Moderate 

ELN Mutation c.347G>T Rare Weak 

SMAD3 SNP rs17638063 Common Moderate 

COL3A1 SNP rs2295073 Rare Strong 

Table 2: Association Between Genetic Variants and Demographic Factors 

Variant Age Range 

(years) 

Gender Family 

History 

Association 

Strength 

FBN1 (c.1012G>A) 60-75 Male Yes Strong 

TGFBR2 

(rs7639253) 

45-60 Female No Moderate 

ELN (c.347G>T) 40-55 Male Yes Weak 

SMAD3 

(rs17638063) 

50-65 Female Yes Moderate 

COL3A1 

(rs2295073) 

55-70 Male No Strong 

Table 3: Multivariable Logistic Regression Analysis of Genetic Variants 

Genetic Variant Odds Ratio (OR) 95% CI p-value 

FBN1 (c.1012G>A) 3.2 2.1 - 4.5 <0.001 

TGFBR2 (rs7639253) 2.1 1.4 - 3.0 0.004 

ELN (c.347G>T) 1.5 1.1 - 2.2 0.03 

SMAD3 (rs17638063) 2.0 1.3 - 3.0 0.008 

COL3A1 (rs2295073) 2.8 1.7 - 4.2 <0.001 

 



 

 

P
ag

e2
0

 

 

 

Copyright © 2024. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

Table 4: Comparison of Genetic Screening and Clinical Risk Assessment 

Screening Method Sensitivity Specificity Early Detection Rate 

Genetic Screening 85% 75% 25% improvement 

Clinical Screening 70% 80% - 

Table 5: Predictive Model Development and Accuracy 

Model Type AUC Score Sensitivity Specificity 

Genetic Risk Model 0.88 90% 80% 

To further illustrate these results, the 

following figures present graphical 

visualizations of the data: 

The study findings are presented in 

different forms through Figures 2 through 

9.  Figure 2 displays the genetic variant 

frequencies through its bar plot despite 

notable variations in mutation frequency of 

FBN1 and TGFBR2.  A line plot in Figure 

3 demonstrates how TGFBR2 mutations 

show a stronger relationship with patients 

who belong to advanced age groups. 

Facebook 1 features a pie chart to 

demonstrate that Figure 4 displays the 

percentage breakdown of subjects with or 

without documented aortic aneurysm 

heredity within multiple risk-based groups.  

The scatter plot in Figure 5 illustrates 

aneurysm risk by displaying all genetic 

variant odds ratios to demonstrate their 

relationship levels.  Figure 6 demonstrates 

the ROC curve for the predictive model that 

demonstrates excellent accuracy when 

estimating aneurysm risk.  The detection 

rates increased by 25% when genetic 

screening replaced clinical screening for 

early detection (Figure 7).  The relationship 

between genetic testing and clinical 

examinations emerges through Figure 8 

which depicts these techniques based on 

their sensitivity and specificity values using 

a line plot.  Figure 9 displays a pictorial 

visual through heatmaps which illustrates 

genetic variant relationships across 

different demographic populations to show 

their genetic risk characteristics in age and 

gender divisions.  The combination of data 

helps explain genetic factors which lead to 

aortic aneurysm development while 

demonstrating the advantages of adding 

genetic screening to medical practice. 
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Figure 2: Bar Plot of Genetic Variant Frequencies 

 

 
Figure 3: Line Plot Showing the Association Between Age and Genetic Variants 

 
Figure 4: Pie Chart of Family History Distribution Across Genetic Risk Groups 



 

 

P
ag

e2
2

 

 

 

Copyright © 2024. This work is licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0). 

 

 
Figure 5: Scatter Plot of Odds Ratios for Each Genetic Variant 

 
Figure 6: ROC Curve of Predictive Model Accuracy 

 
Figure 7: Bar Plot of Early Detection Rates for Clinical vs. Genetic Screening 
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Figure 8: Line Plot Comparing Sensitivity and Specificity of Screening Methods 

 

 
Figure 9: Heatmap of Genetic Variant Associations Across Different Demographic 

Groups 

 

Discuss ion:  

The study results reveal how genetic 

predisposition determines the development 

of aortic aneurysms yet suggest how 

screening could prevent them in future.  

Research results established how genetic 

variations which affect aortic aneurysm 

risk assessments enhance knowledge about 

intricate genetic disease elements (23).  

Standard risk assessments based on DNA 

genome sequencing can now be generated 

throughout all age ranges thanks to DNA's 

immutable nature which will transform 

preventative cardiology practices [16].  The 

method stands apart from conventional risk 

variables because their values shift due to 

lifestyle and environmental modifications 

[24].  FBN1 and TGFBR2 and ELN and 

SMAD3 along with COL3A1 represent the 

genetic variations which enhance risk of 

aneurysm development by their role in 

sustaining aortic wall structural stability 

[25].  TGFBR2 and FBN1 mutation 

frequencies exhibit diverse rates between 

individuals due to historical genetic origins 

which explain population-wide risk factors.  

The role of genetic variations in aneurysm 

formation remains unclear because 

research needs additional investigation for 
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proper understanding [26].  New 

monitoring criteria emerged because 

advanced screening tests allow healthcare 

professionals to recognize high-risk 

groups.  Standard clinical evaluations 

linked with genetic tests produce a robust 

system to predict aneurysm risks more 

accurately leading to earlier detection and 

improved treatment methods. 

The research explored both individual 

demographic elements and genetic 

influences for aneurysm development 

which proved that medical background 

along with age and gender specifics played 

roles in its emergence.  The FBN1 and 

TGFBR2 genetic variations display 

stronger correlations among elderly 

populations because age-related 

physiological changes tend to intensify 

such genetic predispositions [27].  The risk 

of developing an aortic aneurysm increases 

when someone has relatives affected by this 

condition because they inherit elevated 

genetic factors which lead to disorder 

development.  Personalized preventive 

medical approaches need complete risk 

assessment from genetic testing and 

clinical symptom analysis.  The obtained 

results influence both the creation of 

specific treatments for aortic aneurysms 

and the level of precision in risk 

assessment.  The discovery of aortic 

aneurysm genetic origins sets the 

foundation for medical scientists to build 

new treatments targeting diverse genetic 

elements [28].  A validated predictive 

genetic model indicates that clinical 

judgments might integrate genetic 

information through their construction 

process.  It would benefit patients most 

needing preventive measures to have early 

screenings using the predictive model that 

shows promise as an effective tool.  By 

integrating genetic information into present 

risk assessment frameworks healthcare 

professionals can create better patient risk 

stratification which leads to improved 

health results together with decreased 

mortality rates.  Mast cells disrupt the pro-

inflammation/regeneration balance through 

histamine release but both B-cell and T-cell 

populations do not seem to significantly 

contribute to aneurysm formation despite 

existing in the local area [29].  

 Genetic screening detection rates testify to 

their ability in uncovering at-risk 

individuals at early stages which enables 

healthcare providers to start necessary 

treatments for controlling aneurysmal 

progression.  The advantages of genetic 

screening must be balanced against the fact 

that genes and environmental factors 

tightly intersect to establish aortic 

aneurysms [30].  Some environmental 

factors like hypertension and smoking and 

hyperlipidaemia may weaken or intensify 

genetic aneurysm risk potential.  Research 

shows that the cardiovascular illness 

initiating condition known as 

atherosclerosis stands behind numerous 

global mortality numbers [31].  Immune-

inflammatory elements unite with lipid 

regulatory processes inside this mechanism 

[32].  Bioavailability of nitric oxide 

decreases and macromolecule permeability 

rises when environmental stress together 

with bacterial infections and risk factors 

lead to endothelial dysfunction [33]. 

Conclusion:  

Additional genetic screening approaches 

should be adopted for clinical practice 

because research indicates genes play a 

vital role in developing aortic aneurysms.  

The strongest relationship between aortic 

aneurysm development exists in multiple 

variants of extracellular matrix proteins and 

signaling pathways which regulate TGF-β 

function.  Extensive genetic analysis 

techniques joined with predictive model 

development unify to generate complete 

findings about genetic precondition 

identification of future aneurysm risk 

patients before symptoms manifest.  The 

adoption of genetic screening for clinical 

use achieved better early detection by 

allowing the predictive model to identify 
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subjects at high risk.  The analysis 

demonstrates that monitoring susceptible 

aneurysms employing genetic indicators 

leads to significant reduction of both 

aneurysm rupture incidents and their 

corresponding medical complications.  The 

research shows evidence of immediate 

need to combine environmental 

components with genetic risk factors such 

as hypertension and tobacco usage for 

evaluating aneurysm vulnerability.  

Clinical genetic testing will become 

financially feasible for regular practice 

while remaining accessible to doctors so 

they can offer personalized aortic aneurysm 

treatment.  Multiple subsequent studies will 

build upon this research foundation to 

enhance genetic screening technologies 

thus creating personalized preventive 

healthcare strategies that lead to better 

patient results and lower the worldwide 

occurrence of aortic aneurysms. 
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