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INTRODUCTION 

Aortic dissection (AD)  generally is defined when the 

aortic media separates from the intima; this causes blood 

to collect in this area; the aorta wall will then eventually 

develop intimal tears and ultimately creates the real and 

false aortic lumens of two blood vessels.
[1-4]

 AD patients 

are typically asymptomatic until the aorta wall ruptures 

catastrophically, which results in blood leaking into the 

aortic wall's layers and layer denudation; the disease has 

a high serious risk of morbidity and mortality.
[5-7]

 Early 

diagnosis allows important decisions to be performed 

before acute dissection, which is likely to have better 

clinical outcomes and increases survival rate and 

decreases premature deaths from rupture or other 

dissection-related complications.
[8]

 Patients with 

complain of mid-back and central chest pain, similar to a 

heart attack, when they approach the emergency room
[9]

 

and the incidences of AD in emergency departments 

range from 5.93/100,000 to 24.92/100,000.
[10]

 

Occasionally, the pain may be described as tearing or 

splitting and may radiate to the upper back or neck. In 

addition, that can mimic ischemia, resulting in a false 

diagnosis. The condition may deteriorate to the point 

where it affects the aortic branches and can spread both 

proximally and distally, resulting in a range of 

symptoms.
[11,12]

 The coronary ostium may pressed by the 

enlarged false lumen in 10% to 15% of patients with type 

A dissection, leading to varying degrees of myocardial 

ischemia and infarction.
[13]

 Equivalents in terms of 

electrocardiography (ECG) and clinical presentations and 

raises their chance of dying by double and increasing 

mortality may result from incorrect diagnosis or 

ineffective treatment of an AD.
[4,13,14]

  Previous research 

indicated that aortic dissection patients had elevated rates 

of comorbidities, specifically hypertension (70.33%) and 

atherosclerosis (10.17%).
[12,15]

 Hypertension is the most 
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ABSTRACT 

Background: Aortic dissection is more common in individual with high blood pressure and atherosclerosis but 

most people with hypertension or atherosclerosis do not have dissection. Our aim is to identifying the association 

between aortic dissection and hereditary connective tissue disorders, as well as overlapping with genetic disorders 

linked to coronary artery disease. Methodology: We used databases based on PubMed, EMBASE and Scopus to 

cover almost all publications from 2000 to 2024. In the quality analysis, we created a number of tools, such as The 

Newcastle-Ottawa Scale and checklists are utilized to assess the validity of certain observational studies. Result: 

Based on four studies, aortic dissection occurrences were revealed in 414 participants, with 251 individuals having 

HCTD and 163 patients without HCTD (OR = 2.35, CL = 1.67–3.33, p < 0.0001). As shown by I
2
 = 31% and P = 

0.22, the study results exhibit no detectable heterogeneity, the findings demonstrated a strong association between 

HCTD and an elevated risk of AD when compared to non-HCTD. Our findings indicate that of the twelve 

identified CAD risk genes, genetic risk factors associated with aortic dissection elevate the probability of 

developing coronary artery disease. SMAD3, APOB, and COL4A1 exhibited an overlap in both aortic dissection 

and coronary artery disease. Conclusion: This study establishes an outline for identifying the high-risk population 

for HCTD-associated AD and CAD, and helps to formulate preventive and therapeutic strategies and further 

investigation of genetic mechanisms particular observing the TGF-B pathway linked to AD may optimize risk 

assessment in the future. 
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common condition associated with aortic dissection. 

The majority of individuals with hypertension do not 

experience from dissections. Integrative functional 

analyses identified genes likely regulated in vascular 

smooth muscle cells related to extracellular matrix 

biology.
[16,17]

 Numerous variants linked to aortic 

dissection display-contrasting associations with coronary 

artery disease suggesting that shared biological 

mechanism both conditions.
[18]

 There are growing 

interest in discovering the hereditary connective tissue 

disorder resulting in medial degeneration of the aortic 

wall, as well as its association with genetic disorders 

related to coronary artery disease.  

 

The purpose of this study is to find the association 

between aortic dissection and hereditary connective 

tissue disease, as well as to explore the overlap with 

genetic disorders involving coronary artery disease. 

The outcomes provide novel pathophysiological insights 

into artery integrity and establish an outline for future 

targeted therapeutics and preventive methods that could 

improve screening and diagnostic efforts with goal of 

lowering morbidity and mortality.  

 

METHODS 

Our methodology begins with an evaluation of the 

criteria for inclusion and exclusion, covering the 

definition of the research, the steps for data extraction, 

effect size (ES) calculation, and research quality rating. 

All procedures used in this meta-analysis and systematic 

review adhered to the PRISMA recommendations. 

 

Strategy for data search 

The following terms were used to build a search strategy: 

―aortic dissection‖ and ―hereditary connective tissue 

disorder‖ or ―aortic dissection and coronary artery 

disease.‖ The analysis strategy was adjusted to fit the 

specifications of each database. The aim of the search 

was to acquire publications that evaluated the correlation 

between aortic dissection (AD) and hereditary 

connective tissue disorder (HCTD), as well as coronary 

artery disease (CAD) and HCTD. The reference lists of 

the included publications were reviewed for possibly 

useful information, and duplicate entries were removed 

using EndNote21 tool to assure completeness. 

 

Selection and eligibility criteria for study 

The inclusion criteria include quantitative research 

published in English, including cohort and controlled 

research, including clinical investigations examining the 

association of AD and HCTD or AD and CAD, with no 

restrictions on patient age, gender, ethnicity, or 

geographic origin. Exclusion criteria involve research 

that is irrelevant to AD and CAD in HCTD, in vitro 

studies, case series, systematic reviews, meta-analyses, 

non-human subjects, or studies that involve overlapping 

or duplicate data. Two investigators independently using 

their abstracts and titles reviewed the preliminary 

research. A third investigator was engaged for instances 

of disagreement.  

 

Quality evaluation and publishing bias 

We selected scales that provide graded evaluations of 

research to determine the standard of the methodology, 

Thresholds for converting the Newcastle-Ottawa scales 

to standardize good, fair, and poor. Three aspects 

comprise the assessment of individual studies: 

participant selection, study group comparability, and 

identification of the associated exposure (case-control) or 

outcome (cohort and cross-sectional). Our studies are 

rated as follows: up to nine stars, when agreement is 

greater than 80%, low risk of bias, seven to eight stars 

moderate risk of bias, when agreement is between 51%–

80% and six stars or less, high risk of bias, High when 

agreement is below 50%. 

 

Synthesis of data Statistical analysis was conducted 

with Review Manager Version 5.4 (e.g., Nordic 

Cochrane Centre, Copenhagen, Denmark). The pooled 

hazard ratio (HR) with a 95% confidence interval was 

calculated using the DerSimonian-Laird random effects 

model. The pooled hazard ratio for outcomes was 

evaluated using a multivariable model, adjusted for 

variables like age, sex, comorbidities, smoking, and 

socioeconomic status. Statistical significance was 

established if the 95% confidence interval for the pooled 

hazard ratio did not include the neutral value of "1" and 

the two-tailed p-value was less than 0.05. The Higgins I 
2 

metric was employed to evaluate statistical 

heterogeneity, classifying 25–50% as mild, 50–75% as 

moderate, and over 75% as severe heterogeneity. 

Sensitivity analysis was conducted to evaluate the 

influence of each study on the total effect estimate using 

the "leave-one-out method." The evaluation of 

publication bias indicated a p-value over 0.05. 

 

RESULT 

Selection of studies 

The preliminary search found 339 appropriate articles. 

Following eliminating duplicates (n = 79), A first 

screening of 260 records was conducted. Following the 

evaluation of titles and abstracts, 158 articles were 

excluded. We found 102 articles received thorough full-

text assessment, resulting in the removal for 89 for 

several reasons: incorrect results (n = 11), inadequate 

study population (n = 53) and insufficient publication 

form (n = 25). The internal validity of 13 papers was 

evaluated, four publications were incorporated into the 

conclusive meta-analysis. The PRISMA flowchart show 

the systematic literature and selection study methodology 

(Fig. 1). 
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Study and Participant Characteristics 

The analysis included 414 patients who had aortic 

dissection, corresponding to 251 participants in the 

HCTD group and 163 in the non-HCTD. Using Data 

collected from 2018 to 2022. Four studies were 

conducted, with three in China.
[7,19,20]

 and one in 

Poland.
[21]

 The key features of all studies included in this 

meta-analysis [Table 1]. The hypertension group had a 

higher average start age for AD than the no hypertension 

group (49.51 ± 1.25 vs. 44.15 ± 1.94, p=0.02).
[22]

 Older 

individuals may experience various comorbidities, such 

as diabetes mellitus and atherosclerosis.
[23,24]

 

 

Table 1: The demographics and comorbidities associated with CAD and HCTD. 

Author Year 
No. 

Patient 

Mean 

age 

Male 

gender 
Disease HCTD Comorbidities disease 

 

Positive 

Geno-

type 

Negative 

Geno-

type 

CAD HT DM LD 

Ponińska et al. 2022 132 
44.9 

±14.2 

92 

(69.7%) 
AD 

79 

(59.8%) 
53(42%) 

20 

15.2% 
73(55.3%) 10(7.6%) 37(28.0%) 

Ying Li 2021 151 46.6 
97 

(80%) 
AD 

94 

(62.3%) 
57 (37.7) 

37 

(24.5) 
88 (58.3) 16 (10.6) 0 

PAN ET AL 2020 72 
47.06 

± 9.79 

50 

(69.4%) 
AD 

39 

(54.2) 
33 (48.8) 

13 

(18.1) 
48(66.7%) 0 0 

Jinxiang 

Zheng 
2018 57 40 ±12 

33 

(84.6) 
AD 

52 

(91.2) 
5 (8.8) 1(4.5) 31(79.5%) 2(5.1%) 8(20. 5%) 

 

Quality evaluation and publications biases 
We utilized the Newcastle-Ottawa Scale (NOS) for 

cohort studies to assess quality. the total score varied 

between six and nine (Table 2). The quality was high, 

and the probability of bias was low. There was no 

statistically significant publication bias (p = 0.24) as 

shown in Egger's regression test, which was based on a 

glance of the funnel plot (Table 2). 
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Table 2: Evaluation based on the Newcastle-Ottawa Quality Assessment Scale. 

Research 

Design Comparison Outcome Total score 
Agreement 

(%) 

Risk of 

Bias 

Exposed 

cohort 

Non-

exposed 

cohort 

Ascertainment of 

exposure 
Demonstration Comparability 

Assessment of 

outcome 

Follow-

up 

Adequacy of follow 

up of  

Ponińska et al 

2022 
* * * * * * * * 9 100% Low 

Ying Li 

2021 
* * * * ** * 

 
* 8 100% Low 

PAN ET AL 

2020 
* * * 

 
* * 

 
* 6 100% medium 

Jinxiang 

Zheng 

2018 

* * * * ** * 
 

* 8 100% Low 

 

Outcomes 

All four studies indicated the risk of aortic dissection.
[7,19-

21]
 Individuals with hereditary connective tissue disorders 

demonstrate an elevated risk of aortic dissection (OR = 

2.35, CL = 1.67–3.33, p < 0.0001). There was no 

heterogeneity across the study results, as shown by I
2
 = 

31% and p = 0.22. The effort to measure and control for 

variability is a fundamental goal of an M-A in order to 

ensure the M-A's reliability, the two types of 

variability—within-study and between-study—must be 

evaluated, and their impact must be reduced in the I
2
 

statistical analysis. The I² statistic was applied to 

evaluate heterogeneity among the included research, 

measuring the extent of variability in effect estimates 

attributable to genuine differences between studies rather 

than sampling error. An I² value of 25% indicates modest 

heterogeneity, 50% signifies moderate heterogeneity, and 

75% denotes significant heterogeneity. This statistic 

helps determine whether pooling the study results is 

appropriate and guides the choice of model for meta-

analysis [Fig 2]. 

   

 
Figure 2: Forest layout for the association between HCTD and non-HCTD in random effects model. 

 

In our meta-analysis of individuals with aortic dissection 

(AD), we found 16 pathogenic/likely pathogenic (P/LP) 

mutations as potential related genes. The findings 

conclude that the genes listed are definitively associated 

to a greater probability of aortic dissection. [Table 3]. 

Pathogenic variants are identified as predispositions for 

heritable connective tissue disorders, while likely 

pathogenic variants may be essential for the precise 

diagnosis of individuals with thoracic aortic 

enlargement; however, variants of uncertain significance 

(VUS) are not considered to substantially elevate the risk 

of progression to aortic dissections. Uncertain genes are 

those that have just been published, have little 

information, and no clear classification. It remains viable 

until additional data are available. 

 

Table 3: Genes on the list show major predicting genes in HTAD associating with the risk of aortic dissection. 

Number Name of Genes Inherited Related Syndrome Routes Affected 
1 ACTA2 AD Smooth muscle dysfunction syndrome SMC contraction 
2 APOB AD 

  
3 ABCC6 AD 

  
4 COL3A1 AD Vascular Ehlers-Danlos syndrome ECM 
5 FBN1 AD Marfan syndrome ECM 
6 F5 AD 

  
7 MYLK AD 

 
SMC c 

8 MYH11 AD 
 

SMC 
9 SMAD3 AD Loeys-Dietz syndrome TGF-β 
10 SMAD6 AD Loeys-Dietz syndrome TGF-β 
11 TGFBR2 AD Loeys-Dietz syndrome TGF-β 
12 TGFBR1 AD Loeys-Dietz syndrome TGF-β 
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13 LOX AD Marfan syndrome 
 

14 LTBP3 AD MFS ECM 
15 HCN4 AD 

  
16 B3GAT3 AD 

  
 

Abbreviation: AD implies aortic dissection; ECM 

signifies extracellular matrix; TGF stands for 

transforming growth factor; HCTD indicates heritable 

connective tissue disorder; SMC represents smooth 

muscle cell. Aortic disease or other vascular problems 

may be present in individuals with deleterious mutations 

in these genes who also do not show syndromic 

manifestations. This is based on current data.
[12,25]

 

 

We reviewed the existing research on coronary artery 

disease and heritable connective tissue disorders. We 

identified 12 genes with mutations classified as P/LP, 

indicating their probable role as causative factors. The 

research demonstrates that the specified genes 

significantly increase the risk of CAD (Table 4).
[16,17,26-29]

 

Coronary artery disease has a complex etiology, 

primarily involving a combination of traditional risk 

factors.
[17]

 Dyslipidemia and hypertension are common 

risk factors; however, they are insufficient for identifying 

high-risk asymptomatic individuals and do not 

encompass all cases of coronary artery disease (CAD).
[16]

 

Genetic factors account for 40% to 50% of cases of 

susceptibility to coronary artery disease.
[26]

 

 

Table 4: Frequent Genes Influencing coronary artery disease. 

Num. Genes Potential Functions of Possible Significance to CAD Odds Ratio 
1 SORT1 Modulate apoB secretion and LDL metabolism 1.11 
2 PDE5A, Unknown 1.06 
3 LDLR, Low-Density Lipoprotein clearance 1.08 
4 PCSK9 Regulation of LDL receptor recycling 1.08 
5 APOB Principal apolipoprotein of low-density lipoprotein 1.07 
6 LPA Intracellular hydrolysis of cholesteryl esters 1.07 

7 ADAMTS7 
Proliferative response to vascular injury 

Downstream modulator of the TGF-β signalling pathway 
1.08 

8 SMAD3 Downstream mediator of TGF-β signaling pathway 1.07 
9 HHIPL1, Unknown 1.04 
10 COL4A1/A2 Type IV collagen chain of the basal membrane 

 
11 GUCY1A1 Signaling via nitric oxide 1.06 
12 ANGPTL3 Unknown 1.05 

 

Abbreviation: CAD signifies coronary artery disease; 

EC, endothelial cells; HIF1A, hypoxia-inducible factor 

1A; IL, interleukin; LDL, low-density lipoprotein; LDL-

C, low-density lipoprotein cholesterol; LncRNA, long 

noncoding RNA; MAPK, mitogen-activated protein 

kinase; MEF2 refers to myocyte enhancer factor 2; MMP 

denotes matrix metalloproteinase. Nuclear interacting 

partner of anaplastic lymphoma kinase (NIPA); Odds 

ratio (OR); PC refers to phosphatidylcholine. PDGF 

denotes platelet-derived growth factor; PE signifies 

phosphatidylethanolamine; REST, RE-1 Silencing 

Transcription Factor; SMC refers to smooth muscle 

cell.
[30]

 

 

DISCUSSION 

We discovered that the average event-free survival was 

lower in those with triple variations or higher than in 

those with single and double variants, respectively.
[12]

 It 

showed that patients with triple or more AD mutations 

had a higher chance of developing the disease early than 

those with a limited number of variations, and that 

patient with three or more mutations in AD typically 

experienced more severe symptoms.
[31] 

The amount of 

variants a individual carries is a crucial factor in risk 

stratification, and is used to predict and diagnose disease 

in patients.
[32]

 Aortic root syndromic symptoms and age 

under 45 years are predictor the chance of having a P/LP 

variant.
[33]

 with regard to the first author Ying Li 

discovered that people with LP/P v, which was younger 

than those with VUSs (48.5 years) and those without any 

variant (53.0 years) in South China.
[34]

  

 

In contrast, Duan et al. interestingly found that P/LP 

variants were more likely to be found in younger 

individuals, for P/LP carriers it was 31.5 years, for VUS 

carriers it was 57 years and for the NV group it was 57 

years, these were the median ages at testing in East 

China.
[35]

 

 

Patients Individuals with P/LP variations exhibited a 

median maximal aortic size of 5.25 cm while patients 

without P/LP variants had a median size of 5.1 cm, 

according to Ruwan Weerakkody et almost 50% of the 

P/LP variations found were caused by mutations in 

FBN1, most of which affected functionally important 

areas of the gene.
[36,37]

 The fact that the disease is located 

in the ascending aorta as opposed to the descending aorta 

signifies that the ascending aorta's known greater 

hereditary etiology of AD.
[38]

 Type A dissection patients 

are often younger than type B dissection patients, and 
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Aortic dissection generally manifests in individuals 

below 40 years of age with connective tissue 

disorder.
[14,39]

 Intentional coronary angiography has been 

linked to increased readmission rates from the intensive 

care unit (30.0% vs. 7.7%), as well as a trend toward 

longer stays in the intensive care unit (e.g., 92.0 hours 

versus 63.5 hours) and the hospital (e.g.,18 days versus 

13 days), which suggested a more difficult recovery 

process.
[40]

 We also frequently forego CAG prior to 

surgery if the coronary arteries are very clear of calcified 

plaques, which would be evident in the high-resolution 

CT scan, even in the absence of coronary CT 

angiography.
[41] 

In these three Criteria should be 

considered, firstly, it is important to take into account the 

possibility of aortic ectasia, which is frequently seen in 

patients tissue disorders such as Marfan's. A modified 

Bentall approach is advised in this case, Secondly, the 

presence of an impaired coronary ostium, which often 

requires removal, is a consideration. Finally, the absence 

of an ostial rupture was noted as an additional 

suggestions, contingent upon specific coronary 

dissection anatomy.
[42]

 Specific care of coronary 

involvement in AD is still debatable with 

recommendations by Neri and Chen; some studies 

advocate employing CABG in all cases, while others 

suggest utilizing only local in repairing in cases of type 

A coronary dissection.
[14]

 We identified the level of 

pleiotropy in CAD by looking for links between all 

known CAD genes shared with the aorta dissection. 

Pleiotropy is a trait that many CAD risk variations share; 

it means that similar biological processes may play a role 

in many diseases. This helps us understand how diseases 

start and makes the genotype-phenotype relationship 

clearer. 

 

Of the 12 CAD risk gene discovered demonstrated 

substantial relationships with conventional variables, 

with certain gene displaying multiple associations (e.g., 

SMAD3, APOB, and COL4A1).
[17,43-45]

 Particularly, 

these genes exhibit overlap with loci associated with the 

risk of AD with similar by Webb and colleagues found 

38.7% found these genes interlaced risk for AD and 

CAD.
[46]

 According to what Chesmore et al. found, 50% 

of CAD risk loci were linked to various diseases 

including migraines, cancer, and height.
[18]

 There are at 

least two ways that genes that control the role of vascular 

smooth muscle cells in influencing atherosclerosis.
[47]

 

One strategy involves regulating vascular tone and blood 

pressure.
[48]

 The second way is through local processes 

like inflammation and vascular remodeling, which can 

either make the plaque more stable or less stable.
[49]

 As 

anticipated, there exists considerable genetic correlation 

between these two qualities, as significant example is the 

nitric oxide signaling system.
[50]

 Cyclic guanosine 

monophosphate, a second messenger, stimulates vascular 

smooth muscle cells and this leads to the relaxation of 

vascular smooth muscle cells. Mice lacking the nitric 

oxide receptor in vascular smooth muscle cells display a 

hypertensive phenotype.
[51]

 Human genomics identified 

ADAMTS7, a non-lipid etiology of coronary artery 

disease.
[46]

 This discovery elicited considerable interest 

in elucidating the underlying mechanism. This difference 

is connected to a 19% rise in the number of people who 

have CAD, which is defined as a main coronary canal 

that is more than 50% narrowed. Many people wanted to 

know more about how this variation works, especially 

since it has nothing to do with blood cholesterol levels or 

other known risk factors for CAD.
[52]

  ACTA2 is often 

located in smooth muscle cells that border the arteries, 

facilitating arterial constriction to regulate blood pressure 

and flow.
[29]

 We identified a novel pathway to 

atherosclerosis, rendering our discovery distinctive. This 

elucidates why statins are generally accepted for their 

role in preventing heart attacks in healthy people, 

including those with normal blood cholesterol levels. 

Statins inhibit cholesterol synthesis by stressed smooth 

muscle cells in individuals with ACTA2 mutations.
[47]

 

the ACTA2 mutation made a protein that stressed the 

cells in the artery wall.
[28]

  Now, aortic dissection and 

other coronary artery disease risk factors are being 

studied to see if they can cause cellular stress and start 

this new pathway.
[53] 

 Genetic risk scores have been 

studied in detail, which has helped us learn a lot about 

how genes affect CAD and what role each different locus 

plays. Nonetheless, the role of most genetic variants in 

disease pathways remains unrecognized. The existence 

or lack of a conventional risk factor may affect the 

degree to which a genetic factor contributes to disease. It 

is imperative to focus on alleviating and controlling 

traditional risk factors until the impact of genetic risk 

scores is thoroughly clarified. 

 

CONCLUSION 

Our results indicate that aortic dissection with 

concomitant coronary artery disease and hereditary 

connective tissue disorder are related, and that having 

two or more gene Variations were linked to an increased 

risk of both aortic dissection and coronary artery 

disease compared to having none at all. Our 

comprehension, this meta-analysis is the initial show a 

link between HCTD and AD and CAD risk. It is 

recommended that family members who began the 

disease early (< 50 years), have a family history of the 

condition, and have never had hypertension be tested. In 

an effort to lower morbidity and mortality, the finding of 

particular genes in aortic dissection with concomitant 

CAD may help improved patient treatment and 

surveillance, predictor risk classification and prognosis, 

as well as cascade screenings for relatives whose might 

be in hazard factors. In order to potentially get the best 

results. We ultimately found innovative therapeutic 

targets, including PCSK9, ANGPTL4, ANGPTL3, and 

GUCY1A1.
[27]

 Thus, our findings provide a robust basis 

for the future formulation of tailored treatment 

approaches, however, since decades of a thorough desire 

for efficient medicinal interventions for AD have failed 

to provide positive results recognizing the core genetics 

of disease presents the greatest opportunity of finding a 

successful, biologically based medical therapy in the 

future. 
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Prospective future 

Patients with inherited connective tissue disorders who 

have aortic dissection and concomitant coronary artery 

disease have a promising future ahead of them due to 

various areas of active research and possible 

advancements. More accurate genetic testing and 

screening methods for hereditary connective tissue 

diseases will be developed, which will aid in the early 

identification of high-risk people. 

 

Limitations of research 

The quality of the studies incorporated in the meta-

analysis may differ; certain studies may exhibit 

methodological deficiencies (e.g., limited sample sizes, 

absence of controls), which can bias the results. 

Publication bias is another concern, as studies with 

significant or Positive outcomes are more likely to be 

disseminated. Variations in study design, population, 

interventions, and outcome measures across studies can 

lead to heterogeneity. This can make it difficult to draw a 

clear, consistent conclusion across studies and may 

require additional statistical methods (e.g., random-

effects models) to account for this variability. 
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