
898 | Cardiometry | Issue 26. February 2023

ORIGINAL RESEARCH Submitted: 24.01.2023; Accepted: 15.02.2023; Published online: 25.02.2023

Analysis of the Relative Risks 
of First Aortic Events Linked 
to Hereditary Thoracic Aortic 
Diseases

Ghaus Mohd Chouhan1*, Harsh Bhati2, Renuka Jyothi3

1Department of Emergency Medicine, Jaipur National Universi-
ty, Jaipur, India.
2Department of General Surgery, Teerthanker Mahaveer Uni-
versity, Moradabad, Uttar Pradesh, India.
3Department of Biotech and Genetics. School of Sciences, Jain 
(Deemed to bde University), Bangalore, India.

*Corresponding Author: 
dr.g.m.chouhan35b@gmail.com

Abstract
Objective: Heritable Thoracic Aortic (HTA) disease is charac-
terized by pathogenic variants in eleven genes, even though 
there is insufficient data to categorise the First Aortic Events 
(FAE) risk related to such genes.
Methods: The chance of FAE was estimated for a retrospective 
cohort of probands and families with rare mutations in sev-
en genes for HTA disease (n=1,028) using the gene variables, 
pathogenic variation class, gender, proband status, and region 
of recruitment.
Results: Both the Smooth Muscle Contraction (SMC) genes 
(MYLK, ACTA2, and PRKG1; P =0.002) and the Loeys-Dietz 
syndrome genes (TGFBR1, TGFBR2, TGFB2, and SMAD3; P< 
0.0001), which encodes a protein in the Transforming Growth 
Factor (TGF)-b pathway, showed significant variations in aortic 
event risk. In contrast to those who received elective aneurysm 
treatment, participants with variations in TGFBR2 had a reduced 
cumulative incidence of type-A aortic dissection. Participants 
with mutations in MYLK, ACTA2, PRKG1, and SMAD3 had consis-
tently higher incidences of type-A aortic dissection. Compared 
to other genes, PRKG1, ACTA2, and TGFBR2 exhibited a higher 
Cumulative Incidence (CI) of type B aortic dissection. Even if 
proband status, gender, and recruiting location were taken into 
consideration, there was a noticeably higher risk of an FAE with 
childhood onset associated with specific polymorphisms in the 
gene ACTA2 and TGFBR2.
Conclusion: Data on FAE in people with HTA disease that are 
gene and variant-specific assist personalized aortic monitoring 
and clinical care.
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1. Introduction
Type-A aortic dissections, which may be fatal, are 

more likely to occur when thoracic aortic aneurysms 
grow over time [1]. If at-risk patients are recognised 
first and then arteries are medically treated as soon 
as is practical, these anatomies may be avoided [2]. 
It’s significant to note that up to 20% of individuals 
with thoracic aortic disease have a family history of 
the condition despite the absence of syndromic symp-
toms. Although non-syndromic HTA disease without 
MFS or LDS systemic characteristics has been linked 
to other genes, including pathogenic variants of the 
FBN1 and TGFb genes. According to the function of 
their respective proteins, the extracellular matrix pro-
teins LOX, FBN1, and COL3A1; TGFBR1, TGFBR2, 
SMAD3, and TGFB2; and the SMC proteins MYLK, 
ACTA2, PRKG1 and MYH11 are the eleven genes 
having a clear relationship with HTA disease [3].MFS 
patients who suffer from thoracic aortic disease have 
benefited from consistent progress in clinical therapy 
over the last 60 years.To describe the whole range of 
pathogenic mutations in new HTA disease genes and 
their natural histories, the Montalcino Aortic Consor-
tium (MAC) was founded. The MAC first gathered 
information on patients with TGFBR1 and TGFBR2 
pathogenic variations, then information on SMAD3 
variants, and utilised this information to improve care 
guidelines for aortic illness in these patients [4]. For 
patients who have harmful ACTA2 and MYLK muta-
tions, the MAC has also looked at the possibility and 
offered therapeutic suggestions [5]. 

The clinical and genetic characteristics of indi-
viduals with thoracic aortic aneurysm and dissection 
were investigated in this study [6]. Further research 
was done on the relationship between genotype and 
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phenotype as well as the surgical outcomes of the pa-
tients. Despite the potentially deadly natural course, 
early detection and preventative surgical intervention 
enable restoration of a nearly normal life expectancy 
in TAAD patients, highlighting the crucial value of 
screening exams. Over 30% of non-syndromic TAAD 
patients have a genetic mutation in one or more of the 
more than 30 TAAD disease-causing genes that have 
been discovered to far [7].The ACMG classification 
tool from VarSome proved helpful in determining 
the pathogenicity of new genetic variations in our 
sample of unrelated TAAD patients [8]. The molec-
ular pathologic spectrum of TAAD was investigated 
using next-generation sequencing (NGS), and the 
future preclinical possibilities of genetic diagnosis in 
study participants at high risk were investigated [9]. 
The aim of study [10] was to suggest the young and 
familial nshTAAD, genetic screening using NGS is ef-
fective. A pathogenic variation may have a predictive 
value that needs to be further researched since it might 
affect treatment.

Thoracic aortic aneurysm and dissection are he-
reditarily susceptible conditions with a variety of 
clinical signs. In this study, HTA disease is defined by 
pathogenic mutations in eleven genes, despite the fact 
that there is not enough information to stratify the risk 
for aortic events linked to these genes.

The remainder of this study is organised into four 
sections: section 2- methods, section 3- results, sec-
tion 4- discussion, and section 5- conclusion.

2. Methods

2.1 Research population
These studies incorporated genotype and clinical 

information from cohorts of patients and their fam-
ilies with uncommon variations in ACTA2, MYLK, 
PRKG1, TGFBR1, TGFBR2, SMAD3, and TGFB2. 
Sites, data collecting, and patient recruiting were all 
previously discussed. The Institutional Review Boards 
of UT Health and the recruiting locations have evalu-
ated and approved this project. Institutions that took 
part in the study were granted authorization to utilise 
disguised data in research. Table 1 represents the gene 
variables. 

2.2 Statistical methods
The parameters were summarized using the medi-

an, IQR, and lowest value or frequencies. The z test was 

performed to examine the gender dispersion for one 
sample (%). The Kaplan-Meier technique was used to 
estimate the cumulative probability of the major ob-
jective, and Univariate Cox regression was used to ac-
count for family clustering in the analysis of differences 
between groups. Based on probabilistic evaluation and 
the Fine and Gray method, with a modification for 
family clustering, we determined the cumulative occur-
rences of distinct first aortic events. In the multivariate 
analysis, we included just variables whose univariate 
P value was less than 0.20. We used the clustered ro-
bust technique to conduct multivariate analyses of the 
risk of a FAE by variant subtype, stratified by gene and 
adjusting for proband status, gender, recruitment area, 
and increases with increased correlation. SPSS, version 
16.1, was used for the statistical study.

3. Results
For this investigation, 218 distinct variations in 7 

HTA disease genes were examined in data from 1,028 
people from 376 families. Patients with V1 variations 
made up 30% of the group, whereas V4 (14%), V5 
(23%), V3 (4%), V7 (4%), V6 (20%), and V2 (5%) were 
the next most common variants. Table 2 represents 
the Attributes of the Study Population Only with Rare 
Variations in Seven HTA Genetic Variations.

Of the 1,028 people, 456 (or 44%) had their FAE at 
a median age of 36 years; these events were classified 
as (n = 151). Only two of the initial elective surger-
ies for aortic aneurysms employed the abdominal 
artery. Without an aortic incident, the median age at 
the most recent follow-up was 29 years. At a median 
age of 45 years, 18% (n = 187) of the population had 
passed away. Males made up 51 percent of the cases. 
35 percent of cases were found in Europe, 60 percent 
in the USA and Canada, and 5 percent each in Japan 
and Australia according to the location of recruitment.

Table 1
Gene variables

Genes Variables
ACTA2 Variants 1 (V1)
MYLK Variants 2 (V2)
PRKG1 Variants 3 (V3)
TGFBR1 Variants 4 (V4)
TGFBR2 Variants 5 (V5)
SMAD3 Variants 6 (V6)
TGFB2 Variants 7 (V7)
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3.1 Composite FAE cumulative probability 
connected with HTAdisease genes

According to Kaplan-Meier estimations of prev-
alence rate of complimentary FAE, participants with 
changes in the TGFb genes (i.e., LDS genes, V4, V5, 
V7 and V6) and those who had variations in the SMC 
genes did not possess a difference CI of FAE (V2, V1, 
and V3). 

Figure 1: Genes were grouped together smooth 
muscle contraction (SMC)and TGF using the protein’s 
activity as a guide and the specific genes within these 
groupings.

Patients with V3 variations had the greatest cu-
mulative odds of an aortic incident among those with 
SMC gene variants (P = 0.002), followed by those with 
V1 and V2 variants. Similar to this, participants with 
variations in the TGFb variables had substantially 
different cumulative risks of aortic events (P 0.0001), 
with V5 and V6 showing the largest and lowest risks, 
respectively.

By the time a person reaches 65 years old, their cu-
mulative risk of a composite aortic event is 70% (95% 
CI: 66.0-74.5). Table 2 shows that those with high lev-
els of V4, V5, V1, and V3 at age 25 had a 15%-27% 
higher risk of a composite aortic event than those with 
low levels of these genes. V4, V5, V1, and V3had an 

above-average cumulative risk at age 65, whereas V6 
and MYLK had a below-average risk. 

3.2 Individual first aortic events cumulative 
incidence associated with HTA disease genes

CI of specific FAE both probands and relations, in 
addition to family and friends alone, were analysed 
using a competing risks framework. Type A aortic dis-
section is more likely among patients with variants in 
V1, V2,V3, and V6 than with elective aortic aneurysm 
surgery, however the HTA disease genes show quite 
different patterns of aortic disease presentation. Indi-
viduals with V5 and V7 variations, on the other end, 
had a reduced prevalence rate of type-A aortic dis-
section compared with those who underwent elective 
aortic aneurysm repair. However, this was not case for 
those who had V4 mutations. Similar results were seen 
when individual genes, including V1, V3, V2, V7, and 
V4 were examined.

After controlling for the effects of family clustering, 
the cumulative incidences of particular FAEs at ages 
25 and 65 are shown in Table 3, along with the P values 
of comparison tests. At age 65, the CI of any FAE was 
lower in V2 (P=0.019) and V6 (P=0.001) than in V1, 
but it was not statistically different in V3, V7, V4, or 
V5. Similar to V1, the CI of aortic dissection in type-A 

Table 2
Attributes of the Study Population Only with Rare Variations in Seven HTA Genetic Variations

Total 
(n=1028)

V1
(n=306)

V2
(n=55)

V3
(n=37)

V6
(n=211)

V7
(n=42)

V4
(n=141)

V5
(n¼236)

No.ofprobands 376(37) 100 (33) 7(13) 4(11) 60(28) 14(33) 72(51) 119(50)
No.ofuniquevariants 218 43 7 1 52 12 41 62
Type of variant
PTC-NMD 129 (11) 0(0) 41(74) 0(0) 72(36) 19(42) 0(0) 0(0)
PTC-nonNMD 90 (8) 0(0) 0(0) 0(0) 29(14) 12(27) 0(0) 50(22)
IFsmalldeletion 8(1) 0(0) 0(0) 0(0) 7 (4) 0(0) 0(0) 0(0)
Missensesubstitution 796 (79) 307(100) 13(23) 38(100) 98(48) 15(36) 145 (101) 187(80)
CNV deletion 9 (1) 0(0) 3(4) 0(0) 7 (4) 0(0) 0(0) 0(0)
Medianage,y 34(18-48) 35(21-50) 47(90-65) 33(22-47) 43(29-54) 37(28-50) 28(17-45) 26(16-39)
Sex
Male 527 (56) 164 (54) 29 (53) 16 (41) 123 (58) 26 (61) 61 (44) 115 (49)
Female 503 (50) 145 (48) 28 (50) 23 (61) 91 (44) 18 (42) 82 (58) 123 (54)
Location of recruitment
Australia 34 (2) 6(2) 0 (0) 0 (0) 0 (0) 0 (0) 16 (11) 14 (6)
Japan 25 (3) 4 (2) 0 (0) 0 (0) 0 (0) 0 (0) 8 (6) 13 (6)
North America 619 (63) 268 (88) 36 (65) 38 (100) 104(50) 32(75) 56 (40) 91 (39)
Europe 354 (37) 32 (11) 20 (37) 0 (0) 109 (52) 12 (27) 63 (44) 120 (51)
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Figure 1: Aortic Event Cumulative Risks Based on Genes and Variants (SMC,TGFand SMC vs TGF)

Figure 2: Aortic Event Cumulative Risks Based on Genes and Variants (V2, V1, and V3)
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Figure 3: Aortic Event Cumulative Risks Based on Genes and Variants (V4, V5 and V7)

Table 3
First Aortic Event Cumulative Incidence for the 7 HTA disease Genes

Gene No.Events CumulativeIncidenceat
25y,%(95%CI)

CumulativeIncidenceat
65y,%(95%CI)

PValue

Type B
V1 31 5 (2.9–8.2) 15(9.4–18.6) Ref
V3 8 11 (3.7–24.3) 20(7.7–35.8) 0.008
V6 8 0(0-0) 7(2.7–13.0) 0.02
V3 4 2 (0.3–8.7) 5(0.9–15.5) 0.097
V4 2 0(0-0) 4(1.2–10.9) 0.018
V7 2 0(0-0) 0(0-0) 0.106
V5 16 2 (0.6–4.7) 12(6.8–18.9) 0.36

Nonspecific thoracic injury arterial dissection
V1 16 1 (0.3–2.8) 9(4.8–13.4) Ref
V3 1 0(0.0–0.0) 5(0.4–15.8) 0.456
V6 5 0(0.0–0.0) 5(1.3–8.4) 0.108
V7 3 0(0.0–0.0) 14 (3.4–30.8) 0.587

TypeB
V1 31 4(2.9–8.2) 15(9.4–18.6) Ref
V2 4 3(0.3–8.8) 6(0.9–15.5) 0.097
V3 8 12(3.7–24.3) 20(7.7–34.9) 0.008
V6 8 0(0-0) 8(2.7–14.0) 0.02
V7 2 0(0-0) 0(0-0) 0.106
V4 4 0(0-0) 5(1.2–10.9) 0.018
V5 16 2(0.6–4.7) 14(6.8–18.9) 0.36

nonspecific thoracic injury arterial dissection
V1 17 1 (0.3–2.8) 9(4.8–13.4) Ref
V3 1 0(0.0–0.0) 5(0.4–15.8) 0.456
V6 4 0(0.0–0.0) 5(1.3–8.4) 0.108
V7 4 0(0.0–0.0) 14 (3.3–30.8) 0.587
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at age 65 did not vary importantly among the other 
genes with V1 (P = 0.049).Aortic dissections in type-B 
were common in people with polymorphisms in the 
V1, V3, and V5 genes between the ages of 25 and 65, 
but they were uncommon in those with mutations in 
other HTA disease genes.

3.3 Composite first aortic event risk, adjusted 
and unadjusted, by variant type

The probability of FAE are revealed in Table 1 by 
evaluating subgroups of 10 or more people who con-
tain variations anticipated to have the same impact on 
the proteins, in specific haploinsufficiency and mis-
sense splice. The median age at the end of the last fol-
low-up without such an event or FAE is shown with 
a list of variants and variant categories. Studies have 
demonstrated that as individual’s age, the frequen-
cies of certain kinds of variations in the V2, V6, and 
V1 chromosomes change. Here, we show that differ-
ent kinds of V5 variants have varied occurrence rates 
depending on age, highly penetrant occurrences in 
childhood are linked to Arg528 alterations, whereas 
phenotype flexibility and an uncertain developmental 
onset are connected with Arg537 changes. The risk of 
Arg179 missense replacements for V1 was substantial-
ly greater than the risk of Arg149 missense replace-
ments, the reference variant type, whereas the risk of 
Arg118 and other variations was much lower. Similar 
to this, the risk of an aortic incident was reduced for 
PTC-nonNMD variants relative to the reference PTC-
NMD variants and considerably greater for missense 
variations in TGFB2. Only the Arg279 V6 variant type, 

Gene No.Events CumulativeIncidenceat
25y,%(95%CI)

CumulativeIncidenceat
65y,%(95%CI)

PValue

Compositeaorticevent
V1 142 16(11.5–20.5) 70(61.2–76.2) Ref
V2 24 5(1.1–14.5) 48(31.9–65.5) 0.018
V3 27 28(14.9–45.1) 87(69.8–96.4) 0.052
V6 79 1(0.1–3.8) 67(55.9–75.9) 0.003
V7 21 6(1.6–21.6) 81 (58.1–95.2) 0.96
V4 62 20(12.9–27.9) 74(61.2–84.3) 0.54
V5 109 26(19.2–31.5) 78(67.3–84.8) 0.1

Electiveaneurysmsurgery
V1 18 4(1.5–5.8) 9(4.8–12.9) Ref
V2 4 0(0-0) 10(2.4–22.5) 0.745
V6 25 1(0.0–2.8) 31 (13.1–28.6) 0.034
V3 7 4(0.3–14.0) 36(10.6–42.3) 0.019
V4 32 11(5.2–16.1) 48 (28.0–51.3) <0.0013
V7 12 5(0.3–14.0) 59(27.0–71.6) <0.0012
V5 59 17(11.6–21.8) 40(29.7–46.8) <0.0012

with an HR of 1.76, substantially differed from the ref-
erence PTC-NMD variants. Compared to all other V4 
variations, the Arg487 substitution had a considerably 
greater adjusted risk of an aortic incident.

3.4 Aortic event risk adjusted by sex and 
recruitment location

Stress and recruitment site study revealed that 
these variables affected the risk of an aortic incident, 
although the effects varied depending on the gene. As 
was previously observed for V1 and V4, the adjusted 
risk of an aortic incident was similarly considerably 
greater in male patients than in female patients for V7 
and V5. Aortic events were more common in patients 
with V2 mutations and less common in those with V6 
variants when they were enrolled in Europe versus 
North America.

4. Discussion 
MAC’s results highlight the diversity of initial aor-

tic events linked to 7 genes and the genetic variability 
of HTA disease risk. This data is crucial for the clinical 
care of these patients. The most severe genetic forms, 
LDS was initially documented in adolescents and 
young adults having V4 and V5 deleterious mutations, 
who were suffering from severe aortic insufficiency 
and were at risk of dissecting[12]. The MAC intended 
to outline the wider range of illnesses connected to all 
HTA disease genes. This research demonstrates that 
the risk for the first aortic event is equal for pathogen-
ic mutations in the SMC and TGFb genes [13]. Only 
few childhood aortic events were linked to V7, V6, 
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V3, and V2, whereas few childhood-onset events were 
linked to V1 (mainly because of the Arg179 variation). 
The fact that type-A dissections may develop without 
significantly enlarging the aorta may explain the in-
creased risk for dissections linked to SMC genes [14]. 
Dissections of the aorta that occur at considerably 
younger ages than aneurysm repair have been con-
nected to the V3 pathogenic mutation. Additionally, 
V7 pathogenic mutations are linked to important MFS 
characteristics, and type-A dissections were less often 
observed in V7 patients. These results underline the 
fact that, in the absence of syndromic symptoms, the 
sole clinical marker of an individual’s higher risk for 
aortic dissections caused by HTA disease is a previous 
history of aneurysms disease.

This study’s primary discovery is that individuals 
with the same or distinct pathogenic mutations in the 
same gene may have varied ages at which aortic events 
first manifest. Thus, aorta imaging should be per-
formed at the point of genetic basis in all age groups. 
When determining if or when to undertake follow-up 
aortic monitoring, initial scan findings, aortic event 
risk linked to the HTA gene mutation or variation, 
the existence of those other aortic LDS characteristics, 
and family medical history all need to be taken into 
account.

5. Conclusions
Our findings highlight the utility of the multicentre 

MAC in detecting high-risk aortic condition due to 
sporadic variants in the HTA disease gene, while tak-
ing into account differences in recruitment and clin-
ical treatment across geographic locations. These re-
sults emphasise the significance of genetic testing in 
aortic disease risk stratification, aortic surveillance, 
and surgical therapy, as well as in identifying individ-
uals at risk for the illness and their families. Growing 
information on the gene- and slight variation aortic 
consequences for HTA disease genes may be utilized 
to develop methods for incorporating biochemical 
diagnosis, healthcare qualities, and family history of 
illness into appropriate medical care, which could im-
prove outcomes and lower costs for treating people 
with HTA disease. The study's probands were more 
seriously impacted than the general population, espe-
cially those with gene expression mutations, since they 
were identified only after individuals appeared with 
symptomatic indications or an aortic event. Therefore, 
looking at family members is one way to get a more 

accurate of the likelihood of sickness in a given house-
hold. There is a need for further study into the relative 
risk of aortic events based on characteristics such ge-
netic history of aortic autopsies, the degree of arterial 
deformability, the system aspects of LDS, drugs, co-
morbidities, and neuroimaging markers.
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