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Abstract

Background:

Cardiovascular disorder is the leading causality of death around the world.
Cardiovascular disorders have multiple environmental and genetic risk factors
contributing towards different types of CVD. This study aimed to investigate most

prevalent type of CVVD among Pakistani population.
Methods:

Total 50 clinical reports were collected from patients by visiting different private and
public health institutes in Lahore, Pakistan. The thorough literature review was
performed by using different databases including Google scholar and PubMed to
analyze different types of cardiovascular diseases. SPSS software version 16.0 was

used to analyze the results.
Results:

Our results showed that Rheumatic heart disease is the most usual type of heart
disease in Pakistan (34.0%) whereas; Left ventricular systolic function (LVF) and

Patent ductus arteriosus (PDA) are the least reported cases (2.0%)
Conclusion:

Our findings suggests that broad clinical and genetic spectrum of cardiovascular

disorders in Pakistan.
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Introduction:
The unique characteristics and instructions for the functioning of cells are all

contained in DNA (deoxyribonucleic acid) which forms segments called genes.
Harmful changes in the genes (mutations) occur due to mutagens or inheriting a
mutated gene from parents hence leading to the development of genetic disorders (1).
The etiology for many disorders has been discovered. OMIM (Online Inheritence in
Man) lists 4339 gene variants affecting phenotype. Orphanet lists more than 7800
relationships between disease and gene (2).Cardiovascular disorders (CVDs) is the
leading cause of death around the world. The class of diseases described by CVD
affects heart and blood vessels such as coronary artery disease, cardiomyopathies,
arrhythmias or heart failure (3). The group of CVD includes coronary heart disease,
cerebrovascular disease, peripheral arterial disease, rheumatic heart disease,
congenital heart disease and deep vein thrombosis and pulmonary embolism (4).
Obesity, smoking, high cholesterol or hypertension are included in number of risk
factors that contribute to CVD. However, now it is known that these environmental
risk factors contribute to a fraction of CVD cases. Therefore, the focus of researchers
has been on genetic elucidation of cardiovascular disorder so the mechanisms that are
independent of environmental risk factors can be identified (3). Long thought to be
heritable, recent developments have begun to untangle the disease's genetic
architecture. About 60 genetic loci have been associated to coronary risk in common
variant association studies. Large-scale gene sequencing initiatives and functional
investigations have helped researchers better identify causal risk factors, elucidate

underlying biology, and inform the creation of new therapies (5).

Clinical symptoms of cardiovascular disorders vary according to the type of CVD the
patient has and they also vary from men to women. A buildup of fatty plaques in
arteries can damage the blood vessels which can lead to pain, pressure, tightness and
discomfort in chest. Men are more feasible to have chest pain as compared to women.
There can be shortness of breath, numbness and pain in legs or arms in case of

narrowed blood vessels in parts of the body. There can be neck pain, thorat, jaw or
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Gene(s) CVD phenotype Inheritance | Other related diseases
pattern
GDF1, DTGAS, Right atrial Autosomal | e Abdomen Situs
DORYV, RAI, isomerism recessive inversus
CHTDG6 e Abdomen Situs
ambiguous
e Midline liver
ZIC3, HTX1, Congenital heart X-linked e Failure to thrive
HTX, defects, recessive e Hypertelorism
VACTERLX nonsyndromic, 1, X- Dextrocardia
linked e Lung lobation
defects
e Bilobed right lung
LDLRAPL, ARH, | Familial Autosomal | e Xanthomas
FHCB2, FHCB1, | hypercholesterolemia, | recessive e Hypertriglyceridemia
FHCL4 4
MYH7, TNNT2, Hypertrophic Autosomal | e chest pain shortness
TPM1, MYL3, cardiomyopathy Dominant of breath
MYL2, PLN, (palpitations) |
MYBPC3 e dizziness
e fainting.
DMD, MYH7, Familial dilated Autosomal | ¢ Normal neurologic
TNNT2, MYHS, cardiomyopathy dominant examination
MYPN, MYBPC3, e Adams-Stokes
ANKRD1, RAF1, attacks
DES
CTA2, MYH11, Familial Thoracic Autosomal | e mild features of
BN1, TGFBR1/2,  d dissection dominant Marfan syndrome
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OL3A1, LOX,
GFB2/3

sudden chest or back
pain
pallor

paresthesias

KCNQ1/H2/J2/E1,
SCN5A,CALM1/2,
CAV3,

Long QT syndrome

Autosomal

dominant

Unexplained
fainting, drownings,
seizures or other

accident

SCN5A

Brugada syndrome

Autosomal

dominant

Right bundle branch
block and ST
segment elevation on
ECG

Idiopathic
ventricular
fibrillation

Cardiac arrest
Sudden death

KCNH2

Short QT syndrome

Autosomal

Dominant

Andersen-Tawil
syndrome (ATS)
long QT syndrome
type 2

ABCGS5, ABCG8

Sitosterolemia

Autosomal

recessive

Xanthelasma
Arcus corneae
Splenomegaly
Arthralgia
Anrthritis

FBN1, TGFBR2,
SMAD3,
TGFBR1,

Marfan’s syndrome

Autosomal

dominant

Emphysema in most
severe presentation

Pneumothorax
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TGFB2, SKiI,

Pulmonary blebs

TGFB3 Scoliosis
Kyphoscoliosis
Thoracic lordosis
Spondylolisthesis
BMPR2, CAV1, Pulmonary arterial Autosomal Dyspnea
KCNK3, hypertension dominant Arterial hypoxemia
BMPR1B,
SMADDO9, ENG,
ACVRL1,
EIF2AK4
TAPVR1 Anomalous Autosomal Hypoplastic right
pulmonary venous dominant Lung Frequent

return

respiratory infections
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Table: This shows the genes related to different types of Cardiovascular disorders

and their association with other diseases. The genes are searched from OMIM.

back pain. Coronary artery disease can be diagnosed once you have angina, stroke or
failure of heart. Heart arrhythmias show the clinical symptoms of having slow
heartbeat, dizziness, fainting, tachycardia or fluttering in chest. Serious congenital
heart defects show the symptoms of cyanosis, swelling in abdomen, legs or around
eyes in baby. Less serious congenital heart defects can show the symptoms of short
breath during an activity, swelling in hands or feet. Cardiomyopathy may show
irregular heartbeats that feel fluttering. Heart infection can lead to fever, dry or
constant cough and rashes on skin or unusual spots. Damage in heart valves can cause

irregular heartbeat, fatigue, shortness of breath and syncope (6).

Asia has been shown to have a larger burden of CVD than western populations, with
the majority of this burden being carried by economically disadvantaged
communities, primarily in the region of South Asia. Pakistan is one of these
underdeveloped countries that are just as afflicted by the cardiovascular pandemic as
the rest of the world, yet there is relatively little registered data on the issue. A
population study in Pakistan for prevalence of CVD was conducted which
demonstrated that there is increased tendency of risk factors of CVD at younger age

with prevalence in females (7).

The focus of this review is to target the genetic elucidation of multifactorial
cardiovascular disorder and to present a comparative analysis in relation to Pakistan.
A cross-sectional study conducted on prevalence of CVD in Punjab showed that
17.5% of population had cardiovascular disease which included 18.3% in females and
16.6% in males. The disease risk factors in study area included low level of activity,
inactive lifestyle and family history. Thus, concluding that CVD is a serious problem

for Pakistan affecting both genders (8)
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Genome-wide association studies:
The identification of inherited conditions at an early stage has been enabled by

identifying the polymorphism within individuals. Polymorphism in CDH13,
MTHFD1L, CXCL12, OR13G1, CDKN2B, MRAS, SMAD3, MIA3, APC, LPL
genes have been shown to influence the risk of CAD (coronary artery disease)
through studies of genome-wide association and large meta analyses. This has helped
a lot in today’s world where people are moving towards personalized healthcare. In a
recent study, genotyping has been used to identify the susceptibility of an individual
towards heritable conditions and to help encounter genetic risk factors to adopt a

healthy lifestyle and incorporate plans for prevention of disease (9).

Whole exome sequencing has also been used to identify nuclear envelope gene
variants in patients with cardiovascular disorders in which heterozygous splice-site or
non-sense variants were identified in nucleoporin genes: NUP188, NUP43 and NUP
37. Splice-site variant was also identified in nuclear envelop gene: SYNEL.

Nucleoporin genes were identified as novel genes (10).

Genetic risk variants for abdominal aortic aneurysm have been identified by genome
wide-association studies (GWAS). Eight case-control studies were included to
recognize 33 SNPs associated with abdominal aortic aneurysmreporting CDKN2B
antisense RNA1 gene having the most significant association (11). Meta-analysis and
Mendelian randomization of clinical trials was conducted to prove the relationship
between cardiovascular disorders, urate and blood pressure. The analysis of
Mendelian randomization showed that coronary heart disease (odds ratio, 1.19 [95%
Cl, 1.10-1.30]; P=4x10°), stroke (1.11 [95% CI, 1.05-1.18]; P=2x10*) and
peripheral artery disease (1.12 [95% CI, 1.03-1.21]; P=9x10®) increased with 1-SD
increase in serum urate. Meta-analysis showed that urate has a favorable effect on
lowering the blood pressure. The clinical trial data concluded that blood pressure
increases with higher serum urate which may effect on cardiovascular disease risk
(12). Similarly, the association between cardiovascular disorders with high serum
uric acid level was determined using Mendelian randomization approaches in which

28 genetic variants linked to uric acid were used hence concluding that study did not

15



supported clinically causal effect of serum urate determined genetically on
cardiovascular disorders because of pleiotropic effects (13). It suggests that there is a
further need of uric acid genes study to elucidate the association between
cardiovascular disorders and uric acid levels (14).

Epigenetics:
Environmental factors cause epigenetic modifications which affect the expression of

genes in an individual in process of disease development. The aspects of epigenetics
during in-utero exposure and after birth have not been explored adequately (15).
Another research showed that the deficiency of breast cancer genes 1 and 2
(BRCA1/2) is implicated in progression of cardiovascular disease as they mediate the
activity of Nrf2 which is a potential mediator of cardiovascular disorders caused due
to metabolic diseases (16).

sHgg | KONQI
: MTNR1E

Created in BioRender.com bl

Figure 1: Four non-genetic risk factors for CVD under genetic control. Some of the selected CVD genes
associated with subsequent risk factors have been shown.
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Systematic reviews have been evaluated to show the association between
cardiovascular outcomes and adiposity. Mendelian randomization and observational
studies were assessed to gather epidemiological relationships showing that adiposity
is one of the causality for CVD (17). Animal models and analysis of mutations were
overviewed in recent researches to understand the molecular pathways and
mechanism in a better way and linking it to cardiovascular development and CHD. It
identified that 22ql11.2 deletion syndrome is associated highly with CHD. The
comprehensive expression analysis and usage of pluripotent stem cells procedures
elucidated spatial and temporal gene regulatory mechanism using next generation

sequencing (18).

Mutations leading to the development of cardiovascular disorder:
Cardiovascular disorders are multifactorial disorders and more than 50 gene

mutations have been associated with dilated cardiomyopathy (CDM) development.
CRISPR/Cas9 was used to edit nucleotides in zebrafish to model cardiovascular
disorders in humans. 4 different knock-in cell lines were generated carrying missense
mutation genes causing CVD in humans and were combined in orthologous genes of
zebra fish through CRISPR/Cas9. Gain of function mutation in genes Kir6.1 and
KCNJ8 encoding pore formation and regulatory genes ABCC9 and SURZ2, displayed
enlarged ventricles hence demonstrating causality of Cantu syndrome. The results
lead to the ways of new therapeutic drugs through broad application for human
genetic disease modeling (19). Another study demonstrated the role of TRIM37 in
MULIBREY genetic disorders in relevance to cardiovascular disorders. MULIBREY
syndrome constitute of myocardial fibrosis, pericarditis, hypertrophy as most
common heart manifestations. Lipsanen-Nyman et al. demonstrated a study of 49
male patients of MULIBREY syndrome and followed them for 25 years showing that
half of them had congestive heart failure, 20 % had died due to cardiac arrest.
Autopsies showed the presence of myocardial fibrosis and myocardial hypertrophy.
TRIM37 deficiency in children also correlated negatively with the size of left
ventricle (20).
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There are still many unidentified risk factors of CVD. The accumulation of DNA
mutations in somatic cells is one of the major players in CVD. This study reported the
association between somatic mutations and CVD in any of 160 genes where
mutations in just four genes (TET2, DNMT3A, JAK2 and ASXL1) account for more
than 70% of mutations detected. In this study more than 5000 cancer free blood cells
where analyzed through whole-exome sequencing hence reporting the development of
atherosclerotic CVD increase with more than 2-fold due to mutations in
hematopoiesis-related genes (21). Differences in mitochondrial biology may be
partially related to sex-specific cardiac functions. Mitochondrial mutations have more
deleterious effects in males because natural selection operates only in female
mitochondria. Thus the mitochondrial deleterious mutations are responsible for large
panel of disorders including cardiomyopathy and renal dysfunctions (22).

Nuclear proteins are encoded by Lamin A and Lamin C isoforms and mutations in
LMNA can result in conduction disorders and cardiomyopathy. A study employed
iPSCs (induced pluripotent stem cells) from human cells carrying heterozygous
mutation K219T on LMNA to create a disease model and as a result cardiomyocytes
differentiated form these induced pluripotent stem cells. SCN5A loss of functional
mutations leads to the defective production of Nay1.5 proteins which causes minor
changes in structure of heart. Correction of these mutations mediated by
CRISPR/Cas-9 reestablishes SCN5A epigenetic expression and sodium current
density which is responsible for normal cardiac electricity, thus polycomb repressive
complex 2 cooperates with K219T-LMNA leading to slower velocity of conduction.
This mechanism underlies the conduction abnormalities related with cardiac
laminopathy (23, 24). A research study showed that mutation in a- galactosidase A
affects the longitudinal function of left ventricle leading to cardiac disorders. This
research included twenty-four heterozygous females with mutation of a-galactosidase
and without hypertrophy of left ventricle, which underwent magnetic resonance using
BE-FDG and cardiac positron emission topography along with echocardiography. The
results showed that early sign of myocardial damage was represented by a-
galactosidase A mutation (25). Congenital disorders were led by mutations in

NOTCH signaling pathway genes through a wide range of spectrum. Four NOTCH
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mutations were studied from which 3 showed the association with cardiovascular
disorders. NOTCH 1 mutations lead to the left-side congenital heart disease, NOTCH
2 mutation lead to Alagille syndrome development and NOTCH 3 mutation causes
arteriopathy with subcortical infarcts. However NOTCH 4 mutations have not been

associated with cardiovascular disorders (26).

Cardiovascular risk factors in Pakistan:
In Pakistan about 46% of deaths occur due non-communicable disorders linked with

obesity from which 455 deaths occur due to CVD. The rate of CVD mortality in
Pakistan has shown to be increased in individuals that have central fat deposition and
are overweight (27). A case control study done in Pakistan including a total of 970
individuals, to find out the role of FTO gene in CAD and obesity, showed the
significant association of FTO gene polymorphism rs9939609 with both CAD
(coronary artery disease) and obesity among Pakistani population (28). In Pakistan
every year 700 children with genetic disorders are born due to consanguineous
marriages. Children born with hereditary heart disorders are 2.3 times more probable
to be born of cousin marriages as compared to children born without hereditary heart
disorders (29). A research done on the prevalence of cardiovascular disorders in
Punjab, Pakistan included 6351 individuals from which 17.5% were cardiovascular
patients. The research also showed that prevalence is less in males (16.60%) than in
females (18.30%) and females were more prone to the CVD at an early age than

males (8).

Pakistan was graded as 2" largest country for providing shelter to refugee (1.6
million). Pakistan is currently fronting the problem of internally displaced people
(IDPs) due to economic and political instability, terrorism and natural disasters. In a
study on health problems in refugees in Pakistan the data was collected from regions
where there is larger influx of refugees. The rate of cardiovascular disorders is higher
among refugees due to starvation and stress which might occur due to force
migrations. The afghan refugees has cardiac rate of 6.67/1000 in patients in Pakistan.
20 cases in 3 years, of cardiovascular disorders were reported among IDPs in

Peshawar district and in 2 years 2,685 cases were reported form Bannu district (30).
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Toxic metal pollution has increased many folds in Pakistan and it is having serious
health problems to the public. The intake of Pb, Ni, Cd, Cr and Cu causes problems in
heart whereas the Mg can lead to hypertension. Studies have shown that overexposure
in air of these heavy metals can result in cardiovascular disorders (31). In Pakistan
34% of the cities showed mean level of fluoride higher than 1.5mg/L among which
Quetta, Lahore and Tehsil Mailsi had maximum values of 24.48, 23.60 and more than
5.5mg/L. Extended exposure to higher levels of fluoride through drinking water have
resulted in higher rate of cardiovascular disorders in Pakistan (32). Massive influx of
traffic and rapid urbanization has deteriorated the health status of Islamabad. The long
exposure to principally particulate matter (PM) 2.5 is attributable to health endpoint
causing 26 deaths for heart problems whereas short-term exposures attributed to 38
admissions in hospitals in Islamabad for cardiovascular disorders (33).

Usual risk factors of coronary artery disease like gender, hypertension, age, smoking
provide modest discrimination however the analysis of GRS (genetic risk score) may
provide risk factors above conventional risk factors. A study was conducted to
analyse coronary artery disease genetic risk in Pakistan using score of genetic risk.
Genetic risk score of SNPs at 21 loci in 18 genes form Pakistani population were
analyzed to examine their combined effect on coronary artery disease (CAD). The
results showed that one single nucleotide polymorphisms were not associated with
coronary artery disease except FTO and APOB. The genetic risk score was
quantitatively linked with risk of CAD and showed association with lipid level of
blood (34). GRS was constructed form polymorphism in 4 genes (IL-6, PON1,
ALDH2 and ITGB3T) associated with coronary heart disease in Pakistani patients.
Serum lipid profiles were measured and statistical analysis was performed using
SPSS 22.0, the GRS was also calculated from individual single nucleotide
polymorphism and the association between them was examined using logistic
regression. Genetic risk score represented significant association with coronary artery
disease when none of the single variants showed statistically significant connection
with CAD (35). To reveal in-depth association of CAD risk factors with individual
lipids a novel approach of Direct infusion high-resolution mass spectrometry
(DIHRMS) was performed on 5662 healthy participants from Pakistan. The DIHRMS
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method provided 11.6% variation of median coefficient exhibiting high association of
lipids with clinical chemistry biomarkers hence providing a novel insight into the
genetic relationship of lipids and risk factors of coronary heart disease in Pakistan
(36).

A SNP rs10911021 present upstream of GLUL gene was shown to be associate with
CHD in T2DM (Type 2 diabetes mellitus) patients. The association of this SNP with
coronary heart disease and oxidative stress biomarkers was checked in Pakistani
patients through genotyping. It was shown that rs10911021 SNP was linked with
coronary heart disease only in patients having diabetes and showed significant
association with oxidative stress in CHD (coronary heart disease) hence concluding
that this SNP contribute to increase the heart disease risk in diabetics by increasing

oxidative stress (37).

Novel variants reported in Pakistan:
The first report of mutation in TNN13K gene in population of Pakistan was outlined

in 2021. A consanguineous family in Pakistan with four patients of cardiac
conduction disease was involved in the study. Co-segregation analysis and Whole
exome sequencing analysis was performed to determine novel missense mutation in
TNN13K encoding genes. The mutant variants changes the structural function of
troponin I-interacting kinase hence leading to disease state (38). Due to rapid
expansion of Pakistani population in recent times the genes affecting cardiovascular
disorders have attained subtle deleterious SNVs. These deleterious variants were
curated manually which had been reported already to be related with Mendelian,
common and inherited CVDs. The greater proportion of filtered variants in Pakistani
and south Asian populations were reported to be 8.8% associated with cardiac
arrhythmia, 23.9% with long QT_syndrome, 47.8% with cardiomyopathies and 5.0%
with ventricular septal defects (39). The prioritized variants in south Asians is
persistent due to higher consanguinity where cardiomyopathies are associated with 25
base pair deletion in MYBPC3 with frequency of 4.0% in population. These
prioritized variants can be used in new drug response strategies specific to this region
(40).
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Rheumatic heart disease is highly common in both rural (5.7 / 1000 individuals) and
urban (22 / 1000 individuals) district of Pakistan. MEFV and TNF genes contribute to
a very small RHD patients in Pakistan however a novel mutation (9.G2,096A) in
MEFV gene exon 2 has also been reported (41). Hypertrophy cardiomyopathy gene
variants of MT-RNR2, MT-TL1 and MT-TI were analyzed in Pakistani population.
MT-RNR2 gene mutations mt-1811 A>G and mt-1888 A>G were observed for the
first time in HCM patients of Pakistani population. Pathogenic mutations associated
with hypertrophy cardiomyopathy were detected in mt-DNA encoded gene 16S-
rRNA (42). Sinoatrial node is one the various structures for the cardiac conduction
system and it regulates the rate of heart. From 5 Pakistani families 1 family showed a
new missense variant in CACNALD in p. (A376V), of sinoatrial dysfunction and
deafness syndrome has been reported. 4 other family pedigrees defined the founder
variant which is p.(G403-V404insG) (43).

The third most common cardiovascular disease is venous thromboembolism and is
associated to the clot formation in vein. Prothrombin gene mutation in was reported
to be 2.7%. Majority of the cases of the VTE (venous thromboembolism) study
showed that patient with inherited thrombophilia case history had prothrombin gene
mutation (44).

Methodology:
In this study, total 50 reports from cardiovascular patients were collected to analyze

the rate of different types of cardiovascular disorders in Pakistani population and to
present the most common type present in population. The reports that were collected
from patients belonged to two different health institutes, Punjab Institute of
Cardiology and Mayo Institute of Cardiology. The mean age of the patients included
in the study 45.34 + 14.66. SPSS (16.0) software was used to build the chart for
different types

We also reviewed papers from 2012-2022.The articles related to genetic disorders
were pertained from Google scholar and PubMed search engine on NCBI. The

articles targeted for review focused on genetic elucidation of cardiovascular disorders.
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The genes related to CVD and their associations with other disorders were searched
from OMIM (Online Mendelian Inheritance in Man). The focus of the review studies
were on genetic mechanisms of cardiovascular disorders and its prevalence in
Pakistan. Further study of comparative analysis of genetic elucidations of
cardiovascular disorders and role of environmental factors in CVD helped uncover
genetic mechanisms underlying CVD and effect of environmental factors on
epigenetics hence leading to Cardiovascular disorders. The available documented data
on CVD in Pakistan were analyzed critically, that is a serious problem for the country
affecting both the genders. This is the target problem around which our suggested
prospect is designed. An overview of different types of cardiovascular disorders due
to genetic mutations is given specifically existing in Pakistan. This is related to
environmental factors in order to present a definite contrast in argument. The main
purpose of this review is to establish a valid argument that helps in understanding
genetic elucidations of cardiovascular disorder. Genetic explanation of cardiovascular
disorders is needed to be explored and evaluated on the basis of its usual occurrence.
The review has focused on genetic basis of cardiovascular disorders having high rate

in Pakistan.

In total, 50 reports from cardiovascular patients were collected to analyze the
prevalence rate of different types of cardiovascular disorders in Pakistani population
and to present the most common type present in population. The reports that were
collected from patients belonged to two different health institutes, Punjab Institute of
Cardiology and Mayo Institute of Cardiology. The mean age of the patients included
in the study 45.34 + 14.66. SPSS software was used to build the chart for different
types of cardiovascular disorders in Pakistan. BioRender software was used to create

figure.

This review will exclude topics covering detailed association of cardiovascular
disorders with other diseases as they have separate undefined set of problems that are

not addressed.

Inclusion:
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The study aims to target risk factors of cardiovascular disorders in Pakistan. Cases are
also included to find the latest reported gene mutations associated with cardiovascular
disorders. Mendelian randomization and observational studies are mentioned that
were assessed to gather epidemiological relationships and insights between
cardiovascular disorders and other environmental factors. Both the genders are
included as according to studies in Pakistan and around the world it has stated that
CVD has similar effect on both the genders. The environmental causes will also be
addressed by linking it to genetics and epigenetics. The articles from last 10 years
were included in the review. The clinical reports of Transthoracic Imaging were

collected from cardiac patients of different health institutes of Lahore, Pakistan.

Exclusions:

The literature search will exclude the topics related to detailed association of
cardiovascular disorders with other diseases. The articles that were published before
2012 were also excluded. Sporadic cases of cardiovascular disorders will also be
excluded from the review article because among sporadic cases the risk of genes is
often unknown. The clinical reports collected other than transthoracic imaging such

as of angiography or echocardiogram were excluded.
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Total 53 articles are incorporated in this review

Figure 2: Flow Diagram showing the methodology of selecting articles

Results:

Statistics

heart_disease

N Valid |

50|
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Statistics

heart_disease

N Valid 50
Missing 0
Heart_disease

Frequency Percent Valid Percent | Cumulative Percent

Valid AS 2 4.0 4.0 4.0

ASD 4 8.0 8.0 12.0

BAV 2 4.0 4.0 16.0

COA 2 4.0 4.0 20.0

IHD 5 10.0 10.0 30.0

large PDA 1 2.0 2.0 32.0

LMCA 2 4.0 4.0 36.0

LVH 2 4.0 4.0 40.0

preserved LVF 1 2.0 2.0 42.0

RHD 17 34.0 34.0 76.0

small LAA 1 2.0 2.0 78.0

SWMA 11 22.0 22.0 100.0

Total 50 100.0 100.0

The table shows the numbers of occurrences of heart disease are specified in the

frequency column. Percentage column is where the number of occurrences of heart

disease are divided by the total (50) multiplied by 100. This column shows that

Rheumatic heart disease (RHD) has highest percentage of 34.0% whereas small left

atrial appendage (LAA) and large patent ductus arteriosus (PDA)has lowest

percentage of 2.0%. The other heart diseases including aortic stenosis (AS), bicuspid

aortic valve (BAV), coarctation of aorta (COA), stenosis of left main coronary artery

and left ventricular hypertrophy has 4.0% , atrial septal defect (ASD) has 8.0%,

Ischemic heart disease (IHD) has 10.0% and segmental wall motion abnormalities has
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22.0% prevalence in reported cases. The cumulative percent column is the total you

get when you add the value of percentage column to each other as you descend
towards the rows.

40.0%

30.0%

20.0%=

Percent

10.0%=

BAY HD preserved LVF | small LAA
ASD COA large PDA LWH RHD SWVA,

heart_disease
Figure 3: It shows the results of frequency table in graphical form. AS (aortic stenosis)=4.0%, ASD (atrial septal
defect)=8.0%, BAV (bicuspid aortic valve)=4.0%, COA (coarctation of aorta)=4.0%, IHD (ischemic heart
disease)=10.0%, large PDA (patent ducutus arteriosus)=2.0%, LMCA (stenosis of left main coronary
artery)=4.0%, LVH (left ventricular hypertrophy)=4.0%, preserved LVF (left ventricular systolic function)=2.0%,

RHD (rheumatic heart disease)=34.0%, small LAA (left atrial appendage)=2.0% and SWMA (segmental wall
motion abnormalities)=22.0%.

Aortic stenosis is one of the most prevalent valve diseases and is a clinical

progression of aortic sclerosis. It is the narrowing of aortic valve opening thus
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restricting the blood flow and developing pressure in left atrium. The development of
valvular stenosis is preceeded by valvular clacification however the limited genetic
information is available regarding calcification of valves. Genome wide association
studies performed with aortic valve calcification determined that genetic variations in
LPA locus (rs10455872) are associated with aortic valve calcification hence leading
to aortic stenosis (45). Atrial septal defect is the birth defect in which there is a hole
in septum that divides atria of the heart. Some genes were comprehended to control
the formation of atrial septum and familial ASD has been attributed to cardiac
transcription factor mutations in past. However genome-wide linkage analysis
characterized a novel ACTC1 mutation that is associated with late-onset dilated
cardiomyopathy and ASD. Bioinformatics analysis identified deregulated genes in
ASD. The cardiac sarcomeric proteins (MYL7, MYL3, MYH2, TNNT3 and TNNT1),
extracellular signal molecules (BMP10 and VEGFA) and transcription factors
(NKX2-5 and GATAA4) were down regulated in ASD (46, 47).

Bicuspid aortic valve is ahighly heritable trait but the genetic elucidation remains
largely elusive so more comprehensive studies are needed to elucidate the genetic
connections. The only affirmed candidate gene connected with both sporadic and
familial BAV is NOTCHL1 (48). Coarctation of aorta is constriction in portion of an
aorta thus forcing the blood to pump harder. The comparative genomic hybridization
suggested that deregulation of FOXC1 play a crucial role in pathogenesis of COA
(49). Ischemic heart disease (IHD) is the problem caused by narrowing of heart
arteries. It is considered as highly polygenic disease. Meta-analysis of studies of
genome wide association has showed nearest linked genes with IHD such as: PCSK9,
SORT1, MRAS, KCNKS5, NOS3 and CXCL12 (50).

Patent ductus arteriosus is a heart defect that can develop after birth affecting the flow
of blood to the lungs of the baby. PDA is a compound disease with both
environmental and genetic factors. Some of the specified genes that are associated
with PDA and other genetic syndromes include SMADIP1, TGFBR2, TFAP2B and
TBX5 (51). Left ventricular hypertrophy is a strong predictor for morbidity and
mortality of cardiovascular disorders and several studies have indicated the control of
genetic factors in LV mass. Genome wide association studies have successfully

identified linkage of chromosome 7, 12 and 22 with increase in LV mass. The
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angiotensin Il type 1 gene A1166C and angiotensinogen gene M235T have been
implicated in LV hyperthrophy induced by exercise (52). Transcriptome expression
profile data and genome wide association studies on left atrial appendages identified
two new genes MYPN and ERBB2 to be contributing towards the development of
atrial appendage (53).

- Types of CVD

Lot dppeniaoe | Reported in
Pakistan

[ Atrial Septal Defect ]
ACTCT, MYL7.BMP10.GATAZ

Ischemic Heart Disease
PCSKY, SORT1, MRAS, NOS3

Coarctation of Aorta
FOXC1

Created in BioRender.cont Bio

Figure 4: Types of Cardiovascular disorders reported in Pakistan and some of the reported associated specific
genes

Discussion:
This review has systematically assessed the literature for genetic elucidation of

cardiovascular disorders specifically in Pakistan. We have identified 49 papers from
last 10 years that investigated genetic contributions towards the development of
cardiovascular disorders and the associated risk factors in Pakistan. Cardiovascular
disorder is a major causality of morbidity and mortality around the globe. However,
the Asian region has a greater burden of CVD as compared to western population.
CVD includes different types of disorders such as cardiomyopathy, coronary artery
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disease, heart failure or peripheral arterial disease. The studies highlight some key
areas, including the results of meta-analysis, studies of genome-wide association and
whole exome sequencing showing the influence of genes as a risk factor for CVD.
Systematic evaluation of studies was done to highlight the aspects of epigenetics in
the development of CVD such as the role of BRCA1/2 in progression of the CVD
disorder (16).

We have summarized the role of gene mutations leading to the development of
cardiovascular disorders. CVD being a multifactorial disorder includes many gene
mutations however mutation of 50 genes have been related with the development of
cardiomyopathy (19). A study was included which identified the association between
mutations in somatic cells and CVD in 160 genes however only 4 genes (TET2,
DNMT3A, ASXL1 and JAK2) accounted for more than 70% mutations (21). The role
of mitochondrial mutations on sex-specific cardiac functions was assessed showing
that mitochondrial mutations are more deleterious in males (22). Other studies
included showed mutations in different genes leading to the disruption of signaling

pathways or protein functions hence causing cardiovascular disorders.

The CVD is a serious problem for Pakistan affecting both the genders however,we
found little documented data on it and the role of consanguinity in the progression of
cardiovascular disorders. The data we systematically collected showed 17.5%
prevalence of CVD in Punjab among which 16.6% were male and 18.3% were
females (8). This review article assessed the main risk factors for CVD in Pakistan
which included family history, consanguinity, pollution and obesity. The genetic
score of 2.96 for CVD risk in Pakistan was reported and a significant association with
blood lipid levels was shown (37). Our study presented the novel variants reported in
Pakistan in last 10 years. Novel mutation in genes MEFV, TNF, TNN13K, MYBPC3,
mt-DNA encoded gene 16S-rRNA, CACNA1D and Prothrombin gene were reported.

The study included the analyses of total 50 cardiac reports from different healt
institutes in Lahore, Pakistan. The results showed that Rheumatic heart disease

(RHD) is the most prevalent cardiovascular disorder in Pakistani population with the
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frequency of 34.0% whereas preserved LVF and PDA are the least reported cases

with the frequency of 2.0%.

Conclusion:
Overall, our study contributes to the genetic spectrum of cardiovascular disorders in

Pakistan. This will help the genetic counselors to find the novel gene variants for
CVD present in Pakistani families and to compute the role of risk factors in
advancement of this disorder. In future with the current advances in genetic screening
and diagnosis it may be possible to diminish some of the adverse outcomes associated

with consanguinity leading to rise of CVD.
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