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ABSTRACT

Background: Ischemic heart disease (IHD) is the term given to heart problems the lipids in the blood are
deposited on the end atrium due to abnormal lipids (metabolism). Due to the higher morbidity rate and mortality
rate, IHD has become the most serious cardiovascular disease threatening in Iraqi people. The most common cause
of myocardial infarction is atherosclerotic disease of an epicardial coronary artery (or arteries) sufficient to cause a
regional reduction in myocardial blood flow and inadequate perfusion of the myocardium supplied by the involved
coronary artery. It may affect individuals at any age, the most common risk factors include smoking, family
history, hypertension, obesity, diabetes, high alcohol consumption, lack of exercise, stress, and hyperlipidemia.
Various studies have shown that the polymorphisms angiotensin-converting enzyme ACE (DD) (rs4646994)
associated with various heart diseases. Objective: To study the correlation between ACE (DD) (rs4646994) gene
polymorphism with each of lipid profile and troponin | in hypertensive male Iragi patients of myocardial infarction
with / without type 2 diabetes mellitus. Materials and Methods: This case—control study composed of 217 adult
males which were classified into three groups: Group | comprised 86 patients with myocardial infarction before
catheterization with type 2 diabetes mellitus. Group Il comprised 78 patients with myocardial infarction without
T2DM which were admitted in Al-Hussein Medical City Teaching Hospitals / Kerbala Health Directorate - Iraq
during 1%, Dec. 2018 to 31, July 2019. Group 111 comprised of 53 apparently healthy individuals as a control
group. The risk factors include smoking, family history, hypertension and T2DM. DNA was extracted from whole
blood and genotyping was achieved with specific (primers to amplify) the 3 genotypes by using PCR-ARMS
techniques. Results: The high frequency of D allele in diabetic group act as independent risk factor. The observed
data indicated that ACE-DD homotype was higher in T2DM patients as compared to controls. The genotypes for
the ACE (DD)(rs4646994) gene band was observed in (190 pb) which indicate the removal a single nucleotide
from gene that called homozygotes. Conclusion: A positive correlation of angiotensin-converting enzyme (DD)
(rs4646994) gene polymorphism in myocardial infarction with and without T2DM for in Iragi patients were
observed.

KEYWORDS: Angiotensin converting enzyme (ACE) ; ischemic heart disease (IHD); type 2 diabetes mellitus
(T2DM); myocardium infarction (Ml).
INTRODUCTION factors,® The high prevalence of cardiac risk factors
and associated morbidity have been reported in Iraqgi

Ischemic heart disease 20% of worldwide mortality is the
two leading causes of death on a global basis. Ischemic
heart disease (IHD) is a large public health problem
caused by narrowed heart arteries so, less blood and
oxygen reaches the heart muscle and can ultimately lead
to heart attack and is associated with a number of
modifiable risk factors. The biological parameters of this
aggregation are questioned and genetics could. The
impact of risk factor confluence on IHD risk by testing
whether genetic risk scores associated with these

adult population and responsible for about one-third or
more of all deaths in people order over age 35.1*!

Myocardial infarction (M), also known as a heart attack,
occurs when blood flow decreases or stops to a part of
the heart, causing damage to the heart muscle. The most
common symptom is chest pain or discomfort which may
travel into the shoulder, arm, back, neck or jaw. Often it
occurs in the center or left side of the chest and lasts for
more than a few minutes. The discomfort may
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occasionally feel like heartburn. Other symptoms may
include shortness of breath, nausea, feeling faint, a cold
sweat or feeling tired. About 30% of people have
atypical symptoms.

Most MIs occur due to coronary artery disease. Risk
factors include high blood pressure, smoking, diabetes,
lack of exercise, obesity, high blood cholesterol, poor
diet and excessive alcohol intake, among others. The
complete blockage of a coronary artery caused by a
rupture of an atherosclerotic plaque is usually the
underlying mechanism of an MI. Mls are less commonly
caused by coronary artery spasms, which may be due to
cocaine, significant emotional stress and extreme cold,
among others. A number of tests are useful to help with
diagnosis, including electrocardiograms (ECGs), blood
tests and coronary angiography.!”®!

The most common cause of Ml is atherosclerotic disease
of an epicardial coronary artery (or arteries) sufficient to
cause a regional reduction in myocardial blood flow and
inadequate perfusion of the myocardium supplied by the
involved coronary artery.”! It may affect individuals at
any age but becomes dramatically more common at
progressively older ages, with approximately a tripling
with each decade of life and males are affected more
often than females, the most common risk factors include
smoking, family history, hypertension, obesity, diabetes,
high alcohol consumption, lack of exercise, stress, and
hyperlipidemia.l*”

Common variant association studies have linked
approximately 60 genetic loci to coronary risk. Large-
scale gene sequencing efforts and functional studies have
facilitated a better understanding of causal risk factors.™"

Various gene polymorphisms including (serine/
threonine kinase 39 gene, tumor suppressor gene (P53)
codon 72, C282Y mutations of (HFE) gene) have been
studied in hypertensive patients with various heart
attack.!*>4

Angiotensin converting enzyme (ACE 1I/D) gene
polymorphism was first reported by Rigat et al (1990). It
is characterized by the presence or absence of a 287 bp
Alu repeat sequence in intron 16 of the ACE gene and
the most common genetic variation related to the RAS
system is the insertion / deletion (ACE 1/D)
polymorphism of the angiotensin-converting enzyme
(ACE) gene. In general, variant D is more frequent in
African or Caucasians and variant | is more frequent in
the Asian population.™ ACE gene is expressed in bone
marrow cells and encodes angiotensin converting
enzyme (ACE). It converts angiotensin | to active
peptide angiotensin I, which stimulates proliferation of
hematopoietic stem cells.™®

Single nucleotide polymorphisms (SNPs) of RAS genes
such as angiotensin-converting enzyme (ACE) are
known to be associated with cardiovascular diseases.!”’

ACE gene is the most extensively studied gene, and 1/D
polymorphism of ACE gene is found to be strongly
associated with the activity of ACE (120). DD genotype
in ACE carry a significantly increased risk of myocardial
infarction.'®  Association of angiotensin-converting
enzyme (ACE) (rs4646994) D allele and susceptibility of
coronary artery disease (CAD).!*!

The aim of the presented work is to study the correlation
between ACE (DD) (rs4646994) gene polymorphism
with each of lipid profile and troponin | in hypertensive
ischemic heart disease (myocardial infarction) of Iraqi
male with type 2 diabetes mellitus / without type 2
diabetic patients.

MATERIALS AND METHODS

The current case-control study comprised of 217 subjects
classified into three groups. Group | composed of 86
myocardial infarction patients with type 2 diabetes
mellitus. Group 1l composed of 78 myocardial infarction
patients without type 2 diabetes mellitus, Group IlI
composed of 53 apparently healthy individuals without
any diseases as a control group.

The samples were collected from Cardiology center, Al-
Hussein Teaching Hospital and Al-Zahraa Teaching
Hospital, Al-Hussein Medical City, Kerbala Health
Directorate / Kerbala — Iraq from the 1* Dec. 2018 to 31,
July 2019. The biochemical investigations were
performed in researches laboratory, department of
biochemistry, college of medicine, university of Kerbala
during the mentioned period. The exclusion criteria
include: (1) female, (2) TIDM type, (3) patients treated
with catheterization, (4) children.

The inclusion criteria include adult male selected patients
diagnosed with one of the following diseases, MI with
type 2 DM, MI without type 2 DM before preforming
catheterization, with or without risk factor: smoking,
family history , hypertension and T2DM.

All cases complete a detailed questionnaire that included
information about age, sex, family history, drug history,
medical history and other relevant information. Informed
consent has been taken from all subjects. Kerbala
Medical College Ethical Committee has approved the
study protocol.

Five milliliters of blood was drawn from vein puncture
from all individuals participated in this study. The
collected blood was divided into three parts:™ One ml of
blood that used for molecular analysis, collected in
EDTA containing tube and used for DNA extraction,
then was analyzed directly to obtain high purity of
DNA.”) One ml placed in EDTA containing tube for
analyzing HbA1c test.”’! Three ml of blood placed in gel
tube for biochemical analysis. The DNA was extracted
from whole-blood samples using the genomic DNA
extraction Kit (Geneaid Biotech Ltd. UK).Then DNA
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concentration and purity were measured by UV
absorption at 260 and 280 nm (Bio Drop, U.K.).

Genotyping for SNP ACE (1/D)(rs4646994) gene was
performed by the polymerase chain reaction-

Amplification Refractory Mutation System (PCR-
ARMS) method. For ACE (I/D) (rs4646994) gene using
thermo cycler (Biometra, Germany). The primer
sequence of ACE (1/D) (rs4646994) gene was:

Table (1): Primer sequence for alleles of ACE (DD)(rs4646994) gene.

Angiotensin converting enzyme gene primers

Forward

5’ CTG GAG ACCACT CCCATCCITTCT 3’

Revers

5’ GAT GTG GCC ATC ACATTC GTC AGAT ¥

Primers were taken in a lyophilized state. The units of a
lyophilized primer are known as a mass in Pico-moles.
The subsequent steps were done for the reconstitution
and dilution of the primers:

The tube was centrifuged at 10000 rpm for 5-10 min
before de-capping. The chosen volume from nuclease
free water were added according to the manufacturer to
obtain a 100 p-moles /ul (master stock). The primers

were re-mixed by suitable vortex. Ten microliters of the
master stock were transported to a 0.5 mL eppendorf
tube that contained 90 pL of nuclease free water to get a
10 pmoles/uL (working stock). The master stock and
working stock were kept at -20 °C. The working stock
was warmed up and kept on ice for use in PCR and then
stored at -20 °C after each use. The PCR program for
ACE (DD) (rs4646994) gene show in Table (2).

Table (2): The program of PCR for three genotype of ACE (DD) (rs4646994) gene.

Type of cycle Temperature C° | Time | No. of cycles
Initial denaturation 95 5 min 1
Denaturation 95 30 sec
Annealing 60 30 sec 35
Extension 72 40 sec
Final extension 72 5 min 1
Hold 4 10 sec

Mean and standard deviation (M £ SD) were statistically
measured. All data were analyzed using statistical IMB
analysis system SPSS software X27.

RESULTS

The total male patients included in this study were (164)
of myocardial infarction with / without type Il diabetes
mellitus, the mean + SD of their age was (56 + 9) years
while for the control group, the mean + SD of 53
individuals was (46 +£18) years as shown in Table 3. The
age of patients was distributed widely between different
age groups adult and elderly. Most patient whom had Ml
with T2DM were of the elderly category (>60 years).

The young adult category (20-39 years) rarely had any of
the studied diseases. In correlation between the age and
the tested for diseases these results were shown to be
highly significant (P value <0.001).

The aging of the population worldwide will result in
increasing numbers of elderly patients, among whom
heart disease is the leading cause of death. Changes in
cardiovascular physiology with normal aging and
prevalent comorbidities result in differences in the
effects of common cardiac problems as well as the
response to their treatments.!%

Table (3): Age groups distribution among all collected samples.

Age groups,\ years
Sample groups 20?399 40;259y >60 Total
Control 28 5 20 53
MI with T2DM 9 31 46 86
MI without T2DM 1 57 20 78
Total 38 92 58 217

*P value <0.01

Normal aging is associated with a decreased compliance
of the central arteries due to a number of age-related
changes in the structural components in the artery. Older
people have increased amounts of collagen in the arterial

wall, and the collagen fibers have more permanent cross-
linkages with other collagen fibers due to the non-
enzymatic effects of advanced glycation end-products
(AGE).?l
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Various molecular and biochemical studies have been
performed on lIragi patients including the genetic
polymorphism and their relations with various
biomarkers in sera of hypertention and ischemic heart
diseases.? Fig. 1, indicate the genotypes of angiotensin
converting enzyme gene polymorphism in myocardial
infarction with / without T2DM. Angiotensin converting

490 bp(D)

400 bp
300 bp
200 bp

100 bp

190 bp(1)

enzyme, ACE (Il, ID and DD) (rs4646994) gene
polymorphisms was for the homozygous and
heterozygous. Genetic studies of the renin-angiotensin
system have indicated that the ACE gene polymorphisms
are associated with cardiovascular disease as indicated in
this study, see Tables 4 and 5.

490 bp(D)

190 bp(1)

Figure (1): Genotypes for the ACE (Il, ID and DD) (rs4646994) gene polymorphisms of homozygous and

heterozygous individuals.

The D genotype had a band in (190 pb) that remove a
single nucleotide from gene and it was called
homozygotes, | genotype had a band in (490 pb) that
insertion a single nucleotide from gene that called
homozygotes while, ID genotype had two band | and D

in the same gene that mean in the same gene had
insertion and deletion single nucleotide it’s called
heterozygotes, so we see two band in the same location
differ in speed of migration as indicated in Fig. 1.

Table (4): Distribution of ACE I/D (genotypes and alleles) in myocardial infarction patients with T2DM as

compared with control.

ACE (111D and DD) | M1 with T2DM | Control :
(rs464§6994) genotyge N = 86 N | SudblEy | Cle ) Pl
DD (Ref) 27 5 - - -

T 45 29 348 | (1.2-10.07) | <0.05

ID 14 19 73 (2.26—23.8) | <001

ACE (11,ID and DD MI without T2DM | Control .

(rs464(6994) genotyp)e N =78 N =53 Ol e Clkt el
DD (Ref) 10 5 - - -

| 66 29 0.88 (0.28 - 2.8) 0.8
ID 2 19 19 (3.11-116.1) | <0.01

Table (5): Distribution of ACE I/D (genotypes and alleles) in myocardial infarction patients without T2DM as
compared with control group.

Table 6 and 7 below indicate the association between
some biomarkers investigated with the angiotensin
converting enzyme gene DD allele (rs4646994) in T2DM
patient with ischemic heart diseases. As shown in both in
Tables 6-8, only VLDL-C and TG indicate a highly
significant P value.
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Table (6): Biochemical characteristics in relation to DD allele of angiotensin converting enzyme (rs4646994) gene

in M1 with T2DM as compared with control.

*Past3(t-test)

Table (7): Biochemical characteristics in relation to DD allele of angiotensin converting enzyme (rs4646994) gene

Biomarker Control MI with T2DM | P value
D/D allele | Mean + SD Mean * SD

HDL-C 40 +£17 36+12 0.6
LDL-C 101 +20 128 + 33 0.1
VLDL-C 15+4 308 <0.01
TG 73+20 196 + 83 <0.01
HbAlc 5+0.5 8+0.7 <0.01

in M1 without T2DM as compared with control group.

* Past3(t-test)

Table (8): Biochemical characteristics in relation to DD allele of angiotensin converting enzyme (rs4646994) gene

Biomarker | Control M1 without T2DM patients P value
D/D allele | Mean £ SD Mean + SD

HDL-C 40 + 17 34+6 0.37
LDL-C 101 +20 110 + 39 0.66
VLDL-C 15+4 214 <0.05
TG 73+20 99 +17 <0.05
HbAlc 5+0.5 5+0.3 <0.01

in M1 patients with T2DM as compared with M1 without T2DM.

Biomarker | Ml with T2DM | MI without T2DM P value
D/D allele Mean * SD Mean + SD

HDL-C 36+12 34+6 0.69
LDL-C 128 + 33 110 + 39 0.177
VLDL-C 30+8 21+4 <0.01
TG 196 + 83 99 + 17 <0.01

* Past3 (t-test)

Cardiac troponin are used to identify patients who would
benefit from urgent revascularization for acute coronary
syndromes and might be used in patients with stable
ischemic heart disease to identify those at high risk for
cardiovascular events who might also benefit from
prompt coronary revascularization. The cardiac troponin
concentration was an independent predictor of death

from cardiovascular causes, myocardial infarction, or
stroke in patients who had both type 2 diabetes and
stable ischemic heart disease.!*)

Figure 2 Below indicate the troponin biomarker in this
study in T2DM with and without ischemic heart diseases.

30 1
25 1
20 A
15 1
10 1 H Control (DD)
5 -
0 W Patient with DM(DD)
. . .
& ‘_\(\Qo \_\000 @ &0¢\ \0¢\ ‘}0(\ & Q@ 0@ Patient without DM (DD)
£ F & &L & F &S
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Figure (2): Comparison of result collected from patients of ischemic heart diseases with and without T2DM and
control according to DD genotype.
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The highest level for troponin negative was observed in
figure (1) for patient of IHD with T2DM, whereas in
troponin positive biomarker was patient of IHD with
T2DM only. For the smokers and ex-smokers they
contain only patients of IHD with DM, while non-
smokers had the highest percentage of ischemic patients
without DM and the lowest for ischemic patients with
T2DM.

DISCUSSION

IHD is a polygenic disease that involves complex
interactions among several pathophysiological pathways
with multiple genes and environmental risk factors.*”
We analyzed several traditional cardiovascular risk
factors in patients with CAD. This analysis revealed the
diabetes, hypertension, and dyslipidemia have significant
effects on the presence of CAD. These results are
consistent with studies performed in Egypt, Iran, Spain,
and Germany.®™ There are several pathophysiology
mechanisms that explain diabetes, hypertension, and
dyslipidemia in the contribution of CAD. Abnormal
processes such as damage to the arterial wall, metabolic
disorders, oxidative stress, and endothelial dysfunction
can lead to arterial sclerosis, lesions of the coronary
artery, and increase in the risk of development of
atheromatous plaque.’?®

The aging of the population worldwide will result in
increasing numbers of elderly patients, among whom
heart disease is the leading cause of death which is in
agreement with our result. Changes in cardiovascular
physiology with normal aging and prevalent
comorbidities result in differences in the effects of
common cardiac problems as well as the response to
their treatments.” Normal aging is associated with a
decreased compliance of the central arteries due to a
number of age-related changes in the structural
components in the artery. Older people have increased
amounts of collagen in the arterial wall, and the collagen
fibers have more permanent cross-linkages with other
collagen fibers due to the nonenzymatic effects of
advanced glycation end-products (AGE),”™ The DD
genotype showed band at 190 bp, Il genotype showed
band at 490 bp while 1D genotype showed both bands at
190 and 490 bp as shown in figure.™

The ACE DD genotype may contribute to thrombogenic
risk or wvasoconstriction factors rather than the
atherogenic risk factors.””? Higher lipid levels in older
patients with T2DM carrying the D allele,”™ genotypes
influence the response of plasma lipids to treatment with
fluvastatin. Subjects with the DD genotype had a greater
reduction in plasma levels of LDL-C than those with 1D
or Il genotypes. Similarly, the reductions in plasma
levels of total cholesterol.”!

The high frequency of D allele in diabetic group act as
independent risk factor. Other population studies
reported association of ACE I/D polymorphism with
T2DM, thereby demonstrating geographical and

racial/ethnic variations of ACE I/D polymorphism with
T2DM.BY According to the observed data, ACE-DD
homotype was higher in T2DM patients as compared to
controls. Similar results were obtained in other previous
study which revealed higher frequency of DD genotype
in diabetic patients compared to controls. The positive
association of ACE-DD genotype with T2DM was
demonstrated in patients with diverse ethnic populations
whereas negative association was found in others in
which the DD genotype is associated with twice the
normal level of serum ACE activity.®? Furthermore,
recent findings, have shown an association between the
ACE D allele, diabetes, and the risk of developing
cardiovascular disease in European people which is in
agreement with our findings.*

Renin-angiotensin system (RAS) plays a central role in
the regulation of sodium metabolism, vascular tone,
blood pressure, renal hemodynamics, and vascular
modeling. In diabetes mellitus, activation of the RAS by
hyperglycemia may be the key mechanism and effects
seem to be amplified with adverse consequences such as
atherosclerosis and occlusive microangiopath.
Suggestive evidence for this notion is the impressive
beneficial effect of pharmacological interference with the
RAS in large vessel disease as well as in renal and retinal
microangiopathy.®

Smoking is a potent risk factor for cardiovascular
morbidity and mortality. In IHD, the formation of an
occlusive thrombus at the site of rupture of a plaque in
the coronary arteries leads to reduced circulation to that
part of the myocardium and compromises its
contractility, eventually causing heart failure, Smoking is
a major risk factor for IHD. The deletion (D) allele of the
angiotensin ~ converting enzyme  (ACE) gene
polymorphism has been associated with hypertension,
ischemic  stroke  and myocardial infarction.
Polymorphism and cigarette smoking influence the
intima-media thickness (IMT) of the carotid artery. The
subjects carrying only one of the risk factors (the D allele
or smoking) did not show significant differences in IMT
when compared with homozygous nonsmokers. !

Both family history group and without family history
group had the highest percentage of ischemic patient
with DM as compared with the control group. In another
study that family history of diabetes has a major public
health impact on diabetes in the United States. In spite of
the recent interest and focus on genomics and precision
medicine, family health history continues to be an
integral component of public health campaigns to
identify persons at high risk for developing type 2 DM
and early detection of diabetes to prevent or delay
complications.l®® Prospective study indicated that family
history was an independent risk factor for IHD in China.
The individuals with family history were at high risk."!

The group with hypertension had higher incidence to
IHD with T2DM and the lowest for IHD patients without

WWW.wjpmr.com

200




Hemeed et al.

World Journal of Pharmaceutical and Medical Research

T2DM. The group without hypertension had the higher
level with patient of IHD with T2DM but the lowest with
control. In another study ACE gene (DD) is known to be
associated with the occurrence of ischaemic stroke
through its effect on pathogenesis of atherosclerosis and
hypertension.®® The possible reason for association
between DD genotype and hypertension could lie in the
structure of ACE and its circulatory levels. Biochemical
investigations have proved that individuals with DD
genotype contain higher levels of circulatory ACE.
However, this association weakens with the increase in
age.®¥ The levels of circulatory ACE decreases
gradually from DD, ID to Il. On other hand, structural
studies indicated that D allele of ACE contains C-domain
(in addition to N-domain), which binds more efficiently
to Angiotensin I. So, higher plasma ACE levels and more
efficient binding to Angiotensin | increase the circulatory
levels of bioactive Angiotensin Il, which causes
vasoconstriction that reduces arterial elasticity and leads
to hypertension,” The DD genotype acts synergistically
with increased blood pressure to increase the risk of
coronary disease. However, it also appears that the ACE
I/D polymorphism may be a promoter by itself in the
development of hypertension. Multiple maladaptive
pathways play roles in this process. Angiotensin
converting enzyme D allele carriers have been found to
have higher tissue ACE messenger RNA expression,
increased concentrations of circulating ACE, and
increased bradykinin degradation. These may impair
endothelium-dependent vasodilatation that generates
damaged blood wvessels and contributes to
hypertension. (224

The ACE DD individuals and compared Il genotypic
group, the frequencies of person that carry ACE D allele
(DD+ID) was significantly higher in hypertensive groups
than controls in patient in Syria and,"? which is in
agreement with our study.

In our study the correlation between lipid profile for DD
genotype of  Angiotensin  Converting  Enzyme
(rs4646994) gene indicate that the LDL-C had highest
level in patient with T2DM. Angiotensin-converting
enzyme (ACE) DD (rs4646994) gene predisposes to type
2 diabetes mellitus (T2DM) and cardiovascular disease
(CvD).d

CONCLUSION

Angiotensin-converting enzyme (DD) polymorphism
was associated with IHD (MI and UA) and type2 DM.
Carriers of the homozygous genotype (DD) genotype of
(rs4646994) have association and increased risk of
development of IHD and the T2DM increased the
progression and complication for IHD.

REFERENCES

1. Xie XX, Zhou WM, Lin F, Li XQ, Zhong WL, Lin
SG, et al. Ischemic heart disease deaths, disability-
adjusted life years and risk factors in Fujian, China

10.

11.

12.

13.

14.

during 1990-2013: Data from the Global Burden of
Disease Study 2013. Int J Cardiol, 2016; 214:
265-269.

Elosua R, Lluis-Ganella C, Subirana I, Havulinna A,
Lall K, Lucas G, et al. Cardiovascular Risk Factors
and Ischemic Heart Disease clinical perspective.
Circulation: Cardiovascular Genetics, 2016; 9:
279-286.

American Heart Association. Coronary Artery
Disease - Coronary Heart Disease, 2015.

Al-Rubaye FG. Frequency of metabolic syndrome in
a sample of adult diabetics in Baghdad. Iraqgi J. of
Community Medicine, 2011; 24(1): 12-6.

Wu C, Woo JG, Zhang N. Association between
urinary manganese and blood pressure: Results from
National Health and Nutrition Examination Survey
(NHANES), 2011-2014. PloS one, 2017; 12(11):
e0188145.

Steg PG, James SK, Atar D, Badano LP,
Blomstrom-Lundqvist C, et. al. "ESC Guidelines for
the management of acute myocardial infarction in
patients presenting with ST-segment
elevation”. European Heart Journal, 2012; 33(20):
2569-619.

Valensi P, Lorgis L, Cottin Y. "Prevalence,
incidence, predictive factors and prognosis of silent
myocardial  infarction: a review of the
literature". Archives of Cardiovascular Diseases,
2011; 104(3): 178-88.

Mehta PK, Wei J, Wenger NK. "Ischemic heart
disease in women: a focus on risk factors". Trends in
Cardiovascular Medicine, 2015, 25(2): 140-51.
Hamirani YS, Nasir K, Blumenthal RS, Takasu J,
Shavelle D, et al. Relation of mitral annular calcium
and coronary calcium (from the Multi-Ethnic Study
of Atherosclerosis [MESA]). The American journal
of cardiology, 2011; 107(9): 1291-4.

Finegold JA, Asaria P, Francis DP. Mortality from
ischaemic heart disease by country, region, and age:
statistics from World Health Organisation and
United Nations. International journal of cardiology,
2013; 168(2): 934-45.

Khera AV, Kathiresan S. Genetics of coronary
artery disease: discovery, biology and clinical
translation. Nature reviews Genetics, 2017; 18(6):
331-44.

Al-Tu'ma, F. J.; Al-Zubaidi, R. D.; Al-Khaleeli,
A.M.B. and Abo-Almaali, H. M. Polymorphism of
tumor suppressor gene (p53) Codon 72 in lraqgi
patients with acute myocardial infarction J Contemp
Med Sci., 2016; 2(7): 74-76.

Wang Y, O’Connell JR, McArdle PF, Wade JB,
Dorff SE, Shah SJ, et al. From the cover: whole-
genome association study identifies STK39 as a
hypertension susceptibility gene. Proc Natl Acad Sci
USA, 2009 Jan; 106(1): 226-231.

Al-Tu’'ma, F. J.; Abeid, Z.K. and Al-Naff, K. O.
Correlation between C282Y mutation of (HFE) gene
with high sensitive troponin | in patients of ischemic

WWW.wjpmr.com

201



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4336825

Hemeed et al.

World Journal of Pharmaceutical and Medical Research

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

heart diseases J Contemp Med Sci, 2018; 2(3):
72-78.

Rigat B, Hubert C, Alhenc-Gelas F, Cambien
F, Corvol P and Soubrier F. An insertion/deletion
polymorphism in the angiotensin I-converting
enzyme gene accounting for half the variance of
serum enzyme levels. J Clin Invest, 1990 Oct; 86(4):
1343-6.

Zmorzynski S', Szudy-Szczyrek A?, Popek-
Marciniec ~ S*, Korszen-Pilecka | et al.,
ACE Insertion/Deletion Polymorphism (rs4646994)
Is Associated With the Increased Risk of Multiple
Myeloma Front Oncol, 2019 Feb 6; 9: 44.

Yang C-H, Lin Y-D, Wu S-J, Chuang L-Y, Chang
H-W. High order gene-gene interactions in eight
single  nucleotide polymorphisms of  renin-
angiotensin  system genes for hypertension
association study. BioMed research international,
2015; 2015: 454091.

Kim H-K, Lee H, Kwon J-T, Kim H-J. A
polymorphism in AGT and AGTR1 gene is
associated with lead-related high blood pressure.
Journal of the Renin-Angiotensin-Aldosterone
System, 2015; 16(4): 712-9.

Moradzadegan A, Vaisi-Raygani A, Nikzamir A,
Rahimi Z. Angiotensin  converting enzyme
insertion/deletion (/D) (rs4646994) and Vegf
polymorphism (+405G/C; rs2010963) in type Il
diabetic patients: Association with the risk of
coronary artery disease. Journal of the renin-
angiotensin-aldosterone  system: JRAAS, 2015;
16(3): 672-80.

Haller PM, Jager B, Farhan S, Christ G, Schreiber
W, Weidinger F, et al. Impact of age on short- and
long-term mortality of patients with ST-elevation
myocardial infarction in the VIENNA STEMI
network. Wiener klinische Wochenschrift, 2018;
130(5-6): 172-81.

Felitti VJ, Anda RF, Nordenberg D, Williamson DF,
Spitz AM, Edwards V, et al. Relationship of
childhood abuse and household dysfunction to many
of the leading causes of death in adults: The Adverse
Childhood Experiences (ACE) Study. American
journal of preventive medicine, 2019; 56(6): 774-86.
Al-Tu’ma, F.J.; Mahdi, Z.A. and Abo Almaali,
H.M. Relationship between serine/threonine kinase
39 gene polymorphisms with some cardiac
biomarkers in hypertensive patients Contemp Med
Sci. 2015; 1(4): 1-6.

Everett BM, Brooks MM, Vlachos HE, Chaitman
BR, Frye RL, Bhatt DL. Troponin and cardiac
events in stable ischemic heart disease and diabetes.
New England Journal of Medicine, 2015; 373(7):
610-20.

Barth AS, Tomaselli GF. Gene scanning and heart
attack risk. Trends in cardiovascular medicine, 2016;
26(3): 260-5.

Amara A, Mrad M, Sayeh A, Lahideb D, Layouni S,
Haggui A, et al. The effect of ACE I/D
polymorphisms alone and with concomitant risk

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

factors on coronary artery disease. Clinical and
Applied Thrombosis/Hemostasis. 2018; 24(1):
157-63.

Incalza MA, D'Oria R, Natalicchio A, Perrini S,
Laviola L, Giorgino F. Oxidative stress and reactive
oxygen species in endothelial dysfunction associated
with cardiovascular and metabolic diseases.
Vascular pharmacology, 2018; 100: 1-19.

Haller PM, Jager B, Farhan S, Christ G, Schreiber
W, Weidinger F, et al. Impact of age on short- and
long-term mortality of patients with ST-elevation
myocardial infarction in the VIENNA STEMI
network. Wiener klinische Wochenschrift, 2018;
130(5-6): 172-81.

Felitti VJ, Anda RF, Nordenberg D, Williamson DF,
Spitz AM, Edwards V, et al. Relationship of
childhood abuse and household dysfunction to many
of the leading causes of death in adults: The Adverse
Childhood Experiences (ACE) Study. American
journal of preventive medicine, 2019; 56(6): 774-86.
Merlo S, Novak J, Tkacova N, Starcevi¢ JN, Letonja
MS, Makuc J, et al. Association of the ACE
rs4646994 and rs4341 polymorphisms with the
progression of carotid atherosclerosis in slovenian
patients with type 2 diabetes mellitus. Balkan
Journal of Medical Genetics, 2015; 18(2): 37-42.
Marian AJ, Safavi F, Ferlic L, Dunn JK, Gotto AM,
Ballantyne CM. Interactions between angiotensin-I
converting enzyme insertion/deletion polymorphism
and response of plasma lipids and coronary
atherosclerosis to treatment with fluvastatin: the
lipoprotein and coronary atherosclerosis study.
Journal of the American College of Cardiology,
2000; 35(1): 89-95.

Demel SL, Woo D. Non-Caucasian Stroke Genetics.
Stroke Genetics: Springer, 2017; 281-93.

Badr S, Raboh NRA, Ali S. Angiotensinogen
M235T and angiotensin-converting enzyme 1/D
gene polymorphism and their association with type 2
diabetes in Egypt. Life Sci J., 2012; 9(2): 1226-33.
Kotsis V, Tsioufis K, Antza C, Seravalle G, Coca A,
Sierra C, et al. Obesity and cardiovascular risk: A
call for action from the European society of
hypertension working group of obesity, diabetes and
the high-risk patient and european association for
the study of obesity part b obesity-induced
cardiovascular disease, early prevention strategies
and future research directions. Journal of
hypertension, 2018; 36(7): 1441-55.

Farag E, Maheshwari K, Morgan J, Esa WAS, Doyle
DJ. An update of the role of renin angiotensin in
cardiovascular ~ homeostasis.  Anesthesia &
Analgesia, 2015; 120(2): 275-92.

Metta S, Uppala S, Basalingappa DR, Badeti SR,

Mitta G, Mohanty S, et al. Association of
angiotensin converting enzyme gene
insertion/deletion  polymorphism  with risk of

ischemic heart disease in a population of smokers in
Southern India. Journal of clinical and diagnostic
research: JCDR, 2015; 9(4): GCO01.

WWW.wjpmr.com

202



https://www.ncbi.nlm.nih.gov/pubmed/?term=Rigat%20B%5BAuthor%5D&cauthor=true&cauthor_uid=1976655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hubert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=1976655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alhenc-Gelas%20F%5BAuthor%5D&cauthor=true&cauthor_uid=1976655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cambien%20F%5BAuthor%5D&cauthor=true&cauthor_uid=1976655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cambien%20F%5BAuthor%5D&cauthor=true&cauthor_uid=1976655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corvol%20P%5BAuthor%5D&cauthor=true&cauthor_uid=1976655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soubrier%20F%5BAuthor%5D&cauthor=true&cauthor_uid=1976655
https://www.ncbi.nlm.nih.gov/pubmed/1976655
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zmorzynski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30788288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szudy-Szczyrek%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30788288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Popek-Marciniec%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30788288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Popek-Marciniec%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30788288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korszen-Pilecka%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30788288
https://www.ncbi.nlm.nih.gov/pubmed/30788288

Hemeed et al.

World Journal of Pharmaceutical and Medical Research

36.

37.

38.

39.

40.

41.

42,

43.

Moonesinghe R, Beckles GLA, Liu T, Khoury MJ.
The contribution of family history to the burden of
diagnosed diabetes, undiagnosed diabetes, and
prediabetes in the United States: analysis of the
National Health and Nutrition Examination Survey,
2009-2014. Genetics in medicine: official journal of
the American College of Medical Genetics, 2018;
20(10): 1159-66.

Si JH, Meng RR, Yu CQ, Guo Y, Bian Z, Tan YL,
et al. [Family history and risk of coronary heart
disease]. Zhonghua liu xing bing xue za zhi =
Zhonghua liuxingbingxue zazhi, 2018; 39(2): 173-8.
Malueka RG, Dwianingsih EK, Sutarni S, Bawono
RG, Bayuangga HF, Gofir A, et al. The D allele of
the  angiotensin-converting  enzyme  (ACE)
insertion/deletion (/D) polymorphism is associated
with worse functional outcome of ischaemic stroke.
International Journal of Neuroscience, 2018; 128(8):
697-704.

Durmic TS, Zdravkovic MD, Djelic MN, Gavrilovic
TD, Saranovic SAD, Plavsic JN, et al.
Polymorphisms in ACE and ACTN3 genes and
blood pressure response to acute exercise in elite
male athletes from Serbia. The Tohoku journal of
experimental medicine, 2017; 243(4): 311-20.
Cameron AC, Lang NN, Touyz RM. Drug treatment
of hypertension: focus on vascular health. Drugs.
2016; 76(16): 1529-50.

Rather RA, Dhawan V. Genetic markers: Potential
candidates for cardiovascular disease. International
journal of cardiology, 2016; 220: 914-23.

Sabbagh A, Abajy MY. Investigating the single
nucleotide polymorphism A1166C in angiotensin Il
type 1 receptor gene and its association with
hypertension in patients in Syria. Int J Acad Sci
Res., 2016; 4(1): 66-75.

Al-Serri A, Ismael FG, Al-Bustan SA, Al-Rashdan I.
Association of the insertion allele of the common
ACE gene polymorphism with type 2 diabetes
mellitus among Kuwaiti cardiovascular disease
patients. Journal of the Renin-Angiotensin-
Aldosterone System, 2015; 16(4): 910-6.

WWW.wjpmr.com

203




