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Kontext: Kardiovaskularni onemocnéni jsou celosvétové hlavni pficinou mortality. Akutni korondrni syn-
drom (AKS) je multifaktorialni onemocnéni, které je vysledkem interakce mezi environmentalnimi a gene-
tickymi faktory. Polymorfismus I/D genu pro ACE byl jiz zminén v souvislosti s rizikem rozvoje AKS. Cilem
nasi studie pfipadud a kontrol byl zhodnotit zkoumat moZznou souvislost mezi polymorfismem inzerce/delece
(I/D) genu pro angiotenzin konvertujici enzym (ACE) a infarktem myokardu s elevacemi Useku ST (STEMI) ve
vzorku pacientl ze zapadniho Alzirska.
Metody: Provedli jsme studii pfipadd a kontrol zahrnujici 169 jedinct, zdravych osob a 99 pacientd po STEMI.
ACE I/D polymorfismus byl zjistovan metodou polymerazové fetézové reakce se specifickymi primery.
Vysledky: Prevalence genotypt DD, ID a Il v nasi skupiné pacientt byla 48,48 %, 43,43 % a 8,08 % ve srov-
nénis 2,85 %, resp. 35,75 % a 61,42 % v kontrolni skupiné. Tyto vysledky prokdzaly, ze frekvence genotypu
DD a alely D je statisticky vyznamné vyssi v pfipadech s AKS nez u kontrol (32 = 67,63; p = 0,0001) (p < 0,05;
OR =9,03; 95% Cl 5,41-15,01). Rovnéz jsme nezjistili Zadnou statisticky vyznamnou souvislost mezi ACE I/D
polymorfismem a tradi¢nimi rizikovym faktory spojenymi se STEMI, jako jsou vék, pohlavi, diabetes, hyper-
tenze a koureni.
Zavér: Zavérem lze konstatovat, ze uvedené vysledky naznacuiji statisticky vyznamnou souvislost mezi I/D
polymorfismem genu pro ACE a rizikem rozvoje AKS ve zkoumaném vzorku.

© 2025, CKS.

ABSTRACT

Background: Cardiovascular diseases are the leading cause of mortality worldwide. Acute coronary syndro-
me (ACS) is a multifactorial disease resulting from the interaction of environmental and genetic factors. The
I/D polymorphism of the ACE gene has been associated with the risk of developing acute coronary syndrome
(ACS). Our case-control study aimed to access the potential association of insertion/deletion (I/D) ACE (an-
giotensin converting enzyme) gene polymorphism and ST segment elevation myocardial infarction (STEMI)
among a sample of Algerian patients from Western Algeria.

Methods: We conducted a case-control study comprising 169 individuals including 70 healthy subjects and
99 STEMI patients. ACE I/D polymorphism was detected by polymerase chain reaction with specific primers.
Results: The prevalence of DD, ID, and Il genotypes in our patients group were 48.48%, 43.43%, and
8.08%respectively vs 2.85%, 35.75% and 61.42% in the control group. These results showed that the fre-
quency of the DD genotype and the D allele was significantly higher in cases with ACS compared to controls
(x2=67.63; P=0.0001) (P <0.05, OR =9.03, 95% Cl: 5.41-15.01). We also noticed that there was no significant
association between ACE I/D polymorphisms and STEMI-relevant traditional risk factors like age, gender,
diabetes mellitus, hypertension, smoking.

Conclusion: In conclusion, these results suggest a statistically significant association between the I/D poly-
morphism of the ACE gene and the risk of developing ACS in the studied sample.
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Introduction

Acute myocardial infarction (AMI) remains a major
cause of morbidity and mortality worldwide and in
Algeria specifically."? The ST segment elevation myo-
cardial infarction (STEMI) is one of the most severe
types of acute AMI. It primarily occurs due to the rup-
ture of atherosclerotic plaques. The pathogenesis of
Ml involves a complex interplay between genetic and
environmental factors with an estimated heritability
ranging from 50 to 60%.' Among the genetic factors,
the angiotensin-converting enzyme (ACE) gene has at-
tracted considerable attention due to its role in the
renin-angiotensin-aldosterone system (RAAS) and its
involvement in cardiovascular diseases.

The renin-angiotensin-aldosterone system (RAAS) is
a crucial regulator of blood pressure and exerts a sig-
nificant influence on the development and progres-
sion of coronary artery disease (CAD). Serving as one
of the primary regulatory systems in cardiovascular
physiology, the RAAS plays a pivotal role in various
aspects, including cardiovascular remodeling, mainte-
nance of vascular tone, and sodium homeostasis.?

Different studies have suggested that polymor-
phisms occurring in the components of RAAS play
a crucial role in the development and progression of
coronary artery disease (CAD) in certain individuals.*
Among these components, the angiotensin-convert-
ing enzyme (ACE) has garnered significant attention,
leading to frequent investigations into the potential
association between ACE insertion/deletion (I/D) poly-
morphisms and cardiovascular disease like hyperten-
sion® and CAD.®’

The ACE gene, located on chromosome 1723, en-
codes the angiotensin-converting enzyme responsible
for the conversion of angiotensin | to angiotensin II.
This enzyme is also involved in the inactivation of bra-
dykinin, a vasodilator peptide. The ACE gene contains
a common insertion/deletion (/D) polymorphism in in-
tron 16, characterized by the presence or absence of
a 287 base pair Alu repeat sequence. The D allele is
associated with higher ACE activity and increased lev-
els of angiotensin Il, which promotes vasoconstriction,
inflammation, oxidative stress, and vascular remodel-
ing.® Angiotensin Il is also known to be an essential
regulator of proliferation, migration, and hypertro-
phy of vascular smooth muscle cells, increasing thus
its association with CAD and Ml risk of occurrence.®

The association between the ACE I/D polymorphism
and the risk of Ml has been extensively investigated
in various populations. Indeed, it was reported in
many studies that the DD genotype is associated with
various cardiovascular diseases, including myocardial
infarction.’®" However, results from other associa-
tion studies between ACE I/D polymorphism and Ml
revealed conflicting results''2'* and did not consider
the relationship between the ACE I/D polymorphism
and M.

Thus, we aim in this study to investigate the asso-
ciation between the ACE I/D polymorphism and the
risk of Ml in Algerian patients from the city of Oran.

Methods

Population study

We have enrolled a case-control study from 2021 until
2022 where we have included 169 Algerian subjects. All
the implicated subjects have already given their written
consent to participate in this study which was conducted
according to the declaration of Helsinki Principles and
approved by the local ethics committee.

The study covered all the files of patients hospitalized
for ACS with ST segment elevation myocardial infarction
(STEMI) at the Cardiology Service of the University Hospital
Center of the Oran city. We included all patients of both
sexes and of all ages in the study. We excluded all incom-
plete records or patients who presented with traumatic or
non-ischemic chest pain from this study. Data is collected
using pre-established forms. All patients had undergone
an electrocardiogram (ECG), a cardiac ultrasound and
a biological assessment (blood count, creatinine, glycemia,
troponin, cholesterol, triglyceride, prothrombin level, acti-
vated partial thromboplastin time). The control group was
selected from healthy blood donors.

Diagnosis of STEMI

The diagnosis of ACS was done according to the American
College of Cardiology/ American Heart Association (ACC/
AHA) definitions.*'® We classified ACS patients according
to the electrocardiographic results as having ST-segment
elevations in the case of the presence of clinical symptoms
of myocardial infarction lasting >30 min with ECG changes
of either ST elevation of at least 0.1 mv in two contigu-
ous precordial leads or two limb leads, or the presence of
a new left bundle branch block (LBBB). Moreover, tropo-
nin | levels and the myocardial band (MB) fraction of total
creatinine phosphokinase (CPK) were measured in order to
confirm myocardial cell death. We excluded from this stu-
dy all incomplete records or patients who presented with
traumatic or non-ischemic chest pain.

Risk factors assessment

We used a standardized questionnaire to record data as
socio-demographic characteristics. Risk factors of each pa-
tient were identified. The identification of dyslipidemia
was based on whether patient is taking lipid lowering
drugs or biochemically indicated by total cholesterol > 240
mg/dL, triglycerides >150 mg/dL, low density lipoproteins
(LDL) >130 mg/dL and high-density lipoproteins (HDL)
<50 mg/dL, <40 mg/dL for females and males respecti-
vely. Diabetes mellitus was defined as either the pati-
ent is under medication or presenting clinical symptoms
and having plasma glucose concentration >200 mg/dL
(11.1 mmol/L) or fasting blood sugar >126 mg/dL (7.0 mmol/L)].
Hypertension was also defined as having systolic blood
pressure 2140 mmHg and/or diastolic blood pressure
>90 mmHg and/or being on antihypertensive treatment.
Moreover, other risk factors like smoking and hormonal
status for women were assessed.
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Fig. 1 - Representative gel picture of ACE I/D polymorphism in 2%
agarose gel.

Genotyping methods

Genomic DNA was extracted using five milliliters of blood
samples using Salting-out method as previously described
by Miller et al."” and quantified following spectrophoto-
metric analysis. We used polymerase chain reaction (PCR)
to genotype DNA samples for the I/D ACE polymorphi-
sm, as previously described Chou et al.”® using primers
flanking the polymorphic region of intron 16 with the
following primer sequences: 5° TGGAGACCACTCCCAT-
CCTTTCT-3' and 5'-CAGGTCTTCATATTTCCGATGTGG-3'.
Reactions were carried out in 25-pL volumes containing
50 ng of genomic DNA, 0,4 pM of each primer, 200 mM
dNTP, 1X Taq polymerase buffer and 1U Tag DNA poly-
merase (Wiragen, Algeria). The cycling conditions for I/D
were set as follows: an initial denaturation at 94 °C for
4 minutes, 35 cycles at 94 °C for 30 seconds, 58 °C for 30
seconds, and 72 °C for 60 seconds, and a final extension
at 72 °C for 10 minutes. Electrophoresis of the amplified
products in 2% agarose gel allowed detection of a 495-
base pair (bp) fragment (insertion) and a 208-bp frag-
ment (deletion) (Fig. 1).

Statistical analysis

Data analysis was done with the help of an (SPSS Inc., Chi-
cago, lllinois, USA) version 26.0. Clinical characteristics of
all the subjects are expressed as means + SD. Descriptive
statistics were used to analyze all studied variables such
as the socio-demographic characteristics, anthropometric
measurements, biological parameters. A two-tailed Stu-
dent’s t-test was used to compare continuous variables

between the two groups. Allele frequencies were calcula-
ted from genotype frequencies and they were compared
between the two groups using chi-squared (y?) statistics.
Odds ratio (OR) were calculated to estimate the associa-
tion between genotypes and Ml risk with a confidence
interval (Cl) of 95%. Hardy-Weinberg’s equilibrium was
checked by a y?test. P-value <0.05 was considered statis-
tically significant.

Results

Allelic and genotypic distribution of I/D ACE gene
polymorphism in cases and controls

Table 1 presents the distribution of alleles and genotypes
of the ACE I/D polymorphism among cases and controls.
Among cases, the frequencies of the ACE genotypes I, ID,
and DD were 8.08%, 43.4%, and 48.4%, respectively. In
contrast, the control group exhibited genotype frequen-
cies of 61.42% for ll, 35.71% for ID, and 2.85% for DD.

A statistically significant difference was observed in
the genotype distribution between cases and controls (y2
=67.63, p = 0.0001).

Additionally, the frequency of the D allele was signifi-
cantly higher among cases (70%) compared to controls
(29%) (p < 0.05, OR = 9.03, 95% CI: 5.41-15.01). These
findings suggest a strong association between the D al-
lele and acute coronary syndrome.

Association between ACE genotypes
and traditional risk factors

Age distribution

No significant association was identified between age
categories and ACE genotypes (p = 0.847). The DD ge-
notype was more prevalent in the oldest age group (>68
years, 58.33%), but the overall distribution of genotypes
across age groups was balanced, indicating no clear re-
lationship between ACE polymorphism and age in this
cohort (Table 2).

Gender distribution

Gender differences did not significantly correlate with
ACE genotypes (p = 0.546). Males were more represented
in the ID (48.38%) and DD (41.93%) genotypes, whereas
females were slightly more prevalent in the DD genotype

Table 1 - Allelic and genotypic distribution of I/D ACE polymorphism among cases and controls

Patients Controls
Variables N (%) N (%)

N =99 N=70
1l 8 (8.08%) 43 (61.42%)
ID 43 (43.43%) 25 (35.75%)
DD 48 (48.48%) 02 (2.85%)
| allele 59 (29.79%) 111 (79.28%)
D allele 139 (70.20%) 29 (20.71%)

7 p-value OR 95% CI
67.63 0.0001*
9.08
*
80,34 0.0001 (5.41-15.01)
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Table 2 - Traditional risk factors according to ACE genotypes distribution among STEMI cases

1l n (%)

Age (years)
<45 1 (4.54%)
46-56 1(3.22%)
57-67 4(11.76%)
>68 1(8.33%)
Gender

Male 3(9.67%)

Female 4 (5.88%)
Hypertension

Yes 3 (4.54%)

No 4(12.12%)
Diabetes

Yes 0 (0%)

No 7 (11,11%)
Dyslipidemia

Yes 2 (4.44%)

No 5(9.25%)
Smoking

Yes 3 (13.04%)

No 4 (5.26%)

STEMI cases
(N=99)

ID n (%) DD n (%) p-value
10 (45.45%) 11 (50%)
15 (48.38%) 15 (48.38%)
14 (41.17%) 16 (47.05%) 0.847
4 (33.33%) 7 (58.33%)
15 (48.38%) 13 (41.93%) 0.546
28 (41.17%) 36 (52.94%) ’
27 (40.9%) 36 (54.54%) 0.213
16 (48.48%) 13 (39.39%) ’

18 (50%) 18 (50%) 0.102
25 (39.68%) 31 (49.2%) ’
26 (57.77%) 17 (37.77%) 0.03*
17 (31.48%) 32 (59.25%) ’
11 (47.82%) 9(39.13%) 0317

32 (42.1%)

40 (52.63%)
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(52.94%). These results suggest that gender does not sig-
nificantly influence the distribution of ACE genotypes
among STEMI patients.

Hypertension

Hypertension prevalence was highest in the DD geno-
type group (54.54%), followed by ID (40.90%) and I
(4.54%). Despite this trend, no significant association
was observed between hypertension and ACE genotypes
(p = 0.213). This aligns with prior studies indicating a po-
tential, but non-conclusive, link between the DD geno-
type and hypertension.

Diabetes mellitus

No significant association was detected between diabe-
tes and ACE genotypes (p = 0.102). Notably, no diabetes
cases were observed in the Il genotype group (0%), whe-
reas diabetes was evenly distributed among ID and DD
genotypes (50% each). These findings may suggest po-
pulation-specific variability regarding the impact of ACE
polymorphism on diabetes risk.

Dyslipidemia

A statistically significant association was identified be-
tween dyslipidemia and ACE genotypes (p = 0.03). The
ID genotype exhibited the highest prevalence of dys-
lipidemia (57.77%), followed by DD (37.77%) and I
(4.44%). Conversely, non-dyslipidemic individuals were
more likely to belong to the DD group (59.25%). These
results suggest a potential role of the ID genotype in
lipid metabolism disturbances and its contribution to
STEMI development.

Smoking

No significant association was found between smoking
status and ACE genotypes (p = 0.317). However, smokers
were more prevalent in the Il genotype group (13.04%)
compared to the ID (47.82%) and DD (39.13%) geno-
types. Non-smokers predominated across all genotypes,
particularly in the DD group (52.63%). This suggests that
ACE polymorphism does not significantly influence smo-
king behavior in this cohort.

Discussion

Cardiovascular diseases (CVD) are the leading cause of
morbidity and mortality worldwide, accounting for 31%
of total global mortality.’® Coronary heart disease is a po-
lygenic and multifactorial disease characterized by the for-
mation of atherosclerotic plaque in the coronary vessels.?

Many studies reported the contribution of genetic
variations in the pathogenesis of cardiac disorders includ-
ing hypertension®> and myocardial infarction.® Angioten-
sin I-converting enzyme (ACE) gene insertion/deletion
(I/D) polymorphism, characterized by an insertion/dele-
tion of a 287 bp nucleotide sequence at intron 16, has
been extensively studied and several studies reported its
eventual association with Ml by modifying ACE activity
and contributing to enhanced plaque vulnerability, ulcer-
ation and thrombosis.?*?2 However, the contribution of
ACE gene polymorphism as a risk factor of CAD remains
controversial with conflicting results.?>??

In our study, we found that the percentage of DD
genotype was higher in cases compared to controls (OR

31/10/2025 15:25:56
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=9, 03, 95% CI: 5.41-15.01) which was confirmed in dif-
ferent studies of African and Western populations.52-27
However, other Asian studies reported the lowest per-
centage of the DD genotype compared to the Il and ID
genotypes.?®3!

Similarly, Dai et al.* reported in a case-control study
that the ACE DD genotype is an independent risk factor
for STEMI. This result was also confirmed in many stud-
ies of different populations.334 Furthermore, we noticed
no significant association between conventional risk fac-
tors of CAD like advanced age, diabetes mellitus, hyper-
tension, smoking, and ACE genotypes. Indeed, Moorthy
et al.>®* did not find any association between these risk
factors and ACE genotypes in an Indian cohort of 934
STEMI patients. Nevertheless, other studies reported
a significant association between ACE genotypes and
hypertension,>*¢-3% diabetes mellitus and its complica-
tions.**2 However, we have found a significant associa-
tion between dyslipidemia and ACE genotypes in STEMI
patients. This result has been already confirmed in many
studies.®

It should be noted that the increased risk of ACS in DD
subjects could be the consequence of chronic coronary va-
soconstriction or a predisposition to spasm linked to the
action of ACE on the vasoactive peptides that it metabo-
lizes. In the presence of coronary vasoconstriction, a myo-
cardial infarction could occur in an atherosclerotic lesion
of smaller size than in the absence of vasoconstriction.

These conflicting results underscore the intricate na-
ture of association studies in complex diseases like acute
coronary syndrome (ACS). Several factors have been pro-
posed to explain these inconsistencies, such as differing
selection criteria for control and disease groups, uncon-
trollable environmental influences within populations,
variations in genetic and ethnic backgrounds, and age
disparities among the subjects. Additionally, emerging
evidence suggests that epigenetic mechanisms, particu-
larly DNA methylation, may play a key role in the etiol-
ogy of coronary artery disease (CAD). Alterations in DNA
methylation patterns can affect gene expression, poten-
tially contributing to the development of CAD by modu-
lating pathways linked to inflammation, lipid metabo-
lism, and vascular function.*

Conclusion

The ACE DD genotype was observed to correlate with
the severity of CAD compared to the Il or ID genotypes
in Algerian patients. This research marks the first study in
Algeria exploring the association between a genetic poly-
morphism and coronary artery lesion severity, thus adding
valuable insights to the role of ACE I/D polymorphism in
AMI pathophysiology within Algerian populations. Con-
sequently, considering ACE I/D status could enhance the
comprehensive assessment and aggressive management
of AMI patients.
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