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Background: Ischemic stroke is a complicated, multifaceted condition brought

on by a confluence of vascular, environmental, and genetic variables. The burden

of ischemic stroke is currently rising in terms of death, morbidity, and disability

worldwide. Genetic variables also play significant roles in the pathophysiology

of hypertension and ischemic stroke in addition to the greatest e�ects of

demographic, clinical, and behavioral risk factors. The key functional variation

of the ACE gene that has drawn the most interest is the ACE I/D variant. Even

though the ACE gene I/D polymorphism has been widely studied, the findings of

investigations on the involvement of this polymorphism in ischemic stroke were

contradictory and provide conflicting data. The goal of this study was to look into

the e�ect of the ACE gene I/D polymorphism on the risk of ischemic stroke in

patients with hypertension.

Methods: A hospital-based case–control study was carried out in 36 cases of

patients with hypertensive IS and 36 age- and sex-matched healthy controls.

Clinical and biochemical parameters were measured to assess the associated

risk factors. The DNA was isolated from blood samples, and the ACE I/D

genotypes were identified using polymerase chain reaction and analyzed by

agarose gel electrophoresis.

Results: The ACE-DD genotype (OR = 3.71, 95% CI = 1.02–13.5; P < 0.05) and D

allele (OR = 2.07, 95% CI = 1.06–4.03; P <0.05) were significantly more common

in patients than in controls, indicating that it is a risk factor for the development of

ischemic stroke in hypertensive individuals.

Conclusion: There is a significant correlation between the ACE gene I/D

polymorphism and the development of ischemic stroke in patients with a history

of hypertension in the Ethiopian population.
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1. Introduction

Ischemic stroke (IS) is the loss of brain tissue caused by a

cessation of blood supply to a region of the brain brought on by

an obstruction of a carotid or vertebral artery, or distal branches

of the anterior, middle, or posterior cerebral arteries (1). It is the

primary cause of adult disability and the second-leading cause of

mortality in the world, accounting for ∼ 10% of all deaths with

5.5 million people dying annually (2). According to data from the

2010 Global Burden of Diseases, Injuries, and Risk Factors Study

(GBD), stroke is the most common cardiovascular disease (CVD)

that results in death and disability in sub-Saharan Africa (SSA)

and other low- and middle-income countries (LMICs) (3). Risk

factors of IS may be divided into two categories: modifiable and

non-modifiable. Age, sex, family history, and race/ethnicity are

risk factors that cannot be modified, but hypertension, smoking,

diet, and physical inactivity are some of the risk factors that can

be modified (4). Due to health changes associated with constantly

evolving social, economic, and demographic trends, the SSA and

LMICs may be more impacted by the high burden of IS and other

vascular illnesses. The population’s shifting exposure to risk factors

and their inability to pay the high cost of IS treatment are two

additional reasons why the poor are becoming more and more

impacted by this illness (5).

The 2017 WHO data reported that 6.23% of all fatalities

in Ethiopia were due to stroke. In addition, the nation’s age-

adjusted stroke death rate is 89.82 per 100,000 of the population.

The stroke burden will increase in the upcoming years as

a result of poor healthcare-seeking behavior and insufficient

neurologic therapies, according to previous data on the stroke

trend (6). According to hospital-based research, stroke accounts

for 24% of all neurologic hospitalizations in Ethiopia, making it

one of the major causes of morbidity and death. Furthermore,

due to changes in lifestyle and demographics that have an

impact on the population’s epigenetic makeup, the incidence

of risk factors for stroke has been rising in the Ethiopian

population (7).

Hypertension is the most significant modifiable risk factor

for IS, increasing the relative risk by 3.1 times for men

and 2.9 times for women, where the incidence of stroke

rises proportionately with both systolic and diastolic blood

pressure (8). Since HTN and IS share fundamental physiological

regulatory systems, the causes of elevated blood pressure that

operate through RAAS may be linked to IS. In addition, the

atherosclerotic process involves RAAS in vascular remodeling,

the production of oxidative stress, and inflammation that have

shown a potential relationship with the condition (9). A number

of RAAS gene polymorphisms, including those in the aldosterone

synthase (CYP11B2), angiotensinogen (AGT), angiotensin II type

1 receptor (AT1R), and angiotensin-converting enzyme (ACE)

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass

index; DNA, deoxyribonucleic acid; DBP, diastolic blood pressure; FBG,

fasting blood glucose; HDL, high-density lipoprotein; HTN, hypertension;

LDL, low-density lipoprotein; PCR, polymerase chain reaction; RAAS,

renin–angiotensin–aldosterone system; SBP, systolic blood pressure; TC,

total cholesterol; TG, triglycerol.

genes, have been found to be strongly linked to hypertension

and ischemic stroke. The most well-known and extensively

researched variants of these polymorphisms are the ACE I/D

polymorphisms (10).

The ACE is a membrane-bound dipeptidyl carboxypeptidase

ectoenzyme found in the endothelium lining of blood arteries

throughout the body, where it plays a crucial role in the

proliferation of vascular smooth muscle cells by converting

angiotensin I to angiotensin II (11). The human ACE gene, which

spans 21 kb and has 26 exons and 25 introns, is located on the

long arm (q) of chromosome 17 (17q23.3). The ACE gene’s I/D

polymorphism results from the insertion (I) or deletion (D) of a

287-base pair (bp) Alu sequence in intron 16, resulting in three

genotypes: II homozygote, ID heterozygote, and DD homozygote

(12). The ACE insertion/deletion (I/D) gene polymorphism

(rs4646994) was shown to have a high association with the level of

plasma ACE since it accounted for 47% of the overall phenotypic

variance of ACE activity. According to some studies, those with

the II genotype had lower ACE concentrations than people with

the DD genotype (13). The DD genotype was linked to elevated

ACE levels and activity, which consequently caused a spike in

blood pressure by increasing the production of angiotensin II,

starting the constriction of blood vessels, and also increasing the

reabsorption of water and sodium by the kidneys, along with

elevating blood volume and blood pressure that causes HTN-

induced IS (14).

Numerous case–control studies on ACE I/D polymorphism

and the risk of IS in various ethnic populations had been

conducted. This led to the hypothesis that ACE I/D may

be a candidate gene and that the DD genotype is correlated

with IS (10). However, the findings of investigations on the

involvement of this polymorphism in IS are contradictory

and provide conflicting data as certain studies established

a link while others did not (15). Furthermore, though a

number of studies were conducted to estimate the prevalence,

risk factors, and outcome of IS in the Ethiopian population

(16), there are no reported data about the effect of ACE

gene polymorphism on the occurrence and progression of

the disease. Keeping all the aforementioned factors in mind,

the purpose of this study was to determine the relationship

between ACE gene I/D polymorphism and the risk of ischemic

stroke complications among patients with hypertension in the

Ethiopian population.

2. Methods

2.1. Study participants

A hospital-based matched case–control study was conducted

from May to August 2022 in Debre Tabor Referral Hospital.

It has a follow-up medical referral clinic (MRC) for major

chronic illnesses, including IS and HTN, in which treatment

and follow-up for those patients take place. All patients

who visit MRC were the source population, and patients

who are under follow-up for HTN with IS complications

were study subjects. The study included a total of 72

participants of both sexes, consisting of 36 patients with
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FIGURE 1

Flow diagram of the study participant selection process.

hypertensive IS and 36 normotensive healthy control groups

(Figure 1).

2.2. Inclusion and exclusion criteria

Patients with IS secondary to HTN, who had been confirmed

by computed tomography (CT) scans and magnetic resonance

imaging (MRI), were recruited into this study. The study included

patients who had been receiving follow-up care atMRC for at least 1

year. Controls were age- and sex-matched normotensive volunteers

who were available during the study period. They were healthy

individuals with normal brain imaging from the same geographical

location and social status (Figure 1).

Patients who are diagnosed with hemorrhagic stroke, transient

ischemic attack, hepatic and renal disease, cardiac source of

embolization, secondary HTN, or chronic bacterial or viral

infection were excluded. Patients who are unable to respond or

are not willing to sign informed consent were also excluded from

this study.
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FIGURE 2

Agarose gel (1%) electrophoresis showing the quality of isolated genomic DNA.

FIGURE 3

Agarose gel (2%) electrophoresis showing PCR products of the ACE I/D gene.

2.3. Data collection methods

The socio-demographic characteristics of both patients and

healthy control subjects were obtained through a semi-structured

questionnaire. Portable digital scales and portable stadiometers

were used to determine body weight and height, respectively.

Body mass index (BMI) is computed by dividing weight (in

kilograms) by height (in meters square). Participants were classified

as underweight (BMI < 18.5 kg/m2), healthy (18.5–25 kg/m2),

overweight (25.0–29.9 kg/m2), or obese (≥30 kg/m2) based on their

BMI (17). A digital instrument was used to measure blood pressure

in the sitting stance after 5min of rest, and the mean of three

readings was used to compute SBP and DBP. Participants were

categorized as hypertensive if their SBP was 140–159mmHg and/or

DBP was 90–99 mmHg (grade 1) or SBP was ≥ 160 mmHg and/or

DBP was ≥ 100 mmHg (grade 2) or if they used antihypertensive

medication; as having high normal BP, if SBP was 130–139 mmHg

and/or DBP was 85–89mmHg; and as having normal BP, if SBP was

<130 mmHg and DBP was < 85 mmHg (18).

2.4. Sample collection and laboratory
methods

All participants, including patients and healthy controls, had

a blood sample of 5ml taken from the median cubital vein by

laboratory staff under safety procedures. From the 5ml sample,

3ml was retained in the test tube without anticoagulants to allow

the blood to clot. The tubes were then centrifuged to extract the

serum, which was then collected into new tubes for biochemical

tests. Enzymatic analyses of TC, TG, LDL, HDL, creatinine, and

glucose were performed on each test in the Debre Tabor Referral

Hospital diagnostic laboratory using the Dimension EXL 200 fully

automated analyzer. The results were then scored by an investigator

blinded to the sample withdrawal condition and experimental

groups. If the fasting plasma glucose concentration is >126 mg/dl,

then diabetes mellitus has been identified (19). Dyslipidemia can

be defined if TC, TG, and LDL levels are above 200 mg/dl,

150 mg/dl, and 100 mg/dl, respectively, and the HDL level is

below 60 mg/dl (20). Kidney disease is diagnosed if the blood

creatinine concentration is >1.3 mg/dl for men and >1.1 mg/dl for

women (21).

In themolecular biology laboratory at the University of Gondar,

genomic DNA was extracted from the remaining 2ml of samples

collected in EDTA-containing tubes from each participant. The

non-enzymatic salting-out approach (22) was used to isolate DNA

from EDTA-anticoagulated blood from both patients and controls.

The blood was then put into a clean 1.5ml Eppendorf tube. By

lysing and eliminating them with a buffer solution, red blood cells

were removed. To lyse white blood cells, a nuclear lysis buffer

solution was used. Thereafter, to precipitate and remove proteins,

6M NaCl of a highly concentrated salt was applied. After freezing

with isopropanol and washing with 70% ice-cold ethanol, the DNA

was precipitated. Thereafter, Tris-EDTA (TE) buffer was used to
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TABLE 1 Demographic, clinical, and behavioral characteristics of the study participants in Debre Tabor Referral Hospital, Northwest Ethiopia, 2022.

Variables IS (n = 36) Control (n = 36) P-value

Sex (M/F) 19/17 18/18 0.8136

Age (yr) 59.4±12.1 58.2± 6.9 0.6177

Family history of HTN (%) 27.8 % 19.4 % 0.4051

Family history of IS (%) 16.7 % 8.3 % 0.2850

BMI (Kg/m2) 23.6± 4.7 23.1± 4.2 0.6471

SBP (mmHg) 147.4± 6.0 116.2± 3.9 < 0.001∗

DBP (mmHg) 91.3± 3.8 76.0± 4.0 < 0.001∗

FBS (mg/dl) 91.0± 18.9 89.9± 5.7 0.7503

Total Cholesterol (mg/dl) 190.5± 47.6 153.4± 46.2 < 0.001∗

Triglyceride (mg/dl) 135.4± 37.3 105.5± 37.1 < 0.001∗

LDL-Cholesterol (mg/dl) 94.7± 32.6 68.5± 28.2 < 0.001∗

HDL-Cholesterol (mg/dl) 43.8± 8.2 55.5± 11.5 < 0.001∗

Creatinine (mg/dl) 0.79± 0.13 0.75± 0.12 0.2214

Smoking habit (yes/no) 6/30 2/34 0.1336

Alcohol intake (yes/no) 20/16 17/19 0.4793

Salt intake (yes/no) 35/1 32/4 0.1613

Physical exercise (yes/no) 3/33 7/29 0.1728

Stress (yes/no) 24/12 19/17 0.2296

∗A P-value of < 0.05 is considered statistically significant. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; LDL, low-density

lipoprotein; HDL, high-density lipoprotein; HTN, hypertension; IS, ischemic stroke.

FIGURE 4

Distribution of the ACE I/D genotype in cases and controls.

dissolve genomic DNA. The quality of isolated genomic DNA was

verified utilizing 1% agarose gel electrophoresis (Figure 2), and the

sample was kept at−20 ◦C until it was needed (23).

Using specific primers (5
′

- CTG GAG ACC ACT CCC ATC

CTT TCT-3
′

and 5
′

- GAT GTG GCC ATC ACA TTC GTC AGA

T-3
′

, respectively), direct PCR was used to identify the I/D alleles

of the ACE gene polymorphism (24). A final volume (25µl) of

the PCR reaction mixture was prepared by combining 12.5µl of

master mix (MgCl2, dNTPs, PCR buffer, and Taq polymerase), 1µl

of forward primer, 1µl of reverse primer, 2µl of each sample,

and 8.5µl of PCR-grade water. The first denaturation step of the

PCR amplification was set at 95◦C for 5min. The DNA was then

amplified for 35 cycles with denaturation at 94◦C for 30 s, annealing

at 58◦C for 30 s, extension at 72◦C for 1min, and a final extension

at 72◦C for 5 min (25).

ACE I/D genotypes of 490 bp band (II), 190 bp band (DD),

and both 490 bp and 190 bp band (ID) PCR products were

electrophoretically separated for 50min at 120V on a 2% agarose
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gel (Figure 3). The PCR-amplified products (12 µl) were mixed

with 3 µl of loading dye before being injected into the agarose

gel wells. DNA ladders, which are molecular weight markers, were

electrophoresed along with the DNA fragments to estimate the

sizes of fragments of interest, and 3 µl of 2% ethidium bromide

was also used for staining. In 1X tris acetate EDTA (TAE) buffer,

electrophoresis was performed, and a UV transilluminator was

used to visualize the gel (26).

2.5. Statistical analysis

The data were analyzed using STATA version 14. The

means and standard deviations (x + s) were used to show

quantitative data. A t-test for independent samples was applied to

compare continuous variables between patients with hypertensive

IS and healthy controls. The chi-square test was used to

compare the distribution of genotype and allele frequencies.

The risk correlations of ACE gene I/D polymorphisms with

hypertensive IS were evaluated using logistic regression with a

95% confidence interval (CI). A one-way ANOVA was used to

compare the relationships between ACE genotypes and clinical

factors. Statistical significance was defined as a p-value of < 0.05.

3. Results

3.1. Socio-demographic and clinical
characteristics

The distribution by sex and age was similar between

hypertensive IS cases and normotensive control groups. Of the

total 36 participants with hypertensive IS, 19 (52.8%) were male

patients and 17 (47.2%) were female patients. Similarly, among

the 36 healthy control groups, 18 (50 %) were male patients

and 18 (50%) were female patients. The mean ages of the study

groups were 59.4 ± 12.1 and 58.2 ± 6.9 for cases and controls,

respectively. The clinical risk factors of IS such as systolic blood

pressure (SBP), diastolic blood pressure (DBP), total cholesterol

(TC), triglycerol (TG), LDL-cholesterol, and HDL-cholesterol

levels were significantly higher in patients when compared to

controls. However, there were no appreciable variations in blood

creatinine levels, fasting blood glucose (FBG), or body mass index

(BMI) between the two groups (Table 1).

3.2. Distribution of ACE genotypes and
allele frequencies

The frequencies of the DD, ID, and II genotypes were 38.9, 41.7,

and 19.4%, respectively, in the patient group, whereas they were

19.4, 44.4, and 36.1%, respectively, in the control group (Figure 4).

Genotype distributions in the case and control groups were

consistent with theHardy–Weinberg equilibrium (P> 0.05). The D

and I allele frequencies in patients were 0.60 and 0.40, respectively,

while they were 0.42 and 0.58 in controls. The distribution of

ACE genotype polymorphism between the two groups shows a

significant difference (P < 0.05). Furthermore, compared to the

control group, patients had a greater frequency of the homozygous

DD genotype (odds ratio [OR] = 3.71; 95% confidence interval

[CI] = 1.02–13.5; P < 0.05). The allelic frequencies showed

high significance between the two groups, in which the D allele

was two times higher than the I allele in patients (OR = 2.07;

95% CI = 1.06–4.03; P < 0.05) compared to controls. However,

compared to healthy controls, ACE genotype II was less common

in patients with hypertension (Table 2).

3.3. Association between ACE genotypes
and clinical parameters

Table 3 shows the association of the ACE I/D genotype with

the clinical parameters of patients with hypertensive IS and

normotensive healthy controls. The ACE genotypes (DD, ID, and

II) in the study groups were assessed with FBG, blood pressure,

and lipid profiles. All the aforementioned clinical variables were

not found to be significant with the genotypes in the study groups

(P > 0.05). However, the SBP and DBP are higher in the ACE-DD

genotype than in the ID and II genotypes.

4. Discussion

Ischemic stroke is a complex and heterogeneous disease with

multiple etiologies and significant clinical manifestations (27).

Even though conventional risk factors like diabetes, smoking,

hypertension, and dyslipidemia were thought to be more important

than inherited risk factors, recent case–control studies and

meta-analyses have shown that genetic risk factors and genetic

background have a significant impact on IS susceptibility (28). In

the present study, the DD genotype and D allele had significantly

higher frequencies in patients than in controls (Table 2, Figure 4).

This finding is consistent with a meta-analysis conducted in a

Caucasian population that included 22 case–control studies and

discovered that patients with the DD genotype were more likely

to have IS than those with the II genotypes (OR = 1.28, 95%

CI = 1.05 to 1.55; P < 0.001) (29). Another meta-analysis with an

encouraging result found that there was a substantial link between

the D allele and IS in 105 relevant studies, encompassing 18,258 IS

cases and 28,768 healthy controls (OR = 1.354; 95% CI = 1.272-

1.440; P < 0.001). This meta-analysis suggests that although the

statistical relevance for Caucasians is questionable, the ACE I/D

polymorphism may be a genetic risk factor for IS, especially in

Asians (30). Other research studies revealed that ACE-DD was

connected to a high occurrence of IS in people from India (31), Iraq

(32), and North India (33).

The exact mechanism by which the insertion/deletionmutation

in the ACE gene increases the risk of HTN and IS was

unknown (30). Extracellular volume and the homeostasis of

the vascular wall are mediated by ACE, a crucial enzyme

in the RAAS, which catalyzes the conversion of decapeptide

angiotensin I into octapeptide angiotensin II. Numerous studies

have shown that angiotensin II influences atherosclerotic changes

and plaque rupture through a variety of mechanisms, including

vasoconstriction and the expansion of vascular smooth muscle

cells, which promote peripheral resistance of blood vessels (34). It
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TABLE 2 Distribution of ACE genotypes and allele frequencies of the study participants in Debre Tabor Referral Hospital, Northwest Ethiopia, 2022.

Genotype IS (n = 36) Control (n = 36) OR (95% CL) p-value

DD 14 (38.9 %) 7 (19.4 %) 3.71 (1.02–13.5) 0.046∗

ID 15 (41.7 %) 16 (44.4 %) 1.74 (0.54–5.54) 0.348

II 7 (19.4 %) 13 (36.1 %) Ref

Allele Frequency

D 43 (59.7 %) 30 (41.7 %) 2.07 (1.52–3.22) 0.031∗

I 29 (40.3 %) 42 (58.3 %) Ref

∗A P-value of < 0.05 is considered to be statistically significant. Ref, reference; CL, confidence level; OR, odds ratio.

TABLE 3 Association of ACE I/D genotype with clinical characteristics in Debre Tabor Referral Hospital, Northwest Ethiopia, 2022.

Genotypes

Variables DD (n = 21) ID (n = 31) II (n = 20) p-value

Sex (M/F) 57/44 36/39 30/30 0.6479

Age (yr) 58.2± 11.8 58.9± 9.7 59.1± 8.1 0.2947

BMI (Kg/m2) 23.7± 4.3 23.4± 4.1 22.8± 5.1 0.8263

SBP (mmHg) 135.6± 16.0 131.5± 17.8 128.2± 14.7 0.2167

DBP (mmHg) 85.4± 8.7 83.4± 9.4 82.2± 7.3 0.2280

FBS (mg/dl) 86.8± 9.8 90.9± 14.2 93.7± 16.6 0.5799

TC (mg/dl) 164.7± 41.1 179.8± 54.1 167.3± 53.5 0.7213

TG (mg/dl) 111.1± 41.1 128.4± 49.5 117.9± 30.2 0.6339

LDL-C (mg/dl) 90.8± 40.2 78.9± 32.7 76.2± 23.6 0.6194

HDL-C (mg/dl) 50.5± 11.3 48.2± 11.7 51.1± 11.7 0.8025

Creatinine (mg/dl) 0.79± 0.16 0.77± 0.12 0.75± 0.12 0.2451

∗A P-value of < 0.05 is considered to be statistically significant.

has been shown that human RAAS activation worsens ischemia-

induced brain injury mainly by stimulating atherosclerosis,

reducing cerebral blood flow, and increasing oxidative stress, which

results in a hypertension-induced IS complication (35). In addition,

ACE-DD carriers have a higher level of angiotensin II than non-

carriers, which affects the function of endothelial cells in a number

of ways, including promoting endothelial cell apoptosis, raising

vascular endothelial growth factor, and impairing the production of

nitric oxide. This results in a higher risk of HTN and its associated

IS complications (36).

Furthermore, the findings of this study disagree with the

case–control study conducted in North Sumatra, Indonesia, which

included a total of 78 patients with IS of both sexes, consisting of

43 patients with hypertension and 35 patients with normotension.

Based on the allele and its genotype, there is no significant

correlation between the ACE gene polymorphism and HTN in

patients with IS. In this study, the I allele (72.1%) of the ACE gene

polymorphism was more dominant than the D allele (27.9%) in

patients with hypertensive IS (37). In addition, research conducted

in South India (38) showed a link between the ACE II genotype

and the I allele, which was exacerbated by factors such as smoking

and diabetes among patients with IS. Other studies conducted

in populations from Turkey (39) discovered no link between the

ACE gene’s I/D polymorphism and IS. The varying distribution

frequencies of the ACE I/D polymorphism, which are impacted

by regional and racial characteristics as well as ethnic variances,

may be the reason for the controversial findings among the various

ethnic communities (40). Different study methodologies, bias in

selection, various matching criteria, or the kind of stroke might all

be contributing variables (41).

In addition to the association between ACE polymorphism

and IS, the contribution of other risk factors, such as the

relation between ACE gene I/D polymorphism and patients

with HTN without known histories of stroke, was studied in

different populations (42). However, there are conflicting results

regarding ACE polymorphisms and HTN risk (43). Studies

conducted in populations from Pakistan (42) and Brazil (44)

showed that ACE-DDwas associated with a high incidence of HTN.

Contradictory results were found from a study conducted in Afro-

Brazilian and Caucasian populations (45) and the Peruvian elderly

population (43), which showed no association between the ACE

gene I/D polymorphism and HTN. Therefore, the controversial

results about the association of ACE with hypertension and other

cerebrovascular diseases in different populations may be due to

interactions between genetic and some environmental factors that

explain the complexity of genetic architecture (46). Inconsistencies

were still visible between researchers about the ACE gene I/D

polymorphism in hypertension and ischemic stroke complications.
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Therefore, further research is still required; for instance, a third

group would be needed to conclusively show the relationship

between patients with HTN without a known history of ischemic

stroke, patients with hypertension with IS complications, and

normotensive healthy controls.

5. Conclusion

The current study found that the ACE I/D gene of

the DD genotype and D allele is associated with a high

risk of IS complications in patients with hypertension. As

a result, the ACE I/D gene polymorphism can be used as

a biomarker for the early diagnosis and detection of IS.

Further studies with a large sample size are required to

comprehend the correlation between the ACE gene and IS.
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