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Abstract 
Coronary artery disease (CAD) is the third most common cause of mortality globally (with 17.8 million deaths annually). 
Angiotensinogen (AGT) and polymorphisms in this gene can be considered as susceptibility factors for CAD. We performed a 
retrospective case-control study to determine the correlation of AGT rs5051 and rs699 polymorphisms with CAD in an Iranian 
population. We genotyped 310 CAD patients and 310 healthy subjects using polymerase chain reaction-based methods. 
To confirm the accuracy of the screening approach, 10% of genotyped subjects were validated using gold-standard Sanger 
Sequencing. To evaluate the effect of the candidate polymorphisms, white blood cells were randomly purified from the subjects 
and AGT expression was measured by quantitative reverse transcriptase-polymerase chain reaction. Sex stratification indicated 
a significant correlation between CAD and male sex (P = .0101). We found a significant association between the rs5051 A allele 
(P = .002) and the rs699 C allele, and CAD (P = .0122) in recessive and dominant models. Moreover, our findings showed a 
significant association of the haplotype, including the rs5051 A/A and rs699 T/C genotypes, with CAD (P = .0405). Finally, AGT 
mRNA levels were significantly decreased in patients harboring the candidate polymorphisms (P = .03). According to our findings 
The AGT rs5051 A and AGT rs699 C alleles are predisposing variants of CAD risk and severity in the Iranian population.

Abbreviations: 3-VD = three-vessel disease, AGT = angiotensinogen, CAD = coronary artery disease, gDNA = genomic 
DNA, MS-PCR = mutagenically separated-PCR, RAAS = renin-angiotensin-aldosterone system, SSP-PCR = sequence-specific 
primer-PCR.
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1. Introduction
Coronary artery disease (CAD) ranks third in terms of mortality 
and disability and accounts for 17.8 million deaths annually.[1,2] 
The combination of several genes and environmental risk fac-
tors has led to the classification of CAD as a complex disease. 
High blood pressure, smoking, obesity, and diabetes mellitus are 
the common risk factors for CAD. Family history is also associ-
ated with the risk of mortality of CAD.[3]

The renin-angiotensin-aldosterone system (RAAS) is a key 
modulator of cardiovascular and renal function. Clinical trials 
have demonstrated that inhibiting this system would reduce 

the risk of coronary events.[4,5] RAAS is involved in many dis-
eases, including atrial fibrillation, congestive heart failure, 
myocardial fibrosis, cardiomyopathy, hypertension, and type 
2 diabetes mellitus.[6–10] Angiotensinogen (AGT) plays a cru-
cial role in RAAS. Angiotensin-converting enzyme converts 
Angiotensin I to Angiotensin II, which acts as a vasoconstrictor 
and a growth-promoting factor in the cardiovascular system. 
Angiotensin II is responsible for fibroblast proliferation and 
plaque formation.[11]

Single-nucleotide polymorphisms (SNP) can alter the 
expression and function of host proteins. rs5051 (A-6G), 
which is located in the promoter region, and rs699 (M235T), a 
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missense variant replacing methionine with threonine in exon 
2, are two SNPs that may affect the expression or function-
ality of AGT.[12–14] It has been reported that these two SNPs 
are tightly linked, and according to dbSNP, the rs5051 A and 
rs699 T alleles are ancestral alleles. Previously, we showed a 
correlation between polymorphisms in PDGF-B, IL-10, IL-18, 
IFN-γ, and CAD.[15–18]

As AGT is an important regulator of cell proliferation and 
vessel thickness, we conducted a retrospective case-control 
study to determine the correlation between rs5051 and rs699 
polymorphisms in this gene and CAD. Using mutagenically  
separated- polymerase chain reaction (MS-PCR) and 
sequence-specific primer-PCR (SSP-PCR), our findings indicated 
that there is a significant association between A allele of rs5051 
and C allele of rs699 polymorphisms and CAD.

2. Material and methods

2.1. Sample collection

To evaluate the impact of genetic variation on susceptibility 
to CAD, we randomly screened 310 patients and 316 con-
trol individuals (mean age, 30–60 years) obtained from the 
Kouwsar Heart Center of Golestan University of Medical 
Sciences, Gorgan, Iran. The local Ethical Committee of 
Golestan University of Medical Sciences authorized the 
study protocol and provided written informed consent. The  
cardiologist-approved CAD diagnosis was based on the clin-
ical and paraclinical findings. The inclusion criterion for 
invasive angiography was 70% stenosis in at least one major 
coronary artery in the heart; the control subjects were healthy 
individuals with normal angiography findings (15% stenosis). 
Moreover, the control group lacked symptoms of myocardial 
ischemia during exercise and had normal electrocardiograms 
at rest.[19]

2.2. DNA extraction and genotyping

Genomic DNA (gDNA) was extracted from 10 mL of peripheral 
blood samples using a modified phenol–chloroform extraction 
method, and samples were stored at −20°C until analysis[20] 
Genotyping of rs5051 and rs699 polymorphisms was performed 
using MS-PCR and SSP-PCR[21] The human growth hormone 
gene was used as an internal control for the rs699 polymor-
phism PCR analysis. The primer sequences and product sizes for 
each primer set are listed in Table 1.

To detect the rs5051 polymorphism, a PCR reaction was con-
ducted in a 25 µL reaction solution containing 100 ng gDNA, 
25 mM MgCl2, 10 mM of each dNTP, one unit Taq DNA poly-
merase (Thermo Fisher, United States), and 100 pmol of each 
primer (Nucleics, Germany). PCR conditions were as follows: 
initial denaturation at 94°C for 5 min followed by 35 cycles of 
denaturation at 94°C for 30 seconds, annealing at 59°C for 30 
seconds, and a final extension at 72°C for 5 minutes. PCR for 
the detection of the rs699 polymorphism was conducted in a 15 
µL reaction solution containing 100 ng gDNA, 13 μl master mix 
containing 25 mM MgCl2, 10 mM of each dNTP, one unit Taq 
DNA polymerase (Thermo Fisher, United States), 12% sucrose 
(Merck, Germany) and 5 pmol of each specific primer (Nucleics, 
Germany). The SSP-PCR reaction was performed using the fol-
lowing program: initial denaturation at 95°C for 1 minute, fol-
lowed by 10 cycles of 15 seconds at 95°C, 50 seconds at 65°C, 
40 seconds at 72°C, followed by 20 cycles of 20 seconds at 
95°C, 50 seconds at 57°C, and 50 seconds at 72°C, and 5 min 
at 72°C as final extension. The PCR products of the SSP-PCR 
and MS-PCR experiments were electrophoresed on agarose gel 
(Merck, Germany) and visualized using a gel documentation 
system (UVITEC, UK).

2.3. Quantitative reverse transcriptase PCR

Total RNA was isolated from cultured leukocytes in periph-
eral blood using the TRIzol reagent (Invitrogen, Karlsruhe, 
Germany). The quality of the extracted RNA was deter-
mined by electrophoresis on a 1% agarose gel and quantified 
using NanoDrop ND 1000 (Thermo Fisher, United States). 
Complementary DNA (cDNA) was synthesized using 1 µg of 
total RNA, which was reverse-transcribed using oligo dT and 
the Revert Aid First Strand cDNA Synthesis Kit (Fermentas, 
Sankt Leon-Rot, Germany). The cDNA samples were stored 
at −80°C until being analyzed using Real-Time PCR System 
7300 (Applied Biosystems, USA). Relative gene expression levels 
of AGT were normalized to Phosphoglycerate Kinase 1 (PGK1) 
in triplicate using Maxima SYBR Green/Rox QPCR Master 
Mix (2X) (Thermo Fisher, United States), according to the man-
ufacturer instructions. The mRNA levels were calculated using 
the 2−ΔΔCt method.[22]

2.4. Statistical analysis

All data were analyzed using GraphPad software v.8 (San 
Diego, CA). Fisher exact test was used to check for deviation 
from the Hardy - Weinberg equilibrium for each polymorphism 

Table 1

Primers used in this study.

Amplified factor Direction Sequence (5’ to 3’) Size (bp) Gene accession number 

SSP-PCR
AGT
rs699

Forward-C TGTCCACACTGGCTCCCG 168 NG_008836.1
Forward-T TGTCCACACTGGCTCCCA
Reverse ACCTGAAGCAGCCGTTTGT

hGH-N Forward GCCTTCCCAACCATTCCCTTA 429 NG_011676.1
Reverse TCACGGATTTCTGTTGTG

MS-PCR
AGT
rs5051

Forward GTGTCGCTTCTGGCATCTGTCCTTCTGG  NG_008836.1
Reverse-A TACCCAGAACAACGGCAGCTTCTTCCACT 170
Reverse-G CCGGTTACCTTCTGCTGTACAGCCCAGAACAACGGCAGCTTCTTCCATC 192

qRT-PCR
PGK1 Forward GCAGATTGTGTGGAATGGTC 101 NM_000291.3

Reverse CCCTAGAAGTGGCTTTCACC
AGT Forward ACAATGAGAGTACCTGTGAGCA 90 NG_008836.1

Reverse TCTTGGCCTGAATTGGAGCAG

bp = base pair.
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in patients and controls separately. Statistical significance was 
set at P < .05. The χ2-test was used to compare allele and geno-
type frequencies between the CAD cases and the healthy control 
group, and to analyze the potential differences in genotype fre-
quency between the patient groups with a number of stenosis 
vessels. Data are presented as mean ± SD for parametric vari-
ables and percentages for non-parametric variables.

3. Results
The genotype frequencies of rs5051 in cases (χ2 = 0.48, P = .78) 
and controls (χ2 = 0.4, P = .81), and the genotype frequencies 
of rs699 in cases (χ2 = 3.01, P = .22) and controls (χ2 = 1.3, 
P = .52), were consistent with Hardy-Weinberg law. Moreover, 
sex and ethnic group stratification showed a significant associa-
tion between male sex and CAD (P = .0101); however, there was 
no association between ethnic subgroups and CAD (Table 2).

Complementary data, including the allele and genotype fre-
quencies of the rs5051 and rs699 polymorphisms in the case 
and control groups, are shown in Table 3.

Our statistical analyses showed a significant association 
between CAD and rs5051 A allele frequency (P = .002) and A/A 

genotype (P = .0027). Furthermore, the distribution of the fre-
quencies of the rs699 C/C genotype (P = .0085) and the C allele 
(P = .0122) showed statistically significant differences between 
the case and control groups. Three inheritance models (reces-
sive, dominant, and overdominant) were considered for the two 
SNPs, and a significant association between re5051 and rs699 
was detected in the recessive and dominant inheritance models 
(P < .05) (Table 3).

Furthermore, our results showed an increased susceptibility 
to CAD in that the genotype combinations of rs5051 A/A and 
rs699 T/C (P = .0405) (Table 4).

The distribution of genotype frequencies in the case group 
according to the number of affected arterial vessels is presented 
in Table 5.

Our results indicated that the A/A genotype of rs5051 was sig-
nificantly associated with three-vessel disease (3-VD) (P < .001). 
Moreover, a significant association between this disease and the 
C/C genotype of rs699 (P = .0038) was also observed.

To assess the effect of the two risk factor SNPs, rs5051 and 
rs699, on the expression of the AGT gene in case and the control 
groups, we randomly selected 80 patients harboring risk alleles 
and 80 control subjects of the same age or peripheral conditions 
such as smoking. Our results indicated that AGT expression was 
significantly higher in patients with CAD than in the controls 
(P = .03) (Figure 1).

4. Discussion
As a multifactorial disease, CAD is one of the most critical con-
cerns regarding population health worldwide and is associated 
with multiple environmental and genetic factors.[23] Previously, 
heterogeneity in CAD severity in the Iranian population was 
associated with an increased risk in Gilak and Turks.[24,25] Here, 
we compared the frequency of CAD in the Iranian North pop-
ulation, which includes three major groups: Fars, Turkmen, 
and Sistani. Our observations did not indicate a significant 
association between CAD and ethnicity. It is primarily con-
sidered that CAD is mainly observed in men.[26] In this study, 
sex stratification indicated that CAD occurred more frequently 
in men than in women. AGT is a major effector of the RAAS 
system that activates the mitogen-activated protein pathway 
and may have toxic effects on myocardial cells.[27] In addition, 
increased plasma renin activity is associated with mortality 
in CAD patients.[28] AGT polymorphisms are likely to play a 
role in CAD pathogenesis by increasing plasma angiotensin 
levels.[29,30] Two SNPs, rs5051 and rs699, are in tight linkage 
disequilibrium.[30]

We observed a significant association between the rs5051 
A allele and rs699 C allele with CAD. Our findings correlate 
with those of several prior studies, in which AGT polymor-
phisms were associated with susceptibility to higher plasma 
angiotensin levels.[31,32] Jia et al (2014) reported a significant 
association between rs5051 and AGT levels in Chinese CAD 
patients.[28] However, several studies have reported conflicting 
results, with no significant association observed between rs699 
and CAD.[33,34] Our findings indicate that the A/A genotype 
of rs5051 and the CC genotype of rs699 were significantly 
correlated with CAD. Previously, it was indicated that these 
two genotypes were correlated with increased angiotensin II 
levels.[28,35] The A allele of rs5051 and C allele of rs699 are 
the original forms of the gene and are associated with higher 
angiotensin II levels. In addition, rs5051 G and rs699 T alleles 
are neomorphs associated with lower angiotensin II levels.[35] 
In this study, we observed that rs5051 and rs699 were both 
inherited in recessive and dominant models. Khatami et al 
(2017) reported that the Iranian population rs699 C allele 
is significantly associated with CAD and is inherited in both 
dominant and overdominant models. Our findings in this 
study confirmed an association between the rs699 C allele and 

Table 2

The association analysis of ethnic subgroups and gender status 
with CAD disease.

Variables
Ethnic group Control, n (%) Case, n (%) OR (95% CI) P value 

Fars 228 (73.5) 235 (75.8) Ref -
Turkman 47 (15.2) 40 (12.9) 0.8 (0.5–1.3) .4834
Sistani 35 (11.3) 35 (11.3) 1 (0.6–1.6) 1
Female 167 (53.9) 134 (43.2) Ref -
Male 143 (46.1) 176 (56.8) 1.5 (1.1–2.1) .0101

Comparison analysis was done by χ2-test. Data are presented as number (%). 
CI = confidence interval, n = number, OR = odds ratio, Ref = reference.

Table 3

The allelic and genotypic distribution of AGT rs5051 and rs699 
polymorphisms in the two groups.

Variable Control, n (%) Case, n (%) OR (95% CI) P value 

AGT rs5051
Alleles
 � G 304 (49) 249 (40.2) Ref -
 � A 316 (51) 371 (59.8) 1.4 (1.1–1.8) .0020
Genotypes
 � G/G 75 (24.2) 50 (16.1) Ref -
 � G/A 154 (49.7) 149 (48.1) 1.4 (0.9–2.2) .0890
 � A/A 81 (26.1) 111 (35.8) 2 (1.3–3.3) .0027
Model of inheritance
 � Recessive (A/A vs A/G + G/G) 1.6 (1.1–2.2) .0117
 � Dominant (A/A + G/A vs A/A) 1.6 (1.1–2.5) .0161
 � Overdominant (G/A vs G/G + A/A) 0.94 (0.7–1.3) .7480
AGT rs699
Alleles
 � T 312 (50.3) 267 (43.1) Ref -
 � C 308 (49.7) 353 (56.9) 1.3 (1–1.7) .0122
Genotypes
 � T/T 72 (22.6) 50 (16.1) Ref -
 � T/C 168 (54.2) 167 (53.9) 1.4 (0.9–2.2) .1121
 � C/C 70 (23.2) 93 (30) 1.9 (1.1–3.2) .0085
Model of inheritance
 � Recessive (C/C vs T/C + T/T) 1.5 (1–2.1) .0446
 � Dominant (C/C + T/C vs T/T) 1.6 (1–2.4) .0336
 � Overdominant (T/C vs T/T + C/C) 1 (0.7–1.4) 1
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CAD. However, our statistical analysis did not show any signif-
icant association between this SNP and overdominant model, 
probably because of differences in ethnic groups. Our ethnic 
groups were categorized into three subgroups: Fars, Turkman, 
and Sistani, mostly restricted to the Iranian North population. 
However, Khatami et al did not identify the ethnic groups 

in their study.[36] A strong association between male sex and 
CAD susceptibility was observed (P = .01). It appears that the 
gender gap in CAD occurs because encounters with stressful 
events may be less physiologically, behaviorally, and emotion-
ally adaptive.[37]

We used haplotype structure to appropriately characterize 
the common variation, because it is more valuable than SNP 
analysis. We assessed the combinations of these two SNPs. In 
our study, the most common haplotype was H5. H8, including 
the rs5051 AA and rs699 TC genotypes, was significantly asso-
ciated with CAD. This finding correlates with those of previous 
multivariate studies in the Taiwanese population. The haplo-
types consisted of AACC, emphasizing their susceptibility asso-
ciation with CAD.[38]

Moreover, in another multivariant case-control study in the 
eastern Indian population, the haplotype including the rs5051 
A and rs699 C alleles was introduced as a predisposing fac-
tor.[39] Although the polygenic effect has barely been addressed 
in genetic studies of CAD, most have reported a synergistic 
contribution of AGT rs699 MM and Angiotensin-converting 
enzyme I/D DD genotypes with the development of CAD.[40] 
This indicates that the A allele of the rs5051 polymorphism 
performs specific interactions between at least one transcrip-
tion factor and the AGT promoter, leading to increased expres-
sion of AGT.

This study also analyzed the impact of AGT polymor-
phisms rs5051 and rs699 on the severity of coronary lesions 
in patients with CAD. Our findings indicate that the rs5051 
AA and rs699 CC genotypes were significantly associated with 
the most severe coronary lesions (3-VD). Further evidence of 
the high expression level of AGT was provided by the elevated 
angiotensin II expression level, which appeared in athetotic 
changes in other tissues such as the kidneys.[41] Since rs5051 is 
in very tight linkage disequilibrium with rs699, we examined 
the AGT gene expression levels in the case and control groups. 
The association of the rs5051 A allele with disease and high 
expression levels of the AGT gene in patients in our study 

Table 4

Haplotype frequencies of AGT polymorphisms in the two groups.

Genotype combination Haplotype Control (n) Case (n) OR (95% CI) P value 

rs5051 (rs699)  
G/G T/T H1 15 11 Ref -

T/C H2 41 23 0.8 (0.3–2.2) .6349
C/C H3 19 16 1.1 (0.4–3.6) 1

G/A T/T H4 34 22 0.9 (0.3–2.5) .8131
T/C H5 95 82 1.2 (0.5–3) .8337
C/C H6 25 45 2.4 (0.9–6.8) .0644

A/A T/T H7 23 17 1 (0.3–3.1) 1
T/C H8 32 62 2.6 (1–7.1) .0405
C/C H9 26 32 1.7 (0.6–4.8) .3470

H = Haplotype.

Table 5

Genotype frequencies of rs5051 and rs699 polymorphisms in the CAD patients according to the number of affected arteries.

Genotype Control (n) 1-VD (n) P value 2-VD (n) P value 3-VD (n) P value 

rs5051
 � G/G 75 23 Ref 14 Ref 13 Ref
 � A/G 154 56 .5783 49 .1234 44 .1534
 � A/A 81 36 .2831 25 .2094 50 .0002
rs699
 � T/T 72 21 Ref 14 Ref 15 Ref
 � C/T 168 69 .2723 43 .5162 55 .1763
 � C/C 70 32 .1983 21 .2656 40 .0038

Figure 1.  AGT mRNA level was quantified in random cases and control sub-
jects by qRT-PCR. AGT expression was normalized to that of PGK1. The 
AGT expression level in CAD patients was significantly increased compared 
to that in the controls.
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is supported by the observation of a significant association 
between the rs5051 AA genotype and rs699 CC genotype and 
3-VD.

5. Conclusion
In conclusion, we identified a significant association between the 
rs5051 A and rs699 C alleles and CAD in recessive and domi-
nant models. Therefore, these two polymorphisms can be con-
sidered as predisposing diagnostic markers in Iranian patients 
with CAD.

Author contributions
Conceptualization: Maryam Mirahmadi, Majid Shahbazi.
Data curation: Masoud Golalipour, Majid Shahbazi.
Formal analysis: Maryam Mirahmadi.
Funding acquisition: Majid Shahbazi.
Investigation: Maryam Mirahmadi, Masoud Golalipour, Azam 

Bakhshandeh, Majid Shahbazi.
Methodology: Maryam Mirahmadi, Azam Bakhshandeh.
Project administration: Maryam Mirahmadi, Majid Shahbazi.
Resources: Aref Salehi, Majid Shahbazi.
Software: Maryam Mirahmadi.
Supervision: Majid Shahbazi.
Validation: Aref Salehi, Masoud Golalipour, Majid Shahbazi.
Writing – original draft: Maryam Mirahmadi.
Writing – review & editing: Masoud Golalipour, Majid Shahbazi.

References
	 [1]	 Nichols M, Townsend N, Scarborough P, et al. Cardiovascular disease 

in Europe 2014: epidemiological update. Eur Heart J. 2014;35:2929.
	 [2]	 Wang WT, Wu TC, Tseng WK, et al. Prognostic indicators for the onset 

of ischaemic versus haemorrhagic stroke in stable coronary artery dis-
ease. Medicine (Baltimore). 2021;100:e27973.

	 [3]	 Chen S, Yang F, Xu T, et al. Smoking and coronary artery disease risk 
in patients with diabetes: a Mendelian randomization study. Front 
Immunol. 2023;14:891947.

	 [4]	 Mehta JK, Kaur G, Buttar HS, et al. Role of the renin-angiotensin sys-
tem in the pathophysiology of coronary heart disease and heart failure: 
diagnostic biomarkers and therapy with drugs and natural products. 
Front Physiol. 2023;14:1034170.

	 [5]	 Sharma A, Elharram M, Afilalo J, et al. A randomized controlled 
trial of renin-angiotensin-aldosterone system inhibitor manage-
ment in patients admitted in hospital with COVID-19. Am Heart J. 
2022;247:76–89.

	 [6]	 Koniari I, Artopoulou E, Mplani V, et al. Atrial fibrillation in heart 
failure patients: An update on renin-angiotensin-aldosterone system 
pathway blockade as a therapeutic and prevention target. Cardiol J. 
2023;30:312–26.

	 [7]	 Brethel S, Locker S, Girens R, et al. The effect of taurine supplementa-
tion on the renin-angiotensin-aldosterone system of dogs with conges-
tive heart failure. Sci Rep. 2023;13:10700.

	 [8]	 Rodriguez-Gonzalez M, Lubian-Gutierrez M, Cascales-Poyatos HM, 
et al. Role of the renin-angiotensin-aldosterone system in dystrophin- 
deficient cardiomyopathy. Int J Mol Sci. 2020;22:356.

	 [9]	 Nwia SM, Leite APO, Li XC, et al. Sex differences in the renin- 
angiotensin-aldosterone system and its roles in hypertension, cardiovas-
cular, and kidney diseases. Front Cardiovasc Med. 2023;10:1198090.

	[10]	 Nurun Nabi AHM, Ebihara A. Diabetes and renin-angiotensin- 
aldosterone system: pathophysiology and genetics. Renin-Angiotensin 
Aldosterone System. IntechOpen; 2021.

	[11]	 Sweeney M, Cook SA, Gil J. Therapeutic opportunities for senolysis in 
cardiovascular disease. FEBS J. 2023;290:1235–55.

	[12]	 Alaee E, Mirahmadi M, Ghasemi M, et al. Association study of 
M235T and A-6G polymorphisms in angiotensinogen gene with risk 
of developing preeclampsia in Iranian population. Ann Hum Genet. 
2019;83:418–25.

	[13]	 El-Garawani IM, Shaheen EM, El-Seedi HR, et al. Angiotensinogen 
gene missense polymorphisms (rs699 and rs4762): the association of 
end-stage renal failure risk with type 2 diabetes and hypertension in 
Egyptians. Genes (Basel). 2021;12:339.

	[14]	 Balcerzyk-Matic A, Nowak T, Mizia-Stec K, et al. Polymorphic variants 
of AGT, ABCA1, and CYBA genes influence the survival of patients 
with coronary artery disease: a prospective cohort study. Genes (Basel). 
2022;13:2148.

	[15]	 Bazgir A, Farazmandfar T, Salehi A, et al. Association of interleukin-18 
gene promoter polymorphisms with coronary artery disease in north-
ern Iranian population. Meta Gene. 2018;16:1–4.

	[16]	 Rezayani S, Farazmandfar T, shahbazi M. Association assessment of 
platelet derived growth factor B gene polymorphism and its expression 
status with susceptibility to coronary artery disease. Egypt J Med Hum 
Genet. 2017;18:359–63.

	[17]	 Mousavi SZ, Salehi A, Jorjani E, et al. Association assessment of 
Interleukine-10 gene polymorphism and its expression status with sus-
ceptibility to coronary artery disease in Iran. Egypt J Med Hum Genet. 
2018;19:31–5.

	[18]	 Shateri F, Farazmandfar T, Sharifian A, et al. Interferon gamma 
polymorphism and expression relationship with severity of cor-
onary artery disease in golestan, Iran. Int Cardiovasc Res J. 
2017;11:103–7.

	[19]	 Nejati P, Naeimipour S, Salehi A, et al. Association of tumor necrosis 
factor-alpha gene promoter polymorphism and its mRNA expression 
level in coronary artery disease. Meta Gene. 2018;18:122–6.

	[20]	 Zamani M, Mehri M, Kollaee A, et al. Pharmacogenetic study on the 
effect of rivastigmine on PS2 and APOE genes in Iranian alzheimer 
patients. Dement Geriatr Cogn Dis Extra. 2011;1:180–9.

	[21]	 Jeunemaitre X, Inoue I, Williams C, et al. Haplotypes of angiotensino-
gen in essential hypertension. Am J Hum Genet. 1997;60:1448–60.

	[22]	 Hieronymus K, Dorschner B, Schulze F, et al. Validation of reference 
genes for whole blood gene expression analysis in cord blood of 
preterm and full-term neonates and peripheral blood of healthy adults. 
BMC Genomics. 2021;22:489.

	[23]	 Poorzand H, Fazeli B, Khajavi O, et al. Association of polymorphisms 
of renin angiotensin system and endothelial nitric oxide synthase genes 
with premature cardiovascular disease in an Iranian population. BMC 
Cardiovasc Disord. 2023;23:254.

	[24]	 Abbasi SH, Sundin O, Jalali A, et al. Ethnic differences in the risk fac-
tors and severity of coronary artery disease: a patient-based study in 
Iran. J Racial Ethn Health Disparities. 2018;5:623–31.

	[25]	 Babahajiani M, Zarepur E, Khosravi A, et al. Ethnic differences in the 
lifestyle behaviors and premature coronary artery disease: a multi- 
center study. BMC Cardiovasc Disord. 2023;23:170.

	[26]	 Goodarzynejad H, Sheikh Fathollahi M, Shafiee A. Editorial: The role of 
sex in coronary artery disease. Front Cardiovasc Med. 2023;10:1220439.

	[27]	 Shahid M, Rehman K, Akash MSH, et al. Genetic polymorphism in 
angiotensinogen and its association with cardiometabolic diseases. 
Metabolites. 2022;12:1291.

	[28]	 Jia EZ, Chen ZH, An FH, et al. Relationship of renin-angiotensin- 
aldosterone system polymorphisms and phenotypes to mortality in 
Chinese coronary atherosclerosis patients. Sci Rep. 2014;4:4600.

	[29]	 Novak J, Macekova S, Hezova R, et al. Polymorphism rs7079 in miR-
31/-584 binding site in angiotensinogen gene associates with earlier 
onset of coronary artery disease in Central European Population. 
Genes (Basel). 2022;13:1981.

	[30]	 Goracy I, Goracy A, Kaczmarczyk M, et al. The genetic variants in the 
renin-angiotensin system and the risk of heart failure in polish patients. 
Genes (Basel). 2022;13:1257.

	[31]	 Zhang Q, Huang Q, Wang X, et al. The effect of polymorphisms 
(M235T and T174M) on the angiotensinogen gene (AGT) in cor-
onary artery disease in the Eastern Asian population: a system-
atic review and meta-analysis. Medicine (Baltimore). 2022;101: 
e29911.

	[32]	 Zhao H, Zhao R, Hu S, et al. Gene polymorphism associated with 
angiotensinogen (M235T), endothelial lipase (584C/T) and sus-
ceptibility to coronary artery disease: a meta-analysis. Biosci Rep. 
2020;40:BSR20201414.

	[33]	 Nalbantoglu S, Tabel Y, Mir S, et al. Association between RAS gene 
polymorphisms (ACE I/D, AGT M235T) and Henoch-Schönlein pur-
pura in a Turkish population. Dis Markers. 2013;34:23–32.

	[34]	 Al-Hazzani A, Daoud MS, Ataya FS, et al. Renin-angiotensin system 
gene polymorphisms among Saudi patients with coronary artery dis-
ease. J Biol Res (Thessalon). 2014;21:8.

	[35]	 Inoue I, Nakajima T, Williams CS, et al. A nucleotide substitution in 
the promoter of human angiotensinogen is associated with essential 
hypertension and affects basal transcription in vitro. J Clin Invest. 
1997;99:1786–97.

	[36]	 Khatami M, Heidari MM, Hadadzadeh M, et al. Simultaneous 
Genotyping of the rs4762 and rs699 polymorphisms in angiotensinogen 



6

Mirahmadi et al.  •  Medicine (2024) 103:11� Medicine

gene and correlation with Iranian CAD patients with novel hexa-primer 
ARMS-PCR. Iran J Public Health. 2017;46:811–9.

	[37]	 Weidner G. Why do men get more heart disease than women? An inter-
national perspective. J Am Coll Health. 2000;48:291–4.

	[38]	 Tsai CT, Hwang JJ, Ritchie MD, et al. Renin-angiotensin system gene 
polymorphisms and coronary artery disease in a large angiographic 
cohort: detection of high order gene-gene interaction. Atherosclerosis. 
2007;195:172–80.

	[39]	 Purkait P, Halder K, Thakur S, et al. Association of angiotensinogen 
gene SNPs and haplotypes with risk of hypertension in eastern Indian 
population. Clin Hypertens. 2017;23:12.

	[40]	 Sekuri C, Cam FS, Ercan E, et al. Renin-angiotensin system gene poly-
morphisms and premature coronary heart disease. J Renin Angiotensin 
Aldosterone Syst. 2005;6:38–42.

	[41]	 Unger T. The role of the renin-angiotensin system in the development of 
cardiovascular disease. Am J Cardiol. 2002;89:3A–9A; discussion 10A.


