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Abstract  
Background: Hypertension is a major public health problem in both developing and developed nations because it 
is highly prevalent and is associated with complications. Numerous environmental and genetic variables are linked 
to the occurrence of the disease. It may be influenced by the renin-angiotensin-aldosterone system, which pre-
serves bodily homeostasis. The angiotensinogen gene M235T polymorphisms that has an effect on the activity of 
the renin-angiotensin-aldosterone system are  related to the high hypertension risk. The aim of this study was to 
find out the association between angiotensinogen M235T gene polymorphism and the risk of developing hyperten-
sion. 
Methods: A total of 306 samples - 153 patients with hypertension and 153 age- and sex-matched healthy controls 
were selected using a simple random sampling technique. Clinical and biochemical variables were measured to 
assess the associated risk factors. Blood samples from the patients and matched controls were used to isolate deox-
yribonucleic acid. The AGT M235T genotypes were identified using polymerase chain reaction and analyzed by 
agarose gel electrophoresis. Logistic regression with a 95% confidence interval (CI) was employed to assess the 
risk correlations of AGT gene M235T polymorphisms with hypertension.  
Results: Our analysis showed that the AGT-TT genotype (odds ratio [OR] = 3.11, 95% CL = 1.67–5.79, 
P< 0.001) and T allele (OR = 2.18, 95% CL = 1.56–3.04, P< 0.001) are considerably higher in hypertensive pa-
tients than in healthy controls. Our study also identified the clinical risk factors for hypertension, such as, total 
cholesterol, triglycerol, low density lipoprotein-cholesterol, and high density lipoprotein-cholesterol levels, which 
were significantly higher in patients compared to controls (P< 0.001). 
Conclusion: The AGT M235T genes of the TT genotype and the T allele are associated with an increased risk of 
hypertension among the Ethiopian patients. A population-based epidemiological study is needed corroborate the 
association between AGT and HTN. 
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Introduction  
Hypertension (HTN) is a common disease manifested 
primarily by elevated blood pressure and remains one 
of the leading causes of death from cardiovascular 
disease [1]. With accelerated population aging, the 
prevalence of HTN shows an increasing trend in both 
developed and developing countries [2]. It is a multi-
factorial and complex disorder that is influenced not 
only by several susceptible genes but also by environ-

mental stimuli and lifestyle [3]. As with most diffi-
cult conditions, blood pressure fluctuations are 
thought to be influenced by age, gender, and eth-
nicity as well as clinical factors such as obesity, 
insulin resistance, and dyslipidemia [4]. There are 
more than 150 potential genes associated with the 
control of blood pressure that are connected to sev-
eral pathways; the renin-angiotensin-aldosterone 
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system (RAAS) is one of these pathways that has 
received more attention. [5].  
The natural substrate of RAAS, angiotensinogen 
(AGT), is produed in the liver and released into the 
bloodstream. It interacts with renin to form angioten-
sin I, a precursor to angiotensin II, and is crucial for 
maintaining fluid homeostasis and controlling blood 
pressure [6]. AGT is a 12 kb long gene on chromo-
some 1 (1q42–q43) that belongs to the serpin gene 
superfamily and has 5 exons and 4 introns. The AGT 
gene's M235T polymorphism refers to the substitu-
tion of the amino acid threonine (T) for methionine 
(M) at position 235, giving rise to three genotypes: 
MM, MT, and TT [7]. When compared to those with 
the MM genotype, those with the TT genotype have 
greater blood pressure and plasma AGT levels be-
cause of the AGT-M235T polymorphism [8]. 
Studies on hypertensive and normotensive individuals 
have shown an association between the chromosomal 
region containing the AGT M235T gene and blood 
pressure. This led to the hypothesis that AGT M235T 
may be a candidate gene for essential HTN in humans 
and that the TT genotype of the AGT gene is correlat-
ed with HTN in different ethnic populations [9]. 
However, there are conflicting results on the effect of 
the AGT M235T gene polymorphism on HTN. This 
discrepancy is emphasized in certain studies that es-
tablished a link between these polymorphisms and 
HTN, while others did not [10]. Thus, the purpose of 
this study was to identify the association of AGT 
M235T gene polymorphisms with risk of HTN and to 
determine the effect of clinical parameters in predict-
ing the occurrence of HTN among the Ethiopian pop-
ulation. 
 
Patients and Methods 
Study Design and Participants 
From May to August 2022, a hospital-based matched 
case control study was conducted at Debre Tabor 
Referral Hospital. The hospital has a follow-up medi-
cal referral clinic (MRC) for chronic illnesses, includ-
ing HTN where treatment and follow-up services are 
provided for patients with HTN take place. All pa-
tients who visited MRC were the source population, 
and patients who were under follow-up for HTN were 
the cases. Age and sex-matched normotensive pa-
tients managed at the facility during the study period 
served as controls.  
Inclusion and Exclusion Criteria 
The study included patients who were diagnosed to 
have hypertension and were receiving treatment and 
follow-up care at MRC for at least one year. The con-
trols were age- and sex-matched healthy individuals 
with normal blood pressure results from the same 
geographical location and social status. Patients who 
were diagnosed to have renal disease, secondary 
HTN, or a chronic bacterial or viral infection were 
excluded. Patients who were unable to respond or are 
not willing to give informed consent were excluded 
from this study. 

Sample Size Determination  
The sample size was determined using analytical 
study sample size calculation by taking confidence 
level of 95%, a power of 80% with a double popula-
tion proportion formula.  

 
Since similar studies are not done in the Ethiopian 
population, the sample size was determined by as-
suming expected proportions of 0.35 associations 
among the hypertensive case group and 0.20 among 
the normotensive control group [11]. The final sam-
ple size after adding the 10% non-response rate was 
306 (153 cases and 153 controls) of both sexes. Par-
ticipants were selected by simple random sampling 
methods, using a table of random numbers (TRN), 
from all the registered patients. 
 
Data Collection Methods 
The socio-demographic characteristics of both pa-
tients and healthy control subjects were assessed us-
ing a semi-structured questionnaire. Portable digital 
scales and portable stadiometers were used to deter-
mine body weight and height, respectively. Body 
mass index (BMI) was computed by dividing weight 
(in kilograms) by height (in meters squared). Partici-
pants 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 [12]. A digital instrument was used to measure 
blood pressure in the sitting stance after 5 minutes of 
rest, and the average of three readings was to deter-
mine and record the SBP and DBP. Participants were 
categorized as hypertensive if their mean SBP ≥ 
140mmHg and mean DBP ≥90mmHg or if they used 
antihypertensive medication; pre-hypertension, SBP 
120–139 mmHg or DBP 80–89 mmHg; normal blood 
pressure, SBP <120 mmHg and DBP <80 mmHg 
[13].  
 
Sample Collection and Laboratory Methods 

All participants, including patients and healthy con-
trols had a blood sample of five milliliters taken from 
the median cubital vein by laboratory staff following 
quality control and safety procedures. From the 5 ml 
sample, 3 ml 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 la-
boratory using the Dimension EXL 200 fully auto-
mated analyzer. Results were then scored by an in-
vestigator blinded to the sample withdrawal condition 
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and experimental groups. diabetes mellitus has been 
identified if the fasting plasma glucose level is greater 
than 110 mg/dl [14]. Dyslipidemia can be defined if TC, 
TG, and LDL levels are above 200 mg/dl, 150 mg/dl, 
and 130 mg/dl, respectively, and the HDL level is below 
60 mg/dl [12]. Kidney disease was diagnosed if the 
blood creatinine concentration was >1.3 mg/dl [15]. 
In the molecular biology laboratory at the University of 
Gondar, genomic deoxyribonucleic acid (DNA) was 
extracted from the remaining 2 ml of samples collected 
in EDTA-containing tubes from each participant. The 
non-enzymatic salting-out approach [16] was used to 
isolate DNA from ethylenediaminetetraacetic acid 
(EDTA) anticoagulated blood from both patients and 
controls. The blood was then put into a clean 1.5 ml Ep-

pendorf tube. By lysing and eliminating them with 
a buffer solution, red blood cells were removed. To 
lyse white blood cells, a nuclear lysis buffer solu-
tion was used. Then, to precipitate and remove 
proteins, 6 M, highly concentrated sodium chloride 
(NaCl) was applied. After freezing with isopropa-
nol and washing with 70% ice-cold ethanol, the 
DNA was precipitated. Then, Tris-EDTA (TE) 
buffer was used to dissolve genomic DNA. The 
quality of isolated genomic DNA was verified uti-
lizing 1% agarose gel electrophoresis (Figure 1), 
and the sample was kept at -20 °C until it was 
needed [17].  

 

Figure 1: 1% agarose gel electrophoresis showing the quality of isolated genomic DNA 

The AGT M235T genotypes were identified using the 
forward primer, 5’CAG GGT GCT GTC CAC ACT 
GGA CCC C-3’ and the reverse primer, 5’-CCG TTT 
GTG CAG GGC CTG GCT CTC T-3’. Amplification 
was performed in a 25 μl reaction mixture using 12.5 
μl of master mix (constituting of MgCl2, dNTPs, PCR 
buffer, and Taq polymerase), 1 μl forward primer, 1 μl 
reverse primer, 2 μl of each sample, and 8.5 μl PCR 
grade water added to complete the total volume . The 
initial denaturation stage of the amplification was set 
at 10 min at 95 °C, and it was then followed by 35 
cycles of amplification with denaturation stages of 10 

s at 94 °C, primer hybridization stages of 30 s at 64 °
C, elongation stages of 20 s at 72 °C, and a final elon-
gation stage of 5 min at 72 °C. In a 10 μl mixture 
containing 5 U of the particular restriction enzyme 
Tth111I, the amplified fragment of 165 bp was ex-
posed to enzymatic digestion for 3 h at 65 °C. The 
mutant T235 allele splits into two pieces that are 141 
and 24 bp, but the normal M235 allele is not digested 
[18]. Finally, AGT M235T genotypes 165 bp band 
(MM), 141 bp band (TT), and both 165 and 141 bp 
band (MT) PCR products were separated electropho-
retically for 50 minutes at 120 V on a 2% agarose gel 
(Figure 2).  
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Figure 1: 1% agarose gel electrophoresis showing the quality of isolated genomic DNA 
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Statistical Analysis 
The data were analyzed using STATA version 
14. Mean and standard deviation (x+s) were 
used to summarize the quantitative data, and the 
t-test for independent samples was applied to test 
statistical differences in continuous variable 
measures among the cases and controls. The chi-
square test was used to determine the level of 
significance the differences in genotype and al-
lele frequencies in the two groups. Logistic re-
gression with a 95% confidence interval (CI) 
was employed to assess the risk correlations of 
AGT gene M235T polymorphisms with HTN. A 
one-way analysis of variance (ANOVA) was 
used to compare the association between AGT 
genotypes and clinical explanatory factors. Sta-
tistical significance was defined as a p-value less 
than 0.05. 

 
Results 
Socio-Demographic and Clinical Characteristics 
Of the total 153 patients with HTN, 80 (52.3%) 
were male and 73 (47.7%) were female. Among the 
153 healthy control groups, 77 (50.3%) were male 
and 76 (49.7%) were female. The mean age of the 
study group was 58.7 ± 12.8 and 57.5 ± 6.9 for 
cases and controls, respectively. The clinical risk 
factors of HTN such as total cholesterol (TC), tri-
glycerol (TG), LDL-cholesterol, and HDL-
cholesterol levels are significantly higher in pa-
tients when compared to controls (P< 0.001). How-
ever, there were no significant differences in body 
mass index (BMI), fasting blood glucose (FBG), or 
blood creatinine level between the two  

Table 1: Demographic and clinical characteristics of the study participants in Debre Tabor Referral Hospital, 
Northwest Ethiopia, 2022 

 Variables HTN (n=153) Control (n=153) P-value 

BMI (Kg/m2) 23.9±3.9 23.2±3.5 0.0965 

FBG (mg/dl) 93.8±19.1 91.1±8.6 0.1020 

Creatinine (mg/dl) 0.82±0.14 0.80±0.12 0.1448 

Total Cholesterol (mg/dl) 192.8±60.5 147.5±51.2 < 0.001* 

Triglyceride (mg/dl) 142.6±67.5 104.9±37.0 < 0.001* 

LDL-Cholesterol (mg/dl) 96.2±35.6 73.3±27.7 < 0.001* 

HDL-Cholesterol (mg/dl) 43.4±10.2 51.6±10.0 < 0.001* 

Family history of HTN (%) 54.2 % 55.5 % 0.8183 

Note: *P-value <0.05 is considered statistically significant. Abbreviations: HTN, Hypertension; BMI, 
Body Mass Index;; FBG, Fasting Blood Glucose; LDL, Low Density Lipoprotein; HDL, High Density 
Lipoprotein. 

 
Distribution of AGT Genotypes and Allele 
Frequencies  
The frequencies of the TT, MT, and MM geno-
types among the patient group were 56.2%, 
28.1%, and 15.7%, respectively, whereas in the 
control group the same were found to be 30.1%, 
43.8%, and 26.1%, respectively (Figure 3). A 
significant difference is observed in the distribu-
tion of AGT genotype polymorphism between 
the two groups. Furthermore, the frequency of 
homozygous TT genotype in patients was three 
times higher than in the control group (OR=3.11; 

95% CI: 1.67-5.79; P< 0.001). The allelic fre-
quencies showed high significance between the 
two groups, in which the T allele was two times 
higher than the M allele in hypertensive patients 
(OR:=2.18; 95% CI: 1.56-3.04; P< 0.001) com-
pared to healthy controls. However, AGT geno-
types MT and MM were less frequent in hyper-
tensive patients in comparison to healthy con-
trols (Table 2). 
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Table 2: Distribution of AGT genotypes and allele frequencies of the study participants in Debre Tabor Referral 

Hospital, Northwest Ethiopia, 2022 
 

types for SBP, Mean (SD) 138.1±17.2 Vs 
127.0±13.7 and 125.3±13.4; P< 0.001), and 
DBP (86.8±9.2 Vs 81.4±7.2 and 80.5±7.2; 
P< 0.001), respectively. The other clinical 
variables were not found to be significant 
with the genotypes in the study groups (P> 
0.05). 

Association between AGT Genotypes and 
Clinical Parameters  
Table 3 lists the clinical parameters of patients 
with HTN and normotensive controls in rela-
tion to the AGT M235T genotype. The AGT 
genotypes (TT, MT, and MM) in the study 
groups were assessed with fasting blood glu-
cose, blood pressure, and lipid profiles. Blood 
pressure was more strongly correlated with the 
AGT-TT genotype than the MT and MM geno-

Genotype HTN (n=153) Control (n=153) OR (95% CL) p-value 

TT 86 (56.2 %) 46 (30.1 %) 3.11 (1.67-5.79) < 0.001* 

MT 43 (28.1 %) 67 (43.8 %) 1.06 (0.56-2.01) 0.835 

MM 24 (15.7 %) 40 (26.1 %) Ref   

Allele Frequency 

T 215 (70.2 %) 159 (51.9 %) 2.18 (1.56-3.04) < 0.001* 

M 91 (29.8 %) 147 (48.1 %) Ref   

 Note: *P-value <0.05 is considered statistically significant.  

Abbreviations: Ref, Reference; CL, Confidence Level; OR, Odds Ratio. 

 

Figure 3:  Distribution of the AGT M235T genotype in cases and controls 
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rate of this gene in different cell lines, resulting 
in the AGT T235 variant and higher plasma 
AGT levels, which may contribute to the eleva-
tion of blood pressure [23]. AGT M235T-TT 
carriers have a higher level of angiotensin II 
than non-carriers, which affects the function of 
endothelial cells in a number of ways, including 
by promoting endothelial cell apoptosis, raising 
vascular endothelial growth factor, and impair-
ing the production of nitric oxide. This results in 
a higher risk of HTN and its associated compli-
cations [26].  
On the other hand, the findings of this study 
disagree with the case-control study conducted 
in Sudan, which included 96 patients with essen-
tial hypertension and 79 apparently healthy con-
trols. The study showed no correlation between 
the AGT M235T gene polymorphism and hyper-
tension [27]. In addition, other studies conducted 
in populations of  Nigeria [25], Mongolia [28], 
and Thailand [29] contrasted with the findings 
of the current study, as they were unable to de-
tect any significant association between 235T 
homozygosity and the risk of HTN. Conflicting 
results regarding the involvement of AGT gene 
M235T polymorphisms in HTN are likely due to 
ethnic differences, population heterogeneity, 
geographic differences, sampling biases, and 
possibly other ecological factors. Additionally, a 
number of environmental variables, including 
nutrition and exercise, are connected to altera-
tions in the epigenetic state [30]. 

There are some limitations to this study. First, 
the relatively small sample size may lead to a 

 Discussion 
Although contradictory results have been reported, 
the AGT gene M235T polymorphism has been 
found to be highly related to a higher prevalence of 
HTN in populations from different ethnic groups 
[19]. In our investigation, patients with HTN had 
much greater rates of the T allele of the AGT 
M235T variation than did controls, and they also 
had significantly higher rates of AGT 235T homo-
zygosity than did the healthy control subjects, as 
shown in Table 2. This finding is in agreement with 
a meta-analysis conducted in Indonesia, including 
41 studies, which found that patients with the T 
allele were more likely to develop HTN compared 
to the carriers of the M allele (OR =1.15; 95%CI = 
1.00–1.32; P <0.05) [20]. A case-control study with 
positive results was conducted in the Egyptian pop-
ulation, including 83 hypertensive cases and 60 age- 
and gender-matched normotensive controls. The 
study found that patients with the TT genotype 
(OR= 36.217, P <0.001) and T allele (OR= 7.267, P 
< 0.001) were significantly associated with a high 
risk of developing HTN [21]. Similarly, other stud-
ies conducted in populations from Greece [22] Ma-
laysia [23], South India [19], and China [24] 
showed that the AGT gene TT genotype and 235T 
allele were associated with a high incidence of 
HTN.  
The exact mechanism by which the M235T muta-
tion in the AGT gene increases the risk of HTN is 
unknown. The AGT 235T variation features a gua-
nine-to-adenosine transition at -6 bp upstream of the 
transcription initiation site and has been determined 
to be in full linkage disequilibrium. [25]. This nu-
cleotide substitution affects the basal transcription 

Table 3: Association of AGT M235T genotype with clinical characteristics in Debre Tabor Referral Hospital, 
Northwest Ethiopia, 2022 

 

Variables 

Genotypes 

TT (N=132) MT (N=110) MM (N=37) p-value 

  Mean (SD)   
BMI (Kg/m2) 23.5±3.8 23.6±3.1 23.5±3.4 0.1680 
SBP (mmHg) 138.1±17.2 127.0±13.7 125.3±13.4 < 0.001* 
DBP (mmHg) 86.8±9.2 81.4±7.2 80.5±7.2 <0.001* 
FBG (mg/dl) 94.8±17.8 90.2±8.6 91.4±16.2 0.4157 
TC (mg/dl) 167.8±56.6 170.3±58.4 174.8±71.0 0.1436 
TG (mg/dl) 125.6±57.6 118.7±51.4 128.9±67.0 0.1578 
LDL-C (mg/dl) 87.5±33.6 84.4±35.3 79.5±31.5 0.6981 
HDL-C (mg/dl) 46.8±10.6 47.1±10.8 49.6±11.6 0.3027 
Creatinine (mg/dl) 0.81±0.13 0.81±0.15 0.80±0.13 0.3530 

Note: *P-value <0.05 is considered statistically significant. 
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 bias in identifying the AGT M235T genotype in hy-
pertension patients. Second, there are no measure-
ments of plasma angiotensinogen levels or other 
genes of RAAS that correlate directly with the genet-
ic polymorphisms investigated in this study. Its 
strength is that this is the first investigation into the 
relationship between genetic variations of AGT and 
hypertension in the Ethiopian population. This study 
also examined the risk of hypertension associated 
with clinical and biomedical characteristics to under-
line the crucial importance of the link with the dis-
ease. The findings of this study will serve as a base-
line for these locations, but further research must be 
done to find other gene polymorphisms that could be 
reliable indicators of hypertension in this population..  

Conclusion 
The present study indicated that the AGT M235T 
gene of the TT genotype and the T allele have been 
associated with a high risk of hypertension. As a re-
sult, the AGT gene M235T polymorphism may be 
used as a biomarker for early hypertension diagnosis 
as well as to manipulate antihypertensive medication 
therapeutic strategies. In future studies, a population-
based study should be needed for further clarification 
of the association between AGT and hypertension. 
 
Abbreviations: AGT: Angiotensinogen; BMI: Body 
Mass Index; DNA: Deoxyribonucleic Acid; DBP: 
Diastolic Blood Pressure; EDTA: Ethylenedia-
minetetraacetic Acid; FBG: Fasting Blood Glucose; 
HDL: High Density Lipoprotein; HTN: Hyperten-
sion; LDL: Low Density Lipoprotein; PCR: Polymer-
ase Chain Reaction; RAAS: Renin-Angiotensin-
Aldosterone System; SBP: Systolic Blood Pressure; 
TC: Total Cholesterol; TG: Triglycerol. 
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