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Abstract 

Background: In today’s clinical practice, drug research, and drug regulation, one of the most significant challenges is interindividual 
diversity in therapeutic efficacy and safety. Pharmacogenetics is now in its early phase of development in Iraq. Limited pharmacogenetic 
data exist about the prevalence and impact of CYP2C9 gene polymorphism within the Iraqi population. Objectives: This study 
examines the potential impact of CYP2C9 gene polymorphisms (namely, rs1799853 and rs1057910) on the therapeutic response to 
losartan in a cohort of Iraqi patients diagnosed with essential hypertension. Material and Methods: This prospective interventional 
clinical study was conducted on a sample of hypertension patients from Babylon governorate in Iraq. For all selected patients, blood 
pressure was measured. Then they received 100 mg of losartan once daily, after 4 weeks of losartan therapy, blood pressure was 
reassessed and compared with its initial values, and the changes were recorded. Blood samples were obtained from all patients for 
genetic analysis, employing established methodologies. The genotyping of CYP2C9 rs1799853 and rs1057910 variant alleles was 
conducted using the Sanger sequencing method. Subsequently, the treatment responses of patients with polymorphic genotypes were 
compared to those of patients bearing the wild-type of genotype. Results: According to the findings of the present study, 28% of 
patients showed a positive response to losartan based on the predetermined criteria (a decrease in systolic blood pressure of at least 
15% and diastolic blood pressure of at least 10%). No statistically significant differences P value < 0.05) were seen in the distribution 
of genotypes of both single nucleotide polymorphisms between the responder and nonresponder groups. Furthermore, a comparative 
study was conducted to examine the wild-type and heterozygous mutant genotype groups for both single nucleotide polymorphisms 
in terms of changes in systolic or diastolic blood pressure reduction. The results revealed that there was no statistically significant 
variation found between these two groups. Conclusion: The CYP2C9 gene polymorphism has no impact on the antihypertensive 
efficacy of losartan. 
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Introduction
Interindividual variability in drug response is a major 
challenge in current clinical practice. Studies of clinical 
pharmacogenetics have been proposed as a means to 
improve the efficacy of pharmacological therapy tailored 
to individual patients.[1]

Pharmacogenetics is the study of the interindividual 
variability in response to prescribed medications due to 
genetic origins. It is based on the concept that the genetic 
makeup of an individual, as manifested in the phenotypic 

characteristics of protein structure, configuration, and 
concentration, might potentially influence pharmacological 
effects through several mechanisms.[2] Significantly, it 
has been estimated that approximately 20%–30% of the 
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variation in drug response can be attributed to genetic 
polymorphisms, which are predominantly found in genes 
associated with drug absorption, distribution, metabolism, 
and excretion. additionally, these polymorphisms are 
also present in genes related to drug targets and immune 
responses.[3] Recent evidence suggests that mutations in 
the gene encoding the cytochrome P450 (CYP) enzyme 
may contribute to the variable responses to some 
medications in clinical trials.[4,5] One of the most crucial 
members of the cytochrome P450 superfamily, is the 
CYP2C9, it hydroxylating a wide range of medications 
and it is thought to be involved in the metabolic processes 
of approximately 16% of pharmaceutical compounds, 
including the antihypertensive losartan, the anticoagulant 
warfarin, the analgesic ibuprofen, and the antidiabetic 
drugs tolbutamide and glimepiride.[6]

The CYP2C9 gene is situated on chromosome 10 and 
consists of 51,434 base pairs with nine exons. This gene 
is highly polymorphic, and, to date, approximately 85 
CYP2C9 alleles have been identified in the regulatory and 
coding regions of CYP2C9.[7] The most prevalent variants 
among these alleles are CYP2C9*2 (R144C rs1799853) 
and CYP2C9*3 (I359L rs1057910), which have much 
lower CYP2C9 enzyme activity than the wild-type allele 
(CYP2C9*1).[8]

Losartan potassium is the first selective angiotensin 
receptor blocker approved for clinical use in treating 
hypertension. It binds selectively and competitively 
with high affinity to the AT1 receptor, resulting in 
blocking AII-induced physiological effects. The process 
of oxidation of losartan leads to the formation of a 
biologically active metabolite known as E-3174. The 
potency of this metabolite exceeds that of losartan, and 
it has a prolonged half-life. The primary mechanism by 
which losartan exerts its antihypertensive effect is through 
the action of its metabolite, E-3174.[9]

To date, up to knowledge, there is a limited number of 
clinical research investigating the relationship between 
CYP2C9 gene polymorphisms and the efficacy of 
antihypertensive medications, such as angiotensin 
receptor blockers.[5,10-13] The therapeutic implications 
of  different CYP2C9 genotypes, including variations 
in the response of  blood pressure (BP) reduction 
in patients using losartan, remain incompletely 
understood.[5] The objective of  the current study was 
to investigate the potential impact of  CYP2C9 gene 
polymorphism, specifically rs1799853 and rs1057910, 
on the therapeutic response of  losartan in some 
hypertensive Iraqi patients. additionally, the study 
aimed to add valuable insights into the variability of 
antihypertensive drug responses. These findings would 
be beneficial for healthcare professionals in making well-
informed decisions regarding personalized hypertension  
medication.

Materials and Methods

Study design
The present study is a prospective interventional clinical 
trial designed to examine the potential impact of CYP2C9 
gene polymorphisms (namely, rs1799853 and rs1057910) 
on the therapeutic response of losartan in a cohort of 
patients diagnosed with essential hypertension.

Patients selection
The participants (males and females) were recruited 
from the private clinic of an interventional cardiologist 
according to the inclusion and exclusion criteria of the 
study listed below and diagnosed as hypertensive patients 
at stages I or II according to the ESH (2018) guideline.[14] 
These patients were selected during the period from the 
first of June 2022 to the end of February 2023.

Of  a total of  272 hypertensive patients, 172 were 
excluded due to incompliance, loss of  contact, severe 
hypotension, use of  other antihypertensive drugs, 
and missing the date of  sampling. Only 100 patients 
completed the study.

Inclusion criteria
Patients (males and females) diagnosed with essential 
hypertension with mean systolic BP (SBP) ≥140 and 
<180 mm Hg, whereas mean diastolic BP (DBP) ≥90 and 
<110 mm Hg, age between ≥25 and ≤80 years.

Exclusion criteria
Any condition that may interfere with the study protocol 
or aim was excluded, including patients with known 
or suspected secondary hypertension, those whose BP 
measurements are <180/110 mm Hg, and patients with 
other cardiovascular diseases such as myocardial infarction, 
atrial fibrillation, heart failure, and stroke. Also patients 
with metabolic or endocrine disorders (like diabetes and 
thyroid disease), autoimmune disease, malignant tumors, 
psychiatric disorders, renal or liver dysfunction, in addition 
to pregnant and breast-feeding women, alcoholic patients, 
and those who require other antihypertensive drugs rather 
than losartan.

Study protocol
During the process of patient screening for essential 
hypertension, the selected individuals were interviewed 
using a specialized data sheet that was particularly 
developed for the purpose of this study. The BP was 
measured using a mercury sphygmomanometer following 
a minimum resting period of 10 min in a seated position. 
additional variables such as age, gender, height, weight, and 
body mass index (BMI) were assessed for each individual 
and documented with other information, including their 
name, smoking status, dietary habits, level of physical 
activity, and family history of hypertension.
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For all patients enrolled BP was measured. Then they 
received 100 mg of losartan once daily, after 4 weeks of 
losartan therapy, BP was reassessed and compared with 
its initial values, and the changes were recorded. Also, 
during the follow-up, each participant was interviewed 
to determine if  they had used any medications other than 
losartan, with the purpose of ensuring that all participants 
were only taking losartan since the aim of the study was to 
determine the therapeutic efficacy of losartan.

Samples collection
Venous blood samples (2 mL) were collected from all 
patients using a disposable plastic syringe and placed in an 
EDTA tube to be used as whole blood for genetic analysis 
of CYP2C9.

Evaluation of losartan therapeutic efficiency
Evaluation of losartan efficiency in patients with essential 
hypertension was made by using the following criteria: 
Responder if  there is a reduction of SBP by at least 15% 
and DBP by at least 10% and nonresponder if  there is a 
reduction of SBP less than 15% and DBP less than 10%.[15]

The percentage of changes was calculated as the BP 
reduction (mmHg) from the baseline to the 4 weeks of 
treatment and was further divided by the initial BP value 
preceding the initiation of losartan treatment, while the 
percentage of therapeutic efficiency was calculated by 
dividing the number of responders by the total number of 
responder and nonresponder individuals.

Molecular biological studies
DNA extraction and primer optimization
The DNA extraction was carried from a blood sample using 
the ReliaPrep Blood gDNA Miniprep System, a procedure 
developed by Promega.[16] The Quantus Fluorometer was 
employed to assess the concentration of extracted DNA, 
enabling the evaluation of both the quantity and quality 
of the samples for subsequent applications. The primers 
utilized in this study were specifically developed for the 
purpose of polymerase chain reaction (PCR) amplification 
and subsequent DNA sequencing. These primers were 
made to target two distinct regions within the CYP2C9 
gene, region 1 that involves (intron 1, exon 2, intron 2, exon 
3, and some of intron 3) and region 2 that involves (intron 
6, exon 7, and some of intron 7), and their sequences 
[Table 1]. Prior to conducting PCR, primer optimization 
was performed to determine the optimal annealing 
temperature at which the primer would effectively bind to 
the DNA template.

PCR and program protocol
The DNA samples were subjected to amplification using 
the PCR technique.[17] Each reaction consisted of 12.5 
µL of master mix (Promega, Wisconsin, USA), 1 µL of 

each primer (10 Pmol), 3 µL of DNA template, and the 
remaining volume was made up of 25 µL using nuclease-
free water. The PCR settings utilized for the amplification 
of the CYP2C9 gene involved a single cycle of initial 
denaturation at a temperature of 95°C for a duration of 
5 min. This was followed by denaturation (30 cycles) at 
95°C for 30 s, annealing at 63°C for 30 s, and extension at 
72°C for 1 min. The final extension step was performed 
at 72°C for a period of 7 min. The PCR products were 
ultimately seen using a UV transilluminator on a 1.5% gel 
of agarose that had been treated with ethidium bromide to 
validate their purity and assess their mobility.

Standard DNA sequencing and post-sequencing analysis
Sanger sequencing[18] was performed on PCR products 
using a Macrogen Corporation, Seoul, South Korea, 
ABI3730XL automated DNA sequencer to identify SNPs 
(rs1799853 and rs1057910). Genius software was used for 
the analysis of the data.

Statistical analysis
The data was saved and processed via IBM SPSS 26.0. 
Numerical data were expressed as mean ± SD, whereas 
categorical variables were expressed as percentages and 
frequencies. Patients are considered responders if  there is a 
reduction of SBP by at least 15% and DBP by at least 10%. 
A paired t test was used to test the significance of SBP and 
DBP reductions before and after losartan treatment. The 
independent t test was used to test the significance of SBP 
and DBP reductions across responder and nonresponder 
groups. A one-way ANOVA test was used as a statistical 
test for the numerical variables SBP and DBP changes 
across different genotypes. Chi square (χ2) test was used 
to compare responder and nonresponder proportions 
in genotype groups and to test the deviation from the 
Hardy–Weinberg equilibrium (HWE). P value > 0.05 was 
considered significant.

Ethical approval
This research began after getting approval from the 
scientific committee in the University of Mustansiriyah/ 
College of Pharmacy. Also, the agreement of the Babylon 
Health Directorate was achieved according to the Ministry 

Table 1: Primer sequences
Primer Sequence 5′–3′ Annealing 

temperature 
(°C)

Product 
size 
(bp)

CYP2C9-F1 GCCTGTGTGGCTGAATAAA 63 990
CYP2C9-R1 CTGGTGACATGTTCTGGAATAG

CYP2C9-F2 TTCAGCCTATGTGTGTCTTTAT 942

CYP2C9-R2 CTAAGAGTAGCCAAACCAATCT

F1: forward primer for region one, F2: forward primer for region two, 
R1: reverse primer for region one, R2: reverse primer for region two
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of Health‘s Ethical Committee. All participants in this 
study signed a written consent.

Results

Patients’ demographic and clinical characteristics
In this study, only 100 patients out of 272 hypertensive 
screened patients completed the study. Their age range was 
between 18 and 80 years, with a mean ± SD of 50.58 ± 
11.28 years. The distribution of gender was 48 males (48%) 
and 52 females (52%). More than half of the patients were 
obese, with a mean BMI of 32.21 ± 6.42 kg/m2 [Table 2].

Antihypertensive efficiency of losartan
Systolic and diastolic BP changes and response status 
and the percentage of losartan antihypertensive efficiency
Before starting the losartan treatment, mean (± SD) SBP 
and DBP were 154 ± 10.31 mm Hg and 93.85 ± 5.02 mm 
Hg, respectively. Four weeks after treatment, average SBP 
and DBP were 136.16 ± 12.55 and 86.07 ± 7.59 mm Hg, 
respectively [Table 3]. Regarding the response status and 
therapeutic efficiency of losartan as an antihypertensive 
agent, the result showed that it reduced the SBP by at least 
15% and DBP by at least 10% in 28% of studied patients 
[Table 4].

Systolic and diastolic BP changes among losartan 
responder and nonresponder hypertensive patients
After losartan treatment, the percentage of  SBP changes 
in the responder group was (−21.55 ± 4.84) versus the 
nonresponder group (−7.26 ± 7.29), and the percentage 
of  DBP changes in the responder group was (−14.92 
± 3.62) versus the nonresponder group (−5.45 ± 8.59). 
All of  these differences were found to be statistically 
significant at a significance level of  P < 0.05, as shown 
in Table 5.

Genetic variants of CYP2C9 gene
Along with the analysis of two specific regions of the 
CYP2C9 gene, the two major allelic polymorphisms 
CYP2C9 rs1799853 on exon 3 and rs1057910 on exon 7 
have been identified among the 100 hypertensive patients 
[Table 6].

Association of CYP2C9 rs1799853 and rs1057910 single 
nucleotide polymorphism genotypes with baseline 
patients’ demographic and clinical characteristics
There were no statistically significant differences (P 
> 0.05) in demographic and clinical characteristics 
between the rs1799853 and rs1057910 SNP genotypes of 
the hypertensive patients enrolled in this study [Tables 7 
and 8].Table 2: Patients demographic and clinical characteristics

Patients characteristics (N = 100) Values
Age (years) 50.58 ± 11.28

Gender

 � Male 48 (48%)

 � Female 52 (52%)

BMI (kg/m2) 32.21 ± 6.42
Data existing as mean ± (SD) for numerical variable, N: number, and 
percentage (%) for categorical data. SBP: systolic blood pressure, DBP: 
diastolic blood pressure

Table 3: Changes in blood pressure level before and after 
losartan treatment

Blood pressure Before 
treatment

After 
treatment

Changes of  
BP (%)

SBP (mmHg) 154 ± 10.31** 136.16 ± 12.55 −11.27 ± 9.28

DBP (mmHg) 93.85 ± 5.02** 86.07 ± 7.59 −8.10 ± 8.65
Data existing as mean ± (SD). SBP: systolic blood pressure, DBP: 
diastolic blood pressure, (−) mean a reduction in blood pressure. 
Paired sample t test is used for statistical analysis. **Statistically highly 
significant (P > 0.01)

Table 4: Response status and the percentage of losartan 
antihypertensive efficiency

Response status Value, N (%) Efficiency, %
Responder 28 (28) 28%
Not responder 72 (72)
Data (categorical) existing as a number (N), and percentage (%)

Table 5: Changes in systolic and diastolic blood pressure in 
responder versus nonresponder hypertensive patients

Variables Responder N (28) Nonresponder N (72) P value
% SBP changes −21.55 ± 4.84 −7.26 ± 7.29 <0.05

% DBP changes −14.92 ± 3.62 −5.45 ± 8.59 <0.05
Data existing as mean ± SD, independent sample t test used for 
statistical analysis, SBP: systolic blood pressure, DBP: diastolic blood 
pressure. P > 0.05was statistically considered significance

Table 6: Genotype and allele frequency of the identified 
single nucleotide polymorphisms

SNPs

No. Genotype frequency Allele frequency HWE P value
1 rs1799853

CC—73(73%) C—169(84.5%) 0.67

CT—23(23%) T—31 (15.5%)

TT—4 (4%)

2 rs1057910
AA—86(86%) A—183 (91.5%) 0.06

AC—11(11%) C—17 (8.5%)

CC—3 (3%)
Data existing as number (N) and percentage (%), HWE: Hardy-
Weinberg Equilibrium. SNPs: single nucleotide polymorphism, C: 
cytosine, T: thymine, A: adenine
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Association of losartan antihypertensive response with 
CYP2C9 rs1799853 and rs1057910 single nucleotide 
polymorphisms genotypes
No significant differences (P > 0.05) were found in 
the genotype distribution of  identified SNPs between 
responder and nonresponder groups of  hypertensive 
patients, so the BP response to losartan treatment was 
not significantly associated with coding rs1799853 and 
rs1057910 SNP genotypes of  the CYP2C9 gene [Table 9].

Differences in systolic and diastolic BP reduction and 
percentage of losartan antihypertensive efficiency with 
respect to single nucleotide polymorphisms genotypes
Regarding the differences in SBP and DBP reductions, 
although the decrease in SBP was higher in the rs1799853 
CC genotype group than in the CT and TT genotype 
groups (12.28 + 9.51% vs. 8.01 + 8.26% and 11.41 + 
7.81%) respectively, also the reduction in SBP was higher 
in the rs1057910 AA genotype group than in the AC and 

Table 7: Association of CYP2C9 rs1799853 single nucleotide polymorphism genotype with demographic and clinical 
characteristics

patient’s characteristic rs1799853 SNP genotypes (N = 100) P value

CC (N = 73) CT (N = 23) TT (N = 4)
Age (years) 49.7 8 ± 11.28 53.39 ± 11.21 49.00 ± 11.91 0.396

BMI (kg/m2) 31.53 ± 6.20 33.78 ± 7.28 35.52 ± 1.44 0.197

Gender

 � Male 37 (50.7%) 10 (43.5%) 1 (25%) 0.536

 � Female 36 (49.3%) 13 (56.5%) 3 (75%)

Pre SBP (mm Hg) 154.38 ± 10.45 152.93 ± 9.99 153.12 ± 11.79 0.832

Pre DBP (mm Hg) 94.28 ± 5.27 92.93 ± 4.30 91.25 ± 2.20 0.308
Data exist as mean ± SD for numerical data, a number (N), and percentage (%) for categorical data, one-way ANOVA test used as statistical test for 
numerical variable and Chi square test used for categorical variable, P < 0.05 was statistically considered significant

Table 8: Association of CYP2C9 rs1057910 single nucleotide polymorphism genotype with demographic and clinical 
characteristics

Patient’s characteristic rs1057910 SNP genotype (N = 100) P value

AA (N = 86) AC (N = 11) CC (N = 3)
Age (years) 50.03 ± 11.18 53.45 ± 9.33 55.67 ± 21.22 0.471

BMI (kg/m2) 31.86 ± 6.06 35.86 ± 8.36 28.65 ± 5.40 0.093

Gender

 � Male 42 (50.7%) 3 (43.5%) 3 (25%) 0.075

 � Female 44 (49.3%) 8 (56.5%) 0 (75%)

Pre-SBP (mm Hg) 154.30 ± 10.55 151.81 ± 9.88 153.33 ± 2.88 0.752

Pre-DBP (mm Hg) 93.54 ± 5.02 94.53 ± 4.71 100.00 ± 0.00 0.080
Data exist as mean ± SD for numerical data, a number (N), and percentage (%) for categorical data, one-way ANOVA test used as a statistical test 
for numerical variable and Chi square test used for categorical variable, P < 0.05 was the statistically considered significant. BMI: body mass index, 
SBP: systolic blood pressure, DBP: diastolic blood pressure. N: number of patients, AA: wild type genotype, AC: heterozygous mutant genotype, CC: 
homozygous mutant genotype

Table 9: Association of losartan antihypertensive response with CYP2C9 rs1799853 and rs1057910 single nucleotide 
polymorphism genotypes

Genotype Responder (28) Nonresponder (72) Total (100) P value
1 rs1799853 C<T

CC 22 (30.14%) 51 (69.86%) 73 (100%) 0.730

CT 5 (21.74%) 18 (78.26%) 23 (100%)

TT 1 (25%) 3 (75%) 4 (100%)

2 rs1057910 A <C
AA 26 (30.23%) 60 (69.77%) 86 (100%) 0.386

AC 2 (18.18%) 9 (81.82%) 11 (100%)

CC 0 (0%) 3 (100%) 3 (100%)
Data existing as number (N) and percentage (%), Chi square (χ2) used as a statistical test for categorical variables, P < 0.05 was statistically considered 
significant. CC, AA: wild type genotype. CT, AC: heterozygous mutant genotype. TT, CC: homozygous mutant genotype. C: cytosine, T: thymine, A: 
adenine
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CC genotype group (11.86 + 9.12% vs. 9.09 + 10.34% and 
2.22 + 5.02%) respectively significant differences were not 
found (P > 0.05).

No significant differences (P > 0.05)were found regarding 
the changes in the DBP which were 8.98 ± 8.55%, 5.79 + 
8.28%, and 5.33 ± 11.73% among the rs1799853 CC, CT, 
and TT genotype groups, respectively (P = 0.247). Also, 
no significant differences (P > 0.05) were found regarding 
the changes in the DBP which were 7.80 + 8.86%, 10.37 + 
8.08%, and 8.33 + 2.88% among the rs1057910 AA, AC, 
and CC genotype groups, respectively (P = 0.655).

Regarding losartan, the percentage of its efficiency was 
lower in heterozygous mutant CT and AC genotypes of 
rs1799853 and rs1057910 (21.7% and 18.2%), respectively, 
when compared to the wild-type genotypes of both SNPs 
[Table 10].

Discussion
Drug therapy is an important method for lowering 
the prevalence of  hypertension, which is a global 
health concern. Currently, hypertension is treated 
pharmacologically with a “one-size-fits-all” or empirical 
trial-and-error strategy. This method, however, falls short 
of  meeting the treatment requirements of  many patients; 
pharmacogenetics has been proposed as a means 
of  improving patient-specific medication therapy.[1] 
Pharmacogenetics in hypertension aims to enhance 
treatment efficacy and decrease toxicity by using genetic 
determinants of  treatment response.[19]

Many factors, including age, race, and gene–gene 
interactions, might influence hypertension, resulting in a 
multigenetic and multifactorial antihypertensive response 
to angiotensin receptor blockers.[20]

The primary objective of this study was to investigate the 
influence of genetic polymorphisms in the CYP 450 2C9 
gene on the variability in BP response to losartan among 
hypertensive Iraqi patients. Up to our knowledge, this is 

the first study in which the clinical significance of genetic 
polymorphisms of CYP2C9 gene has been investigated in 
purely hypertensive patients treated with losartan in an 
Iraqi population.

Losartan therapeutic efficiency
The low losartan therapeutic efficiency reported by the 
present study (28%) despite significant differences in 
SBP and DBP values before and after losartan treatment 
may be the result of  the BP response criteria used in this 
study, which is the patient’s regard responder if  there is 
a reduction of  SBP by at least 15% and DBP by at least 
10%, and this level of  therapeutic efficiency may be 
changed when other criteria reflect the BP response to 
losartan.

Impact of CYP2C9 gene polymorphism on percentage of 
systolic and diastolic BP reduction
The presence of genetic polymorphisms in the CYP2C9 
enzyme has been linked to the variability in BP responses 
to various pharmaceutical agents. There are many studies 
that have examined the differences in the response of drugs 
and therapies used in various diseases regarding CYP2C9 
genetic polymorphism in the literature.[21]

The present study examined the BP response to losartan 
in hypertensive patients with different CYP2C9 genotypes. 
At baseline, there were no significant differences (P > 0.05) 
between genotypes of the rs1799853 and rs1057910 SNP 
variants regarding clinical and demographic features (age, 
gender, BMI, and baseline SBP and DBP. This lack of 
significant differences may be attributed to the fact that all 
individuals enrolled in this study met the predetermined 
criteria for participation. The value of this finding in the 
current study is important as it aligns with the study’s 
objective of investigating the impact of CYP2C9 genetic 
polymorphism on the therapeutic response to losartan. 
Any observed variations in the reduction of SBP and 
DBP, based on SNP genotypes, can be attributed to 

Table 10: Blood pressure changes and losartan efficiency with respect to CYP2C9 rs1799853 and rs1057910 single nucleotide 
polymorphism genotypes

Genotypes SBP changes, % DBP changes, % Efficiency, %
1 rs1799853 C<T

CC wild type −12.28 ± 9.51% −8.98 ± 8.55% 30.1%

CT heterozygous mutant −8.01 ± 8.26% −5.79 ± 8.28% 21.7%

TT homozygous mutant −11.41 ± 7.81% −5.33 ± 11.73% 25.0%

P value 0.157 0.247 0.730

2 rs1057910 A<C

AA wild type −11.86 ± 9.12% −7.80 ± 8.86% 30.2%

AC heterozygous mutant −9.09 ± 10.34% −10.37 ± 8.08% 18.2%

CC homozygous mutant −2.22 ± 5.02% −8.33 ± 2.88% 0.0%

P value 0.149 0.655 0.386
Data existing as mean ± (SD), one-way ANOVA test used as statistical analysis. SBP: systolic blood pressure, DBP: diastolic blood pressure. P value 
< 0.05was statistically considered significant
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genetic variations rather than differences in demographic 
characteristics among the groups.

There were no statistically significant variations observed 
in the percentage of changes in SBP and DBP among 
different genotypes of CYP2C9 rs1799853 and rs1057910 
SNP variants. Similarly, no statistically significant 
changes were identified in the therapeutic effectiveness 
of losartan between individuals with heterozygous or 
homozygous CYP2C9 rs1799853 and rs1057910 SNP 
genotypes and those with the wild-type of genotype. 
There are conflicting findings from earlier research 
about the relationship between CYP2C9 polymorphism 
and the antihypertensive effect of angiotensin receptor 
blockers.[13] In the present study, the response to losartan 
treatment is not significantly associated with coding SNP 
variants of the CYP2C9 gene, this result is in line with 
some studies which indicated that there was no evidence 
of significant differences in BP responses to several 
antihypertensive drugs among different genotypes of 
CYP2C9 polymorphism. Also, this result is in line with a 
recent study found that CYP2C9 rs1799853 and rs1057910 
SNP genotypes do not significantly affect SBP and DBP 
reduction in newly diagnosed 74 hypertensive patients.[5] 
A further study demonstrated the influence of CYP2C9 
genetic polymorphisms on the antihypertensive efficacy of 
losartan in 39 Japanese patients with hypertension which 
showed insignificant differences regarding changes in SBP 
and DBP between the rs1057910 mutant variant genotype 
and wild-type genotype carriers, which was comparable 
to our finding but provided better evidence because of 
our larger sample size.[12] Moreover, our results agree with 
those of Qayyum et al.[10] who found that two CYP2C9 
SNP variants, rs1799853 and rs1057910, exhibited no 
association with the Losartan BP response. Liu et al.[13] 
found that the rs1057910 SNP variant was not associated 
with the response of antihypertensive treatment with 
valsartan. Similarly, the rs1057910 SNP variant and 
irbesartan’s therapeutic impact on essential hypertension 
were not observed to be significantly associated.[11]

Contrary to our result, the SBP increased significantly with 
the rs1057910 SNP variant in a Danish prospective study 
of optimum monotherapy in patients with type 1 diabetes 
and nephropathy; nevertheless, the total number of patients 
involved was limited (n = 60).[22] Another study performed 
by Joy et al.[23] showed that the response to losartan 
considering antihypertensive effects was diminished in 
genetically polymorphic individuals., it found that the 
BP was decreased in patients with the wild-type genotype 
while increased in patients carrying the rs1799853 SNP 
and rs1057910 SNP variants. This study only comprised 
a small number of participants (n = 59).[23] Our research is 
unique in the field since it specifically examines a cohort 
of pure hypertensive patients who only received a 100 mg 
dosage of losartan as a pharmacological intervention 
for essential hypertension. The majority of previously 

published trials on losartan, as previously mentioned in 
detail, either focused on medications other than losartan 
in patients with primary hypertension[11,13] or included 
hypertensive patients with concurrent disorders including 
diabetes or renal issues.[22,23] In addition, our study had a 
sample size that was comparatively bigger when compared 
to the clinical research mentioned before. Nevertheless, the 
main limitation of our investigation remains the sample 
size, as the allocation of patients to each distinct genotype 
group is limited. This limitation may partially account for 
the reduced statistical significance observed in relation to 
clinically relevant outcomes.

Conclusion
The presence of polymorphisms in the CYP2C9 gene 
among our hypertension patients did not exhibit 
any association with the effectiveness of losartan as 
antihypertensive agent. Nevertheless, it is anticipated that 
the lack of association in this study would not discourage 
subsequent, more extensive investigations aimed to 
confirm or refute the findings of the current study.
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