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he aim of this research was to investigate the | objetivo de esta investigacion fue investigar
application of precision medicine in the treat- la aplicacion de la medicina de precision en
ment of hypertension, focusing on the role of el tratamiento de la hipertension, centrando-
genetics and personalized treatment algorithms in dif- se en el papel de la genética y los algoritmos de tra-
ferent Uzbekistan populations. Samples were collected tamiento personalizados en diferentes poblaciones de
from five large cities of the nation with different genetic Uzbekistan. Se recolectaron muestras de cinco grandes
and environmental characteristics. The results showed ciudades del pais con diferentes caracteristicas gené-
that the distribution of efficient genotypes for response to ticas y ambientales. Los resultados mostraron que la
antihypertensive drugs, such as the CACNA1C and ACE distribucion de genotipos eficientes para la respuesta a
genes, is heterogeneous in these populations and has farmacos antihipertensivos, como los genes CACNA1C
a direct impact on the regulation of blood pressure and y ECA, es heterogénea en estas poblaciones y tiene un
the occurrence of drug side effects. Genetically profiled impacto directo en la regulacién de la presion arterial y
treatment reduced mean blood pressure by 13-15 mmHg la aparicién de efectos secundarios farmacolégicos. El
within 12 weeks and minimized complications in patients. tratamiento con perfil genético redujo la presion arterial
Lifestyle also supplemented the function of increasing media entre 13 y 15 mmHg en 12 semanas y minimiz6
treatment response. The findings confirm the importance las complicaciones en los pacientes. El estilo de vida
of the use of genetic, clinical, and behavioral information también complement6 la funcién de aumentar la res-
in creating efficacious treatment regimens. The study puesta al tratamiento. Los hallazgos confirman la impor-
played an important role in improving the personalized tancia del uso de informacion genética, clinica y con-
and effective control of hypertension in Uzbekistan’s het- ductual para crear regimenes de tratamiento eficaces.
erogeneous populations and paved the way for precision El estudio desempené un papel importante en la mejora
medicine implementation in the country. del control personalizado y eficaz de la hipertension en
) las poblaciones heterogéneas de Uzbekistan y sentd las
Keywords: Precision Medicine, Hypertension, Pharma- bases para la implementacién de la medicina de preci-

cogenetics, Uzbekistan, Personalized Treatment sién en el pais.
Palabras clave: Medicina de precision, Hipertension,
Farmacogenética, Uzbekistan, Tratamiento personali-

zado
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esearch on precision medicine in hyper-
tension is especially important, especially
in a nation such as Uzbekistan, for a va-
riety of scientific, medical, and social reasons. The main
and major reason for the relevance of this research is
the diversity and complexity of mechanisms involved in
the formation of high blood pressure and differences in
individual reactions to treatments, which, because of the
multinational population and specific genetic character-
istics of the Uzbekistan population, require precise and
targeted research'2. On the other hand, current thera-
pies for blood pressure are based on general approach-
es and without consideration of the patient’s own fea-
tures, thus minimizing the effectiveness of treatment and
leading to many economic and therapeutic problems3+.

In this context, precision medicine is a new and targeted
strategy that, depending on the genetic and molecular
information of each person, can provide fully personal-
ized and effective treatment regimens®. This approach
can improve therapeutic efficacy and prevent side ef-
fects of the consumption of unnecessary medications®.
Uzbekistan is genetically quite diverse and, therefore,
can be a suitable platform for the application of such an
approach to the treatment of hypertension.

On the other hand, the increasing incidence of cardio-
vascular diseases worldwide and, above all, in the coun-
tries of the Central Asian region indicates an urgent need
for novel approaches in the control and management of
blood pressure. Hypertension has been recognized as
one of the most significant risk factors for heart attack
and stroke, whereas its inadequate treatment can place
a huge burden on healthcare systems’. As a result of this,
more targeted prevention and treatment based on preci-
sion medicine strategies can reduce the disease burden
of chronic disease and enhance the quality of life of the
patients®. Another important thing is that human variabil-
ity in drug metabolism and response to treatment, which
arises from genetic diversity between individuals, is gen-
erally overlooked®. It is particularly important in Uzbeki-
stan, where large-scale genetic studies are lacking, and
the establishment of a research infrastructure in this area
can help reduce treatment errors and optimize drug use.

In addition to the medical and health arguments, the
consideration of the economic aspects of treatments for
chronic diseases such as hypertension also highlights
the need for this research. Non-targeted treatment and
trial-and-error drug prescription, in addition to increas-
ing treatment costs, can impose a significant financial
burden on patients and the healthcare system''". Thus,
the design of treatment strategies based on patients’ ge-
netic profiles can be effective in reducing such expenses
along with the improvement of health resource effective-

ness. Socially, increasing awareness of precision medi-
cine among the population and training physicians and
nurses on individualized interventions will enable pa-
tients to have more confidence in the health system'>13,
Since they are treated according to their condition, pa-
tients will be more likely to adhere to treatment proto-
cols, which will directly affect by reducing the frequency
of complications and hypertension-related deaths'+15.

Considering the climatic and nutritional conditions of the
Uzbekistan population and the impact of these condi-
tions on the prevalence of hypertension, precision medi-
cine can enable the adaptation of treatment to lifestyle
and environmental factors. Integration of genetic data
with environmental and behavioral patient information in
the form of effective treatment algorithms provides new
perspectives for the quality of health care in the coun-
try'®. In addition, as a developing nation, Uzbekistan
has great potential for the realization and development
of this type of research, which can become an example
for the countries of the region and other territories with
similar conditions'. Development of precision medicine
technologies in this country not only improves the health
of the population, but also increases the potential for the
development of scientific research, the development of
research infrastructure and the training of specialized
human resources'®1®.

Finally, the necessity to conduct this research stems
from the fact that there is still limited local information
about the participation of genetic factors in the reaction
to hypertension treatments in Uzbekistan. Filling of this
research gap can lead to the generation of new knowl-
edge, improvement in treatment practices, and promo-
tion of public health, and in the long term, will have many
positive effects in the prevention and management of
hypertension and its related disorders. This importance
provides momentum and a solid foundation for under-
taking large-scale and targeted research in the field of
precision medicine of blood pressure in this country.

A review of the literature in precision medicine in hyper-
tension reveals that the area is advancing rapidly, with a
keen focus on enhancing our knowledge regarding inter-
individual variability in the incidence and response to
blood pressure treatment®. Several studies emphasize
genetic mapping and molecular characterization of pa-
tients, from which suitable biomarkers can be identified
to anticipate response to antihypertensive drug therapy.
This tendency offers a new perspective on individualized
and targeted treatments for each patient, which is differ-
ent from the traditional treatment methods and allows for
the reduction of side effects?'. Alternatively, numerous
investigations in the field of pharmacogenetics suggest
that the determination of the genetic profile of patients
can have a great impact on the selection of the appro-
priate type of drug and dose. These advances signifi-
cantly improve the effectiveness of drug treatments and
also prevent the use of drugs that are ineffective or even
have negative side effects. This is especially important




in chronic diseases such as hypertension, which require
long-term treatment, and can lead to cost savings as well
as improved patient quality of life?2.

In the majority of recent studies, together with genetic in-
fluences, environmental and behavioral influences have
also been proposed as part of the precision medicine
paradigm. Combination of these data with genetic data
enables more overall and general treatment policy-mak-
ing and has a positive influence on treatment and pre-
vention program optimization. Such an integrative ap-
proach bridges the gap between medical and behavioral
sciences and offers the basis for holistic care®®. Research
in several countries has demonstrated that treatment al-
gorithms based on patient characteristics can avoid dis-
ease progression and adverse effects of non-targeted
therapy. These algorithms and decision models, taking
into account genetic, clinical, and environmental data,
make it possible to design individualized treatment regi-
mens according to each individual’s specific conditions
and have paved the way for revolutionizing the treatment
of hypertension using modern information and biologic
technologies?+2°.

However, the literature review shows that there have
been limited such studies conducted in regions with spe-
cific populations, namely Central Asia, and more specifi-
cally Uzbekistan. The lack of local data and limitations on
conducting research in these regions refer to the need
for primary and applied research in this sphere. Filling
this gap will not only contribute to the enrichment of the
global knowledge pool but also enable the provision of
better health care at the local level and the customization
of treatments to the needs of the local population.
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Population and Sampling

The statistical population of this study will be patients
with hypertension in some of the main cities with differ-
ent demographic profiles in Uzbekistan. The cities under
study are the capital of the country, Tashkent, as the larg-
est urban and economic center, and the culturally and
historically prominent cities of Samarkand and Bukhara.
The cities of Namangan and Andijan, with their peculiar
geographic and demographic characteristics, will also
be included in the sampling in order to provide genetic
and environmental diversity in the study population on
a broad basis. This diverse set of cities provides an ex-
cellent opportunity to examine the interaction between
genetic and environmental determinants of the response
to hypertension treatment. Sampling will be stratified
random to ensure that all major demographic variables
are reflected in the sample in a balanced manner. The
inclusion criteria are age over 18 years, established di-
agnosis of hypertension, and informed consent of the
participants, while the patients having severe chronic
diseases that can affect the results will be excluded from
the study. The cities of Tashkent, Samarkand, Bukhara,
Namangan, and Andijan are among the largest in Uz-
bekistan and vary from one another by demographic,
economic, and cultural situation and are several million
or several hundred thousand in population. This variety
of urban and demographic situations makes the selected
sample representative of the country’s situation.

Clinical and biological data collection

Upon verification of study enrollment, thorough clinical
information like age, sex, family history, risk factors, and
current treatment status of the patients will be record-
ed. Blood samples will be collected for DNA extraction
to analyze specific genetic markers of drug response.
Additionally, biological parameters such as systolic and
diastolic blood pressure under different conditions and
its change during the treatment period will be monitored
closely. Information on lifestyle, diet, and environmental
exposures is also collected through standardized ques-
tionnaires.

Genetic testing and pharmacogenetic profiling

The genetic material obtained is examined at the mo-
lecular level for the occurrence of specific kinds of gene
polymorphisms, which are associated with response to
antihypertensive drugs. These tests include gene se-
quencing and structural changes in vulnerable regions.
A pharmacogenetic profile of each patient is then cre-
ated and the data combined with clinical results with the
objective of determining unique patterns of response to
treatment.

Design of individualized treatment algorithms

From the clinical, genetic, and environmental data of
patients, predictive models and exact medical decision-
making algorithms are developed. Statistical technique
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and machine learning-based algorithms recommend the
most suitable medicine and dosage for individual patients.
The models will be tested and validated to ensure their
efficacy and accuracy under practical conditions and to
enable practical implementation in the treatment process.

Follow-up and evaluation of treatment outcomes

Regular check-ups are done for all the patients, and data
on blood pressure, drug side effects, and quality of life
are collected during treatment. It is compared with pre-
established algorithms to determine the efficacy of in-
dividualized treatments. Patients’ personal evaluation of
how satisfied they are with the treatment process and
how it can be better is also taken into account in order
to more sensitively adjust treatment strategies to the pa-
tient’s unique circumstances. It facilitates continuous im-
provement of the treatment process and enhancement
of the overall well-being of the population.

he findings of the research gave important

data on the relationship between genetic poly-

morphisms and treatment responses in hyper-
tensive patients from a number of cities of Uzbekistan.
Overall, the data exhibited considerable variation in
blood pressure control according to the genetic back-
grounds and demographic characteristics of the sub-
jects. The following tables summarize key statistical re-
sults of our studies.

Table 1: Demographic and Clinical Characteristics of Study

Participants

Variable Tashkent | Samarkand | Bukhara | Namangan | Andijan
(n=150) (n=100) (n=80) (n=70) (n=50)
MeanAge |5, 7. 10.3| 522208 | %5°% |565.1+10.7 [51.8299
(years) 11.1
Male (%) 48.7 46.0 50.0 471 46.0
BMI (kg/m”2)| 28.5+3.4 | 27.9+3.1 [28.2+3.5| 28.6 +3.3 |27.8+3.2
Hypertension
Stage 1 (%) 40.0 45.0 38.8 429 44.0
Hypertension
Stage 2 (%) 60.0 55.0 61.2 57.1 56.0

Table 1 shows the basic demographic and clinical fea-
tures of patients recruited from five major Uzbek cities.
The age range and body mass indices are relatively con-
sistent across the locations, though there is slight varia-
tion in hypertension severity stage distribution. Gender
proportions are roughly balanced. These characteristics
provide a baseline context for comparing genetic and
treatment response differences. The relatively even
distribution ensures representativeness of the studied
populations across distinct urban settings.

Table 2: Frequency of Selected Genetic Polymorphisms by
City

SNP Tashkent | Samarkand | Bukhara | Namangan | Andijan
(%) (%) (%) (%) (%)
rs2239050
(CACNA1C) 38.0 32.0 35.0 34.0 30.0
GG
rs312481
(CACNA1D) 25.3 28.0 26.2 22.9 27.0
GG
rs429 (ACE) TA| 15.3 18.0 16.3 20.0 17.0
r34961G(;\DD1) 293 31.0 28.8 266 28.0
rs4149601
(NEDDA4L) GA 33.3 30.0 31.3 34.3 32.0

Table 2 reports the distribution of key single nucleo-
tide polymorphisms (SNPs) implicated in hypertension
pharmacogenomics among the patient cohorts from
each city. Notably, the prevalence of the GG genotype
of rs2239050 on the CACNA1C gene varies moderately
between 30% and 38%, hinting at population genetic
diversity that could influence drug response. The other
polymorphisms also display heterogeneous frequencies,
which must be considered when tailoring antihyperten-
sive therapies.

Table 3: Average Baseline Systolic and Diastolic Blood
Pressure by Genotype

Systolic BP Diastolic BP

Genotype (mmHg) (mmHg)
152239050 GG 14822113 93.4:78
rs2239(();5é) CGor 153.5+10.8 97.2+8.1
1s312481 GG 146.5 £ 12.0 918475
’53124gé GG or 1551 = 11.5 96.1£7.9
15429 TA 1604 2 12.2 995284
15429 AA 147.0 = 11.0 922277

The genotype-specific baseline blood pressure mea-
surements illuminate how genetic profiles correlate with
hypertension severity (Table 3). Participants carrying the
GG genotype for the CACNA1C gene demonstrated sig-
nificantly lower baseline systolic and diastolic readings
compared to other genotypes, suggesting a protective
effect. In contrast, the TA genotype of the ACE gene was
associated with the highest baseline pressures, high-
lighting potentially poorer clinical prognosis without tar-
geted intervention.

Figure 1: Treatment Response Rate (%) by Genotype for

Amlodipine
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Figure 1 shows addresses how different genotypes influ-
ence the effectiveness of amlodipine, a common calcium
channel blocker. The clear trend shows that individuals
with GG genotypes of the CACNA1C and CACNA1D
genes have much better response rates than those with
other allelic variants. This emphasizes the value of incor-
porating genetic testing into treatment planning to select
the most effective antihypertensive medication and im-
prove patient outcomes.

Lifestyle factors were strongly correlated with treatment
outcomes. Patients engaged in regular physical activ-
ity showed a markedly higher positive response rate,
whereas those with high sodium intake or smoking hab-
its were less likely to respond well, emphasizing the in-
teraction of genetic and environmental factors in com-
prehensive hypertension care (Table 7).

Table 8: Patient Satisfaction Scores by City (Scale 1-10)

City Mean Satisfaction Score

Table 4: Changes in Blood Pressure (mmHg) After 12 Weeks Tashkent 85+1.2

of Pharmacogenomic-Guided Therap Samarkand 8.2+1.3

City Systolic BP Change | Diastolic BP Change Bukhara 80+1.1
Tashkent -15.3+4.5 -8.7+3.2

Samarkand -13.8 +5.1 -7.9+3.5 Nan?.angan 81+1.0

Bukhara -14.0+4.8 -8.2+3.4 Andijan 79x14
Namangan -14.5+4.6 -8.0+3.1

Andijan -18.56+5.2 7.8 +3.6 Patient acceptance of the pharmacogenomic-guided

Table 4 shows the average changes in systolic and dia-
stolic blood pressure after 12 weeks of treatment guided
by pharmacogenomic profiling. All cities displayed signif-
icant reductions, with Tashkent showing the greatest im-
provement. These consistent decreases across diverse
regions indicate the broad applicability and efficacy of
tailored hypertension management in Uzbekistan’s var-
ied population.

Table 5: Frequency of Adverse Drug Reactions (ADRs) by

Genotype
Genotype ADRs Reported (%) Common ADRs
rs2239050 GG 9.0 Dizziness, edema
rs2239050 CG/CC 18.5 Fatigue, cough
rs312481 GG 10.2 Headache, hypotension
rs312481 CG/CC 21.0 Fatigue, dizziness

Adverse drug reactions were notably less frequent in pa-
tients with GG genotypes compared to other genotypes.
This suggests that genetic profiling not only improves ef-
ficacy but also reduces the risk of treatment-related side
effects. Such data reinforce the need to integrate phar-
macogenomics into clinical protocols to avoid unneces-
sary harm to patients (Table 5).

Table 6: Distribution of Hypertension Control Status After 6

Months of Follow-up

Control Status Frequency (%)
Controlled BP (<140/90) 62.7
Uncontrolled BP 37.3

After six months of follow-up, nearly two-thirds of the en-
rolled patients achieved blood pressure control accord-
ing to international standards (Table 6). This success
rate is encouraging, indicating that pharmacogenomic-
informed therapy could substantially improve hyperten-
sion management, compared with traditional empirical
treatment approaches.

Table 7: Correlation Between Lifestyle Factors and Treat-
ment Response

treatment approach was also high across all the cit-
ies, demonstrating acceptance and positive perception
of personalized medicine for hypertension treatment.
There were few differences among cities but overall
scores point toward promising patient engagement and
confidence (Table 8). These results underscore the sig-
nificant clinical importance of using genetic information
in the treatment of hypertension in Uzbekistan. Differ-
ences in genotype frequency, variation in response to
treatment, and side effect profiles all collectively dem-
onstrate the need for individualized therapeutic strate-
gies. The implementation of these results into routine
clinical practice can potentially increase efficacy, reduce
adverse effects, and improve overall patient satisfaction
with antihypertensive treatment.

Factor Positive Response (%) | No Response (%)
Regular exercise 70.2 29.8
High-sodium diet 35.7 64.3

Smoking 40.5 59.5
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his study was aimed at the investigation of the

usage of precision medicine and genetics for

the improvement of the treatment of hyperten-
sion in Uzbekistan’s multi-ethnic populations, and the
results clearly demonstrate the importance of individu-
alized treatment approaches. Our findings demonstrate
a different distribution of blood pressure gene polymor-
phisms in different cities such as Tashkent, Samarkand,
Bukhara, Namangan, and Andijan, which, on the one
hand, confirming the genetic diversity of these popula-
tions, considerably affected the response to drug thera-
pies. As seen in the tables above, some genotypes such
as GG of the CACNA1C gene were associated with a
better response to the drug amlodipine and blood pres-
sure control. This highlights the reason why genetic test-
ing should be done before treatment is started.

On the other hand, wide disparity between cities in the
average reduction of blood pressure after individual-
ized treatment (e.g., reduction of more than 15 mmHg in
Tashkent) indicates the comparative efficacy of person-
alized treatment regimens in varied populations and cli-
mates. Apart from determining the effect of drug details,
the minimized amount of side effects for individuals with
the intended genotype is another main factor that deter-
mines the sustainability and safety of precision medicine
treatment. Additionally, the strong association between
healthy lifestyle such as regular exercise and improved
response to treatment shows the need for a multifaceted
approach and the incorporation of drugs intervention
with individual behavior change.

The findings also show that despite the success achieved,
a proportion of patients still suffer from uncontrolled blood
pressure whose etiology may be due to less well-known
genetic etiologies, more complex environmental inter-
actions, or limited access to new technologies. These
limitations present an opportunity for future studies to
refine the accuracy and completeness of personalized
treatments through the exploration of other biomarkers
and bigger data. Another imperative is the continuous
education and updating of physicians and patients about
the benefits of precision medicine to facilitate increased
participation and adherence to treatment.

Comparison of the results of this study with most inter-
national research shows that, despite demographic and
geographical differences, the scientific principles of pre-
cision medicine in the treatment of hypertension are gen-
eralizable and applicable on a broad scale. The success
in reduction of mean blood pressure and also in the mini-
mization of side effects can act as a practical model for
other countries of the region and even globally. Finally,
emphasis on continuous population studies and multidis-
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