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Abstract:

Background: Hypertension, also recognized as elevated blood pressure, is a persistent medical
condition defined by blood pressure measurements that surpass 120/80 mmHg, and tend to increase
with age, linked with heightened cardiovascular dangers. This situation plays a notable role in the
progression of heart disease, stroke, and renal issues, requiring a blend of medicinal treatments and
adjustments in lifestyle. On a global scale, hypertension impacts a staggering 1.13 billion individuals,
disproportionately affecting populations in low- and middle-income countries where awareness and
control rates are notably deficient. The diagnosis of hypertension demands multiple blood pressure
assessments and may entail sophisticated methodologies such as photoplethysmography. Symptoms
of this condition include headaches, dizziness, and fatigue, while routine laboratory evaluations are
imperative for detecting associated medical conditions. Sustained management strategies are
paramount in mitigating the onset of severe complications.

Aim: to understand hypertension, covering its epidemiology, symptoms, pathophysiology, diagnosis,
control and prevention, and treatment options to improve treatment outcomes.

Method: a comprehensive review of Hypertension and therapy. The PUBMED and Google
Scholar search engines were the main databases used for the search process, with articles collected
from 2018 to 2024.

Conclusion: hypertension, a persistent elevation in blood pressure above 120/80 mmHg, significantly
impacts cardiovascular health, increasing the risk of severe conditions like coronary artery disease,
heart failure, stroke, and renal insufficiency. Effective management through medication and lifestyle
changes, such as the DASH diet, regular exercise, and stress management, is crucial. Advanced
diagnostic techniques and personalized treatment strategies, including combination therapy, enhance
patient outcomes. Continued emphasis on early detection, especially in children, and out-of-office
blood pressure monitoring are essential to prevent long-term complications and improve global
hypertension control.
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Introduction:

Elevated blood pressure, commonly known as Hypertension, is identified by a persistent rise in blood
pressure levels above the standard range of 120/80 mmHg, as specified in medical terminology. It is
impressive that the frequency of high blood pressure tends to elevate with the advancement of age
among individuals. The sustained and chronic elevation in arterial pressure results in notable
pathological alterations within the blood vessels and the heart, signifying the detrimental impact of
this condition on cardiovascular health. Especially as the blood pressure measurements reach or
surpass the threshold of >140/90 mmHg, it functions as a crucial indicator pointing to an elevated
risk of cardiovascular diseases related to hypertension, demanding swift medical intervention to
lessen possible complications. Moreover, elevated blood pressure is recognized as a crucial risk factor
that predisposes individuals to conditions like coronary artery disease and its various complications,
heart failure, stroke, and renal insufficiency, highlighting the wide-ranging implications of this
medical condition on overall health outcomes. Importantly, it is vital to stress that high blood pressure
can be effectively controlled through a mix of drug treatments and significant changes in lifestyle
habits, underscoring the potential for prevention and management through proactive health
management approaches. Moreover, Elevated blood pressure is a diverse condition that arises from
the intricate interplay of various genetic and environmental factors, wherein its pathophysiological
processes encompass an elaborate network of neural, renal, endocrine, and vascular mechanisms. The
categorization of high blood pressure encompasses primary high blood pressure, which is
distinguished by the lack of an identifiable cause but is linked with different lifestyle and
environmental factors, and secondary high blood pressure, which arises due to specific medical
conditions or the consumption of particular medications. (1)

Hypertension epidemiology:

Hypertension continues to pose a substantial challenge in the realm of global public health, as its
prevalence and repercussions exhibit notable disparities across various geographical regions and
socioeconomic strata. During the last forty years, the typical global blood pressure levels have
demonstrated a trend of either stagnation or marginal decline due to the widespread utilization of
pharmacological treatments targeting hypertension; notwithstanding, the frequency of hypertension
has witnessed a significant increase, particularly evident in regions labeled as low- and middle-
income countries (LMICs) (2). In addition, In the year 2015, it was computed that about 1.13 billion
individuals around the world were impacted by hypertension, a condition distinguished by high blood
pressure, signifying a notable public health worry. In 2015, it was approximated that around 1.13
billion people globally were impacted by hypertension, a condition distinguished by elevated blood
pressure, suggesting a notable public health issue. These areas have encountered a noteworthy
alteration in the occurrence of elevated blood pressure levels, transitioning from primarily being
detected in affluent nations to now being more prominent in impoverished countries, suggesting a
change in the worldwide health landscape (3). Also, The prevalence of heightened blood pressure in
South Asia, for instance, has been particularly elevated, as indicated by the increased percentages
documented in countries like Nepal and India, reaching 33.8% and 31.4%, respectively. Despite the
rising prevalence trend identified in this locality, there is a noticeable incongruity in the degrees of
awareness, treatment, and supervision of high blood pressure, particularly in Low- and Middle-
Income Countries (LMICs), where only 21% of the community effectively controls their hypertensive
state (4).

How to diagnose hypertension:

(related signs — symptoms “silent killer” — lab investigation)

Diagnosing hypertension entails a comprehensive approach encompassing the repeated assessment
of blood pressure levels over a significant period, encompassing both in-office and out-of-office
settings, to eliminate the influence of the white coat effect and guarantee the precision of the readings.
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Uncommon methods like outpatient blood pressure observation (OBPO) and household blood
pressure observation (HBPO) are crucial in this procedure, with OBPO frequently being utilized to
confirm the diagnosis in scenarios where the information from the medical setting is unclear (5).
Besides, Recent advancements have brought forth innovative non-invasive methodologies,
exemplified by the utilization of photoplethysmography (PPG), a technique that scrutinizes the
characteristics of blood flow to effectively identify hypertension with a commendable level of
precision. Integrating machine learning algorithms, encompassing support vector machines and
neural networks, has displayed considerable potential in enhancing diagnostic precision by analyzing
physiological data and PPG signals (6). Nevertheless, A comprehensive diagnostic algorithm that
integrates office, home, and ambulatory blood pressure measurements plays a crucial role in
improving the accuracy of diagnostic procedures. By incorporating data from various settings such
as the office, home, and ambulatory environments, this algorithm ensures a holistic approach to blood
pressure monitoring. It is essential to note that this integration significantly enhances diagnostic
accuracy by providing a more comprehensive assessment of an individual's blood pressure levels.
Moreover, the algorithm facilitates the identification of intermediate readings that may require further
investigation through ambulatory blood pressure monitoring (ABPM). This structured approach
facilitates healthcare specialists in making well-informed decisions related to the diagnosis and
treatment of high blood pressure (7). Overall, integrating conventional approaches alongside cutting-
edge technologies and sophisticated machine learning algorithms presents a comprehensive and
reliable framework for effectively identifying hypertension while tackling the intricacies and
fluctuations inherent in blood pressure measurements. the demonstration of this medical condition is
linked with a diverse array of clinical manifestations and indicators that exhibit variability contingent
upon various determinants such as the individual's age, gender, and the length of time the individual
has been afflicted by the ailment. Among the most common signs are headaches, particularly
prominent among younger individuals and individuals exhibiting elevated blood pressure levels.
Furthermore, sensations of dizziness and vertigo are frequently documented among an older
demographic of patients and individuals who are undergoing treatment with antihypertensive
medications (8). Additionally, Vision problems, like blurred vision, tend to be frequently documented
by female individuals and elderly patients, according to various reported studies. Furthermore, fatigue
and confusion stand out as other noteworthy symptoms, exhibiting a more pronounced occurrence
among females and individuals who have been dealing with hypertension for an extended period.
Additionally, palpitations and shortness of breath emerge as significant indicators, especially
prevalent in individuals of middle age and those with a medical background involving smoking habits
or a history of sleep apnea. Also, Edema, a medical condition characterized by an accumulation of
fluid in the body's spaces between tissues and increased frequency of urination, suggesting a higher
volume of urine production, is believed to be linked to high blood pressure, a chronic health problem
marked by elevated levels of blood pressure, particularly in individuals with a prolonged history of
the condition (9). Moreover, The occurrence and seriousness of these symptoms are frequently
observed to demonstrate a significant correlation with the blood pressure levels measured in
individuals, indicating a direct relationship between these factors. Moreover, it is to be noted that
these symptoms could endure beyond the initial identification and evaluation, emphasizing the need
for ongoing and consistent management strategies as well as regular monitoring protocols to
guarantee optimal care and treatment (8). Additionally, The term 'silent killer" is utilized to portray a
medical condition that may persist in an individual for an extended duration without manifesting any
apparent symptoms, thereby posing a challenge in early detection and diagnosis. This prolonged
period without symptoms may potentially give rise to severe and possibly life-threatening
complications if the condition is not treated. These issues might involve heart attack, heart disease,
brain attack, kidney disease, and leg artery disease. Individuals must realize the insidious nature of
this condition and seek the proper medical attention for timely diagnosis and management to halt the
progression of these severe complications (10). Nevertheless, it is closely connected to the
development of end-organ damage. This phenomenon results from an intricate interplay of different
physiological processes like immune activation and regulation of the autonomic nervous system. In
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particular, the compassionate arm of the autonomic nervous system has been recognized as a crucial
player in the development of hypertension, as it plays a central role in worsening the disease’s
advancement and contributing to the emergence of various associated cardiovascular conditions (11).
The diagnosis and management of hypertension encompass a diverse array of laboratory
examinations that play a pivotal role in providing essential insights into the health status of the patient
and potential root causes contributing to the condition. In this scenario, typical blood and urine tests
arise as essential elements, covering a thorough examination that involves the assessment of serum
glucose levels, lipids profile along with its fractions, triglycerides concentration, electrolyte levels,
creatinine levels, aldosterone levels, plasma renin activity, and urine albumin levels. These diagnostic
procedures serve an essential purpose in the identification of primary hypertension as well as the
recognition of associated conditions such as chronic kidney disease and hypertensive disorders of
pregnancy (12). Besides, Performing tests for kidney function, blood electrolytes (sodium and
potassium), LDL cholesterol, and diabetes (fasting blood sugar and Alc) should be done within 12
months after the initial diagnosis to detect any important irregularities that could impact treatment
choices. These assessments play a crucial role in detecting relevant clinical indicators that could
potentially alter the course of treatment interventions (13). Also, To accurately diagnose and
efficiently manage this complex medical situation, it is essential to perform specific diagnostic tests
designed to identify the presence and severity of these endocrine disorders. To accurately diagnose
and effectively manage this intricate medical scenario, conducting specific diagnostic tests tailored
to identify these endocrine disorders' presence and extent is imperative. Such diagnostic procedures
could entail examining the aldosterone-to-renin ratio, measuring catecholamine levels, evaluating
cortisol concentrations, and analyzing thyroid hormone levels, all vital in understanding the
underlying cause of secondary hypertension and guiding specific treatment strategies (14). In
addition, The connection between aldosterone and renin levels, referred to as the aldosterone-to-renin
ratio, is vital in the diagnostic assessment of primary aldosteronism. This commonly encountered
endocrine disorder is frequently linked with secondary hypertension. This specific biomarker is
important in differentiating and identifying individuals with this condition, facilitating early detection
and appropriate management strategies (12). Also, the conclusion of plasma kidney cortexin (PRC)
using the enzyme-linked immunosorbent assay (ELISA) method has been suggested as a potential
diagnostic tool for essential hypertension, with indications indicating decreased levels in individuals
with hypertension compared to those with normal blood pressure levels. This recommended plan
displays the potential to differentiate between hypertensive patients and normotensive individuals,
offering valuable insights into the pathophysiological mechanisms underlying hypertension (15).

Co-morbidities with hypertension:

Hypertension typically manifests simultaneously with a spectrum of comorbidities, thereby
substantially impacting patient outcomes and contributing complexity to the treatment process. One
of the seldom encountered comorbidities involves conditions like diabetes mellitus, which
demonstrates a high prevalence among individuals with hypertension and contributes to the
deterioration of cardiac and vascular damage by triggering oxidative stress and inflammatory
responses, ultimately resulting in the development of heart failure and various other cardiovascular
complications (16). Besides, Chronic kidney disease (CKD) and coronary artery disease (CAD) are
seldom noticed in clinical contexts. They are not considered crucial factors in the development and
progression of various cardiovascular complications, hence showing a minimal hazard in terms of
potential neurological outcomes like brain harm and stroke (17). Additionally, different medical
conditions that seldom co-occur with heightened blood pressure in younger patients include
osteochondrosis, osteoarthritis, chronic pancreatitis, and thyroid diseases. Conversely, it is extremely
rare for Al to recognize cerebrovascular disease, coronary heart disease, and senile cataracts in the
elderly population (18). Moreover, Managing heightened blood pressure and type-2 diabetes mellitus
(T2DM) concurrently poses a notable challenge in clinical environments because of the intricate
nature of these enduring conditions. Patients with both high blood pressure and T2DM often face a
variety of other health conditions that can be classified as harmonious, conflicting, or predominant,
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each affecting their self-care habits and adherence to medication plans. These cohabiting conditions,
when combined with elevated blood pressure and type 2 diabetes, contribute to the intricate web of
factors that must be considered in the comprehensive management of these individuals (19).

Pathophysiology of hypertension:

Primary hypertension:

The thorough essence of hypertension's pathophysiology includes many elements, like genetic
predisposition, external influences, and physiological determinants. The development of hypertension
is predominantly characterized by heightened cardiac output and escalated peripheral resistance, both
of which are subject to modulation by neurohormonal signaling pathways, inflammatory responses,
and intricate multiorgan feedback loops (20). Also, The hypothesis referred to as the Mosaic Theory
of Hypertension posits that there is a complicated interaction among different elements like oxidative
stress, inflammation, sodium balance, and the microbiome. These factors are considered crucial
components that work together synergistically to raise blood pressure levels and ultimately lead to
damage in multiple organs within the body (21). Additionally, Multiple homeostatic mechanisms in
the body, like the renin-angiotensin-aldosterone system (RAAS), sympathetic nervous system, and
renal function, are vital for regulating and overseeing hypertension. It is widely acknowledged that
these detailed systems interact in a complicated manner to adjust blood pressure and fluid balance,
underscoring their significance in the pathophysiology of hypertension. The irregularities within these
systems could potentially result in an imbalance in blood pressure regulation, causing the emergence
and persistence of hypertension over time (20). Nevertheless, Left ventricular hypertrophy (LVH) is
a pivotal and crucial biomarker indicative of hypertensive heart disease, showcasing the intricate
cardiac modifications brought about by a combination of hemodynamic factors related to blood flow
dynamics and non-hemodynamic factors about other physiological influences (22).

Secondary Hypertension:

It is characterized by an elevated state of BP, which arises from an identifiable and potentially
correctable underlying condition or disease. The pathophysiological aspects of secondary
hypertension exhibit variability depending on the specific etiology involved yet generally encompass
distinct mechanisms that lead to the disruption of the normal regulation of BP. Frequent triggers of
secondary hypertension consist of conditions like renal parenchymal disease, renovascular disease,
primary hyperaldosteronism, obstructive sleep apnea, and substance or drug use. Furthermore, hardly
acknowledged factors comprise issues like pheochromocytoma, Cushing syndrome, thyroid and
parathyroid complications, congenital adrenal hyperplasia, and aortic coarctation (23). Also, Renal
artery stenosis is scarcely ever noticed as the origin of renovascular disease, causing a significant
drop in renal perfusion and sparking the Renin-Angiotensin-Aldosterone System (RAAS) activation,
subsequently leading to the beginning of hypertension (24). Additionally, Obstructive sleep apnea, a
sleep disorder characterized by repetitive instances of total or partial upper airway blockage during
sleep, has been demonstrated to result in periods of sporadic hypoxia, identified by intervals of
unusually low oxygen levels in the bloodstream. The incident of rare hypoxia triggers the beginning
of the sympathetic nervous system (SNS) and the renin-angiotensin-aldosterone system (RAAS), both
of which play a crucial role in regulating various physiological processes in the organism. The
initiation of these systems caused by sporadic hypoxia is a critical element of the evolution and
advancement of hypertension, a persistent medical condition distinguished by increased levels of
blood pressure (23).

Management of Hypertension:

Lifestyle modification:

Lifestyle adjustments are key to effectively managing hypertension and minimizing potential
complications that may occur. It is imperative to adopt various key strategies that encompass a range
of aspects such as dietary alterations, engagement in physical activities, meticulous weight control
measures, and the implementation of behavioral modifications. A primary idea for nutritional changes
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is to welcome the DASH (Dietary Approaches to Stop Hypertension) regimen. This particular
nutritional method focuses on the significance of incorporating a wide variety of fruits, vegetables,
and low-fat dairy foods while also urging for a decrease in sodium intake to levels that fall under
2300 mg per day. Certain guidelines suggest a more stringent sodium intake target of just 2000 mg
daily. In addition, consistently engaging in typical physical activity, as proposed by participating in
30 minutes of moderate-intensity aerobic exercise on at least five days per week, is also strongly
recommended for [ figure 1]. Furthermore, weight management stands as another pivotal element in
one's health journey, with a specific goal set at a minimum of 5% decrease in body weight for
individuals classified as overweight or obese, a target that can be feasibly attained through a blend of
dietary modifications and heightened levels of physical exercise (25). Also, Hindrances, such as a
deficiency in knowledge, inadequate supply of facilities for physical activity, and a lack of sufficient
backing from healthcare providers, are pinpointed as primary factors fueling the current gap. The
efficient management of high blood pressure requires a thorough plan involving different elements,
covering medical and non-medical methods. A significant focus is placed on the continual education
of patients and the provision of adequate support to bolster adherence to lifestyle adjustments (26).
Moreover, a suggestion has been made regarding applying stress management strategies, including
autogenous and progressive muscle relaxation exercises, to improve blood pressure control when
administered with antihypertensive medications like perindopril. The significance of stress
management is underscored by the Canadian Hypertension Educational Program, which
acknowledges it as a crucial lifestyle adjustment for managing hypertension (27).

Figure (1): Hypertension lifestyle modifications (28).
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Pharmaceutical treatment:

Pharmaceutical management of hypertension encompasses a diverse array of pharmacological agents
spanning various drug classes and formulations, frequently administered synergistically to optimize
therapeutic outcomes and mitigate adverse reactions. Often employed drug classifications encompass
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angiotensin-converting enzyme inhibitors (ACEIs), angiotensin Il receptor blockers (ARBSs), beta-
blockers, calcium channel blockers (CCBs), and diuretics, each with their specific mechanisms of
action and pharmacological profiles. These medications can be employed either in isolation or in
conjunction with one another, tailoring the treatment approach to effectively regulate blood pressure
levels and promote cardiovascular health (29). Besides, It is essential to note that mineralocorticoid
receptor antagonists have been validated to be successful when paired with angiotensin Il receptor
blockers (ARBs), calcium channel blockers (CCBs), or diuretics to reach an elevated level of
preventive measures or therapeutic interventions that concentrate on hypertension (30). In general, it
Is noticeable that in the field of medical science, there is a wide range of pharmaceutical treatments
specially created for the management of hypertension, a prevalent medical condition identified by
high blood pressure levels. These diverse treatment options provide healthcare professionals with
many choices in devising personalized and customized therapeutic approaches to efficiently and
proficiently address this prevalent health issue's symptoms and underlying causes.

New guidelines for hypertension treatment:

The novel recommendations for treating hypertension have brought numerous notable revisions and
enhancements. The suggestions put forth by the European Society of Cardiology (ESC) and the
European Society of Hypertension (ESH) in 2018 endorse the categorization of increased blood
pressure as a condition where the blood pressure is 140/90 mmHg or above, advocating for a goal
below 130/80 mmHg for most patients, and striving for a level below 140 mmHg yet above 120
mmHg for individuals aged 65 years and older. Moreover, Combination treatment, which includes
the concurrent delivery of multiple medications with complementary mechanisms of action, is
strongly advised as the main treatment approach for most patients to enhance therapeutic results by
targeting different underlying pathophysiological pathways associated with the disease. Ideally
presented as a unified medicinal mixture encapsulated within a single tablet, this method is
recommended to greatly enhance patient adherence rates by simplifying the dosing schedule and
reducing the pill load, thus promoting consistent long-term adherence to the prescribed therapy plan.
In addition, combination therapy has been shown to accelerate the attainment of ideal blood pressure
management by leveraging the synergistic impacts of diverse drug classifications to address multiple
physiological pathways involved in blood pressure regulation, resulting in a swifter and more
effective reduction in elevated blood pressure levels. Additionally, the recommendations stipulated
by the European authorities underscore the critical importance of customizing treatment strategies for
each patient, considering their specific cardiovascular risk profile and the seriousness of their
hypertension condition. This personalized method strongly focuses on decreasing dietary salt intake
while carefully assessing any concurrent medical conditions or comorbidities the patient may be
dealing with (31). Nevertheless, the guidelines also consider the management strategies for childhood
hypertension, emphasizing the significance of early detection and prompt intervention to lessen the
chance of developing long-term cardiovascular complications (32). Moreover, the existing guidelines
have been modified to recommend utilizing out-of-office blood pressure monitoring to improve the
precision of diagnosis. Scientific investigations have indicated that this strategy not only supports
stabilizing the presence of hypertension but also accomplishes this without enhancing the danger of
cardiovascular occurrences (33). Also, The guidelines emphasize the necessity of employing
automated validated devices for measuring blood pressure, as well as the exclusion of white coat
hypertension before the commencement of any treatment regimen (34).
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