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Abstract

Hypertension is a significant risk factor for cardiovascular diseases, often coexisting with
other metabolic abnormalities. Systolic blood pressure plays a critical role in determining
cardiovascular risk, particularly in older populations. Essential hypertension, accounting for
approximately 95% of cases, lacks a clearly identifiable cause despite extensive research.
Globally, the incidence of hypertension continues to rise, with long-term treatment
frequently falling short of achieving sustained blood pressure control. Epidemiological
studies highlight the high prevalence of hypertension worldwide, with varying rates of
awareness, treatment, and control across regions. Racial and ethnic disparities in
hypertension prevalence have also been observed. The pathophysiology of essential
hypertension involves complex interactions between genetic predispositions, sympathetic
nervous system overactivity, renal mechanisms, vascular endothelial dysfunction, and
hormonal factors such as the renin-angiotensin-aldosterone system. Obesity, obstructive
sleep apnea, and insulin resistance are also significant contributors to hypertension
development. Accurate blood pressure measurement is crucial for diagnosis, with out-of-
office monitoring methods providing valuable information. Treatment primarily aims to
prevent critical complications and should be tailored to individual needs. Lifestyle
modifications, including weight reduction, physical activity, smoking cessation, and dietary
changes, are recommended for all individuals with confirmed hypertension. When lifestyle
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changes fail to achieve target blood pressure goals, pharmacological therapy becomes
necessary. Various classes of antihypertensive drugs, such as diuretics, calcium channel
blockers, ACE inhibitors, and ARBs, are available, each with unique mechanisms of action
and side effect profiles. The selection of appropriate antihypertensive agents should
consider factors such as age, comorbidities, and patient-specific characteristics to optimize
treatment outcomes and minimize adverse effects.

Keywords: Hypertension, Pathophysiology, Management

Introduction

Hypertension is a significant and well-recognized risk factor for cardiovascular diseases
(CVDs), contributing to a heightened likelihood of developing conditions such as coronary
artery disease, congestive heart failure, stroke (both ischemic and hemorrhagic), renal failure,
and peripheral arterial disease. This condition frequently coexists with other risk factors, such
as diabetes, further compounding its detrimental effects on overall cardiovascular health. The
coexistence of hypertension with other metabolic abnormalities amplifies its impact, making it
a central concern in the prevention and management of CVDs.

Extensive epidemiological research highlights that systolic blood pressure (SBP) plays a more
critical role than diastolic blood pressure (DBP) in determining cardiovascular risk, particularly
in older populations. While diastolic blood pressure has traditionally received attention,
contemporary data emphasize that systolic hypertension is the most prevalent form of
hypertension across populations. Notably, in younger age groups, diastolic blood pressure may
still contribute significantly to risk stratification. The focus on systolic hypertension reflects its
predominance in clinical presentations and its stronger correlation with adverse cardiovascular
outcomes.

Blood pressure (BP) is defined as the product of cardiac output and peripheral resistance,
forming the physiological basis for understanding hypertension. The condition arises from
increased cardiac output, heightened peripheral resistance, or both. Cardiac output, in turn, is
influenced by stroke volume and heart rate, where stroke volume is a function of myocardial
contractility and the size of the vascular compartment. Peripheral resistance is governed by
both functional and structural changes in small arteries and arterioles, underscoring the
complex interplay of vascular and cardiac factors in the pathogenesis of hypertension.
Hypertension represents a state of the vascular system in which the overall vasculature is set at
an elevated pressure level unique to an individual. Essential hypertension, accounting for
approximately 95% of all hypertension cases, lacks a clearly identifiable cause, despite
extensive research into its underlying mechanisms. As defined by the Joint National
Committee, hypertension is characterized by a blood pressure reading of >140/90 mmHg. This
threshold serves as a clinical benchmark for diagnosis and intervention. Multiple risk factors
have been implicated in the development of hypertension, including obesity, salt sensitivity,
genetic predisposition, obstructive sleep apnea, insulin resistance, and heightened sympathetic
nervous system activity. These risk factors interact in complex ways, contributing to the
pathophysiological heterogeneity of the condition.

Despite considerable advances in understanding these risk factors, the precise
pathophysiological mechanisms underlying hypertension remain incompletely elucidated. This
ambiguity complicates efforts to curtail its prevalence and improve treatment outcomes. The
incidence of hypertension continues to rise globally, posing a significant public health
challenge. Furthermore, long-term treatment of hypertension frequently falls short of achieving
sustained blood pressure control, emphasizing the need for a deeper exploration of its
pathophysiology, innovative therapeutic strategies, and more effective public health
interventions.

2914



Hazem Sayyah Albeyali (1), Amer Ogla Alfuhigi (2, Abdullah Sami Alfuhigi (), Yusuf Salh Allehaidan
#), Mohammed Dahawi Mohammed Alharbi (), Fahad Saad Nasser Bin Bdyea (), Qasem Ali
Mohammed Alsaleh (), Duaa Thiyabi Yahya Hakami (8, Ghada Mohammed Hamad Alsolai 9,
Abdulaziz Alturki (19, Abdullah Ahmed Alshaya (1), Wala Ibrahim Mohamed Fallatah (:2), Mohammed
Mastour Alzahrani (13), Mohammed Hassan Mohammed Asiri (:4), Ahmed Ali Ahmed Alshehri (15),

Epidemiology

Hypertension is widely regarded as one of the most critical modifiable risk factors for
cardiovascular disease and is among the leading contributors to global morbidity and mortality.
A systematic analysis conducted as part of the Global Burden of Disease Study 2017 identified
high systolic blood pressure (SBP) as the foremost risk factor for mortality, accounting for 10.4
million deaths and 218 million disability-adjusted life-years (DALYSs). In a study comprising
8.69 million participants from 154 countries, it was estimated that between 1990 and 2015, the
proportion of individuals with an SBP of at least 110-115 mmHg increased from 73.1% to
81.3%, while those with an SBP of at least 140 mmHg rose from 17.3% to 20.5% (Forouzanfar
et al., 2017). Additionally, the estimated annual death rate associated with SBP >110-115
mmHg increased by 7.1%, from 1356 per million, while deaths associated with SBP >140
mmHg increased by 8.6%, from 979 per million.

The 2019 May Measurement Month campaign, initiated by the International Society of
Hypertension (ISH), screened more than 1.5 million individuals from 92 countries. Results
revealed that 32.0% of participants had never had their blood pressure measured, and 34.0%
were diagnosed with hypertension. Among those diagnosed, 58.7% were aware of their
condition, and 54.7% were receiving antihypertensive medications (Beaney et al., 2020). Of
hypertensive patients, 31.7% achieved blood pressure readings below 140/90 mmHg, and
23.3% reached readings below 130/80 mmHg. Among patients on at least one antihypertensive
medication, 57.8% achieved control below 140/90 mmHg, and 28.9% achieved control below
130/80 mmHg. Approximately half of those receiving treatment were single-drug users. Since
2017, over 4.2 million individuals have had their blood pressure measured, with nearly one
million adults identified as untreated or undertreated for hypertension.

Globally, awareness of hypertension varies significantly. In the Americas and Europe, at least
70% of individuals with hypertension are aware of their condition, compared to less than 40%
in regions such as South Asia and sub-Saharan Africa. In a sample of 1.7 million adults in
China, 44.7% were hypertensive, and only 44.7% of those with hypertension were aware of
their condition (Lu et al., 2017). Furthermore, only 30.1% of these individuals were prescribed
antihypertensive medications, and a mere 7.2% had controlled blood pressure. After
standardizing for age and sex, rates of hypertension prevalence, awareness, treatment, and
control were recorded as 37.2%, 36.0%, 22.9%, and 5.7%, respectively.

Among African populations, a systematic review and meta-analysis of 25 studies reported a
pooled prevalence of elevated blood pressure (=95th percentile) at 5.5% among children and
adolescents and 12.7% for slightly elevated blood pressure (>90th percentile and <95th
percentile) (Noubiap et al., 2017). Increased body mass index (BMI) was strongly associated
with elevated blood pressure, with children and adolescents (aged 2—19 years) with obesity
experiencing a six-fold higher prevalence compared to non-obese counterparts. Public health
strategies targeting obesity prevention are imperative to mitigate hypertension, as factors
contributing to increased BMI span from childhood into adulthood. The meta-analysis further
revealed that elevated blood pressure was more common in rural areas than urban settings,
though no gender differences in prevalence were noted. Another study highlighted that
individual of African origin exhibited higher hypertension prevalence compared to those of
European origin (Ibrahim & Damasceno, 2012).

In the United States, a study identified a sharp increase in the progression from ideal blood
pressure to pre-hypertension, beginning at age 8 for White boys and at age 25 for young African
Americans. This finding underscores the early onset of heterogeneity in blood pressure
trajectories across racial and ethnic groups. Prophylactic measures initiated in early adulthood
may be crucial for preventing pre-hypertension, hypertension, and the subsequent development
of disparities associated with race, ethnicity, and gender (Falkner & Lurbe, 2020). Analysis of
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the original Framingham Heart Study cohort indicated that individuals generally maintained
SBP below 120-125 mmHg. However, once SBP rose beyond this range, it progressed rapidly
toward hypertension, a trend observed irrespective of the age of onset (Niiranen et al., 2018).
A comprehensive analysis of individual patient trajectories provided further insights, showing
that lifetime SBP and diastolic blood pressure peaked at least 14 years before death and then
declined steadily. Approximately 64.0% of patients in the study experienced an SBP reduction
of at least 10 mmHg, which occurred across all groups, including those not receiving
antihypertensive treatment. This decrease was most pronounced in older individuals and
patients treated for conditions such as hypertension, dementia, heart failure, or late-life weight
loss.

Pathophysiology

Hypertension can be categorized into essential and secondary types, with the majority of
patients presenting with essential hypertension. The etiology of hypertension is multifactorial,
involving contributions from environmental influences, genetic predispositions, and social
determinants. An increasing understanding of the complex interplay between these factors
continues to emerge, shedding light on the multifaceted nature of the condition (Taddei et al.,
2018).

Advances in knowledge regarding the pathophysiology of hypertension have further
illuminated its intricate mechanisms. In addition to traditional environmental risk factors such
as obesity, physical inactivity, high sodium intake, and chronic stress, other contributors,
including preterm birth or low birth weight (Haikerwal et al., 2020), and exposure to air and
noise pollution, have been implicated in the development of hypertension. Immune system
dysfunction and systemic inflammation have also been identified as significant components in
the pathogenesis of hypertension. Notably, emerging evidence highlights the roles of gut
microbiota and periodontitis in promoting systemic inflammation, which may contribute to
elevated blood pressure.

The interactions between genetic predispositions and environmental factors underscore the
importance of lifestyle modifications recommended in hypertension management guidelines.
These recommendations emphasize weight reduction, adherence to a healthy diet, reduced
dietary sodium intake, increased physical activity, and avoidance of smoking and excessive
alcohol consumption.

In addition to environmental influences, the genetic underpinnings of hypertension represent a
complex and expanding area of research. Findings from genome-wide association studies
(GWAS) on blood pressure traits, including systolic, diastolic, and pulse pressure, have
provided critical insights into key loci involved in blood pressure regulation. The identification
of novel loci has facilitated the discovery of new mechanisms underlying blood pressure
control and highlighted associations between blood pressure traits and lifestyle factors
(Evangelou et al., 2018).

Pathophysiology of essential hypertension

1. Genetics

Hypertension often runs in families, with a parental history of hypertension significantly
increasing the likelihood of its development in offspring, particularly when both parents are
hypertensive. Studies suggest that approximately 60% of hypertension cases are attributable to
familial associations, while 40% are linked to environmental factors.

Blood pressure (BP) regulation involves a complex network of interacting pathways, including
renal, neural, endocrine, vascular, and other mechanisms, which influence the key determinants
of BP—cardiac output and total peripheral resistance. Various genes within these systems
contribute to BP regulation. According to a review by Padmanabhan et al., genome-wide
association studies (GWAS) have identified over 100 single nucleotide polymorphisms
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associated with BP traits, uncovering novel pathways of BP regulation and potential drug
targets.

Genetic influences on BP regulation have been demonstrated through studies comparing
monozygotic and dizygotic twins as well as genetically related versus adopted children. Several
gene-related findings include:

1. Corin Gene Mutations: Two missense mutations in the corin gene, which encodes an
enzyme that activates pro-ANP and pro-BNP into biologically active natriuretic
peptides, may impair these peptides' defense against hypertension, contributing to the
condition.

2. Thiamine Transporter Variants: Genetic variants affecting the thiamine transporter
have been associated with increased cardiac output and reduced peripheral resistance.

3. UMOD Gene Variants: Variants in the UMOD gene, which encodes uromodulin, lead
to overexpression of this protein and activation of the furosemide-sensitive renal
sodium cotransporter NKCC2. Pharmacological inhibition of NKCC2 has been found
effective in lowering BP in hypertensive patients.

4. eNOS Activity Defects: GWAS findings have linked defects in endothelial nitric oxide
synthase (eNOS) activity to increased susceptibility to hypertension.

5. Sodium Reabsorption Variants: Single-gene mutations leading to altered net sodium
reabsorption and variations in angiotensinogen and angiotensin receptor sequences
have also been associated with hypertension.

Genes contributing to hypertension typically possess allelic variants that incrementally raise or
lower BP levels. These effects are generally additive, with each genetic variant exerting a
modest influence on BP (Padmanabhan et al., 2017).

2. Sympathetic Nervous System Overactivity

Increased sympathetic nervous system activity is associated with elevated heart rate, cardiac
output, peripheral resistance, and levels of plasma and urinary norepinephrine (NE). This
overactivity also results in regional NE spillover, peripheral postganglionic sympathetic nerve
discharge, and alpha-adrenergic receptor-mediated vasoconstriction and vascular remodeling
in the peripheral circulation. Sympathetic overactivity is an early feature of primary
hypertension and is also observed in forms of hypertension linked to obesity, sleep apnea, early
type 2 diabetes mellitus and prediabetes, chronic kidney disease, and heart failure.

Both central and peripheral mechanisms contribute to heightened sympathetic activity. Physical
and emotional stress further activate sympatho-adrenal activity, leading to BP elevation.

3. Renal Mechanisms: Excess Sodium Intake and Pressure-Natriuresis

Hypertension has been associated with a fundamental defect in the kidneys' ability to excrete
excess sodium, particularly in the context of high dietary salt intake. Evidence from populations
with low sodium consumption demonstrates minimal or no incidence of hypertension. Studies
have also shown that reducing salt intake correlates with BP reductions. Sodium contributes to
BP elevation through:

1. Volume-Dependent Mechanisms: Increased sodium intake raises fluid volume and
preload, thereby increasing cardiac output.

2. Volume-Independent Mechanisms: These include angiotensin-mediated central
nervous system effects and heightened sympathetic activity.

In normotensive individuals, high salt intake triggers enhanced renal excretion of sodium and
water, which normalizes fluid volume and BP. This is referred to as the pressure-natriuresis
phenomenon, where elevated arterial pressure increases sodium and water excretion, restoring
sodium balance. In primary hypertension, a resetting of the pressure-sodium excretion curve
occurs, preventing BP normalization.
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4. Vascular Mechanisms: Endothelial Dysfunction and the Nitric Oxide Pathway
The vascular endothelium plays a critical role in regulating BP through the production of nitric
oxide (NO), a vasodilatory molecule, and endothelin (ET), a vasoconstrictor. Hypertension is
characterized by endothelial dysfunction, including reduced production of endothelial-derived
relaxing factors (NO and endothelial-derived hyperpolarizing factor) and increased production
of pro-inflammatory, pro-thrombotic, and growth-promoting molecules such as endothelin,
thromboxane, and transforming growth factor-beta.
The NO pathway is a key protective mechanism against hypertension. A deficiency in NO,
often caused by its inactivation through reactive oxygen species (ROS), contributes to
endothelial dysfunction in hypertensive individuals. Growth factors produced in the vascular
endothelium, including platelet-derived growth factor, fibroblast growth factor, and insulin-
like growth factor, are implicated in atherogenesis and organ damage. Chronic activation of
endothelin-1 (ET-1) receptors in the kidneys is believed to play a significant role in
hypertension pathogenesis (Flammer & Liischer, 2010). Maintaining endothelial function is
thus essential for vascular health and acts as a critical defense against atherosclerosis and
hypertension.
5. Hormonal Mechanisms: The Renin-Angiotensin-Aldosterone System (RAAS)
Renin is a protease enzyme in circulation that plays a critical role in maintaining extracellular
fluid balance and arterial vasoconstriction. It facilitates the conversion of angiotensinogen to
angiotensin I, which is subsequently converted into angiotensin II (Ang II) by angiotensin-
converting enzyme. Angiotensin II, a potent vasoactive peptide, induces vasoconstriction in
arterial musculature, increasing peripheral resistance and elevating BP. It directly promotes
sodium retention by enhancing the activity of Na+/H+ exchanger, Na+/K+ ATPase in the
proximal tubule, Na+/K+/2Cl— transport in the loop of Henle, and various ion transporters in
the distal nephron and collecting ducts. Angiotensin II also stimulates aldosterone release from
the adrenal glands, which acts on renal epithelial cells to increase salt and water reabsorption,
thereby raising blood volume and BP. Elevated renin levels, observed in hypertensive patients,
are thought to contribute significantly to the development of hypertension.
6. Obesity-Related Hypertension
Several studies have proposed that weight gain enhances sympathetic nervous system activity,
potentially as a mechanism to promote fat metabolism. However, this sympathetic overactivity
often results in hypertension. Although the exact triggers for increased sympathetic output in
obesity remain unclear, several proposed mechanisms include:

1. Sympathetic overactivity

2. Selective resistance to leptin

3. Adipokines produced by fat cells, such as leptin, fatty acids, and angiotensinogen,

which have prohypertensive effects

4. Regulation of vascular smooth muscle by dipeptidyl peptidase 4

5. Overactivation of the RAAS.
7. Obstructive Sleep Apnea: Neurogenic Hypertension
Obstructive sleep apnea (OSA) is a significant contributor to neurogenic hypertension.
Clinically, OSA is characterized by disturbed sleep, frequent awakenings, excessive nocturnal
snoring, and daytime sleepiness. It involves episodes of apnea during sleep, resulting in
recurrent hypoxia. Hypoxia activates carotid body chemoreceptors, reflexively increasing
sympathetic activity, raising BP, and resetting the chemoreceptor reflex. EEG findings in OSA
patients indicate desynchronized brain activity, while polysomnography (PSG) reveals varying
levels of hypoxia. Continuous positive airway pressure (CPAP) therapy improves both
nocturnal and daytime hypertension, with BP reductions often correlating with decreased
sympathetic activity.
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8. Insulin Resistance and Hypertension: Metabolic Syndrome

A study by Saxena et al. (2014) found a relationship between chronic stress or mental
exhaustion, assessed using perceived stress scales and EEG, and diabetes. Chronic stress was
linked to heightened basal sympathetic activity and diabetes. Increased sympathetic activity
has been implicated in insulin resistance via stimulation of alpha-1 adrenergic receptors in the
liver and muscle and inhibition of insulin secretion through alpha-2 adrenergic receptors in the
pancreas. Insulin resistance (hyperinsulinemia), a hallmark of metabolic syndrome, elevates
BP through mechanisms such as increased renal sodium reabsorption, activation of the
sympathetic nervous system, alterations in transmembrane ion transport, and resistance vessel
hypertrophy. Insulin resistance is also associated with obesity and dyslipidemia, both of which
favor atherosclerosis and vascular stiffening, further exacerbating hypertension. Hypertension
itself can contribute to insulin resistance by impairing insulin and glucose delivery to skeletal
muscle, reducing glucose uptake. The common underlying mechanism for both insulin
resistance and hypertension is thought to be central activation of the sympathetic nervous
system.

9. Uric Acid and Hypertension

Numerous epidemiological and experimental studies have identified a strong correlation
between hyperuricemia and conditions such as hypertension, metabolic syndrome, chronic
kidney disease, and cardiovascular events. A review by Borghi et al. (2017) confirmed that
patients with gout or asymptomatic hyperuricemia have an elevated risk of cardiometabolic
diseases, contributing to overall cardiovascular risk beyond traditional factors. Findings from
the MRFIT (Multiple Risk Factor Intervention) and PAMELA (Pressure Arteriose Monitorate
E Loro Associazion) trials, along with work by Kuwabara et al., suggest that elevated serum
uric acid (UA) levels have a pathogenic role in cardiovascular disease.

Hyperuricemia may arise from overproduction or reduced renal clearance of UA. The
development of hypertension is hypothesized to occur in two phases: an initial reversible phase
caused by UA-mediated renal vasoconstriction and a subsequent irreversible phase
characterized by impaired renal sodium excretion. Intracellular UA stimulates nicotinamide
adenine dinucleotide phosphate oxidase, increasing oxidative stress in vascular smooth muscle
and kidney tissues. This process initiates and sustains hypertension by altering mitochondrial
responses, reducing endothelial nitric oxide levels, and activating the RAAS. Over time,
hyperuricemia induces microvascular renal disease, which independently contributes to
hypertension development (Borghi & Cicero, 2017).

10. Gender Differences

Hypertension is generally more prevalent in males than females, with androgens playing a role
in vasoconstriction and hypertension through mechanisms such as upregulation of
thromboxane A2, norepinephrine, angiotensin II expression, and endothelial activity.
Prolonged testosterone administration in female-to-male transgender individuals has been
shown to increase BP. Similarly, exogenous estrogen, whether used as contraceptive pills in
premenopausal women or hormone replacement therapy in postmenopausal women, has been
associated with elevated BP (Sandberg & Ji, 2012).

11. Racial and Ethnic Factors

Hypertension is more common, develops earlier, and is more severe in Black populations
compared to other racial groups. It also results in greater target organ damage. The high
prevalence of hypertension in this population is attributed to enhanced renal sodium absorption.
12. Vitamin D and Hypertension

Vitamin D insufficiency, defined by 25-hydroxyvitamin D (25[OH]D) levels below 30 ng/ml,
has been linked to an increased risk of hypertension. Evidence suggests that vitamin D regulates
vascular tone by influencing intracellular calcium concentrations in vascular smooth muscle
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cells. Increased intracellular calcium inhibits renin secretion in juxtaglomerular cells,
illustrating the interdependence of sodium-regulating hormones (e.g., RAAS) and calcium-
regulating hormones (e.g., vitamin D) in hypertension development.

In vitro studies have demonstrated the vascular protective effects of 1,25(OH)2D, showing its
ability to mitigate the harmful effects of advanced glycation end products on the endothelium
and enhance nitric oxide system activity.

Secondary hypertension

1. Renal Causes of Secondary Hypertension

Renal causes of secondary hypertension are divided into renal parenchymal diseases and
renovascular diseases. Renal parenchymal diseases encompass conditions such as polycystic
kidney disease, typically inherited in an autosomal dominant manner, as well as
glomerulonephritis, chronic tubulointerstitial disease, diabetic nephropathy, and obstructive
uropathy. Chronic hypertension often coexists with chronic kidney disease (CKD), as
hypertension can lead to CKD and vice versa. Establishing CKD as a cause of secondary
hypertension can be challenging. Clinicians may find certain indicators helpful, such as
abnormal findings on urinalysis, renal dysfunction preceding the onset of hypertension, or the
presence of hypertension, proteinuria, or renal dysfunction early in pregnancy (e.g.,
superimposed pre-eclampsia). Furthermore, hypertension is more likely to result from CKD if
it is mild relative to the severity of urinary abnormalities or kidney damage and is
unaccompanied by cardiovascular complications. Baseline assessments for hypertension
should include urinalysis, serum creatinine measurement, and kidney imaging. Significant
abnormalities warrant referral to a nephrologist.

Not all patients undergo a full evaluation for secondary hypertension at the time of diagnosis.
However, certain clinical findings, such as a creatinine increase exceeding 30% of baseline
after initiating angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor
blockers (ARBs), recurrent flash pulmonary edema in patients with normal left ventricular
ejection fraction, or kidney size discrepancies greater than 1.5 cm, necessitate investigation for
renal artery stenosis. Renovascular disease includes fibromuscular dysplasia, which typically
affects younger patients, and atherosclerotic renal artery stenosis, which is more prevalent
among older patients. Hypertension related to renal artery stenosis arises from the
overactivation of the renin-angiotensin (RA) system. Duplex Doppler ultrasonography is the
initial imaging choice for renal arteries, though its accuracy can be limited in obese patients
and depends on operator expertise. Magnetic resonance imaging (MRI) or computed
tomographic (CT) angiography may be employed depending on renal function. If non-invasive
imaging fails to provide a definitive diagnosis and clinical suspicion persists, renal artery
angiography is considered the diagnostic gold standard.

Management of renal artery stenosis focuses on blood pressure control. ACE inhibitors and
ARBs are effective in patients with both unilateral and bilateral stenosis. For atherosclerotic
renal artery stenosis, evidence supporting angioplasty as a primary treatment is limited, and
revascularization is typically reserved for cases where medical therapy fails. Renin-angiotensin
blockade is generally well-tolerated, even in severe bilateral stenosis, and reduces mortality in
patients with atherosclerotic renal artery stenosis unless absolute contraindications exist
(Chrysochou et al., 2012). The CORAL study, which compared stenting with medical therapy
for atherosclerotic renal artery stenosis, concluded that stenting does not significantly reduce
the risk of clinical events beyond the benefits of multifactorial medical therapy. In contrast, for
fibromuscular dysplasia, which tends to involve the mid and distal segments of the renal artery
in younger patients, percutaneous angioplasty yields favorable outcomes and is recommended.
Additional indications for percutaneous intervention include a short duration of hypertension
before diagnosis, recurrent flash pulmonary edema, rapidly worsening hypertension, resistant
hypertension, or progression of severe hypertension.
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2. Primary Aldosteronism (PA)

Initially described by Jerome Conn in 1950, primary aldosteronism (PA) was once considered
rare. However, its prevalence has increased due to advancements in laboratory assays, the use
of the aldosterone-to-renin ratio (ARR) for screening, greater use of advanced imaging, and the
incidental detection of adrenal abnormalities. While hypokalemia was previously considered a
hallmark of PA, it is now recognized that most patients are normokalemic (Funder et al., 2016).
PA is associated with higher cardiovascular morbidity and mortality compared to individuals
with essential hypertension matched for age, sex, and blood pressure. Early diagnosis is crucial,
as treatment can mitigate end-organ damage. PA may result from unilateral adenoma (Conn’s
syndrome), bilateral hyperplasia, or unilateral hyperplasia. Unilateral disease is typically
treated with laparoscopic adrenalectomy, which improves blood pressure control in all cases
and cures hypertension in approximately 50% of patients. Patients with bilateral hyperplasia
are treated with mineralocorticoid receptor antagonists, such as spironolactone or eplerenone.
The onset of hypertension in PA typically occurs between 40 and 70 years of age. Most patients
are asymptomatic, with hypokalemia observed in only a minority (~30%). In 2016, the
Endocrine Society recommended screening for PA in patients with persistent blood pressure
readings above 150/100 mmHg, resistant hypertension, controlled blood pressure (<140/90
mmHg) on four or more antihypertensive medications, or hypertension accompanied by
hypokalemia (whether spontaneous or induced by diuretics). Recent expert opinions suggest
screening for PA at least once upon diagnosing hypertension.

Before conducting PA screening, it is important to address hypokalemia, as it may falsely lower
aldosterone levels and produce negative ARR results. Medications such as spironolactone,
eplerenone, and amiloride should be discontinued for at least six weeks prior to testing. Other
medications, including beta-blockers, ACE inhibitors, ARBs, and diuretics, should ideally be
substituted with non-interfering drugs such as verapamil, hydralazine, or prazosin/doxazosin,
as these minimally impact ARR. If substituting medications is unsafe or impractical, screening
may proceed with results interpreted accordingly. Aldosterone, renin, and potassium levels
should be measured between 8—10 a.m. with patients in a seated position. Elevated aldosterone
concentration (typically >10 ng/dL) suppressed plasma renin activity (<1 ng/mL/h), and an
ARR >20 indicate positive screening results, warranting referral to an endocrinologist.

3. Cushing’s Syndrome (CS)

Cushing’s syndrome (CS) is a relatively uncommon endocrine cause of secondary
hypertension, affecting less than 0.1% of the general population. Key clinical features
suggestive of CS include central obesity, facial plethora, skin atrophy, easy bruising, violaceous
striae, hirsutism, and a buffalo hump. Hypertension is a common manifestation, affecting
approximately 80% of patients with CS. Other notable clinical indicators include sudden
worsening of metabolic control, unexplained osteoporosis and fractures, and psychiatric
symptoms such as depression and psychosis. The most frequent cause of CS is exogenous CS,
typically resulting from the use of potent steroids for coexisting conditions or over-the-counter
medications. Therefore, exogenous CS must be excluded before considering screening for
endogenous CS. Diagnostic tests for endogenous CS include 24-hour urinary cortisol,
overnight dexamethasone suppression testing, salivary cortisol measurements, and cortisol day
curves. If clinical suspicion remains high, referral to an endocrinologist for further evaluation
is recommended.

4. Hyper-/Hypothyroidism

Both hyperthyroidism and hypothyroidism are associated with hypertension. Hypothyroidism
often leads to diastolic hypertension, which results from low cardiac output compensated by
peripheral vasoconstriction to ensure adequate tissue perfusion. Conversely, hyperthyroidism
typically causes increased cardiac output, leading to elevated systolic hypertension. Clinical
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symptoms indicative of thyroid dysfunction should be carefully assessed. Laboratory
evaluation of thyroid function can be performed using measurements of free thyroid hormone
(FT4) and thyroid-stimulating hormone (TSH).

5. Pheochromocytoma

Pheochromocytoma is a rare but significant cause of secondary hypertension, with an estimated
prevalence of 0.2% among unselected hypertensive patients. It is, however, a frequent cause in
patients presenting with hypertensive emergencies. The clinical course is often unpredictable,
characterized by severe hypertension (e.g., 200/100 mmHg) that alternates with episodes of
hypotension (Meifen et al., 2016), potentially resulting in multiorgan failure. Timely
recognition is critical to prevent catastrophic outcomes. The condition arises from paroxysmal
elevations in plasma catecholamines and is characterized by the "5 Ps": paroxysmal
hypertension, palpitations, perspiration, pallor, and pounding headache.

Screening for pheochromocytoma involves measuring 24-hour wurinary fractionated
metanephrines or plasma metanephrines. Screening is indicated in symptomatic individuals,
those with resistant hypertension, a family history of pheochromocytoma (e.g., MEN 2, von
Hippel-Lindau syndrome, SDH mutations, neurofibromatosis), or an adrenal mass suggestive
of pheochromocytoma. Positive screening results necessitate further imaging and referral to an
endocrinologist.

6. Coarctation of the Aorta

Coarctation of the aorta is the second most common cause of hypertension in children and
young adults. It typically involves constriction of the aortic lumen near the ligamentum
arteriosum. Common symptoms include headaches, cold feet, and leg pain during physical
activity. Clinical findings include hypertension with weak femoral pulses and a systolic
murmur, which may be auscultated at the front or back of the chest. Posterior rib notching
visible on chest radiographs is indicative of collateral -circulation. Transthoracic
echocardiography is the preferred initial screening method, but additional imaging techniques,
such as CT or MRI, may also be employed. Early management options include surgical repair
or percutaneous balloon angioplasty, both of which are equally effective.

7. Obstructive Sleep Apnea (OSA)

Obstructive sleep apnea (OSA) is one of the most prevalent causes of secondary hypertension.
It is increasingly recognized as a contributing factor to resistant hypertension. Studies have
demonstrated a high prevalence of OSA in patients with resistant hypertension, with rates of
65% in women and 95% in men (Hou et al., n.d.).

In Singapore, a study estimated the prevalence of moderate to severe OSA to be 30.5%. OSA
is characterized by repeated episodes of partial or complete obstruction of the upper airway
during sleep, leading to oxygen desaturation and arousals. The diagnosis of OSA is based on
an apnea-hypopnea index (AHI) of >5. The AHI is defined as the number of apnea and
hypopnea events per hour of sleep. OSA is classified into mild (AHI: 5-15), moderate (AHI:
16-30), and severe (AHI: >30) categories. Risk factors for OSA include male sex, obesity, and
middle age. Common symptoms include fatigue, daytime sleepiness, snoring, morning
headaches, difficulty concentrating, and irritability. Physical examination often reveals obesity,
increased neck circumference due to soft tissue accumulation, or a large tongue.

Several tools are available for OSA screening, including the STOP, STOP-BANG, Epworth
Sleepiness Scale (ESS), and the 4-Variable screening tool (4-V). Each tool varies in ease of
use, sensitivity, and specificity. The STOP-BANG questionnaire is widely regarded as the
simplest and most sensitive screening tool, with eight binary (yes/no) items assessing sleep
apnea-related features. A STOP-BANG score of >3 demonstrates a sensitivity of 93% and
100% for detecting moderate-to-severe (AHI >15) and severe (AHI >30) OSA, respectively.
Polysomnography remains the gold standard diagnostic test for OSA. In recent years, home
sleep tests have become increasingly utilized, particularly for uncomplicated cases with a high
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pre-test probability of OSA. Patients with typical symptoms, relevant physical findings, or
positive screening questionnaire results should be referred to a sleep specialist.

The primary treatment for OSA is continuous positive airway pressure (CPAP), which
improves daytime symptoms and overall quality of life. CPAP or mandibular advancement
devices (MAD) are typically combined with antihypertensive medications, as well as dietary
and lifestyle interventions. Given the high rate of undiagnosed cases, clinicians should maintain
a high index of suspicion and actively screen for OSA, particularly in patients with resistant
hypertension.

Diagnosis

Blood Pressure Measurements

Accurate and reliable blood pressure measurement is fundamental for diagnosing hypertension.
Blood pressure fluctuates continuously in response to endogenous and exogenous factors,
necessitating standardized procedures for precise measurement. Despite educational efforts and
simplification of the measurement process, non-standardized measurements have remained a
persistent issue over decades. The widespread availability of non-validated blood pressure
devices can result in incorrect diagnoses and improper management. The Lancet Commission
on Hypertension identified critical actions to enhance global blood pressure management at
both individual and population levels (Padwal et al., 2019).

Obtaining accurate blood pressure readings requires trained observers employing standardized
methodologies. Multiple readings over time are necessary to account for regression to the mean
and minimize the impact of elevated readings caused by white-coat hypertension. Common
methods for measuring blood pressure in clinical practice include direct (intra-arterial) and
indirect (cuft-based) approaches. Indirect measurements are typically performed via
auscultation or automated devices, with the latter most often utilizing the oscillometric
technique. Automated measurements can mitigate observer bias but may produce errors in
certain scenarios, such as increased arterial stiffness or arrhythmias. While office blood
pressure measurement remains the gold standard for diagnosing hypertension, current
guidelines recommend confirming the diagnosis with out-of-office measurements, such as
ambulatory or home blood pressure monitoring (Unger et al., 2020).

Both 24-hour ambulatory blood pressure monitoring and home monitoring are superior to
office measurements for predicting cardiovascular events and are ideal for long-term follow-
up. Unattended blood pressure measurements, which reduce patient—observer interaction and
associated anxiety while minimizing observer errors, were first implemented in the SPRINT
trial (SPRINT Research Group et al., 2015). On average, unattended systolic blood pressure
readings are 10 mm Hg lower than office sphygmomanometer or oscillometric values,
depending on baseline blood pressure, and should not be used interchangeably with other office
measurements. However, large randomized controlled trials are still required to establish the
utility of unattended measurements in predicting hypertension-mediated organ damage and
their association with cardiovascular morbidity and mortality.

Blood pressure variability (BPV) is emerging as a novel potential risk factor for cardiovascular
disease. Blood pressure is not constant but exhibits significant spontaneous oscillations over
short-term periods (minutes to days) and long-term intervals (day-to-day, visit-to-visit, or
seasonal). Studies in animal models suggest that increased BPV is associated with the
development of target organ damage. In both the general population and hypertensive patients,
increased short-term and long-term BPV has been independently associated with target organ
damage and a higher risk of cardiovascular events. However, there remains a need to establish
consensus on definitions, thresholds, and targets for BPV, as well as evidence that interventions
to reduce BPV improve clinical outcomes.
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Classification
The definition of arterial hypertension in all major guidelines is based on office blood pressure
measurements. Although there are differences in definitions among the 2018 European Society
of Cardiology (ESC)—European Society of Hypertension (ESH) guidelines, the 2017 American
College of Cardiology (ACC)—American Heart Association (AHA) guidelines, and the 2020
International Society of Hypertension (ISH) guidelines, the criteria for initiating
antihypertensive therapy are similar. Specifically, antihypertensive treatment is recommended
for patients with blood pressure levels of at least 140/90 mm Hg who have a high cardiovascular
risk or evidence of target organ damage. For patients with grade 1 hypertension (definitions
vary by guideline), low-to-moderate cardiovascular risk, and no evidence of hypertension-
mediated organ damage, pharmacological treatment to lower blood pressure is suggested only
if the patient remains hypertensive after a period of lifestyle modification (Lonn et al., 2016).
All guidelines concur that multiple blood pressure measurements are required for an accurate
diagnosis of arterial hypertension. For patients with elevated office blood pressure, the
diagnosis should be confirmed using out-of-office measurements, such as home or ambulatory
blood pressure monitoring. These out-of-office methods are also crucial for identifying white-
coat hypertension or masked hypertension. It is important to note that the classification of
normal blood pressure values differs between office and out-of-office measurements.
The classification of blood pressure differs across various guidelines. Below is a comparative
summary:
e According to ACC-AHA (Whelton et al., 2018):
o Normal: Systolic BP < 120 mm Hg and Diastolic BP < 80 mm Hg.
o Elevated: Systolic BP 120-129 mm Hg and Diastolic BP < 80 mm Hg.
o Stage 1 Hypertension: Systolic BP 130-139 mm Hg or Diastolic BP 80-89
mm Hg.
o Stage 2 Hypertension: Systolic BP > 140 mm Hg or Diastolic BP > 90 mm Hg.
e According to ESC-ESH (Williams et al., 2018):
Optimal: Systolic BP < 120 mm Hg and Diastolic BP < 80 mm Hg.
Normal: Systolic BP 120—129 mm Hg or Diastolic BP 80-84 mm Hg.
High-Normal: Systolic BP 130-139 mm Hg or Diastolic BP 85-89 mm Hg.
Stage 1 Hypertension: Systolic BP 140-159 mm Hg or Diastolic BP 90-99
mm Hg.
o Stage 2 Hypertension: Systolic BP 160—179 mm Hg or Diastolic BP 100-109
mm Hg.
o Stage 3 Hypertension: Systolic BP > 180 mm Hg or Diastolic BP > 110 mm
Hg.
o Isolated Systolic Hypertension: Systolic BP > 140 mm Hg and Diastolic BP <
90 mm Hg.

O O O

@)

Treatment

LIFESTYLE MODIFICATION: This is recommended for all individuals with confirmed
hypertension and comprises the following:

i. Weight Reduction: Weight loss is advised for individuals with a body mass index (BMI)
greater than 25 kg/m? Waist circumference is recognized as a superior predictor of
cardiovascular risk compared to other parameters. It is recommended to maintain a waist
circumference below 102 cm in men and below 88 cm in women. A reduction of up to 5-20
mmHg in systolic blood pressure has been observed for every 10 kg of weight lost.

ii. Physical Activity: Physical inactivity is an independent cardiovascular risk factor, apart
from its contribution to increased body weight. Regular aerobic physical activity, such as brisk
walking for at least 30 minutes on a minimum of three days per week, has been associated with
a reduction in blood pressure ranging from 4-9 mmHg.
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iii. Smoking or Tobacco Use: Smoking is a significant independent risk factor for
cardiovascular disease. Individuals who smoke typically exhibit higher ambulatory blood
pressure levels compared to non-smokers. Quitting smoking is considered one of the most
effective lifestyle interventions for reducing cardiovascular disease risk.

iv. Excessive Alcohol Consumption: Limiting daily alcohol intake to two drinks or less for
men (equivalent to fewer than two bottles of beer) and less than one drink for women has been
shown to lower blood pressure by 2—4 mmHg.

v. Excessive Salt Intake: There is a well-documented direct relationship between excessive
salt consumption and elevated blood pressure. Reducing dietary salt intake to less than 6 g of
sodium chloride per day (equivalent to 100 mmol of sodium) can result in a blood pressure
reduction of 2—8 mmHg.

vi. Dietary Approaches to Stop Hypertension (DASH): This approach emphasizes
consuming foods rich in whole grains, fish, poultry, and nuts while being abundant in
potassium, calcium, magnesium, and fiber. It also limits the intake of red meat, sweets, sugar-
sweetened beverages, saturated fats, and total fats. Adherence to this dietary pattern has been
associated with a blood pressure reduction of 8—14 mmHg.

If the aforementioned lifestyle modifications fail to achieve the target blood pressure goals
(<140/90 mmHg for most individuals and <130/80 mmHg for those with diabetes or chronic
renal failure), drug therapy becomes necessary. Evidence demonstrates that lowering blood
pressure by 5-6 mmHg can reduce the risk of stroke by 40%, coronary artery disease by 15—
20%, and also diminish the likelihood of developing dementia, heart failure, and mortality from
cardiovascular diseases.

The primary aim of treatment is to prevent critical complications of hypertension, including
heart attack, stroke, and heart failure. Drug therapy should be tailored to individual needs,
taking into account various factors, particularly in economically constrained settings. Age
should also be carefully considered when managing hypertension with pharmacological
interventions.

Classes Of Antihypertensive Drugs

Diuretics

Diuretics function by acting on different sections of the nephron to facilitate the excretion of
salt and water. This leads to a decrease in blood volume, stroke volume, cardiac output, and,
with prolonged use, a reduction in peripheral resistance. There are three main classes of
diuretics clinically relevant for hypertension management: thiazide/thiazide-like diuretics, loop
diuretics, and potassium-sparing diuretics. Among these, thiazides are the most frequently used
in hypertension treatment.

Calcium Channel Blockers

Calcium channel blockers exert their effects by binding to L-type calcium channels located on
vascular smooth muscle, cardiac muscle, and conduction cells, thereby inhibiting calcium
influx. This results in vascular smooth muscle relaxation, decreased cardiac inotropy, and
reduced chronotropy, depending on the cell type. These drugs also possess natriuretic and
diuretic properties and are particularly effective in managing hypertension in black populations
and elderly individuals. There are three classes of calcium channel blockers: dihydropyridines,
phenylalkylamines, and benzothiazepines. Dihydropyridines (e.g., nifedipine, amlodipine)
have the highest vascular selectivity and, consequently, the most significant blood pressure-
lowering effects. Common side effects of dihydropyridines include headaches, flushing,
tachycardia, and peripheral edema.

Angiotensin-Converting Enzyme Inhibitors (Aceis)

ACE inhibitors function by inhibiting the formation of angiotensin I, a potent vasoconstrictor,
and by blocking kininase activity, leading to the accumulation of bradykinin, a vasorelaxant.
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The overall effect is vascular relaxation. By preventing aldosterone release, these drugs reduce
sodium and water retention. ACE inhibitors are more effective in high-renin states and less
effective as monotherapy in individuals with low-renin hypertension, such as many black and
elderly patients. Common side effects include dry cough, angioedema, hypotension, and
hyperkalemia. These drugs are contraindicated in pregnancy and bilateral renal artery stenosis.
Frequently used ACE inhibitors include captopril, lisinopril, enalapril, and ramipril.
Angiotensin Receptor Blockers (Arbs)

ARBs target the renin-angiotensin system, producing effects similar to ACE inhibitors by
blocking type I angiotensin II receptors. However, ARBs do not inhibit kininase, so bradykinin
accumulation does not occur, reducing the likelihood of side effects such as cough and
angioedema. Examples of ARBs include losartan, valsartan, olmesartan, and candesartan.
Renin Inhibitors

Renin inhibitors act by preventing the conversion of angiotensinogen to angiotensin I, yielding
blood pressure-lowering effects similar to ACE inhibitors and ARBs. The side effects are
generally comparable to those of ACE inhibitors but tend to be less severe. Aliskiren is an
approved renin inhibitor.

Alpha-Blockers

Alpha-blockers, particularly al-blockers, act on vascular smooth muscle by blocking the post-
synaptic actions of noradrenaline, thereby inducing vascular relaxation. They are more
effective in conditions of heightened sympathetic tone. Side effects include dizziness, nasal
congestion, headaches, reflex tachycardia, orthostatic hypotension, and fluid retention.
Examples of commonly used alpha-blockers are prazosin and doxazosin.

Beta-Blockers

Beta-blockers work by competitively binding to beta-receptors in the heart's nodal, conductive,
and muscle cells. This action decreases heart rate, contractility, conduction velocity, and
ultimately cardiac output. Common beta-blockers include propranolol, atenolol, metoprolol,
carvedilol, and bisoprolol. These drugs are particularly useful in managing tachyarrhythmias,
thyrotoxicosis, and migraines but should be avoided in patients with bronchial asthma or
second- or third-degree heart block. Their use in heart failure should be restricted to specialists
and referral centers where cardiac function can be closely monitored.

Centrally Acting Drugs

These drugs act on a2-adrenoceptors in the medulla, reducing sympathetic stimulation to the
heart and leading to decreased heart rate, contractility, cardiac output, and blood pressure.
Alpha-methyldopa and reserpine are commonly used in low-income settings. Side effects
include dizziness, dry mouth, sexual dysfunction, depression, and orthostatic hypotension.
Direct Vasodilators

Direct vasodilators act on the vascular wall, though the exact mechanism may involve
potassium channel activation and calcium inhibition. These drugs are associated with reflex
tachycardia, headaches, and flushing. Hydralazine is commonly used, while minoxidil, despite
being one of the most effective antihypertensive drugs, can cause severe fluid retention and
excessive hair growth.

Conclusion

Hypertension remains a significant global health burden and a leading contributor to
cardiovascular morbidity and mortality. Its complex etiology, encompassing genetic,
environmental, and lifestyle factors, underscores the necessity for a multifaceted approach to
its management. While lifestyle modifications such as weight loss, dietary changes, and
increased physical activity serve as fundamental preventive and therapeutic measures,
pharmacological interventions tailored to individual needs remain crucial for achieving optimal
blood pressure control. Emerging insights into the underlying mechanisms of hypertension,
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including the roles of gut microbiota, immune dysfunction, and genetic predispositions, present
opportunities for innovative therapies.

Despite advancements in treatment, hypertension control rates remain suboptimal, highlighting
gaps in awareness, diagnosis, and adherence to therapy, especially in low-resource settings.
Public health interventions focusing on early detection, education, and improved access to care
are imperative to mitigate the global impact of this condition. Ultimately, an integrated strategy
involving lifestyle changes, personalized medical care, and systemic policy-level interventions
is essential for addressing the challenges of hypertension and reducing its associated health
burdens.
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