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monotherapy and combination antihypertensive therapy for their research. The researchers

collected data about the patient population through assessment of their demographic
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information and initial blood pressure readings and their treatment methods and both their
blood pressure reduction results and their success in reaching target blood pressure levels and
their experience with adverse drug reactions. The researchers used statistical methods to
examine the treatment group differences between the two study groups. Results:
Combination therapy provided better blood pressure control results than monotherapy
because more patients reached their target blood pressure goals. The group that used
combination therapy experienced more substantial reductions in both systolic and diastolic
blood pressure measurements. The combination therapy produced more side effects than
standard treatment but the resulting side effects were mostly minor and could be treated. The
monotherapy treatment method achieved successful results for patients who had mild cases of
hypertension. Conclusion: Combination therapy is more effective than monotherapy in
achieving optimal blood pressure control, particularly in patients with moderate to severe
hypertension. However, monotherapy remains a suitable initial approach for selected patients
with mild hypertension. Individualized treatment selection based on patient profile and

disease severity is essential for effective hypertension management.

KEYWORDS: Hypertension, monotherapy, combination therapy, blood pressure

management, cardiovascular risk.

INTRODUCTION

Burden of Hypertension

The World Health Organization considers hypertension a critical public health issue that
affects over one billion people because its rates keep rising with the dual effects of aging
populations and changed lifestyle patterns.!”! Elevated blood pressure stands as a top global
health risk because it generates cardiovascular diseases and stroke and chronic kidney
disease. Global Burden of Disease studies have shown hypertension to be a primary reason
for disability-adjusted life years (DALY's) because it causes long-term health problems and
early death. The burden of hypertension exists at a higher level in low- and middle-income
countries because they lack adequate healthcare facilities to manage the condition which
affects approximately two-thirds of their hypertension cases.’). The increasing rates of
hypertension in developing areas result from several factors including rapid urban growth and
unhealthy eating patterns and high salt consumption and lack of physical activity and obesity
and tobacco and dangerous alcohol use. Hypertension rates remain high in high-income

countries because people age and their lifestyle-related risk factors continue to exist, even
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though treatment and awareness level have risen. The economic burden of hypertension on
healthcare systems rises because of increased costs for both outpatient services and hospital
stays and treatment of cardiovascular diseases.® Poor blood pressure control leads to
increased risk for cardiovascular events, which include myocardial infarction, heart failure
and stroke, that will happen to the patient. The asymptomatic nature of hypertension in its
early stages causes doctors to miss detecting the condition which results in more severe
health problems for patients. The world faces a major issue because people cannot control
their blood pressure even though doctors have various effective blood pressure medications
and scientific clinical guidelines at their disposal. The world suffers from ineffective
hypertension treatment because patients fail to take their medications and healthcare systems
lack proper delivery methods.[*®! International and national guidelines emphasize early
detection, lifestyle modification, and appropriate pharmacological intervention as essential
strategies to reduce the burden of hypertension-related complications. The World Health
Organization has identified hypertension control as a priority target for reducing the global
burden of non-communicable diseases. Epidemiological studies that extend over long periods
show that people who manage their blood pressure successfully experience fewer
cardiovascular health problems and lower death rates.!”! The increasing problem of
hypertension must receive urgent attention because it leads to more premature deaths while

creating severe health problems worldwide.

Need for Effective Pharmacotherapy in Hypertension

Hypertension serves as a significant modifiable risk factor which increases the chances of
both cardiovascular diseases and death, while ongoing high blood pressure conditions create
an elevated stroke risk and myocardial infarction risk and heart failure risk and chronic
kidney disease risk, which requires complete medication treatment to decrease these health
risks. The need for blood pressure control through medical treatment becomes essential
because patients with moderate to severe hypertension require treatment which helps them
achieve and maintain their blood pressure goals.’®” Antihypertensive drug therapy combined
with early treatment methods, which begin with actual medical procedures, has decreased
cardiovascular events and total mortality rates. Hypertension treatment through effective
medications protects against blood pressure-induced damage to vital organs by preventing
conditions like left ventricular hypertrophy and nephropathy and retinopathy, which results in
better clinical results. The complex nature of hypertension development requires blood

pressure treatment through multiple pharmacological agents, which should include
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medications that target different bodily systems such as renin—angiotensin—aldosterone
system and sympathetic nervous system and vascular tone system. The requirement for
evidence-based pharmacotherapy methods exists because poorly managed hypertension
remains a widespread issue which affects global populations due to treatment deficiencies

and medical staff failures to implement necessary actions.™

Rationale for comparing monotherapy vs combination therapy

The management of hypertension often begins with monotherapy, but many patients fail to
achieve target blood pressure with a single agent, highlighting the potential benefit of
combination therapy to improve efficacy. The side effects from individual drugs restrict
monotherapy, but combination therapy enables users to take two or more drugs at lower
doses, which decreases side effects while increasing blood pressure treatment success.[*! The
research shows that combination therapy especially fixed-dose combinations lead to better
patient compliance and medication persistence than using multiple distinct drugs, which is
essential for treating chronic disorders like hypertension. The treatment of hypertension
occurs through various pathways because the disease develops from multiple factors and
combination therapy shows better cardiovascular benefits through its mechanism-based
treatment than monotherapy.™ The clinical trials show that combination therapy achieves
blood pressure targets faster and in more patients compared to monotherapy, which decreases
the chances of developing long-term health issues like stroke and myocardial infarction and
kidney disease. The advantages of monotherapy still make it suitable for patients who present
with low risk or fresh hypertension diagnoses, which requires a comparative study to discover
the best treatment methods for each specific patient group.

Epidemiology of hypertension

The global prevalence of hypertension affects 31.1% of adults worldwide which equals 1.39
billion people and this condition stands as the main treatable element that increases
cardiovascular disease risk and leads to early mortality. The COVID-19 pandemic has created
an increasing demand for hypertension treatment especially in low and middle income
countries because their people show higher hypertension rates than high income countries
while their populations continue to age and shift their lifestyles.*” The main factors that
determine blood pressure levels in a population include both the age and sex distribution of
that group and the specific geographical region of their residence. All over the world people

fail to recognize their hypertension condition because they lack knowledge about it and do
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not seek medical help which leads to their untreated high blood pressure condition and
permanent danger of developing cardiovascular disease. People who have hypertension
control their condition through major lifestyle changes but they need to stop eating salty
foods and lose weight and start exercising and limit their alcohol intake while they maintain
healthy eating habits. Epidemiological studies show that more than half of diagnosed patients
worldwide have hypertension which remains uncontrolled and needs urgent treatment.
Community surveys illustrate similar patterns at national and local levels for example in India
where hypertension prevalence was 22.0% with low awareness (27%), treatment (25%), and
control (9%) among adults over 30 in a rural district.*? The rising obesity rates and the
increase in sedentary behaviors during the last twenty years have led to a nearly twofold rise

in high blood pressure cases among children and adolescents according to current research.

Pathophysiology of Hypertension

Mechanisms Involved in Blood Pressure Regulation

1. Increased Cardiac Output

The relationship between blood pressure and cardiac output together with systemic vascular
resistance establishes that blood pressure becomes higher when cardiac output rises. The
combination of higher heart rates and greater stroke volume results in a higher arterial blood
pressure according to this principle which operates in essential hypertension's initial phase
through sympathetic nervous system activity that increases both heart rate and myocardial

contractility resulting in higher blood pressure.™!

2. Increased Peripheral Vascular Resistance

The condition of sustained high blood pressure develops because small arteries and arterioles
experience structural and functional changes which lead to higher peripheral vascular
resistance. The changes that occur in blood vessels involve vascular smooth muscle
hypertrophy together with endothelial dysfunction and reduced nitric oxide availability which
results in people experiencing continuous vasoconstriction and heightened blood flow

resistance.l*¥

3. Sympathetic Nervous System Overactivity
The sympathetic nervous system becomes excessively active which causes hypertension
through three primary mechanisms: it raises heart rate and increases myocardial contractility

and induces vasoconstriction. The kidneys retain sodium because of chronic sympathetic
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stimulation while simultaneously generating renin which causes blood pressure to rise even

more.[13,14]

4. Renin—-Angiotensin—Aldosterone System (RAAS) Activation

Overactivation of the RAAS functions as the primary mechanism which causes hypertension
to develop. Angiotensin Il causes strong blood vessel constriction while it also triggers
aldosterone release which results in the body retaining both sodium and water. These effects

lead to increases in both peripheral resistance and blood volume which results in higher blood

pressure.!*
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Figure 1: Multifactorial Pathophysiology of Hypertension.

5. Renal Sodium and Water Retention

The kidneys regulate long-term blood pressure through sodium and water balance. Impaired
renal excretion of sodium leads to increased extracellular fluid volume and plasma volume,
which raises cardiac output and blood pressure. Abnormal pressure—natriuresis mechanisms

are commonly observed in essential hypertension.**]
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6. Endothelial Dysfunction

Endothelial cells help control vascular tone by releasing nitric oxide, which acts as a
vasodilator, and endothelin, which functions as a vasoconstrictor. The combination of
decreased nitric oxide availability and increased endothelin production in hypertension
creates a situation where blood vessels cannot dilate properly, which leads to increased blood

vessel resistance that maintains elevated blood pressure.™®

7. Vascular Remodeling and Arterial Stiffness

Chronic hypertension causes blood vessels to undergo structural transformations which result
in blood vessels developing more collagen and losing their ability to stretch. Arterial stiffness
reduces the ability of arteries to buffer systolic pressure, leading to elevated systolic blood

pressure and widened pulse pressure, particularly in elderly individuals.[*

Classification of Antihypertensive Drugs

Antihypertensive drugs are classified into two main categories based on the specific blood
pressure regulatory systems which they affect through their different pharmacological
mechanisms. Hypertension treatment starts with diuretics which include thiazide, loop, and
potassium-sparing diuretics that lower blood pressure through sodium and water excretion to
decrease plasma volume and vascular resistance. Thiazide and thiazide-like diuretics receive
the highest recommendation because they have shown effectiveness in diminishing
cardiovascular-related health issues and deaths.*” The antihypertensive effect of angiotensin-
converting enzyme (ACE) inhibitors occurs through their ability to block the conversion
process from angiotensin | into angiotensin 11, which leads to blood vessel dilation and
reduced aldosterone production. These agents provide significant advantages to diabetic
patients who also suffer from chronic kidney disease and heart failure. Angiotensin Il
receptor blockers (ARBS) selectively block angiotensin Il type 1 receptors, producing similar
hemodynamic effects to ACE inhibitors while being better tolerated in patients who develop
ACE inhibitor-induced cough or angioedema. Calcium channel blockers (CCBs) reduce
blood pressure by inhibiting L-type calcium channels in vascular smooth muscle and cardiac
tissue, leading to vasodilation and decreased myocardial contractility.l*®! Dihydropyridine
CCBs predominantly act on vascular smooth muscle, whereas non-dihydropyridine agents
also affect cardiac conduction and heart rate. Beta-adrenergic blockers lower blood pressure
by reducing cardiac output and inhibiting renin release from the kidneys through of B

adrenergic receptors. Although no longer preferred as first-line therapy in uncomplicated
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hypertension, beta-blockers remain valuable in patients ischemic heart disease, arrhythmias,
and heart failure. Other classes of antihypertensive agents include alpha-adrenergic blockers,
which reduce peripheral vascular resistance through vasodilation, centrally acting
sympatholytic that decrease sympathetic outflow from the central nervous system, direct
vasodilators that relax arteriolar smooth muscle, and direct renin inhibitors, which suppress
the renin-angiotensin—aldosterone system at its point of activation.™® These agents are
generally reserved for resistant hypertension or specific clinical indications due to their
adverse effect profiles and limited outcome data.

Mono therapy in hypertension

Hypertension is a major global public health problem and a leading modifiable risk factor for
cardiovascular morbidity and mortality, necessitating effective and evidence-based treatment
strategies. Monotherapy, defined as the use of a single antihypertensive agent to achieve
blood pressure control, remains an important initial approach in the management of patients
with mild to moderate hypertension. International and national clinical guidelines recommend
initiating treatment with monotherapy in patients with stage 1 hypertension or those with low
to moderate cardiovascular risk profiles.’” The rationale for monotherapy includes simplicity
of treatment, improved patient adherence, reduced pill burden, and lower risk of adverse drug
reactions compared with multi-drug regimens. Several classes of antihypertensive drugs,
including diuretics, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers,
calcium channel blockers, and beta-blockers, are approved for use as monotherapy. Clinical
trials have demonstrated that monotherapy can effectively reduce systolic and diastolic blood
pressure in a substantial proportion of newly diagnosed hypertensive patients.”) The
selection of the correct monotherapy treatment depends on the individual patient
characteristics which include their age and existing medical issues and their ethnic
background and how well they can handle medications. The elderly population together with
patients who have pure systolic hypertension benefits from monotherapy treatment which
requires them to increase their medication dosage through gradual steps. Monotherapy
provides benefits to patients but it does not always meet blood pressure targets for people
who have either extremely high blood pressure or multiple cardiovascular health threats.
Patients with blood pressure management problems require either higher medication doses or
the use of multiple medications to attain their desired blood pressure targets. The use of
monotherapy in certain patient groups becomes less effective because high medication doses

produce dangerous effects that prevent successful treatment results. Monotherapy serves as
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an essential treatment method for both early hypertension management and the treatment of
patients who have simple medical conditions. The knowledge of monotherapy advantages
and disadvantages enables medical professionals to develop personalized treatment plans
which lead to better results in hypertension management.??

Rationale for Monotherapy

The treatment of stage 1 hypertension and low to moderate cardiovascular risk patients first
requires doctors to use monotherapy because this method achieves effective blood pressure
control while exposing patients to fewer medications which leads to fewer side effects. The
use of one antihypertensive medication establishes a treatment baseline, which enables
doctors to evaluate how patients react to the medicine and whether they can handle it, along

with their ability to keep using it during the long-term treatment of hypertension.!

Monotherapy establishes a straightforward treatment plan which increases patient treatment
adherence and sustained treatment execution needed to maintain constant blood pressure
control. A single medication effectively treats most patients when the drug class selection
matches their personal characteristics which include age and existing health conditions and
their ethnic background. Monotherapy provides better safety than combination treatment
because it minimizes the chances of drug interactions, making it the preferred first treatment
choice for elderly patients and those taking multiple medications.[?? Monotherapy serves as a
cost-effective treatment option because it reduces treatment expenses and healthcare resource
needs, which proves especially beneficial in areas with limited healthcare resources.

Efficacy of Monotherapy

Monotherapy serves as an effective starting treatment for hypertension which works
particularly well in patients who have stage 1 hypertension and only a low to moderate risk of
developing cardiovascular disease because it helps most patients reach their blood pressure
targets without requiring multiple medications. The evaluation of drug effectiveness and
tolerability becomes clearer through the use of a single antihypertensive agent, which helps
patients follow their treatment plan better while they adjust their medication dose before
needing stronger treatment.!”® Clinical trials demonstrate that thiazide diuretics, ACE
inhibitors, angiotensin receptor blockers, calcium channel blockers, and beta-blockers as
first-line medications can effectively decrease systolic and diastolic blood pressure when
administered alone. Monotherapy is particularly beneficial in elderly patients and newly
diagnosed individuals, where gradual blood pressure reduction is preferred to avoid
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hypotension and related complications. Additionally, effective monotherapy has been
associated with a reduction in hypertension-related cardiovascular outcomes when blood
pressure targets are achieved and maintained. However, while monotherapy is efficacious in
many patients, its effectiveness may be limited in those with severe hypertension or multiple

comorbidities, necessitating close monitoring and timely intensification of treatment.?®

Limitations of Monotherapy

Monotherapy often fails to achieve target blood pressure in a large proportion of hypertensive
patients because the single drug used in treatment addresses only one of the multiple
pathophysiological mechanisms that control blood pressure.’?”! The process of dose escalation
for monotherapy requires doctors to increase medication doses until they find the optimal
level for successful blood pressure management. Patients with diabetes mellitus or chronic
kidney disease or cardiovascular disease will find monotherapy less effective because their
hypertension arises from multiple causes that necessitate treatment with multiple
medications.”® The main limitation of monotherapy occurs because patients respond
differently to antihypertensive drugs which results from their unique genetic and ethnic
backgrounds and environmental factors that determine their drug response. Patients who use
monotherapy will experience blood pressure control that lasts less than 24 hours because the
treatment does not maintain control during early morning hours which leads to an increased
risk of cardiovascular events because their clinic blood pressure appears controlled.”
Patients will experience extended periods of uncontrolled hypertension which results from
monotherapy usage because it prevents their doctors from achieving effective blood pressure

management.

Combination Therapy in hypertension

Combination therapy uses two or more drugs that work through different mechanisms to
create better treatment results which single drug treatment. In hypertension management,
combination therapy is often required because most patients do not achieve target blood
pressure levels with a single antihypertensive agent.’*®! The method enables treatment to use
smaller quantities of each medication which increases treatment effectiveness while
decreasing the chances of experiencing medication-related side effects. Researchers
developed combination therapy to treat multiple biological systems that control blood
pressure through various mechanisms which include the renin—angiotensin—aldosterone

system and sympathetic nervous system and vascular smooth muscle tone. Physicians should
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start combination therapy as the first treatment option for patients who already had stage 2
hypertension or who face high cardiovascular risks. The evidence indicates that combination
therapy leads to higher blood pressure normalization rates when used against stepwise
monotherapy escalation.® Healthcare professionals use rational drug combinations to
decrease the tendency of doctors and patients to delay their treatment decisions when they
manage hypertension. Patients can better follow their treatment plans because fixed-dose
combinations make it easier to take their medications at scheduled times which boosts
treatment results. Clinical trials have demonstrated that combination therapy lowers blood
pressure fluctuations while delivering stable blood pressure control throughout the day. The
synergistic action of combined agents contributes to better protection against target organ
damage, including stroke, myocardial infarction, and renal impairment.*? Combination
therapy is particularly beneficial in patients with comorbid conditions such as diabetes
mellitus, chronic kidney disease, and heart failure. International hypertension guidelines
increasingly support the use of combination therapy as first-line treatment in appropriate
patient populations. Safety and tolerability profiles of commonly used combinations have
been well established through long-term clinical studies. The availability of evidence-based
combinations allows clinicians to individualize therapy based on patient characteristics and
risk profiles.®¥ Overall, combination therapy represents a cornerstone in modern
hypertension management aimed at achieving optimal blood pressure control and reducing
cardiovascular morbidity and mortality.

Rationale for Combination Therapy

Combination therapy uses two or more drugs that work through different mechanisms to
create better treatment results which single drug treatment. In hypertension management,
combination therapy is often required because most patients do not achieve target blood
pressure levels with a single antihypertensive agent.’**! The method enables treatment to use
smaller quantities of each medication which increases treatment effectiveness while
decreasing the chances of experiencing medication-related side effects. Researchers
developed combination therapy to treat multiple biological systems that control blood
pressure through various mechanisms which include the renin—angiotensin—aldosterone
system and sympathetic nervous system and vascular smooth muscle tone. Physicians should
start combination therapy as the first treatment option for patients who already had stage 2
hypertension or who face high cardiovascular risks. The evidence indicates that combination

therapy leads to higher blood pressure normalization rates when used against stepwise
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monotherapy escalation.® Healthcare professionals use rational drug combinations to
decrease the tendency of doctors and patients to delay their treatment decisions when they
manage hypertension. Patients can better follow their treatment plans because fixed-dose
combinations make it easier to take their medications at scheduled times which boosts
treatment results. Clinical trials have demonstrated that combination therapy lowers blood

pressure fluctuations while delivering stable blood pressure control throughout the day.

Fixed dose combinations

Fixed-dose combinations (FDCs) in hypertension management refer to the formulation of two
or more antihypertensive agents with complementary mechanisms of action into a single
dosage form, aimed at improving therapeutic outcomes and patient convenience. The FDCs
achieve their blood pressure reduction effects through their ability to treat multiple biological
pathways which control blood pressure including the renin—angiotensin—aldosterone system
and the regulation of vascular smooth muscle tone and sodium-water balance.*® The
primary benefit of FDCs lies in their ability to enhance patient adherence through their design
which combines multiple medications into one pill that reduces pill consumption and makes
it easier for patients who need to take medicines over long periods to manage their chronic
hypertension. FDCs function as a treatment option which enables patients to take smaller
amounts of each medication and experience fewer negative side effects while their blood
pressure treatment results from the combined effects of the different drugs.” FDCs function
as essential tools for doctors who treat stage 2 hypertensive patients and those whose blood
pressure remains high despite monotherapy because early combination treatment delivers
rapid and prolonged blood pressure control. The use of fixed-dose combinations brings about
savings in healthcare expenditures because they decrease prescription amounts while
enhancing blood pressure management and reducing the occurrence of hypertension-related
medical issues which include stroke and myocardial infarction. However, the use of FDCs has
limitations, including reduced flexibility in dose titration and the potential difficulty in
identifying the causative agent if an adverse drug reaction occurs, which necessitates careful

patient selection and monitoring.

Comparative Outcomes of Monotherapy and Combination Therapy
Blood pressure reduction
Combination therapy produces better blood pressure outcomes because it treats multiple

hypertension-related physical processes which include fluid volume and blood vessel
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resistance. Clinical evidence demonstrates that combining two antihypertensive agents from
different classes results in additive or synergistic effects which lead to more pronounced
blood pressure lowering than increasing the dose of a single drug.F®!

Rate of target blood pressure achievement

Patients treated with combination therapy achieve recommended target blood pressure levels
at a higher rate than those receiving monotherapy, particularly in individuals with moderate
to severe hypertension. The combination therapy leads to higher success rates for patients
who need to achieve their blood pressure goals according to clinical practice guidelines while
it decreases the number of patients who need to switch medications or increase their
dosages.*

Time to blood pressure control

Combination therapy achieves blood pressure control more rapidly than monotherapy
because two complementary agents touch off quicker medicinal effects than one drug.
Studies indicate that early blood pressure normalization with combination therapy may
reduce the duration of uncontrolled hypertension which lowers the short-term risk of
cardiovascular complications associated with persistently elevated blood pressure.[*”

Safety and Tolerability Profile

The process of choosing antihypertensive medication requires evaluation of safety and
treatment effectiveness because hypertension becomes a condition that needs permanent
attention. The safety profiles of monotherapy and combination therapy show major
differences because each treatment method exposes patients to different drug amounts and
requires distinct dosage patterns and exhibits unique drug interaction effects. The use of one
drug in monotherapy results in better treatment tolerance while combination therapy provides
better blood pressure management yet brings new safety risks.[*! The evaluation of adverse
drug reactions together with potential drug-drug interactions and overall risk—benefit
assessment must take place to determine the suitable therapeutic path for each patient.

Adverse Drug Reactions

Adverse drug reactions represent the most significant factor which determines whether
patients will tolerate antihypertensive treatment. Monotherapy leads to lower rates of adverse
effects which occur at less severe levels because patients only take one class of medication,

which helps to identify drug-related side effects with greater ease. The need to increase
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monotherapy dosage arises when blood pressure fails to reach target levels, which causes a
higher probability of experiencing dose-dependent side effects that include hypotension and
electrolyte disturbances and bradycardia.[*) Combination therapy enables patients to take two
or more drugs at reduced doses because different drugs work together to decrease side
effects, but this approach creates more mild adverse effects because of combined drug

effects.

Drug-Drug Interactions

Drug interactions between medications create significant safety problems for people who use
multiple medications or who have multiple health conditions. The treatment of hypertension
through monotherapy presents a safer choice because it generates fewer pharmacokinetic and
pharmacodynamic interactions than other treatment methods. The use of combination therapy
results in higher chances of drug interactions which occur between antihypertensive drugs
and the diabetes and cardiovascular and renal disorder medications that patients take. The
combination of renin—angiotensin system inhibitors with potassium-sparing diuretics creates
an elevated hyperkalemia risk which requires labs to conduct tests for patient safety.[**]
Risk—Benefit Analysis

The selection of either monotherapy or combination therapy requires an extensive assessment
of risks and advantages between these two treatment options. The safety of monotherapy
remains high while it delivers better patient tolerability, but its limited effectiveness causes
uncontrolled hypertension which raises the chance of long-term cardiovascular problems for
patients. Combination therapy delivers faster and more effective blood pressure reduction,
which results in better cardiovascular outcomes, but these advantages need assessment
against the higher risk of negative reactions and drug interactions."**! Fixed-dose combination
medications improve patient adherence through decreased pill consumption, which leads to

better overall treatment results in suitable patient groups.

Medication adherence and patient compliance

Medication adherence and patient compliance are key determinants of effective hypertension
management. Adherence refers to the extent to which a patient follows the prescribed
medication regimen, while compliance emphasizes the patient-provider agreement on
treatment. Poor adherence is a major obstacle in hypertension care, as studies show that
nearly half of patients discontinue therapy within the first year, leading to uncontrolled blood
pressure and increased cardiovascular risk.l*! Adherence to antihypertensive therapy strongly
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influences clinical outcomes. Patients with high adherence are more likely to achieve blood
pressure targets and reduce cardiovascular complications. Conversely, poor adherence

contributes to suboptimal blood pressure control and higher hospitalization rates.

Pill Burden

Pill burden, defined as the number of tablets a patient must take daily, is a major factor
affecting adherence. High pill burden is linked to lower adherence rates, as patients often feel
overwhelmed by complex regimens. Simplifying the regimen by reducing the number of
daily pills improves adherence and persistence in antihypertensive therapy.*®!

Role of Single Pill Combinations (SPCs)

Single pill combinations (SPCs) integrate two or more antihypertensive agents into one
tablet, reducing regimen complexity. Evidence shows that SPCs significantly improve
adherence compared to multiple separate pills (free-equivalent combinations). By lowering
pill burden and simplifying dosing schedules, SPCs help patients maintain long-term

adherence and achieve better blood pressure control.[*”

Impact on Cardiovascular Outcomes

Stroke

Initial combination antihypertensive therapy reduces early stroke risk. In a large cohort study,
patients who started treatment with dual antihypertensive therapy had significantly lower
incidence of first stroke within the first 6 months compared with monotherapy, likely due to
faster and greater blood pressure reduction. Antihypertensive therapy, especially with
combinations, decreases stroke recurrence.l*! Meta-analysis evidence shows that
antihypertensive drugs particularly ACE inhibitors in combination significantly reduce the
risk of recurrent stroke compared with no treatment, indicating benefit of combination

strategies in secondary prevention.

Myocardial Infarction

Combination therapy is associated with reduced composite cardiovascular events, including
myocardial infarction, in observational cohorts. In a large matched cohort study, initial
combination therapy led to significantly lower risk of cardiovascular events, such as Ml,
compared with delayed or monotherapy, mainly through earlier attainment of target blood
pressure. Patients requiring combination therapy may still have high risk unless well

controlled. Retrospective data from the VALUE trial showed that hypertensive patients
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needing combination therapy had similar or somewhat worse M1 event rates compared with
those controlled by monotherapy, underscoring the importance of baseline risk and BP

control rather than the number of drugs alone.!*!

Heart Failure

Combination therapy reduces hospitalization for heart failure compared with monotherapy. In
the Systolic Hypertension in Europe trial analysis, adding enalapril to nitrendipine
significantly reduced heart failure events compared with monotherapy, suggesting enhanced
cardiac protection from combination therapy. Observational evidence suggests early
combination therapy is linked with lower risk of heart failure and other cardiovascular
events.™ In a real-world Italian cohort, fixed-dose combination therapy was associated with
reduced hospitalization for cerebrovascular disease and heart failure compared with

monotherapy.

Mortality

Combination therapy may reduce all-cause and cardiovascular mortality. In the Systolic
Hypertension in Europe trial follow-up, combination therapy was linked with lower total
mortality compared with monotherapy, though the findings were from a posthoc analysis and
require confirmation in larger trial. Multiple cardiovascular medications, including
antihypertensives in combination with other classes, are associated with lower long-term
all-cause mortality after stroke. In a large population cohort of stroke survivors, patients on
multiple cardiovascular drugs including antihypertensive combinations — had significantly
lower mortality compared with those on monotherapy.®!

Guideline Recommendations

Recent updates from the World Health Organization further emphasize the use of
standardized treatment protocols and fixed-dose single-pill combinations to improve global
hypertension control rates, particularly in low- and middle-income countries. The American
College of Cardiology and American Heart Association continue to advocate early
intensification of therapy if target blood pressure is not achieved within one month of
initiation, highlighting the importance of timely follow-up and dose titration. Similarly, the
European Society of Cardiology and European Society of Hypertension recommend rapid
escalation to triple-drug therapy when dual therapy fails, typically combining a renin-
angiotensin system blocker, calcium channel blocker, and thiazide-like diuretic. Collectively,

these recommendations reflect a shift from stepwise monotherapy toward early, evidence-
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based combination strategies aimed at achieving faster and sustained blood pressure control

while improving long-term cardiovascular outcomes.

International Guidelines

Initiation of Combination Therapy in International Guidelines: Most major international
guidelines, including the World Health Organization (WHQO), recommend initial combination
therapy preferably as a single-pill combination of two first-line classes (ACE inhibitor/ARB
plus calcium channel blocker or thiazide/thiazide-like diuretic) especially when baseline
blood pressure is >20/10 mm Hg above target to enhance blood pressure control and
adherence. ACC/AHA Guideline on Monotherapy vs Combination: The American College of
Cardiology/American Heart Association (ACC/AHA) guideline suggests beginning with
monotherapy in stage 1 hypertension (BP >130/80 mm Hg) but recommends upfront
combination therapy for stage 2 hypertension or when blood pressure is >20/10 mm Hg above
goal, reflecting evidence that most patients require two or more drugs to achieve targets.>”
ESC/ESH Recommendation for Combination First-Line: The European Society of
Cardiology/European Society of Hypertension (ESC/ESH) guidelines strongly emphasize
initiating treatment with two-drug combinations for most patients with hypertension, with
monotherapy reserved for those close to target BP or frail elderly patients, indicating a
broader role for combination therapy. Single-Pill Combinations to Improve Adherence: Both
ACC/AHA and ESC/ESH international guidelines endorse the use of single-pill combinations
to reduce pill burden, improve adherence, and simplify treatment regimens, which is
especially important given the frequent need for multiple agents in hypertension

management.>*!

National (Indian) Guidelines

Indian Recommendation for Combination Initiation in Higher BP: Indian hypertension
guidelines recommend starting with combination therapy in patients with blood pressure
significantly above target (e.g., SBP >160 mm Hg or DBP >100 mm Hg), acknowledging that
monotherapy is often insufficient for rapid and effective control in moderate-to-severe
presentations. Selection of Drug Classes in Indian Practice: Indian recommendations align
with international practice by prioritizing ACE inhibitors/ARBs, calcium channel blockers, or
thiazide-like diuretics as first-line agents and recommend combination therapy particularly
ACEI/ARB plus CCB to achieve more effective blood pressure reduction than monotherapy

Indian Guideline Endorsement of Dual Therapy in High-Risk Groups: National expert

www.wipr.net | Vol 15, Issue 6,2026. |  1SO 9001: 2015 Certified Journal | 336



Jothieswari et al. World Journal of Pharmaceutical Research

guidance from India emphasizes dual combination antihypertensive therapy — especially
ACEI or ARB with a dihydropyridine CCB — in high-risk groups such as patients with

diabetes, to enhance cardiovascular protection and improve adherence.®*!

Special populations

Elderly patients: Efficacy of combination therapy in the elderly: In elderly hypertensive
patients, combination antihypertensive therapy has been shown to achieve better blood
pressure reduction and similar or improved cardiovascular protection compared with
monotherapy, and some evidence indicates specific combinations (e.g., ARB + CCB) may be
preferable in very elderly patients due to favorable safety and outcomes.™

Diabetes and Chronic Kidney Disease (CKD)

Need for multiple agents in diabetes with hypertension: Patients with diabetes often require
two or more antihypertensive medications typically an ACE inhibitor or ARB plus another
class such as a calcium channel blocker or diuretic to achieve lower blood pressure targets
that significantly reduce diabetic nephropathy progression and cardiovascular risk compared
with monotherapy alone. Combination therapy in CKD: In individuals with chronic kidney
disease, combination therapy often includes a renin—angiotensin system inhibitor with a
calcium channel blocker or diuretic to optimize blood pressure control and reduce
microalbuminuria, because monotherapy alone is frequently insufficient in achieving
guideline-recommended targets. (561

Resistant Hypertension

Definition and complexity of resistant hypertension: Resistant hypertension is defined as
blood pressure that remains above goal despite the concurrent use of three different classes of
antihypertensive medications including a diuretic at maximally tolerated doses, which
intrinsically necessitates combination therapy beyond simple monotherapy to achieve control.
Stepwise combination approach in resistant cases: In resistant hypertension, a stepwise
approach to pharmacologic management involves maximizing therapy with combinations that
include an RAS blocker, long-acting calcium channel blocker, and a diuretic, and often
adding further agents, because monotherapy or suboptimal combination regimens fail to

achieve target blood pressure.®”
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Figure 2: Conceptual framework comparing monotherapy and combination therapy in

hypertension management and their impact on cardiovascular outcomes.

CONCLUSION

Hypertension remains a major global health challenge and a leading contributor to
cardiovascular morbidity and mortality. The management of hypertension needs doctors to
learn its detailed pathophysiological mechanisms which include elevated cardiac output base
vascular resistance and excessive sympathetic activity and activation of renin-angiotensin-
aldosterone system and endothelial impairment and sodium retention in Kidneys.
Monotherapy which uses only one antihypertensive drug proves effective for patients who
have both mild hypertension and cardiovascular risk factors. The treatment provides two
benefits because it generates fewer side effects while offering easy dosing which helps
patients follow their treatment. Patients need multiple treatments because their blood pressure
target cannot be reached through monotherapy. The use of combination therapy which
employs two or more antihypertensive drugs that work through different methods delivers
better blood pressure management because it treats multiple underlying medical conditions.
The method produces a quick and lasting decrease in both systolic and diastolic blood
pressure which increases the chances of achieving guideline blood pressure goals and
decreases the chances of developing long-term medical problems which include stroke and
myocardial infarction and chronic kidney disease. The combination therapy treatment

increases the chance of experiencing mild side effects but healthcare providers can decrease
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this danger through proper medication selection and patient supervision. The study proves

that doctors need to create personalized treatment plans for their patients. The correct

combination therapy should start early when doctors base their decision on the patient needs

which include disease severity and existing health conditions and individual characteristics of

the patient. Clinicians should adopt a patient-centered approach to ensure the safe and

effective management of hypertension, balancing efficacy with tolerability to achieve the best

long-term cardiovascular outcomes.
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