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A B S T R A C T 

 

Background: Hypertension (HTN) remained a major global health concern and a leading risk factor for cardiovascular morbidity 
and mortality, with many patients requiring more than single-drug therapy to achieve optimal blood pressure control. 

Objective: This study aimed to evaluate and compare the efficacy and safety of commonly used antihypertensive drug classes, with 
a focus on different combination therapy strategies. 

Methods: A systematic review was conducted using PubMed and Google Scholar to identify relevant clinical trials and supporting 
studies in adult patients with HTN. Studies were selected based on predefined eligibility criteria using the Population, Intervention, 
Comparison, Outcome (PICO) framework. Data extraction included systolic blood pressure (SBP), diastolic blood pressure (DBP), 
overall blood pressure control, nighttime blood pressure control, sustained effects, and safety outcomes such as adverse effects, 

electrolyte changes, and heart rate (HR). A structured comparative approach was used to analyze monotherapy, dual therapy, and 
multi-drug combinations. 

Results: The included studies showed that all major antihypertensive drug classes contributed to reductions in SBP and DBP; 
however, combination therapy demonstrated more consistent and effective overall blood pressure control compared to 

monotherapy. Differences were observed among drug classes in terms of specific effects, including HR reduction and electrolyte 
changes. 

Conclusion: The findings suggested that combination therapy played an important role in achieving better blood pressure control, 
and a structured comparison of different drug classes and their combinations provided a clearer understanding of their relative 

efficacy and safety. 

Key Words: Antihypertensive Drugs, Hypertension, Monotherapy, clinical practice, renin-angiotensin-aldosterone system, 
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INTRODUCTION 

Hypertension is one of the most common chronic conditions 

worldwide and a major contributor to cardiovascular 

morbidity and mortality. A large proportion of adults are 

affected, many of whom remain undiagnosed or inadequately 

treated. Persistent elevation of blood pressure is strongly 

associated with serious complications such as stroke, 

myocardial infarction, heart failure, and kidney disease, 

making its effective management a clinical priority [1]. 

Despite the availability of multiple antihypertensive drug 

classes, achieving optimal blood pressure control remains 

challenging in many patients. This underscores the need for 

better understanding of treatment strategies and their 

comparative effectiveness in different clinical settings [2]. 

http://ajprd.com/
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Overview of hypertension 

Hypertension is defined as a sustained elevation of arterial 

blood pressure and is one of the leading modifiable risk 

factors for cardiovascular diseases worldwide. Clinically, it is 

commonly identified when systolic blood pressure is ≥140 

mmHg and/or diastolic blood pressure is ≥90 mmHg, based 

on repeated measurements. The condition is often described 

as a “silent disease” because many individuals remain 

asymptomatic for long periods, despite ongoing vascular 

damage [3]. 

 It affects individuals across all age groups but is more 

common in middle-aged and elderly populations. If left 

untreated, hypertension can lead to serious complications 

including stroke, coronary artery disease, heart failure, and 

chronic kidney disease, thereby contributing significantly to 

global disease burden [4]. 

Early detection and appropriate management of hypertension 

are therefore essential to reduce long-term complications and 

improve overall health outcomes. This makes it a major 

focus area in both clinical practice and public health research 

[5].

 

 

Figure 1: Hypertension Among Men and Women in Asia, 2019 

Hypertension, a ticking time bomb that can be stopped to 

save millions of livesBy Tetsushi Sonobe, Raja Rajendra 

Timilsina, Dil Rahut 

Cause of hypertension  

Hypertension is a multifactorial disorder resulting from 

combined physiological and pathological mechanisms. A 

major contributor is increased vascular resistance due to 

persistent vasoconstriction, which reduces lumen diameter 

and elevates pressure. In contrast, normal vasodilation 

maintains blood flow, but this balance is often disrupted in 

hypertension. Overactivation of the renin-angiotensin-

aldosterone system (RAAS) further increases blood pressure 

by promoting sodium and water retention. Increased 

sympathetic activity also contributes by raising heart rate and 

causing vasoconstriction. Over time, vascular remodeling 

and endothelial dysfunction lead to sustained hypertension 

and related complications [6]. 

 

Figure 2: Vasodilation refers to the widening of arteries due to relaxation of the smooth

Muscle in the vessel wall, resulting in an increased lumen 

diameter and improved blood flow. In contrast, 

vasoconstriction involves the contraction of vascular 

smooth muscle, leading to narrowing of the arterial lumen 

and increased resistance to blood flow, which contributes 

to elevated blood pressure.[7] 

 

Effect of hypertension  

Prolonged hypertension affects multiple organs through 

continuous exposure to elevated vascular pressure, 

leading to structural and functional damage. In the heart, 

it increases workload, causing left ventricular 

hypertrophy and impaired function. In the brain, it 

damages cerebral vessels, raising the risk of stroke. Blood 

https://www.asiapathways-adbi.org/author/tetsushi-sonobe/
https://www.asiapathways-adbi.org/author/raja-rajendra-timilsina/
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vessels also develop stiffness and endothelial 

dysfunction, worsening blood pressure control. Overall, 

hypertension causes macrovascular and microvascular 

damage, affecting organ structure and function if 

uncontrolled [8]. 

 

 
 

Figure 3: Impact of Hypertension on Multiple Target Organs 

 

Each segment represents a different organ system, 

including the heart, brain, kidneys, and blood vessels, 

highlighting how sustained high blood pressure 

contributes to structural and functional damage.[9] 

Pathophysiology and clinical burden 

Hypertension results from multiple physiological changes 

affecting blood pressure regulation. A key mechanism is 

increased peripheral vascular resistance due to narrowed 

or less flexible vessels. The renin-angiotensin-aldosterone 

system (RAAS) also contributes by promoting 

vasoconstriction and fluid retention, leading to elevated 

blood pressure. 

Clinically, hypertension is significant due to its silent yet 

progressive nature. Many patients remain asymptomatic 

until complications such as stroke, myocardial infarction, 

heart failure, and kidney damage occur, contributing to 

global morbidity and mortality [10]. 

Overall, understanding its mechanisms and clinical 

impact emphasizes the importance of early diagnosis and 

effective long-term management [11]. 

Mechanism of hypertensive drugs  

RAAS mechanism  

The renin-angiotensin-aldosterone system (RAAS) plays 

a key role in regulating blood pressure and fluid balance. 

It is activated by reduced renal blood flow, leading to 

renin release, which converts angiotensinogen to 

angiotensin I and then to angiotensin II via ACE. 

Angiotensin II causes vasoconstriction, increasing 

vascular resistance and blood pressure, and stimulates 

aldosterone release, promoting sodium and water 

retention. These effects contribute to the development of 

hypertension. ACE inhibitors and angiotensin receptor 

blockers (ARBs) interrupt this pathway by reducing 

angiotensin II formation or action, leading to vasodilation 

and decreased fluid retention. This mechanism underlies 

their therapeutic effect in the present study [12]. 

Calcium channel blocker mechanism  

Calcium channel blockers reduce blood pressure by 

promoting vasodilation through their action on vascular 

smooth muscle. They inhibit L-type calcium channels, 

decreasing calcium influx required for contraction, 

leading to relaxation of blood vessels and reduced 

peripheral resistance. Certain subclasses, especially non-

dihydropyridines, also reduce heart rate and myocardial 

contractility, further lowering blood pressure. Due to their 

effectiveness and compatibility with other agents, they 

are widely used in hypertension management [13]. 

Beta blocker mechanism  

Beta-blockers reduce blood pressure by acting on the 

sympathetic nervous system. They block beta-adrenergic 

receptors, decreasing heart rate and cardiac output, 

thereby lowering blood pressure. They also reduce renin 

release from the kidneys, indirectly suppressing the renin-

angiotensin-aldosterone system (RAAS). Through effects 

on both cardiac function and hormonal regulation, they 

provide a dual mechanism of action and are particularly 

beneficial in conditions such as heart failure or post-

myocardial infarction [14]. 

Diuretics mechanism  

Diuretics lower blood pressure by promoting the 

excretion of sodium and water through the kidneys. By 

inhibiting sodium reabsorption in renal tubules, they 

increase urine output and reduce blood volume, leading to 

decreased cardiac output. With continued use, they also 

reduce peripheral vascular resistance. Thiazide diuretics, 

such as hydrochlorothiazide, are commonly used for 

long-term control, though they may cause electrolyte 

disturbances like hypokalemia, requiring monitoring [15].   
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Combined mechanism 

The combined use of antihypertensive drugs targets 

multiple physiological mechanisms involved in high 

blood pressure. Unlike monotherapy, combination 

therapy allows drugs to act simultaneously on pathways 

such as vascular resistance, fluid balance, and hormonal 

regulation, resulting in more effective blood pressure 

reduction. It also enables the use of lower doses, reducing 

adverse effects, while complementary drug actions may 

counteract side effects and improve outcomes. Overall, 

this approach provides greater blood pressure control and 

better protection against hypertension-related 

complications compared to monotherapy [16]. 

Overview of Antihypertensive Drug Combinations 

and Their Mechanisms 

To better understand the therapeutic approach used in this 

study, a structured overview of commonly used 

antihypertensive drugs and their combinations along with 

their mechanisms of action is presented below.

 

Figure 4: commonly used antihypertensive drugs and their combinations along with their primary mechanisms of action 

The upper section includes individual drugs with their 

key mechanisms such as vasodilation, RAAS inhibition, 

diuresis, and reduction in cardiac output. The lower 

section illustrates dual and triple drug combinations, 

highlighting their combined mechanisms that target 

multiple pathways simultaneously. The connecting lines 

demonstrate how different classes of drugs are integrated 

in combination therapy to achieve more effective and 

sustained blood pressure control[17]. 

Knowledge gap in existing literature  

Although many studies have evaluated antihypertensive 

drugs, the evidence is often scattered and focused on 

individual classes rather than direct comparisons. Most 

trials assess single drugs or specific combinations, 

making it difficult to draw consistent conclusions about 

overall blood pressure control and safety [18]. 

While combination therapy is widely used, there is 

limited consolidated evidence comparing the 

effectiveness of different dual and triple regimens, as 

most studies report findings in isolation, therefore, a 

systematic approach is needed to organize available 

evidence and better understand the comparative 

performance of antihypertensive drug classes and their 

combinations to improve treatment strategies and 

outcomes [19]. 

Aim of study 

The aim of this systematic review is to evaluate and 

compare the efficacy and safety of commonly used 

antihypertensive drug classes. It focuses on understanding 

their performance both individually and in combination, 

as used in clinical practice, A structured approach was 

used to compare monotherapy, dual therapy, and triple 

combinations by grouping treatments based on 

pharmacological classes and commonly used regimens. 

This reflects real-world management, where combination 

therapy is often required to achieve target blood pressure 

levels [20]. 

Multiple outcome parameters were analyzed, including 

systolic and diastolic blood pressure, overall control, 

nighttime control, sustained effects, and safety outcomes 

such as adverse effects and electrolyte changes. This 

helps provide a clearer comparison of different therapies. 

Overall, the objective is to present a clinically relevant 

comparison of antihypertensive therapies, highlighting 

the role of combination strategies in improving blood 

pressure control and patient outcomes [21]. 

Methods 

This systematic review evaluated the efficacy and safety 

of commonly used antihypertensive drug classes, 

focusing on monotherapy, dual therapy, and triple drug 

combinations. A structured approach was followed in 

which selected clinical studies were analyzed and 

grouped based on drug classes and commonly used 

combinations to allow practical comparison. Outcome 

measures included systolic and diastolic blood pressure 

reduction, overall control, nighttime control, sustained 

effects, safety profile, and effects in specific populations. 

Overall, the methodology aimed to provide a clear 
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comparison of antihypertensive therapies, emphasizing 

the effectiveness of combination treatment strategies [22]. 

Eligibility Criteria (PICO Framework) 

The eligibility criteria for this review were defined using 

the PICO (Population, Intervention, Comparison, 

Outcome) framework. Studies included adult patients 

with hypertension, including those with comorbid 

conditions, while pediatric and undefined populations 

were excluded. Interventions involved common 

antihypertensive drug classes such as ACE inhibitors, 

ARBs, calcium channel blockers, beta-blockers, and 

diuretics, including monotherapy and combination 

therapies. Comparisons were made between different 

drug classes and combinations, including monotherapy 

versus dual and triple regimens. Outcomes assessed 

included systolic and diastolic blood pressure reduction, 

overall and nighttime control, sustained effects, safety 

outcomes, and effects in specific populations. This 

framework ensured a structured and clinically relevant 

selection of studies [23]. 

Information Sources 

The literature search was conducted using PubMed and 

Google Scholar, selected for their wide coverage of peer-

reviewed biomedical literature and availability of free 

full-text articles. The search focused on clinical trials and 

review articles related to antihypertensive drug classes 

and their combinations, including only English-language 

full-text studies. Reference lists of selected articles were 

also screened to identify additional relevant studies. This 

approach ensured inclusion of reliable and high-quality 

literature for the review [24]. 

Search Strategy 

The search strategy was conducted in a stepwise manner 

to compare antihypertensive drug classes and their 

combinations. Initially, clinical trials were identified 

using keywords such as “hypertension,” 

“antihypertensive drugs,” “clinical trial,” “blood pressure 

reduction,” and “combination therapy” in PubMed and 

Google Scholar. Emphasis was placed on studies 

reporting measurable outcomes, particularly systolic and 

diastolic blood pressure changes, forming the primary 

dataset. In the second stage, review articles and meta-

analyses were included using terms like “dual therapy,” 

“triple therapy,” and “combination antihypertensive 

treatment” to support and validate findings. Manual 

screening based on commonly used drugs and 

combinations further refined the selection, ensuring an 

evidence-based and structured approach [25]. 

Study Selection 

The study selection focused on clinical trials with clear 

and comparable data. Articles from PubMed and Google 

Scholar were initially screened by title and abstract, 

followed by full-text review. Only studies reporting 

measurable outcomes such as systolic and diastolic blood 

pressure or overall control were included, with preference 

for those allowing comparison between drug classes or 

multiple treatment arms. Studies were grouped into 

monotherapy, dual therapy, and multi-drug combinations 

for structured comparison. Manual screening further 

prioritized studies involving commonly used drugs such 

as atenolol, amlodipine, enalapril, hydrochlorothiazide, 

and losartan to ensure consistency with the comparative 

objective [26]. 

Data Extraction 

Data extraction was performed in a structured manner to 

ensure consistency across studies. Relevant information 

from each clinical trial was collected, focusing on 

outcomes usable for comparison. Key data included 

systolic and diastolic blood pressure reduction, overall 

control, nighttime control, sustained effects, and safety 

outcomes such as adverse effects, electrolyte changes, 

and heart rate. The data were organized based on drug 

classes and combinations, allowing alignment into a 

common framework despite differences in study design. 

Both direct and indirect comparisons were considered, 

enabling the construction of a comparative table for 

further analysis of antihypertensive drug combinations 

[27]. 

Risk of Bias Assessment 

The risk of bias was assessed to ensure reliability of 

included clinical trials. Factors such as randomization, 

presence of control groups, and clarity of outcome 

reporting were considered. Studies with well-described 

methodology and consistent outcomes were considered 

lower risk, while those with limited details were 

interpreted cautiously. Variations in sample size, 

treatment duration, and patient population were also 

considered, as they could influence results. Rather than 

excluding such studies, findings were interpreted within 

these limitations. Overall, this assessment ensured that 

comparisons were based on credible evidence while 

acknowledging study limitations [28]. 

Data Synthesis 

Data synthesis was performed using a structured 

comparative approach. Extracted data were organized 

based on parameters such as systolic and diastolic blood 

pressure, overall control, nighttime control, sustained 

effects, safety profile, electrolyte changes, and heart rate. 

Findings were grouped by drug classes and further 

categorized into monotherapy, dual therapy, and multi-

drug combinations. The final synthesis was presented in a 

comparative table, enabling clear evaluation of efficacy 

and safety across treatment strategies [29]. 

Result 

Findings from the selected studies are compiled and 

analyzed to evaluate the comparative efficacy and safety 

of the interventions. The results are structured in tabular 

form to facilitate consistency and clarity in interpretation. 

Study selection  

A total of relevant studies was identified through 

systematic database searching and screened based on 

predefined inclusion and exclusion criteria. After removal 

of duplicates and initial screening of titles and abstracts, 

potentially eligible studies were assessed for full-text 

review. Following detailed evaluation, six studies met the 
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eligibility criteria and were included in the final analysis 

[30]. The study selection process was conducted in 

accordance with PRISMA guidelines to ensure 

transparency and reproducibility [31]. 

Character of included studies  

The studies included in this review consisted of 

randomized clinical trials along with one pooled analysis, 

each evaluating different antihypertensive treatment 

approaches across varied patient populations, Across the 

studies, a range of treatment strategies were examined, 

including monotherapy, dual therapy, and triple drug 

combinations commonly used in the management of 

hypertension [32].One of the trials focused specifically on 

the effectiveness of combining amlodipine with losartan 

in patients diagnosed with stage 2 hypertension. 

In addition, a pooled analysis explored the broader effects 

of hormone therapy on cardiovascular and cancer-related 

outcomes in postmenopausal women, Another study 

assessed the long-term safety and sustained efficacy of a 

triple combination regimen over an extended follow-up 

period, Furthermore, one study provided a comparative 

evaluation of multiple antihypertensive drug classes in 

patients with obstructive sleep apnea, offering insight into 

drug-specific responses in this subgroup [33]. 

Risk of bias assessment result  

The risk of bias across the included studies was generally 

acceptable, as most of them were randomized clinical 

trials with clearly defined methodologies, In several 

studies, randomization and treatment allocation were 

appropriately described, which reduces the chances of 

selection bias. However, a few studies provided limited 

details regarding blinding and allocation concealment, 

making it slightly difficult to fully assess performance 

and detection bias, The pooled analysis study showed 

some limitations in terms of outcome reporting, as the 

data were derived from previously published trials rather 

than a single controlled setting, Overall, the studies 

demonstrated a moderate level of methodological quality, 

with some variations in reporting and study design, but 

none of the limitations were significant enough to exclude 

them from the analysis [34]. 

Effect of intervention 

The overall findings suggest that combination therapies 

provide better blood pressure control than monotherapy, 

especially in moderate to severe hypertension. This 

highlights the importance of using multiple drug classes 

to achieve optimal outcomes, One study showed that a 

low-dose triple combination produced a significant and 

consistent reduction in both systolic and diastolic blood 

pressure, indicating that lower doses in combination can 

be clinically effective [35]. 

Dual therapy with amlodipine and losartan demonstrated 

superior blood pressure reduction compared to 

monotherapy, particularly in stage 2 hypertension, 

supporting the benefit of combining drugs with different 

mechanisms, In contrast, a pooled analysis of hormone 

therapy did not show a clear reduction in cardiovascular 

events, suggesting limited effectiveness in this context, 

Long-term data from another study indicated that triple 

combination therapy maintained its blood pressure-

lowering effect over time, highlighting its role in 

sustained control, Among individual drugs, atenolol 

showed a greater reduction in diastolic blood pressure 

compared to amlodipine, enalapril, and losartan, 

especially during nighttime in patients with obstructive 

sleep apnea, Overall, while most antihypertensive agents 

are effective, combination therapies-particularly triple 

regimens-offer more consistent and sustained control, 

though effectiveness may vary based on patient 

characteristics [36]. 

Comparative table 

To enhance clarity, data from the included clinical trials 

were organized into tables based on therapeutic approach. 

Due to differences in reporting and treatment strategies, 

the data were categorized into monotherapy, dual therapy, 

and triple combination groups based on the number and 

mechanism of drugs used. A mechanism-based summary 

table was also included to show how combinations target 

different pathways. This approach allowed both 

quantitative comparison and qualitative interpretation of 

outcomes[37].

Table 1: Monotherapy 

Sr 

No 

Drug SBP ↓ 

(mmHg) 

DBP ↓ 

(mmHg) 

Overall 

Control 

Night-time 

BP Control 

Population Adverse 

Effects 

Electrolyte 

Change 

Heart Rate Interpretation 

1 Atenolol 13.4 ↓ 12.1 ↓ Good Strong ↓ OSA patients Fatigue, 

dyspepsia 

No significant 

change 

↓ Significant 

(~17 bpm) 

Strong effect on 

HR and night BP 

2 Amlodipine 14.0 ↓ 6.8 ↓ Moderate Less effective General HTN Mild No significant 

change 

No major 

effect 

Strong SBP 

reduction 

3 Enalapril 7.3 ↓ 4.6 ↓ Moderate Less effective General HTN Cough, 

headache 

No significant 

change 

No major 

effect 

Moderate overall 

effect 

4 Hydrochlorothiazide 8.8 ↓ 7.4 ↓ Moderate Comparable General HTN Mild ↓ Potassium 

(~0.32 mmol/L) 

No major 

effect 

Volume-based 

control 

5 Losartan 10.7 ↓ 5.2 ↓ Moderate Less effective General HTN Mild No significant 

change 

No major 

effect 

RAAS-targeted 

effect 

 

Table 1: The monotherapy table presents the effects of individual antihypertensive drugs on blood pressure and related 

parameters. Amlodipine showed greater reduction in systolic blood pressure, while atenolol had a stronger effect on heart rate 

and nighttime control. Diuretics reduced blood pressure by decreasing fluid volume, whereas ACE inhibitors and AR 
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Table 2: Dual combination therapy 

Sr 

No 

Drug Combination SBP 

↓ 

DBP 

↓ 

Overall Control Population Adverse 

Effects 

Electrolyte 

Change 

Interpretation 

1 Telmisartan + 
Hydrochlorothiazide 

NR NR Better than 
monotherapy 

Moderate-
Severe HTN 

Mild Possible ↓ 
Potassium 

RAAS + volume control 
improves efficacy 

2 Amlodipine + Losartan NR NR Better than 

monotherapy 

Stage 2 HTN Well 

tolerated 

No significant 

change 

Vasodilation + RAAS 

blockade 

 

Table 2: The dual therapy table shows the benefit of combining two drugs for improved blood pressure control. 

Combinations such as telmisartan with hydrochlorothiazide and amlodipine with losartan were more effective than 

monotherapy, as they act through different mechanisms to control vascular resistance and fluid balance. These combinations 

were generally well tolerated with minimal side effects, making them suitable when monotherapy is insufficient. 

 
Table 3: Triple combination therapy 

Sr 

No 

Drug Combination SBP ↓ DBP ↓ Overall 

Control 

Sustained 

Effect 

Population Adverse 

Effects 

Electrolyte 

Change 

Interpretation 

1 Amlodipine + 

Telmisartan + 
Chlorthalidone 

Significant 

↓ 

Significant 

↓ 

Highly 

effective 

Short-term Essential 

HTN 

Well 

tolerated 

Possible ↓ 

Potassium 

Multi-pathway 

targeting 

2 Telmisartan + 

Amlodipine + 

Hydrochlorothiazide 

Strong ↓ Strong ↓ Very high 

control 

Long-term General 

HTN 

Mild Possible ↓ 

Potassium 

Sustained multi-

drug synergy 

 

Table 3: The triple therapy table represents an intensive approach using three drugs together. These combinations showed the 

highest blood pressure control, particularly in severe or resistant hypertension. By targeting multiple pathways such as 

vascular tone, fluid volume, and hormonal regulation, they produced stronger and sustained effects. Despite multiple drugs, 

tolerability remained acceptable, supporting their use in patients requiring stricter control. 

Table 4: Mechanism based comparing 

Combination Type Mechanism Targeted Example Clinical Benefit Suggestion 

Beta-blocker based ↓ Cardiac output Atenolol HR control, night BP reduction Useful in OSA patients 

RAAS + Diuretic ↓ Volume + ↓ RAAS Telmisartan + HCTZ Better BP reduction Ideal in fluid overload 

RAAS + CCB ↓ Resistance + ↓ RAAS Amlodipine + Losartan Improved vascular relaxation Suitable for stage 2 HTN 

Triple Therapy Multi-pathway Telmisartan + Amlodipine + Diuretic Maximum BP control For resistant HTN 

 

Table 4: The mechanism-based table provides a simplified understanding of how drug combinations work. It explains how 

each combination targets key aspects of blood pressure regulation, including heart activity, vascular resistance, and fluid 

balance. This highlights why combination therapy is more effective than monotherapy, as multiple contributing factors are 

addressed simultaneously. 

Discussion  

The findings of this systematic review suggest that 

combination therapies, particularly dual and triple 

regimens, are more effective in controlling blood pressure 

than monotherapy. These treatments showed greater 

reductions in both systolic and diastolic blood pressure, 

resulting in improved overall control, Evidence from 

individual studies supports this trend. Atenolol showed 

reductions of about 13.4 mmHg systolic and 12.1 mmHg 

diastolic, indicating moderate efficacy as monotherapy. In 

contrast, combination therapies, especially triple 

regimens, demonstrated more consistent and pronounced 

reductions. 

Dual therapies were also more effective than 

monotherapy, particularly in advanced hypertension, due 

to complementary mechanisms, Variations in response 

were observed in specific populations, such as greater 

diastolic reduction with beta-blockers in patients with 

obstructive sleep apnea, Overall, while monotherapy 

remains useful, combination therapies provide more 

consistent and clinically meaningful blood pressure 

control, supporting their role in managing hypertension 

across diverse patient groups [38]. 

Principal findings  

The principal findings indicate that combination 

antihypertensive therapies, particularly dual and triple 

regimens, provide greater blood pressure reduction than 

monotherapy. Triple therapies showed the most 

pronounced effects, with significant reductions in both 

systolic and diastolic blood pressure and improved 

overall control, Dual therapies were also more effective 

than monotherapy, especially in moderate to severe 
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hypertension, supporting the use of drugs with 

complementary mechanisms to enhance outcomes [39]. 

Among individual drug classes, moderate reductions were 

observed, with variations based on class and patient 

population. Beta-blockers showed a stronger effect on 

diastolic blood pressure and heart rate, particularly in 

patients with obstructive sleep apnea, In terms of safety, 

most therapies were well tolerated with mild adverse 

effects. However, diuretic-containing regimens were 

associated with electrolyte imbalances, particularly 

reduced potassium levels, requiring monitoring, Overall, 

while all drug classes are effective, combination 

therapies-especially triple regimens-provide more 

consistent and clinically meaningful blood pressure 

control [40]. 

Interpretation of result  

The findings suggest that the improved effectiveness of 

combination therapies is due to their ability to target 

multiple pathways involved in blood pressure regulation. 

By acting on vascular resistance, fluid balance, and 

hormonal activity, these therapies provide more 

comprehensive control compared to single mechanisms, 

Combinations such as ARBs, calcium channel blockers, 

and diuretics act synergistically on different physiological 

processes, explaining the stronger and more consistent 

reductions in systolic and diastolic blood pressure seen 

with triple therapies. Dual therapies also showed better 

outcomes than monotherapy, especially in patients with 

higher baseline blood pressure [41]. 

Variations among drug classes highlight the role of 

patient-specific factors. For example, beta-blockers 

showed greater effects on diastolic blood pressure and 

heart rate in patients with obstructive sleep apnea, likely 

due to their action on the sympathetic nervous system, In 

terms of safety, most treatments were well tolerated, 

though diuretic-containing regimens were associated with 

electrolyte changes, emphasizing the need for monitoring, 

Overall, these findings reflect how combining different 

mechanisms improves outcomes, supporting the use of 

individualized and multi-targeted treatment strategies in 

hypertension management [42]. 

Comparison with clinical guidelines 

The findings of this review are consistent with World 

Health Organization (WHO) recommendations, which 

emphasize combination therapy for managing 

hypertension, especially in moderate to severe cases. 

WHO suggests initiating treatment with two agents, 

preferably as a single-pill combination, to improve 

control and adherence, This aligns with the included 

studies, where dual and triple therapies showed greater 

reductions in systolic and diastolic blood pressure 

compared to monotherapy. The strong and sustained 

effects of triple regimens further support the use of 

multiple agents for optimal control [43]. 

Strength of study  

One of the main strengths of this study is its structured 

comparison of commonly used antihypertensive drug 

classes and their combinations, making the findings 

clinically relevant. By integrating evidence from multiple 

studies, it provides a practical understanding of how 

different therapies perform in real-world settings, 

Another strength is the inclusion of both monotherapy 

and combination therapy, allowing comparison of single, 

dual, and triple regimens within the same framework, 

which adds depth and improves the interpretation of 

effectiveness, Overall, the study offers a clear, structured, 

and clinically relevant overview of antihypertensive 

treatment strategies [44]. 

Limitations  

Despite useful insights, this study has several limitations. 

A major limitation is variability among included studies 

in terms of design, patient populations, and outcome 

reporting, making direct comparison challenging, another 

limitation is the lack of uniform numerical data. While 

some studies reported clear blood pressure reductions, 

others were descriptive, preventing quantitative meta-

analysis and limiting findings to qualitative synthesis. 

Overall, these limitations highlight the need for more 

standardized and large-scale studies to strengthen the 

evidence base [45]. 

Clinical application  

The findings of this review have important implications 

for clinical practice, particularly in managing moderate to 

severe hypertension. They suggest that monotherapy may 

not always achieve optimal control, while combination 

therapies, especially dual and triple regimens, provide 

more consistent and effective results, Overall, early use of 

combination therapy with appropriate drug selection can 

improve blood pressure control and treatment outcomes 

in hypertension [46]. 

Limitations of Monotherapy and Its Clinical 

Implications in Hypertension Management 

Monotherapy has traditionally been used as the initial 

approach in the management of hypertension; however, 

its effectiveness is often limited in achieving optimal 

blood pressure control. This is primarily due to the 

multifactorial nature of hypertension, where multiple 

physiological pathways contribute to elevated blood 

pressure, while a single drug targets only one mechanism. 

From a clinical perspective, inadequate control with 

monotherapy can delay optimal treatment, increasing the 

risk of long-term complications such as cardiovascular 

and renal damage. These findings strongly support the 

need for early consideration of combination therapy, 

particularly in patients with moderate to severe 

hypertension, aligning with the outcomes observed in the 

present study.[47] 

Advantages of Combination Therapy in Hypertension 

Management 

Combination therapy is a more effective approach in 

managing hypertension, especially in patients not 

adequately controlled with monotherapy. By targeting 

multiple pathways such as vascular resistance, fluid 

balance, and hormonal activity, it provides more 

consistent blood pressure reduction. It also allows lower 
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doses of individual drugs, reducing adverse effects while 

maintaining efficacy. Clinical studies show faster control 

and improved outcomes, including reduced 

cardiovascular and renal risks. Fixed-dose combinations 

may further improve adherence by simplifying treatment, 

supporting combination therapy as a preferred strategy 

[48]. 

CONCLUSION  

In summary, this review integrates evidence from 

multiple studies to evaluate antihypertensive therapies in 

real-world settings. While individual drug classes are 

effective, their impact varies across patient populations 

and clinical conditions. In contrast, combination therapies 

provide more consistent blood pressure control, 

particularly in advanced hypertension. 

These findings are supported by existing literature, which 

highlights the limitations of monotherapy and the 

increasing role of combination strategies in achieving 

optimal targets, Overall, the review emphasizes the 

importance of a tailored, multi-drug approach in 

hypertension management. 

Summary of findings 

This systematic review provides an overview of the 

effectiveness of commonly used antihypertensive drug 

classes and their combinations. All major classes 

contribute to blood pressure reduction, though the degree 

varies by drug and patient population. Monotherapy 

generally produced moderate reductions in systolic and 

diastolic blood pressure. For example, atenolol reduced 

systolic pressure by about 13.4 mmHg and diastolic by 

12.1 mmHg, indicating meaningful but limited efficacy. 

Similar moderate effects were observed with calcium 

channel blockers, ACE inhibitors, ARBs, and diuretics, 

these findings are supported by previous literature 

showing that many patients do not achieve optimal 

control with monotherapy and require combination 

therapy. Most treatments were well tolerated, although 

diuretics were associated with electrolyte imbalances, 

requiring monitoring, Overall, while monotherapy 

remains useful in some cases, combination therapy-

particularly dual and triple regimens-provides more 

consistent and clinically meaningful blood pressure 

control in hypertension[49]. 

Summary of comparative effectiveness  

When comparing treatment approaches, monotherapy 

provides only moderate blood pressure reduction and may 

be insufficient for many patients, especially those with 

higher baseline levels or advanced hypertension, Overall, 

while monotherapy remains useful in selected cases, 

combination therapy-particularly dual and triple 

regimens-offers better and more consistent blood pressure 

control. 

Recommendation of clinical practice  

Based on these findings, combination therapy appears to 

be a more practical approach for many patients with 

hypertension, especially when monotherapy fails to 

achieve adequate control. While single-drug therapy may 

be suitable for mild cases, adding additional agents can 

improve outcomes when needed, Treatment should 

remain individualized, considering factors such as 

baseline blood pressure, comorbidities, and patient 

tolerance. Certain drug classes may offer specific 

benefits, while others require closer monitoring due to 

potential side effects, Safety is also important, as most 

therapies are well tolerated, though diuretic-containing 

regimens may cause electrolyte changes, requiring 

periodic monitoring, Overall, a flexible, patient-centered 

approach is recommended, where combination therapy is 

used appropriately alongside careful clinical judgment 

and follow-up [50]. 
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