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Hypertension is one of the most common health problems worldwide and is a major risk 

factor for cardiovascular diseases and premature death. Proper control of blood pressure 

plays an important role in reducing the risk of serious complications such as coronary 

artery disease, stroke, heart failure, chronic kidney disease, and diabetes-related vascular 

disorders. This review provides an overview of the current approaches to the 

management of hypertension, including blood pressure classification, treatment goals, 

and the selection of appropriate antihypertensive medications. The review discusses the 

major classes of antihypertensive drugs, including thiazide and thiazide-like diuretics, 

calcium channel blockers, angiotensin-converting enzyme (ACE) inhibitors, 

angiotensin II receptor blockers (ARBs), beta-blockers, loop diuretics, potassium-

sparing diuretics, hydralazine, clonidine, minoxidil, and alpha-blockers. Their 

mechanisms of action, therapeutic uses, dosage considerations, adverse effects, 

contraindications, monitoring requirements, and toxicity profiles are summarized. In 

addition, evidence from clinical studies comparing the efficacy and safety of different 

antihypertensive drug classes is reviewed. The importance of combination therapy and 

treatment strategies for resistant hypertension is also highlighted. A thorough 

understanding of antihypertensive medications is essential for achieving effective blood 

pressure control, reducing treatment-related complications, and improving patient 

outcomes. Furthermore, a multidisciplinary healthcare approach is important for the 

successful management of hypertension and the .prevention of long-term cardiovascular 

complications. 
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INTRODUCTION 

Hypertension (HTN) is recognized as a major 

contributor to cardiovascular morbidity and 

mortality. Effective reduction and control of blood 

pressure significantly decrease cardiovascular 

risk, and maintaining systolic blood pressure 

below 130 mmHg has been shown to help prevent 

complications associated with heart failure, 

https://www.ijpsjournal.com/
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diabetes, coronary artery disease, stroke, and other 

cardiovascular disorders. This section reviews the 

current recommendations for the selection of 

antihypertensive agents and describes the various 

drug classes used as first-, second-, and third-line 

therapies for hypertension. It also outlines their 

clinical indications, adverse effects, and findings 

from comparative studies evaluating the efficacy 

and safety of different antihypertensive drug 

classes.  

 Objectives:  

• Discuss the current guidelines for the use of 

antihypertensive drugs and provide 

recommendations for selecting appropriate 

first-line therapy.  

• Review the major classes of antihypertensive 

agents and summarize the recommendations 

for initiating combination therapy when 

monotherapy does not achieve adequate blood 

pressure control.  

• Describe the important adverse effects 

associated with each class of antihypertensive 

medications.  

• Explain the role of the interprofessional 

healthcare team in developing and 

implementing an effective management plan 

for patients with hypertension.  

Indications 

American College of Cardiology and American 

Heart Association updated the classification of 

hypertension in 2017, identifying hypertension as 

a major contributor to cardiovascular morbidity 

and mortality. According to these guidelines, 

normal blood pressure is defined as a systolic 

pressure below 120 mmHg and a diastolic pressure 

below 80 mmHg. Elevated blood pressure refers to 

systolic values ranging from 120–129 mmHg with 

diastolic pressure remaining below 80 mmHg. 

Stage 1 hypertension is characterized by systolic 

pressure between 130–139 mmHg or diastolic 

pressure between 80–89 mmHg, whereas Stage 2 

hypertension is diagnosed when systolic pressure 

is 140 mmHg or higher, or diastolic pressure is 90 

mmHg or higher. A hypertensive crisis is 

considered when systolic blood pressure exceeds 

180 mmHg and/or diastolic pressure rises above 

120 mmHg. 

According to the 2019 guidelines published by the 

American College of Cardiology and American 

Heart Association on the primary prevention of 

cardiovascular disease, lifestyle modification is 

recommended as the first-line approach for 

individuals with elevated blood pressure. These 

modifications include maintaining a healthy body 

weight, following a cardioprotective diet, 

engaging in regular physical activity, reducing 

dietary sodium intake, and limiting alcohol 

consumption 

For individuals diagnosed with Stage 1 

hypertension, initiation of antihypertensive 

therapy is recommended when the estimated 10-

year risk of atherosclerotic cardiovascular disease 

(ASCVD) is 10% or greater, with the goal of 

maintaining blood pressure below 130/80 mmHg 

to reduce the likelihood of cardiovascular 

complications. In contrast, patients with Stage 1 

hypertension who have a 10-year ASCVD risk 

below 10% are generally advised to manage their 

condition through lifestyle modifications alone. 

Patients diagnosed with Stage 2 hypertension are 

advised to initiate antihypertensive drug therapy 

irrespective of their estimated 10-year ASCVD 

risk, with the treatment goal of reducing blood 

pressure to below 130/80 mmHg. 

For individuals with chronic kidney disease, the 

recommended blood pressure goal is to maintain 

values below 130/80 mmHg. 
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In patients with type 2 diabetes mellitus (T2DM), 

antihypertensive therapy is recommended when 

blood pressure exceeds 130/80 mmHg, with the 

aim of achieving and maintaining BP levels below 

130/80 mmHg 

Antihypertensive treatment is generally initiated 

with a single-drug regimen following inadequate 

blood pressure control through lifestyle 

modifications alone. Combination therapy is often 

considered when monotherapy does not achieve 

the desired therapeutic response 

Reduction of blood pressure significantly lowers 

cardiovascular risk, and maintaining systolic blood 

pressure below 130 mmHg has been associated 

with decreased complications in patients with 

conditions such as heart failure, diabetes mellitus, 

coronary artery disease, stroke, and other 

cardiovascular disorders. Additionally, the 

effectiveness of initial monotherapy may vary 

depending on factors such as age and race.[1] 

Several classes of antihypertensive agents are 

available for the management of hypertension. 

Among these, the commonly recommended first-

line therapies include thiazide diuretics, calcium 

channel blockers, angiotensin-converting enzyme 

(ACE) inhibitors, and angiotensin II receptor 

blockers (ARBs). 

Thiazide Diuretics 

Thiazide and Thiazide-[like diuretics are widely 

considered first-line agents for the management of 

hypertension. According to the Eighth Joint 

National Committee guidelines, these diuretics 

may be administered either as monotherapy or in 

combination with other antihypertensive drugs 

across all age groups and racial populations. 

However, in patients with chronic kidney disease, 

angiotensin-converting enzyme (ACE) inhibitors 

or angiotensin II receptor blockers (ARBs) are 

preferred due to their renal protective effects.[2] 

The Antihypertensive and Lipid-Lowering 

Treatment to Prevent Heart Attack Trial identified 

thiazide diuretics as the preferred initial therapy 

for hypertension management, except in cases 

where contraindications are present. 

Monotherapy with hydrochlorothiazide at daily 

doses of 12.5 mg or 25 mg has not demonstrated a 

significant reduction in morbidity or mortality 

outcomes.[3] 

Evidence indicates that thiazide-type diuretics, 

particularly chlorthalidone and indapamide, are 

more effective and cost-efficient in reducing 

cardiovascular events. Consequently, they are 

recommended as first-line agents for the 

management of hypertension. Several studies have 

also demonstrated that these thiazide-like diuretics 

possess greater antihypertensive efficacy than 

hydrochlorothiazide and provide superior 

cardiovascular protection.[4][5] 

Chlorthalidone is widely regarded as a preferred 

first-line monotherapy for hypertension. Evidence 

from multiple studies indicates that it is highly 

effective in lowering blood pressure and reducing 

cardiovascular morbidity and mortality.[6][7] 

Chlorthalidone showed superior blood pressure–
lowering efficacy compared with 

Hydrochlorothiazide based on 24-hour ambulatory 

blood pressure monitoring results.[4] 

Hydrochlorothiazide was found to have a shorter 

duration of antihypertensive action in studies 

comparing office blood pressure measurements 

with 24-hour ambulatory blood pressure 

monitoring.[8] 

Changing therapy from Hydrochlorothiazide to 

Chlorthalidone has been associated with an 
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additional reduction in systolic blood pressure of 

approximately 7–8 mm Hg.[9] 

The Antihypertensive and Lipid-Lowering 

Treatment to Prevent Heart Attack Trial 

demonstrated that Chlorthalidone administered at 

doses of 12.5–25 mg/day was associated with a 

lower incidence of cardiovascular complications 

compared with Amlodipine and Lisinopril 

Chlorthalidone is considered a preferred option in 

elderly patients with osteoporosis because it has 

been associated with a lower risk of pelvic 

fractures compared with Amlodipine and 

Lisinopril.[10] 

Compared with Doxazosin and Lisinopril, 

Chlorthalidone demonstrated superior efficacy in 

reducing cardiovascular events, including stroke 

incidence, while also showing greater 

effectiveness than Amlodipine in preventing heart 

failure.[11] 

Calcium channel blockers CCBs 

Similar to thiazide-type diuretics, Calcium 

Channel Blockers are recommended by the Eighth 

Joint National Committee as first-line therapy for 

hypertension, either as monotherapy or in 

combination with other antihypertensive agents, 

irrespective of age or race. However, in patients 

with chronic kidney disease, Angiotensin-

Converting Enzyme Inhibitors or Angiotensin II 

Receptor Blockers are preferred as initial 

treatment options.[2] 

Calcium Channel Blockers have been shown to 

reduce the risk of most cardiovascular events, with 

the exception of heart failure, to an extent 

comparable to thiazide diuretics. They are 

considered an effective alternative in patients who 

are unable to tolerate thiazide therapy.[6] 

Calcium Channel Blockers are broadly classified 

into two categories: dihydropyridines and non-

dihydropyridines. 

Dihydropyridine Calcium Channel Blockers 

possess stronger vasodilatory effects and are 

therefore more commonly prescribed for the 

treatment of hypertension. They exert minimal 

effects on cardiac contractility and conduction, 

which further supports their use in blood pressure 

management. Nifedipine and Amlodipine are 

among the most frequently used agents in this 

class. 

Non-dihydropyridine Calcium Channel Blockers 

exhibit weaker vasodilatory activity but have a 

greater influence on cardiac contractility and 

conduction. Consequently, they are more 

commonly used as antiarrhythmic agents and are 

prescribed less frequently for the management of 

hypertension. 

In patients of African descent with hypertension 

and no evidence of heart failure or chronic kidney 

disease, initial antihypertensive therapy is 

recommended to include either a Calcium Channel 

Blockers or a thiazide diuretic.[6] 

Long-acting Nifedipine has demonstrated a 

stronger antihypertensive effect compared with 

Amlodipine. [ 9] 

Dihydropyridine Calcium Channel Blockers are 

not recommended as primary therapy for 

congestive heart failure; however, they may be 

safely used as adjunctive treatment in these 

patients to improve blood pressure control or 

manage angina pectoris. 

Non-dihydropyridine Calcium Channel Blockers 

are relatively contraindicated in patients with 

congestive heart failure and reduced ejection 

fraction, as well as in those with second- or third-
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degree atrioventricular block or sick sinus 

syndrome. 

In comparative studies, Amlodipine demonstrated 

superior control of 24-hour ambulatory blood 

pressure compared with Valsartan. Furthermore, 

the Anglo-Scandinavian Cardiac Outcomes Trial 

reported that amlodipine was more effective than 

Atenolol in reducing cardiovascular risk and was 

associated with a lower incidence of new-onset 

diabetes.[12] 

Compared with thiazide diuretics, Amlodipine 

demonstrated comparable efficacy in reducing 

cardiovascular risk across all body weight 

categories, whereas the effectiveness of thiazide 

diuretics appeared to be lower in patients with a 

normal body mass index than in those with obesity 

[13] 

ACE inhibitors and ADRs 

Angiotensin-Converting Enzyme Inhibitors and 

Angiotensin II Receptor Blockers are considered 

the preferred antihypertensive agents for patients 

with heart failure and chronic kidney disease. They 

are recommended as first-line therapy in 

individuals with chronic kidney disease 

accompanied by proteinuria. According to the 

Eighth Joint National Committee, these drug 

classes, together with thiazide diuretics and 

Calcium Channel Blockers, are recommended as 

initial treatment options for hypertension in non-

Black patients.[2] 

Beyond their blood pressure–lowering properties, 

these agents have been shown to provide 

cardioprotective benefits in patients at high risk of 

cardiovascular disease. 

Both drug classes demonstrate comparable 

therapeutic efficacy and have similar clinical 

indications. They are recommended as first-line 

therapy for patients with left ventricular 

dysfunction and for those with ST-elevation or 

non-ST-elevation myocardial infarction, 

particularly in the presence of diabetes, systolic 

dysfunction, or anterior wall infarction. 

Thiazide diuretics have demonstrated greater 

efficacy than Angiotensin-Converting Enzyme 

Inhibitors in reducing blood pressure and 

preventing stroke. Similarly, Calcium Channel 

Blockers have shown superior effectiveness over 

ACE inhibitors in lowering blood pressure and 

reducing the risk of stroke and heart failure.[6] 

Ramipril has been demonstrated to reduce 

mortality, stroke incidence, and myocardial 

infarction in patients with symptomatic heart 

failure as well as in asymptomatic individuals with 

reduced ejection fraction. Studies have also shown 

that Perindopril lowers cardiovascular event rates 

in patients with stable coronary artery disease and 

preserved systolic function. In comparison with 

Atenolol, Losartan was associated with greater 

reductions in morbidity, mortality, and blood 

pressure levels. 

Comparative studies between Ramipril and 

Telmisartan demonstrated similar therapeutic 

efficacy in patients with diabetes or heart failure, 

although telmisartan was associated with a lower 

incidence of angioedema.[14] 

Beta – Blockers 

Beta Blockers are generally not recommended as 

first-line therapy for hypertension unless there are 

specific clinical indications, such as heart failure 

or a history of myocardial infarction.[15] 

Beta Blockers have been associated with 

reductions in cardiovascular morbidity and 

mortality in younger patients; however, their 

protective effect appears to be diminished in 
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individuals older than 65 years, with some studies 

reporting an increased risk of stroke in this 

population.[15][16][17] 

Combination Therapy 

In patients whose hypertension is not adequately 

controlled with monotherapy, combination 

antihypertensive therapy should be considered. 

The use of two antihypertensive agents is also 

recommended as a therapeutic approach for 

individuals with stage 2 hypertension.[6] 

One study demonstrated that combining 

antihypertensive agents from two different drug 

classes produced an approximately fivefold 

greater reduction in blood pressure compared with 

doubling the dose of a single medication.[18] 

Combinations involving an Angiotensin II 

Receptor Blockers with a diuretic or an 

Angiotensin-Converting Enzyme Inhibitors with a 

Calcium Channel Blockers have demonstrated 

greater efficacy compared with the combination of 

a Beta Blockers and a diuretic.[19] 

The combination of a Beta Blockers with diuretics 

has been associated with an increased risk of 

diabetes mellitus. Therefore, such combinations 

are generally reserved for patients in whom beta-

blockers are specifically indicated, including those 

with heart failure, tachycardia, or a history of 

myocardial infarction. Additionally, the 

combination of a thiazide diuretic with a 

potassium-sparing diuretic has demonstrated 

antihypertensive efficacy comparable to Calcium 

Channel Blockers monotherapy and has been 

associated with a lower incidence of hypokalemia 

compared with Hydrochlorothiazide 

monotherapy.[19] 

Combination therapies involving Calcium 

Channel Blockers and diuretics are less commonly 

used, whereas combinations based on Angiotensin 

II Receptor Blockers or Angiotensin-Converting 

Enzyme Inhibitors are generally preferred when 

combination therapy is indicated. These ACE 

inhibitor– or ARB-based regimens are particularly 

recommended for patients with chronic kidney 

disease.[19] [20] 

The combination of Benazepril and Amlodipine 

has been shown to be more effective than the 

combination of benazepril and 

Hydrochlorothiazide in reducing cardiovascular 

events among high-risk patients, while also 

slowing the progression of nephropathy.[21][22] 

The combination of Angiotensin-Converting 

Enzyme Inhibitors and Angiotensin II Receptor 

Blockers is not recommended because it has been 

associated with a higher incidence of adverse 

effects without providing additional clinical 

benefit.[14][23] 

When dual antihypertensive therapy fails to 

achieve the target blood pressure, a third 

medication is typically added, usually from 

another first-line antihypertensive class such as 

thiazide-like diuretics, Calcium Channel Blockers, 

Angiotensin-Converting Enzyme Inhibitors, or 

Angiotensin II Receptor Blockers. 

Failure to achieve blood pressure control with a 

three-drug regimen should prompt evaluation for 

resistant hypertension, with consideration given to 

adding a fourth antihypertensive agent from an 

alternative drug class.[19] 

Loop Diuretics 

Loop Diuretics are more effective than thiazide 

diuretics in patients with an estimated glomerular 

filtration rate below 30 mL/min. They are 

commonly indicated for the management of 

peripheral edema associated with congestive heart 
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failure as well as edema resulting from noncardiac 

conditions, including hepatic and renal 

disorders.[24] 

Loop Diuretics are generally not recommended as 

first-line therapy for the management of 

hypertension.[25] 

Potassium Sparing Diuretics  

Mineralocorticoid Receptor Antagonists are 

generally not recommended as first-line agents for 

hypertension management. However, 

Spironolactone and Eplerenone have shown 

effectiveness as add-on therapy in patients with 

resistant hypertension, particularly when 

combined with a triple antihypertensive regimen. 

These agents should be used cautiously in 

combination with Angiotensin-Converting 

Enzyme Inhibitors or Angiotensin II Receptor 

Blockers because of the increased risk of 

hyperkalemia.[26][27] 

Mineralocorticoid Receptor Antagonists are 

effective in the management of heart failure, as 

they have been shown to reduce mortality and 

lower the incidence of hypokalemia. In patients 

with resistant hypertension, Spironolactone 

demonstrated greater blood pressure–lowering 

efficacy than Doxazosin and Bisoprolol when used 

as an add-on to first-line antihypertensive 

therapy.[28] 

Hydralazine 

Hydralazine may be incorporated into the 

treatment regimen for resistant hypertension, 

either as monotherapy or in combination with 

nitrates in patients with heart failure. However, 

hydralazine therapy is associated with enhanced 

sympathetic activity and sodium retention; 

therefore, concomitant use of a Beta Blockers and 

Loop Diuretics may help mitigate these adverse 

effects.[9] 

Clonidine  

Clonidine is a centrally acting alpha-2 adrenergic 

agonist that is not generally recommended as first-

line therapy for hypertension; however, it may be 

used as an adjunctive agent in patients who do not 

achieve adequate blood pressure control with 

combination therapy. The transdermal formulation 

is often preferred.[9] 

Minoxidil 

Minoxidil is generally considered in patients who 

do not respond adequately to Hydralazine therapy. 

Although it is effective in lowering blood pressure, 

its use is commonly associated with fluid 

retention, which may be managed with the 

addition of a Loop Diuretics. Minoxidil may also 

increase sympathetic activity, thereby 

necessitating concomitant therapy with a Beta 

Blockers.[9] 

Alpha Blockers  

Alpha Blockers are not recommended as first-line 

agents for the treatment of hypertension because 

they are less effective than other first-line 

antihypertensive therapies in reducing 

cardiovascular events.[6] 

Mechanism of action  

Thiazide and thiazide-like diuretics 

Thiazide and thiazide-like diuretics primarily act 

on the distal tubule, where they inhibit sodium 

reabsorption by blocking the Na+/Cl− 
cotransporter, although a minor inhibitory effect 

on proximal tubular sodium handling has been 

reported [29]. Their antihypertensive effect initially 

reflects volume depletion with reduced cardiac 
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output; cardiac output typically returns to baseline 

within 6–8 weeks while blood pressure control 

persists, suggesting a compensatory 

autoregulatory process. Early treatment can 

transiently stimulate the renin–angiotensin system 

and increase systemic vascular resistance, which 

may blunt the acute antihypertensive response; this 

neurohormonal activation often diminishes with 

sustained thiazide therapy, and combining 

thiazides with an ACE inhibitor or ARB frequently 

improves blood pressure lowering. In addition, 

thiazide-type agents exert modest vasodilatory 

effects, although the precise mechanisms 

underlying this vasodilation remain incompletely 

defined. 

Calcium channel blocker  

Calcium channel blockers exert their effects by 

inhibiting cellular Ca2+ influx through L-type 

voltage-gated calcium channels in cardiac and 

vascular smooth muscle. Dihydropyridine CCBs 

predominantly produce peripheral vasodilation, 

whereas non-dihydropyridine agents have notable 

negative inotropic and chronotropic effects, 

suppressing sinoatrial and atrioventricular nodal 

activity and slowing myocardial contractility and 

conduction[30] 

ACE inhibitors 

ACE inhibitors lower blood pressure primarily by 

blocking angiotensin-converting enzyme, which 

reduces angiotensin II synthesis and concurrently 

decreases bradykinin breakdown; the resulting fall 

in angiotensin II and accumulation of bradykinin 

promote vasodilation[31] 

ARBs 

Angiotensin receptor blockers (ARBs) lower 

blood pressure by preventing angiotensin II from 

activating AT1 receptors, thereby blocking 

angiotensin II–mediated effects; unlike ACE 

inhibitors, ARBs do not alter kinin metabolism. 

Beta blockers  

Beta-adrenergic blockers antagonize 

catecholamine action at β1, β2, and β3 receptors. 
β1 receptors predominate in myocardium, β2 
receptors are abundant in bronchial and vascular 

smooth muscle, and β3 receptors are present in 
cardiac adipose tissue. Cardioselective agents (for 

example, metoprolol, atenolol, betaxolol, and 

acebutolol) preferentially block β1 receptors and 
thus carry a lower risk of bronchospasm. By 

inhibiting β-receptor signaling, beta-blockers exert 

negative inotropic and chronotropic effects, 

reducing heart rate and myocardial oxygen 

demand [32] 

Loop diuretics  

Loop diuretics reduce blood pressure by inhibiting 

sodium reabsorption in the thick ascending limb of 

the loop of Henle (both medullary and cortical 

segments), promoting natriuresis and volume 

depletion [24]. 

Potassium-sparing diuretics  

Potassium-sparing diuretics act on principal cells 

of the late distal tubule and collecting duct to 

reduce sodium reabsorption while conserving 

potassium and hydrogen ions. Spironolactone and 

eplerenone function as mineralocorticoid receptor 

antagonists, blocking aldosterone-mediated 

effects at these sites. 

Hydralazine  

Hydralazine is an arteriolar vasodilator that 

reduces vascular smooth muscle contractility by 

decreasing cytoplasmic Ca2+ availability, thereby 

inhibiting calcium-mediated contraction[33]. 
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Clonidine 

Clonidine activates α2-adrenergic receptors in the 

rostral ventrolateral medulla, diminishing central 

sympathetic outflow and lowering plasma 

norepinephrine levels, which in turn reduces 

cardiac output. 

Minoxidil  

Minoxidil acts as an arteriolar vasodilator by 

opening ATP-sensitive potassium channels in 

vascular smooth muscle, leading to membrane 

hyperpolarization and relaxation. 

Alpha- blockers  

Alpha-adrenergic antagonists block α1 receptors 
on vascular smooth muscle, reducing 

vasoconstriction and producing vasodilation. [34] 

Administration  

Thiazide-type diuretics are administered orally. 

Hydrochlorothiazide is commonly available in 

12.5 mg and 25 mg tablet formulations, with a 

maximum recommended daily dose of 50 mg. 

Chlorthalidone is supplied in 25 mg and 50 mg 

tablets, and its daily dosage may be increased up 

to 100 mg when required.[29]  

Dihydropyridine calcium channel blockers are 

administered through the oral route. Amlodipine is 

commonly prescribed with a maximum 

recommended daily dose of 10 mg.[35]  

The extended-release formulation of Nifedipine 

can be administered up to a maximum daily dose 

of 120 mg.[36] Non-dihydropyridine calcium 

channel blockers are available in both oral and 

intravenous formulations. The intravenous form of 

Diltiazem is particularly useful for controlling 

heart rate in patients with cardiac arrhythmias, 

while its maximum recommended oral dose is 480 

mg per day.[37] Verapamil is available in both oral 

and intravenous formulations. The intravenous 

preparation is commonly used in the management 

of tachyarrhythmias, particularly atrial fibrillation. 

The maximum recommended oral dose of 

verapamil is 480 mg per day.[38]  

All angiotensin-converting enzyme (ACE) 

inhibitors are administered orally, except 

Enalapril, which is also available in an intravenous 

formulation.[31] In contrast, all angiotensin II 

receptor blockers (ARBs) are available only in oral 

dosage forms.[39]  

Beta-blockers are available in both oral and 

intravenous formulations.[32]Loop diuretics are 

available in both oral and intravenous 

formulations, whereas potassium-sparing diuretics 

are primarily administered as oral dosage 

forms.[24]  

Hydralazine can be administered through both oral 

and intravenous routes. The maximum 

recommended oral dose is 300 mg per day.[33]  

The transdermal formulation of Clonidine is 

generally preferred, as oral administration may 

increase the risk of rebound hypertension.[9]  

The maximum transdermal clonidine dose is 0.3 

mg weekly, while the oral immediate-release form 

maximum dose is 0.3 mg three times daily. [40]  

Minoxidil is administered orally in the treatment 

of hypertension. Similarly, alpha-blockers used for 

hypertension management are available only in 

oral dosage forms.[41]  

Adverse Effects  

Thiazides – Side Effects Thiazide and thiazide-

like diuretics are associated with several adverse 

effects, many of which are dose-dependent. The 

most frequently observed metabolic disturbances 
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include hypokalemia and hyponatremia. Other 

important side effects include hyperuricemia, 

hypomagnesemia, hyperlipidemia, and elevated 

blood glucose levels.[42,29]  

A study reported that Chlorthalidone was 

associated with a higher risk of hospitalization due 

to severe hypokalemia in elderly patients. 

Additional adverse effects that are not dose-

dependent include sexual dysfunction and sleep 

disturbances.  

CCB Side Effects  

Treatment with dihydropyridine calcium channel 

blockers (CCBs) commonly causes peripheral 

edema. Among these agents, long-acting 

nifedipine has a greater tendency to produce 

edema compared to amlodipine, and the 

occurrence of edema increases with higher doses 

of the CCB. This edema is not caused by sodium 

or fluid retention and is not an indication of heart 

failure.9Because edema caused by calcium channel 

blockers (CCBs) is not due to an increase in body 

fluid volume, treatment with diuretics is usually 

ineffective. However, combining CCBs with ACE 

inhibitors or, to a lesser extent, ARBs has been 

shown to reduce the risk of peripheral edema. 

Dihydropyridine CCBs may also produce adverse 

effects such as dizziness, flushing, headache, and 

gingival hyperplasia. [30]                    

Non-dihydropyridine calcium channel blockers 

are commonly associated with bradycardia and 

may cause constipation in nearly 25% of patients.  

Calcium channel blockers can also inhibit platelet 

aggregation, which may increase the risk of 

gastrointestinal bleeding. Therefore, these drugs 

should be used cautiously in elderly patients and in 

individuals who are at a greater risk of bleeding.  

ACE Is and ARBs Side Effects  

The predominant adverse effects associated with 

ACE inhibitors include persistent cough, low 

blood pressure, fatigue, and azotemia. Transient 

renal dysfunction is also frequently observed, 

particularly in patients who experience fluid loss 

due to conditions such as diarrhea or vomiting.  

Cough is a common adverse effect observed in up 

to 20% of patients receiving ACE inhibitor 

therapy, and it may take approximately 14–28 days 

to resolve after discontinuation of treatment. The 

incidence of cough is lower with angiotensin 

receptor blockers (ARBs). Studies comparing 

Losartan with Hydrochlorothiazide reported a 

similar frequency of cough between the two drugs. 

ARBs are also considered safe in patients with 

asthma, as Candesartan was not associated with an 

increased incidence of cough when compared with 

calcium channel blockers. Furthermore, Ramipril 

demonstrated a higher occurrence of cough than 

Telmisartan.[14]  

Treatment with angiotensin-converting enzyme 

(ACE) inhibitors is commonly associated with 

mild hyperkalemia. The risk of developing 

hyperkalemia is further increased in patients with 

renal impairment, diabetes mellitus, or congestive 

heart failure, even when baseline renal function is 

normal.[43] Ramipril and Telmisartan show 

comparable rates of hyperkalemia, acute kidney 

injury, and syncope. However, telmisartan has 

been associated with a higher incidence of 

symptomatic hypotension.[14]  

Angioedema is an uncommon adverse effect 

associated with ACE inhibitor therapy and has 

been reported in approximately 0.3% of patients 

receiving Ramipril. In comparison, angiotensin 

receptor blockers (ARBs) are associated with a 

lower risk of angioedema than ACE inhibitors. [14]  
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In Black patients, angiotensin receptor blockers 

(ARBs) have been associated with a lower 

incidence of both cough and angioedema.[6]  

Beta-Blockers – Side Effects  

Common adverse effects associated with beta-

blockers include bradycardia, constipation, 

depression, fatigue, and sexual dysfunction. These 

agents may also cause bronchospasm and 

aggravate symptoms of peripheral vascular 

disease. In addition, beta-blockers can precipitate 

or worsen Raynaud Syndrome.[32]`  

Loop directics   

Loop diuretics are commonly linked with 

electrolyte disturbances, particularly hypokalemia, 

hyponatremia, hypomagnesemia, and 

hypochloremia.[24] Other metabolic side effects of 

loop diuretics include dehydration, hyperuricemia, 

and hyperlipidemia. In some cases, treatment with 

loop diuretics may also lead to ototoxicity and 

hearing loss.[25]  

Side effects of the Mineralocorticoid receptor 

antagonists:  

The major adverse effect of mineralocorticoid 

receptor antagonists is hyperkalemia. These drugs 

may also produce metabolic acidosis by reducing 

the excretion of hydrogen ions. Additional side 

effects include erectile dysfunction and 

gynecomastia in men, as well as menstrual 

irregularities in women.  

Hydralazine:    

Hydralazine may produce adverse effects such as 

headache, flushing, palpitations, dizziness, and 

symptoms of hypotension, mainly due to 

stimulation of the sympathetic nervous 

system.[33]Hydralazine has also been linked to 

drug-induced lupus erythematosus, hemolytic 

anemia, and various other immune-mediated 

reactions.[33]  

Clonidine  

Common adverse effects of clonidine include 

drowsiness, headache, dizziness, irritability, 

nausea, vomiting, constipation, upper abdominal 

discomfort, and bradycardia. In rare cases, serious 

reactions such as angioedema, atrioventricular 

block, and severe hypotension may also occur.[40]  

Minoxidil  

Minoxidil treatment is commonly associated with 

hirsutism, characterized by excessive hair 

growth.[44]  

Alpha-blockers  

Alpha-blockers may cause tachycardia and 

orthostatic hypotension due to venous dilation.[34]  

Contraindication 

Thiazide-type diuretics are contraindicated in 

anuric patients and in those with known 

sulfonamide hypersensitivity[29]. 

Calcium channel blockers are contraindicated in 

patients with a known hypersensitivity to these 

agents[30]. Non-dihydropyridine calcium channel 

blockers are contraindicated in patients with heart 

failure or reduced left ventricular ejection fraction, 

sick sinus syndrome, and second- or third-degree 

atrioventricular block.[30] Dihydropyridine calcium 

channel blockers should be avoided in cardiogenic 

shock, severe aortic stenosis, and unstable angina. 

Caution is also advised when prescribing these 

agents in patients with hepatic   impairment[36][35] 

ACE inhibitors are contraindicated in patients with 

prior hypersensitivity to these agents, a history of 

ACE inhibitor–associated angioedema or other 
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forms of angioedema, pregnancy, or concurrent 

use of aliskiren.[45] Relative contraindications 

include volume depletion, impaired renal function, 

and aortic valve stenosis.[45] ARBs are 

contraindicated in pregnancy[39]. Concomitant use 

of ACE inhibitors and ARBs is generally 

discouraged. Relative contraindications to ARB 

therapy include volume depletion, concomitant 

use of agents that increase serum potassium, and 

impaired renal function[39]. 

Beta-adrenergic antagonists are contraindicated in 

patients with asthma, particularly with 

nonselective agents. Relative contraindications 

include hypotension and bradycardia, and some 

clinicians advise avoiding beta-blockers in the 

setting of cocaine-induced coronary vasospasm 
.[32] 

Loop diuretics are contraindicated in individuals 

with sulfonamide hypersensitivity, in anuric 

patients, and in those with hepatic coma.[24] 

Potassium-sparing diuretics should not be used in 

patients with chronic kidney disease or preexisting 

hyperkalaemia, and they require caution when 

coadministered with ACE inhibitors, ARBs, or 

aliskiren[46].This drug class is contraindicated in 

patients with a known hypersensitivity to its 

agents. 

Clonidine is contraindicated in individuals with 

hypersensitivity to alpha-2 agonists and should be 

used with caution or avoided in patients with 

depression or those who have recently experienced 

a myocardial infarction. [40] 

Hydralazine is contraindicated in individuals with 

a documented hypersensitivity to the drug. It may 

provoke sympathetic activation in patients with 

coronary artery disease, and in those with 

rheumatic mitral valve disease it can raise 

pulmonary artery pressure[47][33]. 

Minoxidil is contraindicated in pregnant and 

breastfeeding women and in patients with known 

hypersensitivity to the drug[44]. 

Alpha-adrenergic blockers are contraindicated in 

patients with a history of orthostatic hypotension 

and in those concurrently taking 

phosphodiesterase inhibitors.[41] 

Monitoring  

Thiazide and loop diuretics frequently produce 

hypokalaemia, whereas potassium-sparing agents 

are associated with hyperkalaemia [24][29]. Patients 

taking diuretics require regular electrolyte 

monitoring, and those on thiazide or loop diuretics 

should also have serum uric acid checked[24][26]. 

Patients receiving loop diuretics should be 

assessed for ototoxic effects, including hearing 

loss, as part of routine monitoring [24]. 

Hyperkalaemia is a recognized complication of 

ACE inhibitor and ARB therapy, and the risk is 

amplified when these drugs are coadministered 

with potassium-sparing diuretics. In patients with 

chronic kidney disease, serum potassium should 

be monitored closely when prescribing ACE 

inhibitors, ARBs, or potassium-sparing agents [39]. 

ACE inhibitors and ARBs can precipitate acute 

kidney injury; therefore renal function should be 

monitored regularly during treatment [45][39]. 

Patients treated with dihydropyridine calcium 

channel blockers should be monitored for 

hypotension and peripheral oedema. Heart-rate 

surveillance is important with 

non-dihydropyridine CCBs and beta-blockers 

because both classes can cause bradycardia, 

particularly when used together. Additionally, 

QTc monitoring is indicated for patients receiving 

sotalol .[30][32]  
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Patients prescribed alpha-adrenergic antagonists 

should be monitored for orthostatic hypotension 

and the emergence of tachyarrhythmias [34][41]. 

When patients are treated with hydralazine, 

periodic complete blood counts and antinuclear 

antibody testing are recommended.[33] Heightened 

vigilance is warranted if patients develop 

arthralgia, fever, or other systemic symptoms, as 

these may signal serious adverse effects [48] 

Toxicity 

Thiazide and loop diuretic toxicity commonly 

produces electrolyte disturbances—primarily 

hypokalaemia and hyponatremia—and can lead to 

hyperchloremic metabolic alkalosis and marked 

volume depletion. No specific antidotes exist; 

management is supportive, focusing on fluid 

resuscitation and correction of electrolyte 

imbalances.[24] 

Toxicity from potassium-sparing diuretics 

typically manifests as significant hyperkalaemia. 

Management involves discontinuing agents that 

raise serum potassium, initiating IV fluids, and 

administering stabilizing and shifting therapies 

such as IV calcium gluconate, IV insulin with 

glucose, and sodium bicarbonate as indicated, 

along with potassium-binding resins or other 

removal strategies[46]. 

Non-dihydropyridine calcium channel blocker 

overdose primarily impairs myocardial 

contractility and conduction, producing 

bradycardia, hypotension, and potentially 

complete heart block or idioventricular rhythms. 

Dihydropyridine toxicity mainly produces 

profound peripheral vasodilation with marked 

hypotension and less direct chronotropic effect. 

Initial management includes IV fluid resuscitation 

for hypotension, IV atropine or temporary 

transcutaneous/transvenous pacing for 

bradycardia, and IV calcium chloride or calcium 

gluconate if hemodynamic status does not respond 

to fluids. If hypotension persists, vasopressor 

support should be considered.[30] 

ACE inhibitor and ARB overdose may produce 

marked hypotension, hyperkalaemia, and 

hyponatraemia. There are no specific antidotes; 

treatment is supportive with intravenous fluids and 

appropriate measures to manage hyperkalaemia. 
[31] 

Beta-blocker overdose, similar to calcium channel 

blocker toxicity, typically produces hypotension 

and bradycardia and can progress to second- or 

third-degree atrioventricular block. Initial therapy 

includes IV glucagon; additional supportive 

measures such as fluid resuscitation and temporary 

pacing may be required if patients do not 

respond.[32] 

Hydralazine overdose may produce profound 

hypotension, reflex tachycardia, and cutaneous 

flushing, and in severe instances can progress to 

cardiogenic shock or myocardial ischemia. No 

specific antidote exists; management is supportive 

with IV fluids and vasopressors for refractory 

hypotension, and beta-blockers may be employed 

to control marked tachycardia.[33] 

Clonidine overdose typically presents with 

lethargy, hypotension, bradycardia, and miosis, 

and may progress to respiratory depression in 

severe cases. Management is supportive, including 

IV fluids and vasopressors (commonly dopamine 

or norepinephrine); IV atropine can be used for 

significant bradycardia, and temporary pacing 

reserved for atropine-refractory cases.[49] 

Minoxidil overdose typically produces 

tachycardia and hypotension; treatment is 

supportive, focusing on IV fluids and vasopressor 

therapy as needed.[44] 
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Alpha-adrenergic antagonist overdose can result in 

profound hypotension; management is supportive, 

with IV fluid resuscitation and vasopressor therapy 

as first-line measures.[50] 
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