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ABSTRACT 

Background: One of the most common and controllable risk factors for cardiovascular 

morbidity and death globally is hypertension, which is defined by the 2017 ACC/AHA 

recommendations as a persistent rise of systemic arterial blood pressure at or above 130/80 

mmHg. Over 1.28 billion adults worldwide are affected, yet less than half receive appropriate 

therapy [1,2]. 

Objective: The physiology of blood pressure regulation, the complex pathophysiology of 

hypertension, its clinical consequences, and the receptor-level processes by which the main 

antihypertensive medication classes work are all collected in this overview. 

Methods: PubMed literature, reputable pharmacology and physiology textbooks, and 

recommendations from the WHO, JNC 8, and ACC/AHA were used in a narrative synthesis. 

Results & Conclusion: Pressure inside blood vessels depends on how hard the heart pumps, 

how narrow the arteries are, how kidneys handle salt, a hormone chain called RAAS, along 

with nerve signals that adjust bodily functions moment to moment. When tiny blood vessel 

linings fail to work properly, when body's alert system runs too high, when cells face 

chemical imbalance, or kidneys respond poorly, higher pressure often follows. Treatment 

choices like water pills, heart-slowing drugs, artery relaxers, enzyme blockers, or receptor 

shields rely heavily on what else is wrong in the person and what’s driving their condition 

beneath symptoms. Figuring out which drug pairs work best over time, helping those whose 

levels stay high despite treatment, plus making sure people everywhere get proper care 

regardless of country income - these remain open questions worth exploring next. Despite 

progress, uneven reach across regions leaves some without needed solutions even now. 
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1. INTRODUCTION 

High blood pressure, often called hypertension, happens when force against artery walls stays 

too high over time. Though it can be changed to lower risks, it still drives heart problems 

around the world - like heart attacks, strokes, weak hearts, and failing kidneys [1, 2]. Around 

1.28 billion adults between ages 30 and 79 live with this issue across the globe [11]. Even 

with better tests and treatments now available, many people either do not know they have it 

or fail to keep it under control - a sign that handling it well remains tough [8]. What follows 

pulls together up-to-date understanding about how blood pressure works normally, why it 

goes wrong in hypertension, what harm it causes in practice, along with drugs used to treat it 

- including exactly how different medicines bring down levels. 

 

2. Physiology of Blood Pressure Regulation 

Most of the time, blood pressure in arteries stays steady thanks to nerves, hormones, and 

kidney activity working together. It changes when needed so organs get enough flow without 

harming blood vessels. What really shapes blood pressure? That comes down to how much 

blood the heart pumps and how tightly small vessels resist its movement. These two things - 

how hard the heart works and how narrow the pipes are - set the level. One well-known way 

to show this uses multiplication: pressure equals pump volume times vessel tightness [16]. 

 

Heart pumps blood in a way that depends on how fast it beats and how much comes out each 

time. What sets the beat? Mainly nerves running automatically - some speed things up, others 

slow them down. How much blood moves per beat links to three factors: how full the heart 

gets before squeezing, how hard it must push against resistance, plus how strongly muscle 

fibers tighten when they fire. Each part plays its role without fanfare. 

 

Arteriole width sets Total Peripheral Resistance. What those tiny vessels do depends on 

nearby signals - chemicals from vessel linings that relax or tighten them. Nerves pitch in too, 

especially messages tied to the body's stress response. Hormones floating through blood also 

join, like angiotensin II and adrenaline types. Each piece shifts how much pushback the 

bloodstream meets. 
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Key regulatory systems include: 

Pressure sensors sit in the neck and major artery near the heart. When blood pressure shifts, 

these detectors respond quickly. Instead of waiting, they adjust nerve signals that go to the 

heart and vessels. This shift helps stabilize pressure within seconds. The body uses this loop 

only for immediate corrections. Nerve activity rises or falls depending on what the sensors 

pick up. Quick response matters most here. These adjustments do not last long. Each 

correction fades as conditions change again. Signals slow when pressure normalizes. Fast 

feedback keeps things steady for now. This system works nonstop but resets often. It does not 

handle long-term balance. 

Blood pressure control over time ties closely to a hormone pathway called RAAS. When 

kidney blood flow drops, the organ puts out renin. That substance changes angiotensinogen 

into angiotensin I. Next step happens mainly in the lungs - ACE turns that into angiotensin II. 

Strong vessel tightener? Yes, it also revs up nerve signals linked to stress. On top of that, it 

tells adrenal glands to free aldosterone. Salt and water get held back in the body because of 

this. All these shifts help manage how much fluid stays inside the system. 

Water balance gets a boost when the back part of the pituitary lets out ADH, also known as 

vasopressin. This hormone tells kidney tubes to pull more fluid back into the body instead of 

sending it out. Alongside that shift, blood vessels tighten just a bit. Because of these twin 

effects, overall blood amount rises slightly. Pressure inside the arteries tends to follow that 

increase. Evidence supports this chain linked to higher BP [16]. 

From heart chambers under pressure, signals emerge - atrial natriuretic peptide shows up 

when the atria swell; brain natriuretic follows ventricular strain. These messengers push salt 

loss through urine, pull water out with it, open blood vessels wider. Instead of tightening 

systems like RAAS or ADH do, they ease them. Their role? Balancing overload by working 

against retention and constriction [16]. 

Most blood pressure control over time links to kidney function. These organs manage fluid 

levels outside cells, mainly by removing salt plus liquid. When kidneys struggle to handle 

sodium properly, high blood pressure often follows. This imbalance plays a core role in 

developing hypertension [16]. 

 

3. Pathophysiology of Hypertension 

Most high blood pressure cases - around 90 to 95 percent - have no clear underlying trigger; 

doctors call this primary hypertension [2, 19]. Instead of a single cause, it's more like several 

systems misfiring at once. Pressure stays elevated because the body's usual ways of balancing 
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it go off track. Among the main players: stress on vessel walls, kidney function shifts, 

hormone imbalances, and how nerves manage circulation 

 

Heart rate rises when the sympathetic nervous system stays active too long. Blood vessels 

tighten at the same time. Muscle contractions in the heart grow stronger. Pressure builds in 

circulation because of these shifts. Stress pushes this pattern forward. Extra body weight 

contributes just as much. Some people inherit a tendency for it. These factors combine 

without needing dramatic triggers. 

When the body's blood pressure control system runs too hard, it makes extra angiotensin II 

and aldosterone. Because of this imbalance, blood vessels stay tight longer than they should. 

Fluid builds up since more salt and water get held in the bloodstream. The walls of arteries 

change shape over time due to constant strain. All these shifts push blood pressure higher [2, 

18]. 

Inside blood vessels, the endothelium helps control how they tighten or relax. It makes 

substances that open them up, like nitric oxide and prostacyclin, while also releasing ones 

that narrow them, such as endothelin-1. When blood pressure stays high, this layer often does 

not work well anymore. There is less active nitric oxide around, plus a shift toward narrowing 

instead of widening. That change raises resistance in arteries and makes vessel walls stiffer 

[18]. 

Vessels change shape when blood pressure stays high for too long. Thickening and scarring 

appear in the artery walls because of it. As a result, the opening inside narrows while the 

tissue gets stiffer. These shifts make it harder for blood to flow through. Resistance climbs 

higher, pushing the condition forward [18]. 

Most people with high blood pressure struggle to flush sodium through their kidneys. This 

trouble builds up fluid outside cells, pushing blood pressure higher. Faulty genes, too much 

salt in meals, or an overactive hormone system can each play a role. Each piece adds weight 

to the whole problem [2, 20]. 

When cells stop responding well to insulin - common in people carrying extra weight - the 

body may react by raising blood pressure. This link ties into broader metabolic issues that stir 

up trouble in multiple ways. One path involves the nervous system becoming overactive. 

Another way shows up in how kidneys hold on to salt. Blood vessel function also tends to 

decline under these conditions. These shifts together help explain why high blood pressure 

appears more often alongside insulin problems [18]. 
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4. Pharmacological Management 

Lowering blood pressure to safe numbers sits at the heart of treating high blood pressure with 

medicines, aiming to protect the heart and kidneys over time. Guidelines today push for care 

shaped by a person's age, health background, ethnic origin, and whether organs show stress 

from high pressure [1, 12, 13]. Eating better - think less salt, more vegetables - or sticking to 

an active routine matters just as much as pills do, even when drugs enter the picture early on 

[2, 20]. Weight control along with careful drinking habits rounds out what most people need 

right from the start, no matter which medications follow. 

 

Most treatment plans start using either one or two main medicines. When blood pressure 

targets aren’t met, doses get adjusted - sometimes extra medications are brought in. Diuretics 

often play a role. Beta-blockers help manage strain on the heart. Calcium channel blockers 

change how vessels respond. Medicines that quiet the ACE pathway appear commonly too. 

So do those targeting angiotensin receptors. Choices depend on patient patterns. Evidence 

supports these groups most [3, 17]. 

 

5. Mechanism of Action of Antihypertensive Drugs 

Some blood pressure medications work by changing how the body controls pressure inside 

vessels. Because these medicines act differently at cell sites or through whole systems, 

picking them needs careful thought - how they pair up matters just as much. 

 

5.1 Diuretics 

Blood pressure drops when diuretics help kidneys get rid of salt and water. This cuts down on 

blood volume, lessens heart pumping strength, also slowly eases artery tension if used 

regularly. Starting treatment often means picking drugs like hydrochlorothiazide, 

chlorthalidone, or indapamide - they block salt-chloride movement in kidney tubes. These 

types work well when high blood pressure isn’t tangled up with other issues. Stronger options 

such as furosemide, bumetanide, or torsemide target a different pump in the kidney; they 

handle excess fluid better, useful when kidneys struggle or swelling exists. Some medicines 

spare potassium by shutting off tiny sodium gates - examples are amiloride and triamterene - 

or by countering hormone signals, seen with spironolactone and eplerenone. Because most 

water pills drain potassium too fast, these offer balance without dangerous lows. 
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5.2 Beta-Blockers 

Starting off differently each time helps clarity. Beta-blockers take up space where stress 

hormones usually bind, slowing the heartbeat along with how hard the heart squeezes, 

lessening blood pumped per minute plus cutting down on a kidney enzyme tied to blood 

pressure. Some types – like metoprolol, atenolol, and bisoprolol – mostly stick to one kind of 

receptor found mainly in the heart. Others such as propranolol and nadolol affect two kinds, 

reaching into lungs and blood vessels too. On another path entirely, carvedilol and labetalol 

also interfere with alpha-1 sites, which eases artery tension more widely. 

 

5.3 Calcium Channel Blockers 

When calcium channels of the L-type are blocked by CCBs, less calcium enters cells, which 

helps blood vessels relax. Blood vessel walls respond strongly to dihydropyridines like 

amlodipine, nifedipine, and felodipine. These include medications that mainly target 

circulation outside the heart. Verapamil and diltiazem work differently because they also 

lower pulse rates while delaying electrical signals between heart chambers. 

 

5.4 ACE Inhibitors 

Starting off, ACE inhibitors stop angiotensin I from turning into angiotensin II while also 

slowing down how fast bradykinin breaks apart. Because of this shift, blood vessels tighten 

less often, the body releases smaller amounts of aldosterone, and nerve signals that rev up 

heart activity ease up. Yet here’s a twist: more bradykinin hanging around leads directly to 

certain reactions like persistent coughing or sudden swelling beneath the skin. Patients might 

get prescribed one of several familiar names – lisinopril shows up frequently, just like 

enalapril does, along with ramipril and perindopril making regular appearances too. 

 

5.5 Angiotensin Receptor Blockers 

Starting off differently, ARBs shut down angiotensin II by targeting just the AT1 spot, so 

blood vessels stay relaxed while adrenaline signals drop – bradykinin stays untouched all 

along. Because of that shift, coughing fits and swelling happen far less often compared to 

certain older drugs. For people who can’t handle ACE inhibitors, these become a go-to choice 

instead. Among them: losartan stands out early, then valsartan follows, with candesartan 

joining next; after come telmisartan and finally irbesartan. 
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5.6 Other Antihypertensive Agents 

Some blood pressure drugs, like prazosin or doxazosin, work by opening up small blood 

vessels through a specific receptor block. Instead of targeting blood vessels directly, 

clonidine and methyldopa calm down nerve signals coming from the base of the brain, which 

slows the heartbeat. Medicines such as hydralazine loosen the walls of arteries, yet often 

cause the body to speed up the pulse and hold onto water - so they usually need help from 

other pills that slow the heart and remove extra fluid. Aliskiren steps in right at the start of a 

key hormone system, stopping a critical change that would otherwise kick off a chain 

reaction raising blood pressure. 

 

6. CONCLUSION 

High blood pressure continues to affect many people worldwide, calling for clear insights 

into how it develops and how best to handle it. Starting deep inside the body, nerve signals 

team up with hormone activity and kidney function to keep blood pressure steady - when any 

part falters, trouble can begin. Even though medicines have advanced, hitting the right 

numbers stays difficult for plenty still struggling day after day. Some treatments aim at 

different points in the process, but results often fall short despite effort. Lately experts point 

toward checking personal risk more closely while tracking readings at home gains ground 

slowly. Still unanswered: whether tailored therapies work better over time, if app-based tools 

deliver lasting change, or what new paths might help those who do not respond to usual drugs 

[8,9,10]. One path forward lies in hunting down signs inside the body that reveal how 

someone might react to medication. Figuring out fresh ways to cut through delays in starting 

needed treatments could shift momentum. Getting proven guidelines into everyday clinics 

demands smarter methods, not just more papers. Teams mixing different specialties may find 

better traction when diet and exercise join custom medicine plans. Slowing heart and kidney 

damage from high blood pressure hinges on these combined efforts worldwide. 
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