Pre prints.org

Review Not peer-reviewed version

Combination Therapy in Hypertension:
Renin-Angiotensin-Aldosterone System
Inhibitor with a Diuretic or Calcium
Channel Blocker

Md. Arafat Hossain ~

Posted Date: 25 July 2024
doi: 10.20944/preprints202402.0835.v3

Keywords: Hypertension; calcium channel blocker; combination therapy; thiazide diuretics; Renin-
angiotensin-aldosterone system inhibitor

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3321874

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 July 2024 doi:10.20944/preprints202402.0835.v3

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

Combination Therapy in Hypertension:
Renin-Angiotensin-Aldosterone System Inhibitor
with a Diuretic or Calcium Channel Blocker

Md. Arafat Hossain

Department of Pharmacy, Bangabandhu Sheikh Mujibur Rahman Science and Technology University,
Gopalganj 8100, Bangladesh; mdarafathossain745@gmail.com

Abstract: Hypertension is a frequent risk factor for cardiovascular diseases and the prevalence rate is
continuously rising. Multiple pathophysiological mechanisms are responsible for hypertension, necessitating a
combination of drugs from different classes for best management. Combination therapy is five times more effective
in decreasing blood pressure compared to escalating the dose of a single agent. As per the ACCOMPLISH trial
analysis, coupling a renin-angiotensin system inhibitor with a calcium channel blocker is more effective than the
combination of a renin-angiotensin system inhibitor with diuretics in reducing major cardiovascular events,
cardiovascular-related mortality, and the progression of chronic kidney disease. The renin-angiotensin system can
be suppressed by inhibiting the angiotensin-converting enzyme or angiotensin type 1 receptor (AT1R), resulting in
decreased vascular smooth muscle contraction, heart performance, and reduced aldosterone synthesis. Calcium
channel blockers work by inhibiting L-type calcium channels, reducing heart performance via negative inotropic,
chronotropic, and bathmotropic effects, along with reducing vascular smooth muscle contraction. Diuretics exert
their antihypertensive impact by changing body fluid volume and electrolytes. Initially, hypertension treatment
commences with a single medication but often, different classes of two or more antihypertensive medications are
necessary for achieving the target blood pressure goal. Sometimes, for Resistant hypertension four different classes
of antihypertensive medications are necessary to reach the target blood pressure goal.

Keywords: hypertension; calcium channel blocker; combination therapy; thiazide diuretics;
renin-angiotensin-aldosterone system inhibitor

1. Introduction

Hypertension is the most prevalent and major risk factor for cardiovascular diseases (CVD) [1,2],
which competitively increases CVD risk three times more than normotensive persons the same age
[3]. The most common CVD is coronary disease [4-6], left ventricular hypertrophy [7], valvular heart
disease [8], cardiac arrhythmia causes fibrillation of the atrium [9,10], cerebral stroke [11,12], and
renal failure [13-16]. The prevalence rate of Hypertension is comparatively less in higher-income
countries, about 349 million, than in lower-middle-income countries, nearly 1.04 billion, while the
prevalence rate increased by 7.7% from 2000 to 2010 [17]. The USA prevalence rate was estimated at
29% [18]. Every year, globally, around 7.5 million (12.8% of the world population) deaths occur
associated with hypertension [19,20]. Hypertension means chronic enhancement of systemic arterial
pressure [21-24]. According to the National Institute for Health and Care Excellence (NICE)
guidelines [25], clinically measured blood pressure (BP) >140/90 mmHg is diagnosed as hypertension.
The Eighth Joint National Committee (JNC-8) [26] recommended the target blood pressure goal
<150/90 in the general population aged 60 or older and others aged <140/90 who suffer from either
diabetes [27,28] or chronic kidney disease [29-31] or both. BP is controlled primarily by renal sodium
excretion, which interferes with total plasma and body volume, cardiac performance [32,33], and
blood vessel muscle tone [34,35]. Some factors, including salt intake, insulin resistance, obesity, and
endothelial dysfunction influence normal BP [36]. The genetic mutation also may cause
Hypertension, such as the M235T polymorphism of the angiotensinogen gene [37]. Multiple
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pathophysiological mechanisms are responsible for hypertension [36]. Using a single medication to
achieve the objective blood pressure goal is often impossible because compensatory response
stimulates another mechanism. Approximately 75% of patients fail to meet the desired blood pressure
goal while utilizing monotherapy [38,39]. Monotherapy approximately controls arterial pressure in
only 50-60% of all hypertensive patients [40]. Combination therapy promotes tolerability by
counteracting the side effects of each drug. The adherence rates increase by about 26% when patients
get a single-pill combination [41]. Single-pill combination means the lower doses of two or more
drugs combined into one tablet, considerably enhancing patient compliance [42-44]. Combining
complementary classes of medication is five times more effective in decreasing blood pressure
compared to raising the dose of a single agent [45]. So, combining therapy to achieve maximum
therapeutic effect is logical. Various classes of antihypertensive drug combinations are available,
including angiotensin receptor blocker (ARB)-Diuretic, (3-Adrenoceptor Antagonist-Diuretic,
angiotensin-converting enzyme inhibitor (ACEI)-Diureticc, ACEI-CCB (calcium channel blocker),
ARB-CCB, ACEI-ARB, Centrally Acting Agents-Diuretic [46], in which currently, most preferred
combination is renin-angiotensin system inhibitor plus diuretics or a calcium channel blocker [47].
This paper’s goal is a comparative analysis of the most frequently used combination: RAAS inhibitor
with diuretics or a calcium channel blocker.

2. Rationale for Usage

2.1. Renin Angiotensin Aldosterone System

Renin-angiotensin aldosterone system (RAAS) [48,49] is a complex system comprising many
peptides, receptors, and enzymes [50]. RAAS is considered a key element in maintaining the
hemostatic of the body fluid, electrolytes, and arterial blood pressure [51]. The juxtaglomerular
epithelioid cells [52,53], are found in the wall of renal afferent arterioles near the entrance of
glomerular capillary networks, where most of the renin is synthesized. It functions as an aspartyl
protease and is released from these cells in response to negative feedback for renal perfusion and
blood pressure. The renin is encoded by chromosome 1 (1q32) containing the gene. It first produces
a 406 amino acid pre-prorenin protein, which penetrates the rough endoplasmic reticulum. Here, a
pre-part, 23 amino acids (signal peptide) are broken down and converted into prorenin (386 amino
acids). Prorenin then moves to the Golgi apparatus where it is glycosylated. This prorenin is
transformed into renin (340 amino acids) by prohormone convertases and the enzyme cathepsin B
[54,55]. Angiotensinogen [56-58] is mostly produced by hepatocytes, adipocytes, proximal tubule
epithelial cells, and astrocytes [59,60]. It is then quickly released into the extracellular space. The
angiotensinogen gene, which has five exons and four introns, is located on chromosome 1 (1q42.2).
Angiotensinogen protein has 485 amino acids, composed of a mature protein of 452 amino acids and
a signal peptide of 33 amino acids [61].

Angiotensinogen is the only substrate for renin in the RAAS. Renin converts angiotensinogen into
the decapeptide angiotensin I by cleaving the first ten amino acids from the N-terminal by proteolytic
activity [62]. Subsequently, it undergoes conversion into the bioactive molecule angiotensin II by
dicarboxylic peptidase angiotensin-converting enzyme (ACE), which cleaves two amino acids from the
C-terminal of angiotensin I (Figure 1) [63] and simultaneously breaks down and inactivate the vasodilator
bradykinin [64,65]. ACE is abundantly present on the luminal surface of vascular endothelia of the lung
and less found in the kidney. angiotensin I is biologically inactive and serves as a precursor for angiotensin
II [66-68]. Since angiotensin I is formed from angiotensinogen, whose activation is prompted by the
rising plasma renin. So, renin is the first and rate-limiting step in RAAS [69]. Active Angiotensin II
interacts with the plasma membrane receptors known as angiotensin type 1 (AT1) and type 2 (AT2)
subtypes [70-72]. AT2 is mainly expressed in the brain, and adrenal glands, and has lower expression in
other body organs. Activation of AT2 contributes to the suppression of vascular smooth muscle
development and smooth muscle relaxation. In adult coronary arteries and the aorta, the presence of low-
level AT2 receptors may aid in protecting tissues against ischemia. AT2 largely has a role in organ
morphogenesis and prenatal development [73-75].
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Figure 1. Drug action site of Angiotensin II synthesis pathway.

However, most of the physiological effects are mediated by the AT1 receptors. The AT1 receptor,
present in the smooth muscle of the vascular wall, elicits considerable muscular contraction through
the Gq class of G protein-coupled receptor (GPCR) signaling pathways [76,77]. When angiotensin II
binds to the AT1 receptor found in smooth muscle, it initiates the activation of phospholipase C,
responsible for hydrolyzing phosphoinositide into diacylglycerol (DAG) and inositol trisphosphate
(IP3). IP3 activates both endoplasmic reticulum and cell membrane calcium channels, leading to a
rise in intracellular calcium concentration. calcium binds to calmodulin, generating a calcium-
calmodulin complex that activates myosin light chain kinase (MLCK). Consequently, MLCK
phosphorylates the myosin light chain (MLC), resulting in the contraction of smooth muscle (as
depicted in Figure 3) [78,79].

Previously, we mentioned that ACE inactivates the vasodilator bioactive product, Bradykinin.
In normal physiology, Bradykinin interacts with endothelial-expressed bradykinin receptor type 2
(B2R) [80,81]. This interaction activates Gaq/11 signaling pathways, consequently, increasing
cytoplasmic calcium concentration. The Calcium interacts with calmodulin, forming a calcium-
calmodulin complex, that activates endothelial nitric oxide synthase (eNOS). eNOS is responsible for
the conversion of L-arginine to L-citrulline, in this process, nitric oxide (NO) is reduced as a
byproduct, which subsequently flows to the vascular smooth muscle [82]. In the smooth muscle, NO
activates soluble guanylyl cyclase, which converts guanosine triphosphate (GTP) to cyclic guanosine
monophosphate (cGMP). This activation subsequently activates cGMP-dependent protein kinase I
(cGK ). The activated cGKI is responsible for the closing of the endoplasmic reticulum calcium
channel and the dephosphorylation of the myosin light chain. Consequently, this allows smooth
muscular relaxation (as depicted in Figure 3) [83,84].

Angiotensin II also stimulates the synthesis and release of aldosterone, a steroid hormone
generated from cholesterol within the mitochondria of the zona glomerulosa cells in the adrenal
cortex [85]. AT1IRs, present in these adrenal zona glomerulosa cells, belong to the Gq/11 family of
GPCR-type proteins. The binding of angiotensin II on this receptor initiates the activation of
phospholipase C- (PLCf), which in turn hydrolyzes phosphoinositide into diacylglycerol (DAG)
and inositol trisphosphate (IP3) [86]. IP3 binds to the endoplasmic reticulum receptors, notably IP3R1,
IP3R2, and IP3R3, resulting in the opening of calcium channels and increasing the cytoplasmic
calcium concentration. This rise in calcium concentration causes the acceleration of aldosterone
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production and exocytosis of aldosterone vesicles via the activation of calcium/calmodulin-
dependent kinases (CaMKs). Activated CaMKs stimulate the production of aldosterone synthetase
CYP11B2 in cells, promoting the conversion of corticosterone to aldosterone. Simultaneously,
diacylglycerol (DAG) activates protein kinase C (PKC), commencing a sequence of events where PKC
and CaMKs collectively increase the amounts of steroidogenic acute regulatory protein (StAR). StAR
possesses a cholesterol-binding site. following numerous intermediary stages, cholesterol ultimately
undergoes conversion into aldosterone (as depicted in Figure 2) [87,88].
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Aldosterone acts on the principal cells, located on the late distal tubule and collecting ducts of
nephrons. Aldosterone is responsible for enhancing sodium reabsorption, promoting water retention,
and increasing potassium excretion. Aldosterone is a mineralocorticoid, that quickly crosses the cell
membrane and binds with intracellular mineralocorticoid receptors (MR) [89]. As a result, the
production of serine/threonine protein kinase 1 (SGK 1) is increased and converted to active form
through phosphorylation. Once active, SGK 1 phosphorylates ubiquitin ligase Nedd4-2, commencing
its interaction with 14-3-3 proteins. The free ubiquitin ligase Nedd4-2 has a crucial role in suppressing
the surface expression of the endothelial sodium channel (ENaC). Consequently, the density of ENaC
on the apical membrane increases approximately 2-5 times. The high concentration of luminal Na+
flowing through ENaC generates a negative charge into the lumen, forcing the potassium ion
secretion through the renal outer medullary potassium channel (ROMK) and chloride absorption (as
depicted in Figure 2). Moreover, aldosterone also increases the transcription of the a and 8 subunits
of the Nal-K1-ATPase, accelerating the counter-transport mechanism for Na+ and K+ over the
basolateral side [90]. In mice, the angiotensin AT1 receptor is expressed in the organum vasculosum
of the lamina terminalis (OVLT) and the subfornical organ (SFO). In these areas most of the neurons
are glutaminergic, their axon terminated to the paraventricular nucleus (PVN) of the hypothalamus.
Within the PVN, magnocellular neurons are responsible for the synthesis of arginine vasopressin
(AVP), that are stored in the posterior pituitary gland.

Additionally, the PVN contains parvocellular neurons whose axonal extensions regulate the
autonomic nervous system. Upon angiotensin binding to the AT1 receptor, increases the production
of arginine vasopressin and simultaneously stimulates the sympathetic outflow [91]. Besides,
substantial morphological evidence demonstrates that the axonal efferent from SFO is projected to
the supraoptic nucleus. Intraventricular (i.v.t.) injection of Angiotensin II binds to both SFO and
OVLT expressed AT1 receptor, activates vasopressin production, and considerably elevates AVP in
plasma [92]. in summary, angiotensin II strongly increases sympathetic outflow and AVP in
plasma. The released vasopressin binds to the Gs class GPCR type V2 receptor in the principal cells
of the distal tubule and collecting duct of the kidney. This binding results in a rise of cyclic adenosine
monophosphate (cAMP) concentration through the activation of adenyl cyclase. Subsequently, cAMP
stimulates protein kinase A (PKA), which phosphorylates intracellular storage vesicle Aquaporin 2
(AQP-2), enabling the migration and insertion of AQP-2 into the apical membrane. Water passage
via AQP-2 raises blood volume, potentially contributing to elevated blood pressure. Additionally,
vasopressin binds to the Gq class GPCR type V1 receptor in vascular smooth muscle. This interaction
stimulates the activation of protein kinase C (PKC). The resultant signaling cascade ultimately leads
to blood vessel constriction and heightened peripheral resistance (Figure 3) [93-95].

Angiotensin Il stimulates the thirst center, causing feeling thirsty and increasing water intake,
so high blood volume may increase BP [96,97]. The overactivation of the sympathetic nervous system
(SNS) leads to increased secretion of nor-epinephrine from postganglionic sympathetic fibers [98—
100]. Nor-epinephrine binds largely to myocyte-expressed (-adrenergic receptors, particularly beta-
1 receptors [101,102]. This binding increases intracellular cAMP concentration and activates PKA by
adenyl cyclase. Consequently, a positive ionotropic effect led to an increase in heart rate. Additionally, it
stimulates the secretion of calcium ions from the sarcoplasmic reticulum, resulting in more forceful
contractions of the myocyte, potentially increasing stroke volume and blood pressure [103-105].

Besides, nor-epinephrine (NE) also binds to arteries, arterioles, and veins smooth muscle expressing
al and a2 receptors, beginning downstream signaling cascades. This process, over many steps, activates
calmodulin-dependent myosin light chain kinase, which phosphorylates myosin light chain.
Subsequently, the binding between actin and myosin filaments causes smooth muscle contraction.
Postganglionic sympathetic nerves also release other vasoconstrictor neurotransmitters such as
neuropeptide Y (NPY) or ATP [106]. The axon of the postganglionic sympathetic nerve has angiotensin
receptors. When angiotensin II binds to these receptors, it suppresses the reuptake of nor-epinephrine and
further magnifies peripheral resistance [107]. The Beta-adrenergic receptor expresses the zona
glomerulosa cell. Sympathetic stimulation of this receptor also triggers renin secretion and further
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accelerates the renin-angiotensin-aldosterone system [108]. All the way, directly and indirectly, the
overactivation of the angiotensin aldosterone system contributes to high blood pressure.

Various pharmacological treatments are designed to target specific components within the
RAAS (as depicted in Figure 1). Angiotensin-converting enzyme inhibitors act by preventing the
synthesis of angiotensin II, suppressing the renin-angiotensin-aldosterone system. This action lowers
downstream effects mediated by the AT1 receptor, such as vascular muscle constriction, salt and
water retention, and sympathetic outflow [109]. However, angiotensin I synthesis is not fully
controlled because angiotensin II also synthesized by various additional ACE-independent
alternative pathways in tissues such as chymase, kallikrein, cathepsin G, and elastase- 2 system [110].
Although ACEI is tolerated well in patients, it induces 5% to 35% dry cough and 0.2% to 0.7%
angioedema [111]. ACEI inhibits the enzymatic cleavage of Bradykinin, increased plasma
concentration of Bradykinin, activating the B2 receptor leads to vasodilation. most common ACEI are
Benazepril, Captopril, Cilazapril, Enalapril, Fosinopril, Lisinopril, Moexipril, Perindopril, Quinapril,
Ramipril, Tradolapril, Delapril and Imidapril [112]. AT1 receptor blocker is considered an effective
and well-tolerated antihypertensive drug; selective inhibition of the AT1 receptor not only suppresses
vasoconstriction effect and vascular hypertrophy but also increases angiotensin II through
compensatory response. The highly concentrated angiotensin II may provide further
pharmacological advantages by activating the AT2 receptor subtype. most common AT1 receptor
blockers are Losartan, Valsartan, Irbesartan, Eprosartan, Telmisartan, and Candesartan [113].
Angiotensin receptor blockers (ARBs) don’t affect ACE. As a result, ARBs offer the advantage of
bypassing the side effects created by ACE inhibitors (ACEIs) and avoiding the bradykinin-changing
effect. Aliskiren (ALI) only drug that directly inhibits the renin. This medicine became clinically
available as an orally active antihypertensive treatment and was authorized in 2007 [114]. By
inhibiting the primary rate-limiting phase of RAAS, the activity of renin in plasma declines,
preventing the synthesis of angiotensin II and decreasing aldosterone levels without interfering with
bradykinin metabolism or the AT1 receptor. ACE inhibitors (ACEIs) and ARBs produce a
compensatory response and increase renin levels in plasma, which can lead to inadequate inhibition
of the RAAS system. ACE inhibition increases the angiotensin I level, which might then undergo
conversion to angiotensin II via ACE-independent mechanisms. ARBs enhance the levels of
Angiotensin II, potentially competing for receptor occupancy with the medication [115].
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Figure 3. By blocking of angiotensin system, reduce the effect of norepinephrine (NE), anti-diuretic
hormone (ADH), and angiotensin II on vascular smooth muscle, resulting in the reduction of
vascular smooth muscle contraction. Muscle relaxation is facilitated by bradykinin.

2.2. Calcium Channel Blocker

The calcium channels, biochemically well-defined a complex protein, comprising a pore-forming
alpha (al) 1 subunit, one out of ten, alongside four unique auxiliary subunits: a beta (3), a2, a delta
(®), and a gamma (y) subunit [116]. The biggest al subunit (190-250 kDa) forms a Ca?* permeable
pore. This al subunit of the calcium channel is arranged into four repeating homologous domains,
known as (I-IV), with each domain including tightly packed six transmembrane segments (51-S6).
Within the 54 region sits the gating charges, responsible for starting conformational alterations that
open the pores in response to changes in the electric field. Meanwhile, the pore loop between the
transmembrane segments, S5 and S6 of each domain, modulates ion conductance and selectivity
[117]. The 8 subunit primarily contacts with the inner surfaces of domains I and II of the al subunit,
positioned on the cytoplasmic side. In contrast, the y subunit spans the cell membrane, including four
transmembrane regions that largely interact with domain IV of the al subunit. Additionally, the
proteolytically processed a20 subunit, positioned extracellularly and linked by disulfide connections,
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largely interfaces with the extracellular surface of domains I-III of the alpha 1 subunit [118]. The
alpha 1 subunit functions not only as the pore formation but also determines the channel type.

Voltage-gated calcium channels are classified into three types: Cavl, Cav2, and Cav3. These
channels obtained their names from the chemical symbol of the principal permeating ion (Ca). The
main physiological regulator (voltage) is indicated by a subscript (CaV). The number represents the
CaV channel al subunit gene subfamily (varying from 1 to 3) and the sequence in which the alpha 1
subunit was discovered within that subfamily (from 1 to n) [119]. To date, ten different al subunits,
encoded by the CACNAIx genes, have been found. The Cavl subfamily (CaV1.l to CaV1.4),
represents L-type channels (where ‘L’ stands for Long-lasting). The CaV2 subfamily (CaV2.1 to
CaV2.3), includes P/Q-type and N-type channels. Finally, the Cav3 subfamily (CaV3.1 to CaV3.3),
represents T-type channels [120].

In which the L-type calcium channel is highly expressed on the vascular smooth muscle,
myocyte, and nodal tissue in the heart. The influx of calcium ions through this channel helps maintain
the membrane potential more positively, releasing calcium ions from the endoplasmic reticulum
(calcium-induced calcium release) and stimulating smooth muscle and cardiac myocytes to contract
[121]. All L-type channels have the same pharmacological profile, and their conformational shift is
susceptible to numerous drugs that selectively block L-type calcium channels. This medication
allosterically binds to three separate receptor sites on the L-type calcium channel, inhibiting calcium
influx into the cytoplasm (as depicted in Figure 4) [122].

From a pharmacological and clinical perspective, the calcium channel blocker is classified into
dihydropyridines and non-dihydropyridines. The dihydropyridines (e.g., amlodipine, nifedipine,
felodipine, nimodipine, lacidipine) selectively bind with L-type calcium channel, that expressed on
the vascular smooth muscle, resulting in reduced peripheral resistance due to relaxing vascular
smooth muscle (pronounce vasodilation). Non-dihydropyridine (verapamil, diltiazem) is less tissue-
specific; it binds both cardiac and vascular smooth muscle-expressed L-type calcium channels,
resulting in diminished cardiac output due to negative ionotropic, chronotropic, and dromotropic
effects. Although non-dihydropyridines decrease heart rate dihydropyridine is prone to increase
heart rate due to sympathetic activation by pronounced vasodilation [123,124]. Some of the most
typical side effects associated with dihydropyridine calcium channel blockers are peripheral edema,
lightheadedness, flushing, headaches, and gingival hyperplasia, as well as the treatment with non-
dihydropyridine calcium channel blockers associated with constipation (25%) and bradycardia. In
some cases, CCB increases the tendency of gastrointestinal bleeding, probably in older patients due
to inhibition of platelet aggregation [125]. The calcium channel blocker is used in not only the
treatment of Hypertension but also some other vasospasm-related diseases such as Raynaud’s
phenomenon, migraine and cluster headaches, high-altitude pulmonary edema, and even premature
labor due to its vasodilation effect [126].
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Figure 4. The general mechanism of calcium channel blocker, resulting in vascular smooth muscle
relaxation and reduced heart performance.

2.3. Diuretic

Diuretics are the most frequently used to treat Hypertension [127]. It reduces renal Na* and
water reabsorption (increase Na*and water excretion) through direct action at various tubular sites
of the nephrons [128]. As the class of antihypertensive drugs, diuretics are the second most prescribed
drug [129]. ]NC-8 [26] recommends diuretics as first-line therapy for Hypertension, particularly
emphasizing thiazide-type diuretics. Most recent European and American guidelines also
recommend thiazide-type and thiazide-like diuretics as the first-line drugs in treating Hypertension
[130]. The European Society of Cardiology and European Society of Hypertension (ESC/ESH) [42]
guidelines recommend thiazide diuretics should be regarded as equally effective to beta-blockers,
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calcium antagonists, ACE inhibitors, and angiotensin receptor blockers for the initiation and
maintenance of antihypertensive treatment. for more than 50 years, thiazide diuretics have been the
mainstay treatment option for Hypertension. In the USA and Western Europe, Thiazides are among the
most often prescribed antihypertensive medications, accounting for around 30% of prescriptions [130].

A thiazide diuretic (Chlorothiazide, Hydrochlorothiazide (HCTZ), Bendroflumethiazide
(BDTZ), Polythiazide, Methyclothiazide) contain both benzothiadiazole ring and sulfonamide
moiety. in contrast, thiazide like diuretics (Chlorthalidone (CLTD), Metolazone, indapamide (INDA),
Xipamide) do not present benzothiazole core but contain sulfonamide moiety [131]. Thiazides act as
diuretics due to the inhibition of sodium reabsorption by blocking Na* /Cl- cotransporter (NCC)
located on the apical membrane in the renal distal convoluted tubule where approximately 5-10 %
filtered loaded sodium reabsorption occurs [132,133]. The exact mechanism of thiazide diuretic by
which chronically lower blood pressure remains unclear despite investigation of more than 50 years.
Hypothetically, it is believed that thiazide’s antihypertensive effect is shown by decreasing total
peripheral resistance by its endothelial or vascular smooth muscle-mediated direct vasodilatory
effect via opening the calcium-activated potassium (KCA) channel [134]. In Comparison, CLTD is 1.5-
2 times as potent as HCTZ [135]. CLTN prolongs the action, on average, for 2 to 3 days due to the
reservoir into red blood cells [129]. BDTZ 1.25 mg/day showed a 24-hour antihypertensive effect by
11/7 mmHg with no clinically significant effects on potassium and urate [136]. meta-analysis of dose-
response relationships of HCTZ, BDTZ, and CLTD conducted in 4683 subjects in over 53 comparison
arms found that the potency series was BDTZ > CLTD > HCTZ and to reduce serum potassium by
0.4mmol/L, the doses needed were 4.2, 11.9 and 40.5 mg respectively [137].

Thiazide like a diuretic, INDA reduces systolic blood pressure about 54% more than HCTZ
without evidence for greater adverse effects. Along with its diuretic properties, INDAP also shows
an antihypertensive effect via a calcium antagonist like vasorelaxant effect [130]. The excretion of
calcium ions is reduced by 40%-50% with long-term thiazide therapy [127]. In addition to their
antihypertensive effect, thiazide prevents the development of osteoporosis and bone fractures [138].
Thiazide diuretics may raise LDL cholesterol levels by 5% to 15%, total cholesterol level by 12%, and
triglyceride by 10%; high-density lipoprotein (HDL) cholesterol usually remains stable.

Thiazide induces more frequent Impotence in contrast with other diuretics [139,140]. The two
most frequent side effects associated with thiazide diuretics are hypokalemia and hyponatremia
[141]. Thiazide diuretics have been associated with other side effects, such as hyperuricemia, which
may increase the risk of developing gout, Hyperglycemia leads to impaired glucose tolerance and
may cause the induction of new onset of diabetic and some allergic experiences such as headaches,
rash, hives, swelling of the mouth and lips, wheezing or trouble breathing, asthma attack, and
anaphylaxis due to sulfonamide moiety [142]. Prolonged use of thiazide diuretics was associated with
skin cancer risk [143]. All adverse effects are dose-dependent and can be minimized by using lower
doses [130].

Loop diuretics produce diuresis and natriuresis by blocking the Na*K*2Cl- cotransporter
(NKCC2) on the apical side of epithelial cells in the loop of Henle [144]. In vitro study shows that the
diuretics frusemide does not show direct arterial vasodilator or anti-vasoconstrictor but has a direct
venodilator effect, mediated by local vascular prostaglandin synthesis [145]. Loop diuretics example
is furosemide (formerly frusemide), bumetanide, torsemide, piretanide, azosemide, ethacrynic acid,
indacrinone, muzolimine, ozolinone, xipamide, and tienilic acid. Although loop diuretics show
modest blood pressure diminishing efficacy, the estimated was systolic 7.9 (-10.4 to -5.4) mmHg and
diastolic -4.4 (-5.9 to -2.8) mmHg [146]. Still, JNC 8 [26], the European Society of Hypertension, and
the 2018 European Society of Cardiology guidelines (ESH/ESC) [42], recommend that Loop diuretics
are not often the preferred choice for treating hypertension, due to limited outcome evidence. They
are regarded as less effective than thiazide diuretics in decreasing blood pressure. Therefore, its
principal therapeutic application lies in treating patients with edema-associated illnesses such as
congestive heart failure (HF), cirrhosis with ascites, and nephritic edema [128,147,148].
“Hyponatremia, Hypochloremia, Hypomagnesemia, metabolic alkalosis, Hypokalemia, prerenal
azotemia, dehydration, Hypercholesterolemia, postural Hypotension, Hyperuricemia, gout,
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Hypertriglyceridemia headache, restlessness, Dizziness, vertigo, and syncope are the common
adverse effect of loop diuretics therapy. Other adverse reactions include skin photosensitivity,
myalgias, interstitial nephritis, tinnitus, ototoxicity, deafness, and muscle soreness in patients with
renal failure who receive high doses” [149]

. Potassium-sparing diuretics, such as eplerenone and spironolactone, function as antagonists’
mineralocorticoid receptors (MRs), which are found in the principal cells of nephrons. Both drugs
show antihypertensive efficacy in patients with low-renin or resistant Hypertension. In resistant
hypertensive patients with or without primary aldosteronism, adding a low dose of Spironolactone
(12.5-25 mg/day) to a multidrug regimen that includes an ACEI or ARB, produces a mean decrease
in Systolic/diastolic BP 21/10 and 25/12 mmHg at 6 weeks and 6 months of treatment, respectively
[128]. Despite these benefits, an important limiting factor for the long-term utility of Spironolactone
has been its poor tolerability, especially in male patients at higher doses. The incidence of
gynecomastia with concomitant sexual dysfunction in men increases from 10% to 30% with daily
doses of 25 mg and higher [150].

3. Clinical Trial Evaluation

3.1. Perindopril/Indapamide vs. Placebo (PROGRESS TRAIL)

The perindopril protection against recurrent stroke study (PROGRESS) [151], randomized 6105
patients (mean age 64 years, male 70%, Asian 39%, history of ischemic stroke 71%, previous Cerebral
hemorrhage 11%, transient ischemic attack 22%, Diabetes 12.5%, Coronary heart disease 16%, Current
smoker 20% and Hypertension 48%) with a history of stroke or transient ischemic attack, of whom
3051 patients received perindopril (4mg/day) associate with indapamide (2-2.5 mg/day) in 58% of
patient and 3054 patients received placebo. After a mean follow-up 3.9 years, Combination therapy
with perindopril plus indapamide reduced blood pressure by 12/5 mm Hg while perindopril along
blood pressure reduced by 5/3 mm Hg. The active treatment shows a 28% relative risk reduction in
the primary endpoint of stroke (10% in active vs. 14% in placebo, HR 0.72, [95% CI 17-38%]; p<0-0001).
The active treatment also showed 26% relative risk reduction in the secondary endpoint of the major
vascular event (15% in active vs. 20 % in placebo, HR 0.74, [95% CI 16 to 34%]; p<0.001) and 4%
relative risk reduction of death (41% in active vs. 43% in placebo, HR 0.91, [95% CI -12-18%]).

3.2. Perindopril/Indapamide vs. Placebo (ADVANCE TRAIL)

The Action in Diabetes and Vascular Disease: preterAx and diamicroN-MR Controlled
Evaluation (ADVANCE) [152], randomized 11140 patients (mean age 66 years, male 57%, History of
major macrovascular disease 32%, History of myocardial infarction 12%, History of major
microvascular diseasel0%, History of stroke 9%, current smoker 15%, Microalbuminuria 26% and
Hypertension 69%) with type 2 diabetes, of whom 5569 patients received perindopril (2-4 mg/d) plus
indapamide (0.625-1.25 mg/d) and 5571 patients received placebo. After a mean follow-up 4.3 years,
the active therapy had a mean reduction in blood pressure 5-6/2.2mm Hg. The relative risk of a major
macrovascular or microvascular event was reduced by 9% (15-5% in active vs. 16-8% in placebo, HR
0-91, [95% CI 0-83-1-00]; p=0-04). The relative risk of death from cardiovascular disease was reduced
by 18% (3-8% active vs. 4-6% placebo; HR 0-82, [95% CI 0-68-0-98]; p=0-03) and death from any cause
was reduced by 14% (7-3% in active vs. 8:5% in placebo, HR 0-86, [95% CI 0-75-0-98], p=0-03). the
relative risk of the total coronary event was reduced by 14% (8.4% in active vs. 9.6% in placebo, HR
0.86, [95% CI 0.76-0.98]; P=0.02). The relative risk of development of microalbuminuria was reduced by
21% (19.6% in active vs. 23.6% in placebo, HR 0.79, [95%CI 0.73-0.86]; P<0.0001), and the relative risk of
Visual deterioration was reduced by 5% (43.9% in active vs. 45.1% in placebo, [95% CI 0.9-1.1]; P=0.1).

3.3. Perindopril/Indapamide vs. Placebo (HYVET TRAIL)

The Hypertension in the Very Elderly Trial (HYVET) [153], randomized 3845 elderly patients
(mean age 84 years, male 40%, history of cardiovascular disease 12%, diabetes 7%, current smoker
7%, Hypertension 89.9% and heart failure 2.9%) with Hypertension, of whom 1933 patients received
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sustain release indapamide (1.5 mg/d) associated with perindopril (2-4 mg/d) in 73.4% of patients,
and 1912 patients received placebo. After a mean follow-up 2.1 years, the mean blood pressure while
sitting was 15.0/6.1 mm Hg lower in the active-treatment group than in the placebo group. Active
treatment was associated with a 30% reduction in the rate of fatal or nonfatal stroke ([95% CI -1-51%];
P=0.06). The active therapy shows a 39% reduction in the rate of death from stroke ([95% CI 1-62];
P=0.05) and in the rate of death from any cause reduced by 21% ([95% CI 4-35%]; P=0.02). The active
therapy also shows that the rate of death from cardiovascular causes reduced by 23% ([95% CI -1-
40%]; P=0.06), and a 64% reduction in the rate of heart failure ([95% CI 42-78%]; P<0.001.

3.4. Losartan/Hydrochlorothiazide vs. Atenolol/Hydrochlorothiazide (LIFE TRAIL)

The Losartan Intervention For Endpoint Reduction (LIFE) [154] randomized 9193 patients (mean
age 67 years, male 46%, white origin 92%, black origin 6%, diabetes 13%, any vascular disease 25%,
and current smoker 16%) with essential Hypertension and left ventricular hypertrophy, of whom
4605 patients received losartan(50-100mg/d) plus hydrochlorothiazide (12.5-25 mg/d) for 72% of the
total follow up time and 4588 patients receive Atenolol plus hydrochlorothiazide (12.5-25 mg/d) for
70% of the total follow up time. After a mean follow-up 4.8 years, both group’s blood pressure was
reduced by 30-2/16:6 mm Hg in the losartan-based group and 29:1/16-8 mm Hg in Atenolol based
groups. The study shows the primary endpoint of cardiovascular mortality, myocardial infarction,
and stroke for both groups was not significantly different (11% in losartan base vs. 13% atenolol base,
HR 0-87, [95%CI 90-77-0-98]; P=0.021). The secondary endpoint of stoke occurred at 5% in patients
with losartan base and 7% in patients with atenolol base (HR 0.75, [95% CI 0.63-0.89]; P=0.001). New
onset of diabetes occurred at 6% in patients with losartan-based and 8% in patients with Atenolol-
based (HR 0.75, [95% CI 0.63-0.88]; P=0.001). The atenolol-base-receiving patients died from
cardiovascular causes more than losartan-based therapy (4.4% in losartan base vs. 5% in atenolol
base, HR 0-89, [95% CI 0-73-1-07]; p=0-206).

3.5. A Calcium Antagonist vs. Non-Calcium Antagonist (INVEST TRAIL)

The International Verapamil-Trandolapril Study (INVEST) [155], randomized 22576 patients
(mean age 66 years, male 48%, white race 48%, Hispanic race 36%, black race 13%,
hypercholesterolemia 56%, diabetes 28%, peripheral vascular disease 12%, heart failure 6%, previous
stoke 5%, renal impairment 2% and current smoker 12%) with Hypertension and coronary artery
disease(CAD), of whom 11267 patients received sustain release verapamil (120-480 mg/d) plus
trandolapril (0.5-8 mg/d) and/or hydrochlorothiazide(12.5-100 mg/d) and 11309 patients received
Atenolol (25-200 mg/d) plus hydrochlorothiazide(12.5-100mg/day) and/or trandolapril(0.5-8 mg/d).
After a mean follow-up 2.7 years, the calcium antagonist (CAS) and non-calcium antagonist strategies
(NCAS) effectively reduced blood pressure by 18.7/10 mmHg and 19/10.2 mmHg, respectively. The
study also shows that both CAS and NCAS were effective in reducing the occurrence of the primary
outcome of death from any cause and nonfatal myocardial infarction and stroke (9.93% in CAS
vs10.17% in NCAS, RR 0.98, [95% CI 0.9-1.06]; P=0.57). the study shows that the development of new-
onset diabetes is more significant in NCAS than in CAS (7.03% in CAS vs. 8.23% in NCAS, RR 0.85,
[95% CI 0.77-0.95]). Both groups show some adverse effects such as angina (2.32% in CAS vs. 2.02%
in NCAS), coronary artery bypass graft/percutaneous coronary intervention (2.49% in CAS vs. 2.43%
in NCAS), cough (1.78% in CAS vs. 1.34%in NCAS), constipation (1.73% in CAS vs 0.13% in NCAS),
and symptomatic bradycardia (0.66% in CAS vs. 1.26% in NCAS).

3.6. Amlodipine-Based Regiment vs. Atenolol Based Regiment (ASCOT-BPLA TRAIL)

The Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm (ASCOT-
BPLA) [156], randomized 19257 patients (mean age 63 years, male 77%, white race 95%, diabetes 27%,
previous stroke or transient ischemic attack 11%, Left-ventricular hypertrophy 22%, peripheral
vascular disease 6% and current smoker 33%) with Hypertension, of whom 9639 patients received
amlodipine based regiment (AMBR), amlodipine(5-10 mg/day) associated with perindopril (4-8
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mg/d) for 50% of the total follow up time and 9618 patients received Atenolol based regiment(ABR),
Atenolol (50-100 mg/d), plus Bendroflumethiazide (1.25-2.5 mg/d) for 55% of the total follow up time.
After a median follow-up 5.5 years, both therapeutic regimens reduce blood pressure, obtaining an
average of 26.6/16.6 mmHg throughout the trial. The study obtained the reduction of the primary
endpoint of nonfatal myocardial infarction and fatal coronary heart disease (CHD) for both groups
was similar (5% vs. 5%, HR 0.90, [95% CI 0-79-1-02]; p= 0-1052). The reduction of the secondary
endpoint of nonfatal myocardial infarction (excluding silent) plus nonfatal coronary disease,
cardiovascular mortality, and fatal and nonfatal stroke for both groups were not significantly
different. The Development of diabetes mellitus was more in patients who received Atenolol based
regimen than an amlodipine-based regimen (6% in AMBR vs. 8% in ABR, HR 0.7,[95% CI 0-63-0-78,]
P<0.0001).some adverse effect was developed for both group including bradycardia(0.4% in AMBR
vs. 6% in ABR, p<0.0001), cough(19% in AMBR vs. 8% in ABR, p<0.0001), dyspnea (6% in AMBR vs.
10% in ABR, p<0.0001), Dizziness (12% in AMBR vs. 16% in ABR, p<0.0001), joint swelling (14% in
AMBR vs. 3% in ABR, p<0.0001), edema peripheral (23% in AMBR vs. 6% in ABR, p<0.0001).

3.7. Benazepril/ Amlodipine vs. Benazepril/Hydrochlorothiazide (ACCOMPLISH TRAIL)

The Avoiding Cardiovascular Events through Combination Therapy in Patients Living with
Systolic Hypertension (ACCOMPLISH) [157], randomized 11506 patients (mean age 68.4 years, male
60.5%, white race 83.5%, black race 12.3%, dyslipidemia 74.2%, diabetes mellitus 60.4 % previous
coronary revascularization 35.8%, obesity 49.6%, left ventricular hypertrophy 13.2%, previous stoke
13%, renal disease 6.1% and current smoker 11.3%) with Hypertension, of whom 5744 patients
received benazepril (20-40 mg/d) plus amlodipine(5-10 mg/d) and 5762 patients received benazepril
(20-40 mg/d) plus hydrochlorothiazide (12.5-25 mg/d). After a mean follow-up 3 years, both groups
had excellent blood pressure control. Mean blood pressures after dose adjustment were 131.6/73.3
mm Hg in the benazepril-amlodipine group and 132.5/744 mm Hg in the benazepril-
hydrochlorothiazide group. The benazepril plus amlodipine receiving group was superior to the
benazepril-hydrochlorothiazide receiving group in reducing primary endpoint of cardiovascular
events(fatal and nonfatal stroke, fatal and nonfatal myocardial infarction, Hospitalization for
unstable angina, Resuscitation after sudden cardiac arrest and Coronary revascularization
procedure) and death from cardiovascular causes(9.6% in amlodipine based vs. 11.8% in
hydrochlorothiazide based), representing an absolute risk reduction with benazepril-amlodipine
therapy of 2.2% and a relative risk reduction of 19.6% (HR 0.8 [95% CI 0.72-0.90]; P < 0.001). the
reduction of the secondary endpoint of death from cardiovascular causes, nonfatal myocardial
infarction, and nonfatal stroke) was not significantly difference (HR 0.79,[95% CI 0.67-0.92];
P=0.002).Both groups show some adverse effects, including Dizziness (20.7% in amlodipine based vs.
25.4% in hydrochlorothiazide-based), Peripheral edema (31.2% in amlodipine based vs. 13.4%), Dry
cough (20.5% in amlodipine based vs. 21.2% in hydrochlorothiazide based), and Hypotension (2.5%
in amlodipine based vs. 3.6% in hydrochlorothiazide based).

3.8. Benazepril/ Amlodipine vs. Benazepril/Hydrochlorothiazide (ACCOMPLISH TRAIL)

The Avoiding Cardiovascular Events through Combination Therapy in Patients Living with
Systolic Hypertension (ACCOMPLISH) [158], randomized 11506 patients (male 60.5%, black origin
12.27%, white origin 83.39%, mean age 68 years, Serum creatinine 139-7 u mol/L with chronic kidney
disease, 81-33 p mol/L without chronic kidney disease, urinary albumin-to-creatinine ratio 28-8
mg/mmol with chronic kidney disease and 8:7 mg/mmol without kidney disease) with Hypertension,
of whom 5744 patients received benazepril(20-40mg/d) and amlodipine (5 mg/d) and 5762 patient
receive benazepril (20-40mg/d) plus hydrochlorothiazide (12.5 mg/d). After a mean follow-up 2.9
years, both groups showed excellent blood pressure control; mean blood pressures after dose
adjustment were 131.6/73.3 mm Hg in the benazepril-amlodipine group and 132.5/74.4 mm Hg in the
benazepril-hydrochlorothiazide group. The benazepril plus amlodipine receiving group was
superior to the benazepril-hydrochlorothiazide receiving group in reducing the primary endpoint of
progression of chronic kidney disease (1.97% in amlodipine based vs. 3.62% in hydrochlorothiazide
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based, HR 0-52, [95% CI 0-41-0-65]; p<0-0001). the adverse event in patients with chronic kidney
disease, peripheral edema was more frequent in benazepril plus amlodipine than in benazepril plus
hydrochlorothiazide (33-7% in amlodipine-based vs. 16:0% in hydrochlorothiazide based, p< 0.0001.
The study also shows that in patients with chronic kidney disease, angioedema was more frequent
in the benazepril plus amlodipine group than in the benazepril plus hydrochlorothiazide group (1.6%
in amlodipine based vs. 0.4% in hydrochlorothiazide based, p = 0.15). In patients without chronic
kidney disease, Dizziness, hypokalemia, and Hypotension were more frequent in the benazepril plus
hydrochlorothiazide group than in the benazepril plus amlodipine group.

Table 1. Pharmacokinetic properties of the hypertensive drug.

Refer-
class Cmax F T2 %) Proteinbinding CLr
ence
CCB 023
Amlodipine 6-8h 64% 40-50h 21L/kg 98% ’ [159]
0.4L/h/kg
Felodipine 0.5-5h 15% 25h 10 L/kg >99 1-15L/min  [160]
Verapamil 2.2h 20% 2.7-4.8h 310406 L 90% 875 ml/min  [161]
ARB
Olmesartan medoxomil/ 1.7- [162,
26% 15h 35L 99.7% 1.31 L/h
Olmesartan 2.5h 163]
valsartan 2h 23% 6.1h 17L 85-99% 22L/h [164]
Telmisartan 1h 43% 24h 500L >99% >800ml/min  [165]
Candesartan 0.0222 [166,
. . 3,5-6h 40% 3.5-11h 0.13L/kg  99.5%
cilexetil/candesartan L/h/kg 167]
Eprosartan 1-2h 13% 5-h 13L 98% 130ml/min [168]
60- .
Irbesartan 1.3-3h 80% 11-18h 53-93L 90% 167ml/min [166]
344+
Losartan 1-2h 33% 1.7-2.1h 179L 98.6-98.8% 4.3-5.6L/h [169]
ACEI
Benazepril/Benazeprilat 1.5h 37% 22.3h 8.7L 95% 1.4-1.7L/h [170]
Captopril 0.75-1h ~ 65% 2h 0.8 L/kg 23-31% 0.7L/h/kg [171]
. . 36-
Enalapril/ enalaprilat 4h 449, 11h 50% 8-9.5L/h [172,173]
. . . . 25- 1.55-2.35
Fosinopril/Fosinoprilat 2.8-3.1h 11.5-12h 9.8-10.6L  95-99.8% [174]
29% L/h
20-
Lisinopril 8h 28% 12.6h 24L no 6.36L/h [175]
L 50- )
Quinapril/quinaprilat 2.5h 60% 3.2h 13.9L 97% 68 ml/min.  [176]
Diuretics 60
hydrochlorothiazide 1.5-4h 5.6-14.8h 2753 L 40-68% [177]

70%
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Combination type Dose (mg) Trade name Cost
CCB + ACEI $14 ($215)- $16
o . . 2.5/10, 5/10, 5/20, 10/20 Lotrel
Amlodipine-benazepril Hydrochloride ($390)
Enalaprilmaleate-felodipine 5/5 Lexxel
. . $47 ($185)- $65
Trandolapril-verapamil 2/180, 1/240, 2/240, 4/240 Tarka (185)
CCB + ARB $23 ($280)- $28
Amlodipine/Olmesartan medoxomil 5/20,5/40,10/20,10/40 Azor ($350)
. $20 ($270)- $25
Amlodipine/Valsartan 5/160,320/5,10/160,10/320 Exforge (6385)
50 (NA)- $55
Amlodipine/Telmisartan 5/40,5/80,10/40,10/80 Twynsta ;$$24E)) )-$
Diuretic + ACEI . $21 (NA)- $24
. o 5/6.25,10/12.5, 20/12.5, 20/25 Lotensin HCT
Benazepril-hydrochlorothiazide (NA)
Captopril-hydrochlorothiazide 25/15, 25/25, 50/15, 50/25 Capozide
. L . $10 (NA)- $10
Enalapril-hydrochlorothiazide 5/12.5,10/25 Vaseretic (6395)
Fosinopril-hydrochlorothiazide 10/12.5, 20/12.5 Monopril/HCT
. . o Prinzide, $4 ($400)- $6
Lisinopril-hydrochlorothiazid 10/12.5, 20/12.5, 20/25 X
Zestoretic ($400)
Moexipril-hydrochlorothiazide 7.5/12.5,15/25 Uniretic
Quinapril-hydrochlorothiazide 10/12.5, 20/12.5, 20/25 Accuretic $17 ($150)
Diuretic + ARB $48 ($150)- $50
- Atacand HCT
Candesartan-hydrochlorothiazide 16/12.5, 32/12.5,32/25 ($165)

Eprosartan-hydrochlorothiazide

Irbesartan-hydrochlorothiazide

Losartan-hydrochlorothiazide

Olmesartan medoxomil-

hydrochlorothiazide

Telmisartan-hydrochlorothiazide

Valsartan-hydrochlorothiazide

600/12.5, 600/25

150/12.5, 300/12.5

50/12.5, 100/12.5,100/25

20/12.5,40/12.5,40/25

40/12.5, 80/12.5

80/12.5,
160/25,320/12.5,320/25

160/12.5,

Teveten-HCT

Avalide

Hyzaar

Benicar HCT

Micardis-HCT

Diovan-HCT

$15 ($235)- $20
($255)

$4 ($130)- $9
($175)

$14 ($225)- $16
($310)

$47 ($220)

$14 ($270)- $18
($420)

Information reference [178,179].

4. Pharmacological Treatment Strategy

Current hypertension guidelines suggest treatment strategies for the proper management of
Hypertension. The treatment strategy is shown in (Figure 5). on the left side British Hypertension
Society guidelines recommendation [180], in the middle NICE guidelines [25], and on the right side
the Japanese Society of Hypertension Guidelines recommendation [181].
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Figure 5. treatment strategy for hypertension.

5. Conclusions

Hypertension is the most common and significant risk factor for cardiovascular disease, and the
prevalence rate is continuously increasing. Successful treatment of Hypertension most often requires
a combination of different classes of antihypertensive drugs. The current guidelines suggest multiple
antihypertensive agents are necessary to reach the target blood pressure goal. Although the
combination of angiotensin system inhibitor with diuretics or calcium channel blocker is preferable,
the ACCOMPLISH clinical trial shows angiotensin system inhibitor plus calcium channel blocker
was superior to angiotensin system inhibitor plus diuretics in reducing the primary endpoint of a
cardiovascular event, death from cardiovascular causes and progression of chronic kidney disease.
Angiotensin-converting enzyme inhibitors inhibit the formation of bioactive angiotensin I, and
angiotensin receptor blockers block the AT1 receptor. Calcium channel blocker inhibits the influx of
calcium ions into cells by blocking the L-type calcium channel. Diuretics show antihypertensive
efficacy through the alteration of body fluid volume and electrolytes. Treatment of Hypertension
initially started using a single agent, subsequently adding different classes of antihypertensive agents
until reaching the target blood pressure goal. Four different classes of antihypertensive agents are
often necessary to treat resistance hypertension.
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