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ABSTRACT
The angiotensin II receptor blockers are well tolerated and highly
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beneficial antihypertensive therapy. They have ability to control blood
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pressure for 24 hours and administer only once a day. Efficacy and
other clinical characteristics of ARBs are almost same and there is no

*Corresponding Author

significant difference. Several clinical trial have showed that
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angiotensin receptor blockers reduced mortality and morbidity
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kidney disease and hypertension with left ventricular hypertrophy.
They provide beneficial effects in erectile dysfunction, protection of
cognitive function as well as restoration of cognitive decline. ARBs are
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developed in 1995 to overcome the several deficiencies of angiotensin
converting enzyme inhibitor. ARBs are given as an alternative to ACE inhibitor intolerant
patients. ACE inhibitor causes cough and angioedema which are found less common in ARB.
Compare with ACE inhibitor ARBs have overall lower withdrawal rate because of adverse
events as compare to ACE inhibitor. ARBs is superior to ACE inhibitor because of fewer side
effect but provide equal outcome efficacy for the treatment of hypertension or its compelling
indications. ARBs may be prescribed as monotherapy for achieving blood pressure goal in
initial stage and as well as add on- antihypertensive therapy. They may also give as a single
pill fix dose combination of two or three agents by reducing their doses. Additive
antihypertensive effects are observed when ARBs are given in combination with thiazide
diuretics, calcium channel blocker and renin inhibitor.
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INTRODUCTION
Renin angiotensin aldosterone system
The renin‐angiotensin‐aldosterone system (RAAS) take part a vital role in protecting
vertebrates against cardiovascular collapse because of hypotension and volume loss owing to
injury that involves blood loss.[1] Increase or inappropriate activity of the RAAS is
responsible for the development of hypertension and causes an injury to critical organs such
as the, heart, brain, kidneys, and blood vessels.[1,2,3] As knowledge of the pathological role of
the RAAS in hypertensive vascular disease, developed antihypertensive medication by
targeting pathway of this route.[1,4] The four classes of medications that are taken into account
in this route contain angiotensin II receptor blockers, angiotensin converting enzyme
inhibitor, direct renin inhibitors and aldosterone antagonists.[4] The first of the
RAAS‐blocking drugs were the aldosterone antagonists came on the market in the 1970s,
followed by the angiotensin‐converting enzyme inhibitors, captopril, in the 1980s and the
angiotensin II receptor blockers, losartan, in 1995.[5]
Angiotensin receptor system
Angiotensin II binds two types of angiotensin II receptors (ATR) – ATR1 and ATR2. The
ATR1 receptors are present in the vessels, brain, heart, kidney, adrenal gland, and nerves
while ATR2 are mainly expressed in the fetus but decrease in amount during the postnatal and
present in small quantity in the adult kidney, adrenal gland, heart, brain, uterus, and ovary.[6,7]
Angiotensin II increases inositol triphosphate and various arachidonic acid metabolites and
decreases cyclic adenosine monophosphate by activation of ATR1.[4]
ARBs inhibit the binding of angiotensin II to the ATR1 and thereby block its activation,
despite of it synthesis by ACE-dependent or -independent pathways.[8, 9]
Angiotensin II activate the AT1 receptor which produces generalized vasoconstriction from
contraction of vascular smooth muscle, increases in aldosterone resulting in increased sodium
reabsorption in the proximal tubule and cell growth and proliferation in the arteries and
heart.[2,4,8,10,11] Sympathetic nervous system activity is increased due to secretion of
catecholamine from the adrenal medulla and nerve endings by Angiotensin II.[1,4,8,10]
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Angiotensin II is responsible for cardiovascular effects by ATR1.Thus, ATR1 blockage
decreases cardiac preload and afterload.[4]
The antihypertensive action of ARBs is mostly owing to lowering of peripheral vascular
resistance.[11] Angiotensin II is believed to have an important mechanistic role in promoting
cardiovascular diseases unrelated to its effect in blood pressure. Several animal studies
demonstrate that it produce cardiac hypertrophy even in the absence of increased blood
pressure.[12] Study showed that people who have elevated renin-sodium profile have greater
risk of myocardial infarction than those with a normal or low profile.[13]

ARBs increase circulating AT II concentrations by inhibiting the binding of AT II to the
ATR1 which, in turn, bind to the ATR2.[2][9] ARBS may have promising cardiovascular
actions due to ‘over-stimulation’ of the ATR2 by ARBs.[9]
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ATR2 activation may inhibit cell growth, apoptosis, cell differentiation, and cause
vasodilation.[7] However it may also have a beneficial effect in repair processes. [2] Animal
studies show that AT2 receptor activation enhance cardiac function and prevents cardiac
remodeling post-myocardial infarction.[14]
ARBs do not increase bradykinin level because they do not block kininase II activity.
Therefore, ARBs has a unique mechanism for inhibiting the RAAS, which is distinct from
that of ACE-inhibitors. ARBS may be advantageous in CHF patients who are intolerant to
ACE-inhibitors. ARBS may provide complete blockage of AT II (by blocking non-ACEgenerated AT II).[9]
PHARMACOKINETIC
The ARBs are non-peptide and most of them share a common chemical structure biphenyltetrazole and imidazole group.[15,16,17] All ARBS contain carboxylic acid group except
irbesertan.[11] Despite of their structural similarities and same mechanism of action, ARBs
differ in pharmacokinetic properties. ARBs binds with AT1 receptor in different ways.
Binding is classified as surmountable or insurmountable based on the ability to shift the
angiotensin-II concentration-response curves to the right. Surmountable binding can be
decreased by increasing concentrations of agonist or angiotensin II whereas insurmountable
binding cannot be overcome by increasing concentrations of angiotensin II. However,
surmountable antagonism does not associated with a change the maximal angiotensin II
response whereas insurmountable antagonism reduces the response. Losartan, valsartan,
azilsartan and eprosartan are surmountable (competitive) antagonists, whereas Irbesartan,
candesartan, and telmisartan and olmisartan are insurmountable (noncompetitive)
antagonists.[18,19,20]
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Table 1: Pharmacological parameter of ARBs.

Drug

Prodrug

Active met

2 6-9

Protein
binding
%
DM
98.7 99.8

Route of
elimination
%
RB
30 70

yes~

6-

95 -

Bioav
%

Food
effect

Half life
(h)
DM

33
23(cap)
50(sol)

Yes¶

Vd
(l)

S or I
Ant

Cyp P450
met

34/ 12

S/EXP=I

2C9,3A4,IA2

20 80

17

S

2C9(weak)

Losartan

EXP-3174

Valsartan

-

Irbesartan

-

60-80

no

11-15 -

90-95 -

25 75

53 93

I

-

42
43
13
26

no
no
yes˄
no

9-12
24
5-7
13 ˜

99.5 >99 98 >99 -

33 67
<1 >97
10 90
40 60

10
500
13
17

I
I
S
I

Candesartan
Telmisartan
Eposartan
olmesertan

prodrug

prodrug

2C9,3A4
(negligible)
2C9(weak)

269,CYP2B6
(negligible)
prodrug
60
12
42 55
16
S
azilsartan
CYP2C8
(negligible)
Abbreviations: Met: metabolite, Bioav: bioavailability, D: drug, M: metabolite, R: renal, B: biliary, Vd: volume of distribution, S: surmountable,
I: insurmountable, Ant: antagonist, CYP 450 met: cytochrome P450 metabolite
¶

Absorption is delay by food and decrease its Cmax but the AUC of it and EXP-3174 are not significantly changed.

~High fat food increases bioavailability by 80% and AUC by 55% but slows gut absorption
˄Bioavailability increases by 80% and AUC by 55% but slows gut absorption due to elevated fat food.
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Candesartan, olmesartan and azilsartan are prodrug and require metabolic activation in
gastrointestinal tract and liver to produce their therapeutic effect.[19,21,22] EXP-3174
(metabolite of losartan) is 10 -40 times more potent than lostatan and has a longer duration of
action.[21,22] No other metabolite of ARBs significantly produce therapeutic effect. [11]
ARBs are highly protein bound (>90%) but they differ in their volume of distribution from
10L for candesartan to 500L for telmisartan. [23] ARBs are well absorbed after oral
administration and peak plasma concentration reaches 0.5-4hour but they have different
Bioavailability, ranges from 13% for eposartan to 60% to 80% for irbesartan.[24]
ARBs are highly protein bound (>90%) but they differ in their volume of distribution from
10L for candesartan to 500L for telmisartan. [23] ARBs are well absorbed after oral
administration and peak plasma concentration reaches 0.5-4hour but they have different
Bioavailability, ranges from 13% for eposartan to 60% to 80% for irbesartan. [24]
According to half-life losartan, valsartan, and eprosartan may be classified as shorter acting
and candesartan, irbesartan and telmisartan, olmisartan, azilsartan as longer acting.
Elevated plasma concentration are seen in patient with impaired renal function for those drug
which are primarily excreted through renal route, such as candesartan and eprosartan, so
lowering of dose may be required.[23] Patient having severe hepatic impairment, lowering of
losartan dose by half must be needed.
ARBs is better drug of choice in contrast to ACE inhibitor for the indication of hypertension
in patient with impaired renal function because ARBs is primarily eliminated through hepatic
route while ACE inhibitor are excreted predominantly through kidneys.[25,26]
If ARBs and ACE inhibitor are prescribed to patient having bilateral renal artery stenosis or
unilateral renal artery stenosis and a solitary kidney, caution must be advised.[25] ARBs as a
class of drug are not dialyzable but in certain cases ACE inhibitor are dialyzable. [27]
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DOSING OF ARBS
Table 2: Starting and maintenance doses of ARBs.
Brand
Starting dose
name
(mg daily)
Cozaar
50
Losartan
Doovan
80
Valsartan
Irecon
150
Irbesartan
Advent
16
Candesartan
Pressurex
40
Telmisartan
Taveten
600
Eprosartan
Benser
20
Olmesartan
Aziltrend
40
azilsartin
Abbreviations: OD: once a day, BID: twice a day.
Drug

Maximum dose
(mg daily)
100
320
300
32
80
800
40
80

Dosing
interval
OD or BID
OD
OD
OD or BID
OD
OD or BID
OD
OD

Starting dose may be decreased by 50% in elderly or volume depletion person as well as renal
dysfunction patient.
Lower starting dose of candesartan and valsartan in BID regimen are recommended for heart
failure.
Based on daily mg dose, the antihypertensive potency of the ARBs has following sequence:
candesartan > olmesartan > telmisartan = azilsartan > losartan > valsartan> irbesartan >
eprosartan.
All ARBs are given once a day but losartan, valsartan and eprosartan may be given twice a
day because of short half-life.
INDICATION
Table 3: Therapeutic indication of ARBs.
ARBs
Hypertension
Heart failure
Diabetic
nephropathy
Prevention of
stroke
Cardiovascular
risk reduction
Following
myocardial
infarction
Atrial
fibrillation

Losartan Valsartan
yes
yes
yes
yes
yes

Irbesartan
yes

Candesartan Olmesartan
yes
yes
yes

Telmisartan Azilsartan
yes
yes

Eprosartan
yes

yes

yes
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Diabetic
mellitus

yes

Hyperuricemia

yes

yes

Erectile
Yes
yes
yes
dysfunction
Cognitive
yes
yes
yes
decline
Yes: beneficial effect of ARBs

yes

yes

yes

Hypertension
“The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation
and management of High Blood Pressure in adult (JNC 7) recommend to reduced blood
pressure to a goal of systolic blood pressure <140/diastolic blood pressure 90 mm Hg in
patients with uncomplicated hypertension and to systolic blood pressure <130/ diastolic blood
pressure 80 mm Hg in patients of known clinical cardio vascular disease, diabetes mellitus or
chronic kidney disease.[28]
Table 4: Clinical comparison of ARBs among as monotherapy.
Study design

Drug

Dosage

Duration

8-week, doubleblind, randomized,
parallel group,
multicenter, forced
titration
study. (CLAIM
Study II)[29]

Candesartan
Candesartan
Losartan
Losartan

16mg OD
32mg OD
50mg OD
100mg OD

2 weeks
6 weeks
2 weeks
6 weeks

12-week,
randomized,
double-blind,
forced-titration
study.[30]

Olmesartan
Losartan

Valsartan

www.wjpps.com

20mg OD
40mg OD
50mg OD
100mg OD
50mg BID
80 mg OD
160 mg OD
320 mg OD

4 weeks
8 weeks
4 weeks
4 weeks
4 weeks
4 weeks
4 weeks
4 weeks

Vol 8, Issue 3, 2019.

Sample Result
At week 8, candesartan reduced
the BP to a significantly more
than losartan (P < 0.05).
307
Response rates of candesartan
were higher (58.8%) than
304
losartan (52.1%) but the
differences did not reach
statistical significance.
All 3 drugs significantly
decreased mean SeDBP from
baseline compared with placebo
at weeks 4, 8, and 12 (P<.001).
At week 8, olmesartan decreased
mean SeDBP greater than
182
losartan (P<.001); more patients
in the olmesartan group achieved
180
a blood pressure goal of
<130/85mm Hg. Olmesartan did
not decreased mean SeDBP
181
significantly compared with
valsartan, while more patients
attained blood pressure goal with
olmesartan (P=.031). At week 12,
all 3 drugs reduced blood
pressure less than 130/85 was
equivalently.
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1year,
randomized,double
Telmisartan
blind, placeboEprosartan
controlled
study.[31]

8 week,
Single blind,
placebo for 3
weeks then
Irbesartan
followed by
Valsartan
randomized to take
either drug for 5
weeks.[32]

6 week, doubleblind, placebocontrolled trial,
randomized,
forced titration,
multicenter,
forced titration
study.[33]

Azilsartan
Azilsartan
Valsartan
Olmesartan

8 week,
randomized,
double‐blind,
parallel‐group,
multicenter
study.[34]

Olmesartan
Irbesartan
Valsartan
Losartan

Abbreviation: Se DBP:

After 12 month, telmisartan or
eprosartan produced a significant
reduction (p<0.01) in SeSBP
40mg OD
1 year
40
compared with baseline.
60mg OD
1 year
39
Telmisartan decreased
significantly more SeDBP than
eposartan.
Irbesartan showed more
reductions than valsartan for
mean change from baseline in
diastolic ABP at trough (P =
0.035) and mean systolic ABP at
trough (P < 0.01) and for mean
150mg OD 8 weeks
211
24-h diastolic ABP (P = 0.023)
80mg OD
8 weeks
215
and systolic ABP (P < 0.01).
Irbesartan was more beneficial
than valsartan in reducing DBP
and SBP at trough and in
providing greater overall 24-h
blood pressure- reducing efficacy
Azilsartan at 80 mg dose
exhibited superior efficacy to
both valsartan 320 mg and
olmesartan 40 mg using
ambulatory blood pressure
monitory. Azilsartan 80 mg
showed a greater reduction in 246 weeks
40mg OD
280
hours systolic BP (-14.3 mm Hg)
80mg OD
825
than valsartan 320mg (-10.0 mm
320mg OD 6weeks
282
Hg, P<0.001) and olmesartan
40mg OD
290
40mg (-11.7 mm Hg, P=0.009).
6weeks
At 40mg dose azilsartan was
noninferior to olmesartan 40mg
(difference: -1.4 mm Hg). Both
doses of azilsartan 24mg and 80
mg were superior to the
comparator ARBs for clinical
systolic bold pressure.
Olmisartan was demonstrated
greater reduction in mean 24DBP and SBP (8.5 and 12.5 mm
8week
20mg OD
145
Hg respectively) than valsartan
150mg OD
145
(5.6 and 8 mm Hg respectively)
80mg OD
142
8 week
and losartan (6.2 and 9 mm of Hg
50mg OD
146
8 week
respectively) and equivalent to
irbesartan.(7.4 and 11.3 mm of
Hg respectively)
setting diastolic blood pressure, seSBP: setting systolic blood

pressure, ABP: ambulatory blood pressure.
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There is no clinical significance difference of reducing blood pressure among ARBs. Single
drug therapy of ARBs reduce blood pressure effectively in 50% of population but if blood
pressure goal does not achieve by single drug therapy than go to multidrug therapy. Multi
drug therapy is either a fixed dose single pill combination of specific ARBs with other
antihypertensive classes or drugs added after one another to achieve an effective multidrug
regimen. Multi drug therapy will be required to attain blood pressure goal to <140/90 mm Hg
or <130/80 mm Hg for diabetic, chronic kidney disease and cardiovascular disease patient as
well as for those patient whose BP is more than 20 mm Hg above systolic goal or 10 mm Hg
above diastolic goal. Fixed dose combination often show better BP reduction at lower doses
of active agents. ARBs can be given in combination with thiazide diuretic, ACEI, CCB or
beta blocker. In fixed dose combination one of the thiazide diuretic should be consider.[28,3537]

Combination of drug exhibit less adverse effect as compared to single drug. Thiazide diuretic
causes electrolyte and metabolic disturbances and it is less occur when combined with a RAS
blocker. Similarly, when dihydropyridine CCBs such as amlodipine has given in combination
with RAS blocker it reduced the frequency of peripheral edema. [38]
Combination therapy of ARBs eprosartan with thiazide diuretic hydrochlorothiazide reduced
the systolic and diastolic BPs significantly more than diuretic eprosartan alone after 8 weeks
in hypertensive patient.[39] Similarly in Japanese adult patients with mild-to-moderate
essential hypertension, calcium channel blocker amlodipine was given with ARBs
candesartan in a combination therapy has been observed more efficacious in reducing blood
pressure than amlodipine or candesartan monotherapy.[40]
Initiate triple drug combination when a significant therapeutic goal of blood pressure not
attain despite the use of dual combination medication. The European Society of
Cardiology/European Society of Hypertension guidelines emphasize the use of an RAAS
blocker with a CCB or diuretic as a triple‐combination therapy.[41] Triple combination
therapy of amlodipine, valsartan and hydrochlorothiazide reduced blood pressure more than
dual therapy valsartan/ hydrochlorothiazide, valsartan/ amlodipine and amlodipine/
hydrochlorothiazide in mild to moderate hypertension patient in 12 week trial. Triple therapy
combination was superior in attaining overall BP control (P<0.0001) and SeDBP and SeSBP
(P< or =0.0002) verses dual combination therapy. [42]
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Heart Failure
Valsartan, candesartan and losartan are prescribed for the second-line treatment of heart
failure in cases of ACEI intolerance.[43]
Val-heft trial showed that valsartan decrease all-cause mortality by 33% and composite
mortality and morbidity risk by 44% compared with placebo in heart failure patient who do
not take ACEI. Valsartan has beneficial effect in New York heart association (NYHA) class,
ejection fraction, and HF signs and symptoms and decreased the rate of hospitalization in the
study population.[44]
RESOLVD study demonstrate that candesartan and enalapril had parallel effect in New York
heart association functional classification (NYHA-FC) and on left ventricular function. [45] In
the CHARM trial, treatment with candesartan show a significant reduction in the risk of CV
deaths and hospital admissions for heart failure compared with placebo.[46]
The ELITE I and II trials have both demonstrated that in elderly HF patients, losartan had an
effect similar to that of captopril in connection with all-cause mortality, resuscitated arrests or
sudden death and also NYHA class improvement. In the first ELITE study, losartan showed a
lower mortality mainly owing to a greater decrease in sudden cardiac death. Patient treated
with losartan experienced less adverse effect as compared to captopril.[47][48]
Additional benefits effects seem with the use of 150mg losartan in contrast to 50 mg dose
because it decrease the left ventricular ejection fraction, rate of death and admission for heart
failure. However, it also show improvement in patient intolerance to ACH inhibitors.[49]
Stroke
Losartan is prescribed in hypertensive patient which are at a great risk of stroke. [43] In the
LIFE study, losartan decreased the risk of any stroke, atherothrombotic stroke and fatal stroke
predominantly more as compared to atenolol (by 40,45 and 70%, respectively).[50]
Evaluation of telmisartan in the PRoFESS and TRANSCEND trial demonstrated a
nonsignificant reduction of recurrent stroke, major cardiovascular events, or diabetes in
contrast to placebo; according to a post hoc analysis, from 6 months, the reduction in the
frequency of strokes was significant.[51,52]
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Use of candesartan treatment in elderly patient with isolated systolic hypertension associated
with a significantly 42% relative risk reduction in stroke verses other antihypertensive
medication[53] according to the ACCESS study, candesertan demonstrated beneficial effects
after a 7-days course following an acute ischemic stroke, significantly decrease the rate of
CV morbidity and mortality.[54]
Treatment with eposartan show a fewer cerebrovascular events compared to nitrendipine in
high risk hypertensive stroke patients from 2.5 years of follow-up in the MOSES trial.[55]
Myocardial Infarction
Valsartan is prescribed for HF or asymptomatic left ventricular systolic dysfunction after a
recent MI.[9] VALIANT trial evaluated that treatment with valsartan and captopril alone or in
combination show almost identical effect in ejection fraction, infarct segment length between
baseline, cardiac volume and 20 months after MI.[56]
Valsartan showed remarkably lower ratio of major adverse cerebro-cardiovascular event
(MACCE) when administered 48 hours before percutaneous coronary intervention due to
reduction reactive oxygen species (ROS) levels.[57]
TRANSCEND trial demonstrated a significant reduction in the occurrence of MIs in
hypertensive patients as compared with normal blood pressure individual by using
telmisartan. However, telmisartan may also suppress new onset of LVH.[58]
Treatment with telmisartan showed a similar rate of MI in patients with vascular disease or
high-risk diabetes when compare with ramipril. Furthermore, combination of telmisartan and
rampipril exhibited more adverse events without increasing any benefit.[59]
Atrial Fibrillation
Atrial fibrillation (AF) is the most common type of arrhythmia which enhance cardiovascular
risk in hypertensive patients.[60] Atrial fibrillation occurs frequently in chronic heart failure
patient and considered as negative prognostic factor. [61][62] Several studies have indicated that
blocking the renin-angiotensin-aldosterone system may decrease the incidence of AF.[60,62]
According to life study, losartan was significantly reduce the new-onset AF and associated
stroke verses atenolol.[63] in symptomatic congestive heart failure patient, administration of
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candesartan decreased the incidence of atrial fibrillation compared to placebo in the CHARM
program.[61]
In the VALUE trial, valsartan have found to decrease the risk of new-onset AF. selectively
sustained AF in hypertensive patients compare with amlodipine. [62] However, addition of
valsartan in prescribed therapy for HF patient significantly decrease the incidence of AF by
37% according to Val-HeFT.[64]
RAS inhibitors may be beneficial in preventing the incidence of paroxysmal atrial fibrillation
(PAF). However, Losartan was associated with a lowering of the maximum duration and the
total duration of paroxysmal AF in patients with sick sinus syndrome without effecting any
significant hemodynamic change.[65]
Evaluating the effect of telmisartan, ramipril, and amlodipine on atrial fibrillation recurrence,
telmisartan was more significantly reduce AF recurrence and severity or also improve P-wave
dispersion (PWD). This may be linked to a specific effect of telmisartan on atrial electric
remodeling.[66] Although, other studies also showed that telmisartan based treatment was
more effective than amlodipine based treatment in reducing AF recurrences in hypertensive
patients with paroxysmal AF.[67]
Evaluation of ARBs in recurrent AF in different studies are conflicting.Losartan was
exhibited more effective than amlodipine in preventing new occurrence of AF in hypertensive
patient.[68] The use of valsartan was more significant in preventing new episodes of AF in
hypertensive type 2 DM patient verses amlodipine.[69] Although, preventive role of valsartan
in patients who already had AF in their history could not conform in GISSI-AF trial.[70, 71]
However Madrid et al studied associated with a significant reduction of recurrent AF by
using irbesertan[72] Irbesartan did not show reduction in the risk of hospitalization and
cardioversion in patient with persistent AF verses placebo in the in the ACTIVE-I trial.[73,74]
VF-HT-AF study evaluated a beneficial role of valsartan in the treatment of recurrent AF in
hypertensive patients.[75]
Prevention of Diabetes Mellitus
Hypertension occur more commonly in diabetic patients as compared with non-diabetic
population.DM is correlated with CV risk factor, it enhanced susceptibility to atherosclerosis,
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and also causes HF, stroke and peripheral vascular disease. Adequate glycemic and blood
pressure control are important in the treatment of diabetic patients and those at risk of DM. [76]
RAAS inhibitors show improvement in insulin sensitivity. The anti-diabetic properties of
ARBs may also include activation of Peroxisome proliferator-activated receptor gamma
(PPAR-γ), up regulation of glucose transporter expression in muscle and enhance blood flow
to muscles, prevention of oxidative stress and anti-inflammatory action, improvement in β
cell function and inhibition of fibrosis through blocking of transforming growth factor beta
(TGF-β) as well as enhancement and modulation of insulin signaling.[77, 78, 79] In obese rats,
the novel compound azilsartan associated with an insulin-sensitizing effects as well as
downregulated 11β-hydroxysteroid dehydrogenase type 1 expression. [80]
Meta-analysis of eight trials was exhibited that telmisartan was superior to other ARBs in
lowering of fasting plasma glucose and increasing adiponectin levels. Telmisartan may also
decrease fasting plasma insulin levels as well as homeostasis model assessment of insulin
resistance (HOMA-IR) by using 80mg dose.[81]
meta-analysis of placebo-controlled clinical trials was associated that ARBs therapy may
lower the incidence of new onset diabetes with placebo in patients with high CV risk and
hypertension.[82] According to meta-analysis of LIFE, SCOPE and VALUE trials have
demonstrated that losartan, candesartan as well as valsartan can reduce the incidence of new
onset diabetes relative risk ratio (RRR) of 0.80 for all the three agents.[83] Similarly, the metaanalysis of the TRANSCEND and PRoFESS trials had shown that treatment with telmisartan
is associated with a 16% reduction in the risk of new onset DM compared with placebo. [83]
Renal End-Organ Protection
Hemodynamic changes occur during the adaptation to function loss of nephron in chronic
kidney disease patient no matter what is the etiology of the renal failure. RAAS activation
causes elevated intraglomerular pressure which lead to capillary damage, enhanced
proteinuria and consequent interstitial inflammation and fibrosis. Proteinuria is an
independent risk factor for end-stage renal disease (ESRD) and mortality; its reduction
enhanced the rate of glomerular filtration rate. Therefore in hypertensive patients with or
without DM lowering of proteinuria and adequate blood pressure control play an important
role in CKD management.[84]
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ARBs alone or in combination with ACE inhibitors are the most beneficial antihypertensive
classes for the prevention of ESRD, showing significant improvement verses placebo in
network meta-analysis.[85] Treatment with ARBs inhibits inflammation and oxidative stress in
diabetic patients with nephropathy, also patients with elevated renal stress marker values get
most beneficial in terms of oxidative stress marker and reduction in rate of excretion of
urinary albumin as compared to trichlormethiazide.[86]
According to renal study, in patients with coexistent diabetic nephropathy administration of
losartan in addition to conventional antihypertensive treatment reduced the level of urinary
protein excretion by 35 % and decrease the risk of ESRD by 28% and lower the incidence of
a doubling of the serum creatinine concentration by 25% verses placebo.[87]
In hypertensive patients with nephropathy due to DM, irbesartan is associated with a decrease
risk of onset of ESRD and doubling serum creatinine levels by 23% and 33% respectively
compared with placebo in the IDNT trial.[88] In comparison with amlodipine, irbesartan
benefits were more profound. Even after withdrawal of all antihypertensive treatment, higher
doses of irbesartan also showed a sustained long-term decrease in rate of albumin
excretion.[89]
ONTARGET, TRANSCEND, DETAIL, INNOVATION, AMADEO and VIVALDI trial
showed a beneficial effect of telmisartan for improvement of proteinuria or suppression of its
progression in diabetic patient. Telmisartan also showed a significant decrease in percent
changes urinary albumin/protein to creatinine ratio of urinary albumin/protein excretion and
with telmisartan relative to other ARBs, ACEI and other therapy by 20, 14 and 40%,
respectively.[90]
In the CALM study, use of candesartan is associated with a decrease urinary albumin/
creatinine ratio by 30%.[91]
Hyperuricemia
Several study show that hyperuricemia is an independent risk factor for CVD. Approximately
25% Hypertensive patients had showed elevated serum uric acid (SUA) levels; Use of loop
and thiazide diuretic may further increase SUA level. [92,93] The renal uric acid transporter
(URAT1) was involved in the anti hyperuricemia effect of ARBs. Losartan and pratosartan
were shown to be potent blocker of URAT1. Candesartan, olmesartan and valsartan were not
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associated with an inhibition of URAT1, although a trans-stimulation of URAT1 by these
ARBs was found at grater concentrations and may lead to raise SUA level. [94]
Telmisartan was shown only a cis-inhibitory effect but not a trans-stimulatory effect on
URAT1. No uricosuric effect of telmnisertan can be indicated clinically because telmisartan
maily excreted through feases and urinary excretion is less than 0.02%. [94]
Losartan enhanced the excretion of uric acid and reduced the SUA level in both healthy and
hypertensive subjects. However, Candesartan was associated with slightly but significantly
increase uric acid levels.[95,96]
In patient with mild to moderate essential hypertension, eprosartan was not show any effect
on SUA concentrations or urine uric acid excretion.[97] Use of ibesartan was found to be
associated with the reduction of SUA levels only in those patients who had higher baseline
SUA values.[98]
Role of ARBs on protection of cognitive function
The human brain is intensely based on/subjected to proper function of its vascular system.
Several study supported that vascular dysfunction and hypertension lead to the progression of
dementia and the decline of cognitive function.[99,100,101] There fore. hypertension and atrial
fibrillation believe to elevate the risk and development of Alzheimer’s disease by modifying
risk factor which secondary prevent Alzheimer’s disease.[102]
Prospective cohort study was exhibited a significant reduction in the frequency and
progression of Alzheimer's disease and dementia compared with angiotensin converting
enzyme inhibitors or other cardiovascular drugs. [103][104] However, combination of
Angiotensin receptor blockers and angiotensin converting enzyme inhibitors gives an additive
effect and showed a reduced risk of incident dementia. Angiotensin receptor blockers also
showed a dose-response profile for incident dementia, candesartan, irbesartan, losartan and
valsartan were associated with the strongest dose dependent decreased in incident
dementia.[103]
Treatment with telmisartan showed a beneficial effect) in elderly hypertensive patients with
AD due to increased regional cerebral blood flow (rCBF) in various region of brain. [105]
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According to AT2 hypothesis, ARBs selectively block the ATR1 but ATR2 receptor remains
activated which provide protective effects of ARBs. These protective effects are not present
in ACEI, for which ARBs are distinguish from ACEIs. Stimulation of ATR 2 in brain reduces
inflammation, axon degeneration and superoxide production, enhances neuronal cell
differentiation and activation of repair system. [103]
Studies in animal model showed that ARBs have cognitive protective action because of
reduced production and oligomerization and enhanced degeneration of Aβ and their vascular
effects (improve blood-brain barrier, reduced inflammation, regain endothelial function and
elevated cerebral blood flow). [106] Losartan demonstrated protective action against the onset
of cognitive dysfunction, even in the presence of elevated levels of Aβ plaque load and
soluble Aβ species in adult and aged mice. Losartan show improvement by rescuing arterial,
neurometabolic and hemodynamic responses even at an advanced pathological stage.
However, losartan also associated with restoration of memory related AT 4 receptor.[107]
Improvement in the ameliorated leakage from brain microvessels and cognitive decline by
use of olmisartan was observed in hypertensive rats. Furthermore, olmesartan also reduced
brain ATII levels, as well as increased mRNA levels of tight junctions (TJs) and collagen-IV
in the hippocampus.[108]
Telmisartan exhibits protection against hypertension-associated cognitive decline via upregulation of Brain-derived neurotrophic factor (BDNF) and its receptor TrkB in the
hippocampus due to partly stimulation of PPAR-γ in the hippocampus in addition to
ATR1 blockade in hypertensive rat. Partly reduction in the protective action of telmisartan on
cognitive decline by co-administration with PPAR-γ antagonist.[109] Telmisartan was found to
be significantly repair cognitive functions damage by chronic stress and reduce
forgetfulness.[110]
In mice, treatment with candesartan improve latency period, spatial memory. Pretreatment
with candesartan also decrease oxidative stress, decrease free radicle and increase
acetylcholine in brain of mice.[111]
In patients with essential hypertension, restoration on the overall mean Mini-Mental State
Examination (MMSE) was observed with the 6 months of eprosartan treatment in OSCAR
study.[112]
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Treatment with ARBs exhibited preserved memory compared with other antihypertensive
drugs. Patient who was taking blood brain barrier crossing ARBs showed greater memory
performance over time verses other hypertensive drug and normotensive and also low white
matter hyperintensities over time than non-blood brain barrier crossing hypertensive
drugs.[113]
Human observational studied demonstrated that treatment with ARBs reduced amyloid
deposition in the brain in Alzheimer's disease and may give protection against future
cognitive decline in those with mild cognitive impairment and dementia. [106]
Erectile dysfunction
Erectile dysfunction is often known as impotence. It is the inability to get an erection longlasting enough, or firm enough, for penetrative sexual intercourse in men. Blood pressure can
damage your arteries by causing them to become thicker (atherosclerosis), or even to burst.
This can limit blood flow to your penis and then may cause erectile dysfunction. [114]
Enhanced Blood pressure damage the lining of arteries to the penis as a result less blood is
flow to the penis which resist strengthen an erection or make it difficult to achieve and
maintain erection.[114,115]
High blood pressure may impede with ejaculation and decrease sexual desire (25) some
antihypertensive medications may also have similar effect like β blocker or thiazide
diuretic.[114,116]
Erectile dysfunction is an early predictor of silent coronary heart disease. ONTARGET/
TRANSCEND trials showed that ED causes CV death, MI, stroke and HF in men with CVD.
However, trials also demonstrated that neither treatment with telmisartan alone or in
combination with ramipril improve or worsen ED.[117,118]
RAAS system inhibitor would be a best choice in the indication of hypertension with ED
because bradykinin-induced relaxation and angiotensin II-induced contraction both partially
balance the tone of Penile cavernous smooth muscle and as well as the tissue and plasma
levels of both peptides are maintainedby the RAAS.[119]
Some ARBs show beneficial effect on sexual function verses placebo in several study but not
all studies have associated with significant improvement in sexual function.[116] Irbesartan
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showed improvement in penile endothelial function by reduction of vascular and cavernosal
oxidative stress and in apolipoprotein E (ApoE) mice[120] Although, olmesartan enhanced the
malondialdehyde concentrations and increased messenger ribonucleic acid (mRNA) levels of
endothelial nitric oxide synthase (eNOS) and neuronal nitric oxide synthase (nNOS) in the
penis of hypertensive rat.[121]
A prospective study was demonstrated that valsartan treatment in hypertensive men greatly
improve orgasmic function, intercourse and overall satisfaction in patient who were
previously untreated and as well as who were switched from other treatment regimens
(45%and 53% respectively).[122,123] However, long-term use of valsartanwas associated with
significant improvement in sexual activity as compared with β-blockers carvedilol and
atenolol in a comparison study.[124]
Erectile function, sexual satisfaction and frequency of sexual activity get improved by the use
of losartan in hypertensive patients[125] Losartan alone or in combination with tadalafil is
prescribed for the treatment ED in diabetic patients, those patient who have with mild to
moderate ED get benefit most from its use. [126]
In hypertensive patients with the metabolic syndrome, use of irbesartan alone or in
combination with hydrochlorothiazide improved erectile function, sexual desirea and
frequency of sexual contacts.[127] Also, irbesartan enhanced erectile function recovery in
prostatectomized patients.[128]
ONTARGET/TRANSCEND studies found that treatment with telmisertan neither improve or
nor worsen ED.[117]
Adverse effects
ARBs are most commonly prescribed because of their excellent tolerability. ARBs do not
have a specific dose dependent adverse effect. Compared to ACE inhibitor, incidence of
cough and angioedema (0.1%-0.2%) are lower in patient taking ARBs because of no
significant increase in bradykinin level. [129,130,131] According to meta-analysis which
comparing tolerability of ARBs versus ACE inhibitors, diuretics and placebo, cough and
angioedema frequency of ARBs was comparable to placebo. (RR 1.01 and 1.62 respectively).
however ARBs is associated with increased incidence of hyperkalemia, hypotension and
renal dysfunction compared with placebo (RR 3.37, 2.63, 2.07 respectively) (132)
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Other common side effect include fatigue drowsiness headache, dizziness, diarrhea
abdominal taste sensation digestion, hyperglycemia., sinusitis, bronchitis, upper respiratory
tract infection, flu like symptoms.[11,133]
Hyperkalemia, Hypotension and renal dysfunction risk are high in elderly patient, diabetic
patient, patient with lower base line function, patient taking potassium supplement or when
given with renin angiotensin aldosterone system inhibitors, such as potassium sparing diuretic
or ACE inhibitor.[134]
The most serious, but rare, side effects of ARBs are Liver failure (hepatitis), kidney failure,
hyponatremia, anaphylaxis, pruritus, urticaria, neutropenia, leukopenia, agranulocytosis,
alopecia, arthralgia,
purpura.

viral infection and vasculitis,

including Henoch- Schönlein

[134,135]

All of the ARBs have teratogenic potential and should not be prescribed in pregnancy
(Category C for the first trimester and category D for the second and third trimesters).[134,135]
DRUG INTERACTIONS
Losartan is metabolized by CYP450 enzyme system and has grater drug interaction with
other drugs. Olmesartanis not a substrate of CYP450 enzyme and has not shown significant
interaction with digoxin, warfarin, rosuvastatin aluminium magnesium hydroxide. Eprosartan
Irbesartan, valsartan, telmisartan and candesartan are not metabolized by CYP450 enzyme
system and have not exhibited any significant drug interaction. Candesartan may increase
digoxin level and decrease warfarin level but there is no significant change in INR.
Table 5: Interaction of ARBs with other drug.
Precipitant drug
Fluconazole
Telmisartan

Object drug
Losartan
Digoxin

Phenobarbital

Losartan

-

Rifampin
Candesartan
Indomethacin
candesartan

Losartan
digoxin
Losartan
warfarin

3A4, 2C9
-

Cimetidine

Losartan

-

losartan

lithium
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DISCUSSION
The goal of anhipertensive therapy to reduce the mortality, morbidity and cardiovascular
events that is associated with hypertension. ARBs differ in efficacy due to their different
binding ability with AT1 receptor. Insurmountable (noncompetitive) antagonists telmisartan,
irbesartan, olmisartan and candesartan have long duration of action than surmountable
(competitive) antagonists losartan, valsartan, azilsartan and eprosartan. ARBs are given once
daily and provides 24 hour blood pressure control. Losartan, irbesartan and candesartan may
be given once daily or two times a day.
All ARBs produced similar reduction in systolic blood pressure, diastolic blood pressure and
ambulatory blood pressure. They are given as a single therapy and fixed dose combination
with thiazide diuretics, CCBs and direct renin inhibitors. Fixed dose single pill combination
therapy has superior in reduction of blood pressure at lower doses of active agent and causes
less side effect than single therapy alone. Combination therapy act on different pathways to
reduce blood pressure and have more patient compliance. Initiated dual therapy when patient
do not respond well in single therapy and have high cardiovascular risks or 20/10mm of HG
above BP goal. Despite of dual therapy, goal of reducing blood pressure is not achieved, start
triple therapy.
Triple combination therapy of valsartan, amlodipine and hydrochlorothiazide attain blood
pressure goal more effectively than dual combination therapy of same drug without
increasing any side effect.
Val-heft, RESOLVD and The ELITE I and II trials showed that Valsartan, candesartan and
losartan reduced the risk of CV death and rate of hospitalization for heart failure as well as
improved left ventricular ejection fraction. Telmisartan and valsartan are used in myocardial
infarction.
VALUE, LIFE, CHARM, Val-HeFT trials and post hoc analyses of the LIFE showed that
Treatment with valsartan, losartan and candesartan causes a reduction in occurrence of newonset AF. Telmisartan reduce recurrence and severity of AF as well as improve p-wave
depression which may link to atrial electrical remodeling.
LIFE, SCOPE, VALUE, TRANSCEND and PRoFESS trial demonstrated that losartan,
candesartan, valsartan and telmisartan can reduce the incidence of new onset DM. Use of
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ARBs have a beneficial effect in preventing from ESRD, doubling serum creatinine level,
protein urinary excretion. Losartan and eprosartan decreased the uric acid level by increasing
their secretion.
Valsartan, irbesartan and losartan improve sexual activity in hypertensive men as well as
erectile dysfunction or may be used in patient complaining sexual problems as a side effect
due to use of other antihypertensive drug.
ARBs show a significant reduction in the frequency and progression of Alzheimer's disease
and dementia. It also provide a dose dependent response in incident dementia. BBB crossing
ARBs elicit more effect in reducing white matter lesion than non-crossing BBB ARBs. ARBs
may improve memory decline due to their ability to improve cerebral blood flow, endothelial
function, decreased inflammation, enhanced degradation of Aβ, enhanced antioxidant defense
system of brain as well as reduce oxidative and nitrosative stress.
The adverse effect of ARBs is equivalent to placebo and as well as lower frequency of cough
and angioedema compare to ACEI.
CONCLUSION
The ARBs are highly effective class of drugs for the treatment of hypertension and its
comorbidities. They have excellent safety and tolerability profile which increase patient
compliance and adherence to this antihypertensive class. They are also prescribed to those
patient who are sensitive to take ACEI. ARBs seem to have beneficial effect on preservation
of memory as well as cognitive function. It may consider a new therapeutic option for
treatment of Alzheimer disease and stress related cognitive impairment.
ABBREVIATIONS
ARBs: Angiotensin II receptor blockers.
ACE: Angiotensin converting enzyme.
RAAS: Renin angiotensinaldosterone system
ATR1: Angiotensin II receptor 1
ATR2: Angiotensin II receptor 2
BP: Blood pressure
SBP: Systolic blood pressure
DBP: Diastolic blood pressure
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CCB: Calcium channel blocker
ACEI: Angiotensin converting enzyme inhibitor
RAS: Renin angiotensin system
HF: Heart failure
LVH: left ventricular hypertrophy
MI: Myocardial infarction
AF: Atrial fibrillation
DM: Diabetes mellitus
ESRD: End stage renal disease
CKD: Chronic kidney disease
CV: Cardiovascular
CVD: Cardiovascular disease
SUA: Serum uric acid
URAT1: Uric acid transporter
ED: Erectile dysfunction
INR: international normalized ratio
Aβ: Amyloid-β
BBB: Blood-brain barrier
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