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ABSTRACT

Blood pressure lowering by all classes of anti-
hypertensive drugs is accompanied by signifi-
cant reductions of stroke and major
cardiovascular (CV) events. Drugs acting on the
renin-angiotensin-aldosterone system, such as
angiotensin converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers
(ARBs), showed similar benefit on major CV
events to other antihypertensive medications.
In real-world practice, ARBs reduced by 10% the
incidence of CV mortality, non-fatal myocardial
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infarction, non-fatal stroke and provided supe-
rior protection against CV events than ACEIs in
high-risk patients. Despite similar antihyper-
tensive properties and a favourable safety profile
for both ACEIs and ARBs, evidence indicates
that patients treated with ARBs have lower rates
of withdrawal for adverse events and greater
persistence to therapy than those treated with
ACEIs. Among ARBs, olmesartan is one of the
latest generation compounds introduced in
clinical practice for treating hypertension:
head-to-head comparative trials suggest that the
efficacy of olmesartan is superior to that of
commonly prescribed ACEIs (ramipril and
perindopril). The drug, administered as a
monotherapy or in combination with a dihy-
dropyridine calcium channel blocker or a thi-
azide diuretic, has proved to be effective in
maintaining blood pressure stability over 24 h,
with a favourable safety profile and low dis-
continuation rates. These properties are pivotal
for considering olmesartan as a useful antihy-
pertensive agent especially for high-risk patients
(e.g. elderly, diabetics, patients with metabolic
syndrome).
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INTRODUCTION

Worldwide, the burden of cardio-metabolic risk
factors becomes the most important cause of
mortality and years of life lost [1]. Raised levels
of blood pressure (BP), body mass index, blood
glucose and cholesterol are responsible for more
than 60% of global deaths from cardiovascular
disease (CVD), chronic kidney disease and dia-
betes, with hypertension having a major impact
[2]. The rise in systolic blood pressure (SBP) has
a greater effect on angina, myocardial infarction
and peripheral artery disease, whereas increased
diastolic blood pressure (DBP) is mainly associ-
ated with abdominal aortic aneurysm [3].
Hypertension is also the main cause of stroke,
congestive heart failure and atrial fibrillation
[4].

The benefits of treatments aimed to lower BP
for CVD prevention are well established. A
10-mmHg decrease in SBP reduces the risk of
major CVD events by 20%, coronary heart dis-
ease by 17%, stroke by 27%, heart failure by
28% and all-cause mortality by 13% [5], while a
decrease in DBP has been linearly related to a
lower risk of recurrent stroke (p = 0.026) and all-
cause mortality (p = 0.009) [6].

The effects of BP lowering are broadly similar
even in the presence of concomitant comor-
bidities or previous CVDs, coronary heart dis-
ease or cerebrovascular disease [5]. These
findings highlight the importance of a tight and
persistent BP control, which is increasingly
being considered as the most essential thera-
peutic strategy for effective secondary CVD
prevention [6].

Controlling and lowering BP is per se func-
tional to reduce CV risk, independently of the
antihypertensive approaches used [7] and pro-
duces a significant outcome improvement in all
hypertension grades, in patients at high risk for
the presence of diabetes mellitus and in those
with a history of previous CV events [8-10].

Fig. 1 Relative risk (RR) reduction (and 95% confidence
intervals) of various outcomes in trials of blood pressure
(BP) lowering by different classes of drugs: diuretics (a),
centrally acting drugs (b), beta-blockers (c), calcium
channel blockers (d), angiotensin converting enzyme
(ACE) inhibitors (e), angiotensin receptor blockers (f).
SBP systolic blood pressure, DBP diastolic blood pressure.
Redrawn from Zanchetti A, Thomopoulos C, Parati G.
Randomized controlled trials of blood pressure lowering in
hypertension: a critical reappraisal. Circ Res. 2015;116(6):
1058-73. https://www.ahajournals.org/doi/full/10.1161/
CIRCRESAHA.116.3036412url_ver=739.88-2003&fr_id=
ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed

Treatments aimed at lowering BP may be
important in reducing CVD risk even in indi-
viduals with normal or high normal BP [11].

All classes of antihypertensive drugs have
been shown to significantly reduce the risk of
stroke and major CV events: however, some
classes of drugs such as those acting on the
renin-angiotensin-aldosterone system (RAAS)
have proved to be particularly favourable in
terms of efficacy and safety and for this reason
are among the most popular, widely used and
recommended antihypertensive medications
[4]. In this review, we present and discuss the
current evidence from randomized controlled
trials of the clinical effectiveness of the two
most representative classes of RAAS, namely
angiotensin converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers
(ARBs). Attention will be focused on meta-
analyses of direct comparative studies, which
allow a more robust evaluation of potential
differences in efficacy and safety between the
two drug classes. Results of recent head-to-head
trials of olmesartan, an ARB known for having
the longest half-life among the ARBs, vs. two
ACEIs (ramipril and perindopril), will be pre-
sented with the aim of providing updated evi-
dence from the literature of the efficacy and
safety of the most popular and studied among
the ARBs.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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A Diuretics (12 trials, 48,898 pts)

B Centrally acting drugs (8 trials, 1786 pts)

Difference Difference
SBP/DBP RR RR SBP/DBP RR RR
Outcome (mmHg) (95% ClI) (95% ClI) (mmHg) (95% CI) (95% ClI)
Stroke -11.9/-5.5 0.63 (0.55-0.72) — -23.4/-14.7 0.53 (0.32-0.86) _—
CHD -11.9/-5.5 0.84 (0.74-0.95) — -23.7/-146 0.87 (0.51-1.51) _—r
HF -13.7/-5.2 0.51 (0.39-0.66) ——— -23.8/-15.0 0.09 (0.02-0.33)—
Stroke + CHD -11.9/-5.5 0.76 (0.69-0.83) —e— -23.7/-14.6 0.68 (0.51-0.85) —_—
Stroke + CHD + HF -13.9/-5.7 0.71 (0.65-0.78) - -23.2/-14.2 0.54 (0.34-0.86) Sem——
CV Death -11.9/-56.5 0.82 (0.75-0.90) - -23.7/-146 0.60 (0.41-0.88) ——
All-cause Death -11.9/-5.5 0.89 (0.83-0.95) - -23.2/-139 0.73(0.47-1.14) -
03 06 10 13 0.1 0.3 06 10 15
Diuretic Control Centrally acting drug Control
better better better better
C Beta-blockers (5 trials, 18,724 pts) D Calcium antagonists (10 trials, 30,359 pts)
Difference Difference
SBP/DBP RR RR SBP/DBP RR RR
Outcome (mmHg) (95% CI) (95% ClI) (mmHg) (95% CI) (95% ClI)
Stroke -10.5/-7.0 0.77 (0.61-0.97) —_—— 6.1/-34 0.66(0.58-0.75) —
CHD -10.5/-7.0 0.88 (0.77-1.01) — -5.9/-3.3 0.83(0.65-1.05) —
HF -14.8/-8.7 0.57 (0.35-0.91)——¢— -5.8/-3.3 0.81(0.60-1.10) —_—
Stroke + CHD -10.5/-7.0 0.84 (0.74-0.95) —— -5.9/-3.3 0.76 (0.62-0.92) —_—
Stroke + CHD + HF -10.7/-7.1 0.79 (0.64-0.97) —— -5.8/-3.3 0.81(0.71-0.93) —
CV Death -10.5/-7.0 0.85 (0.69-1.05) ——t -5.8/-3.3 0.82(0.70-0.97) e
All-cause Death -10.5/-7.0 0.94 (0.84-1.086) —et -6.0/-34 0.87(0.77-0.98) = an
03 06 10 13 0.3 086 10 13
Beta-blocker Control Calcium antagonist Control
better Dbetter better better
E ACE-inhibitors (12 trials, 35,707 pts) F Angiotensin receptor blockers (13 trials, 65,256 pts)
Difference Difference
SBP/DBP RR RR SBP/DBP RR RR
Outcome (mmHg) (95% ClI) (95% ClI) (mmHg) (95% CI) (95% ClI)
Stroke -4.2/-21 0.80(0.69-0.93) —— -3.7/-20 0.91(0.86-0.97) -
CHD -4.2/-21 0.87 (0.79-0.97) - -3.5-16 094 (0.86-1.04)
HF -3.5/-1.6 0.79 (0.66-0.93) s -3.8/-21 0.90(0.83-0.97)
Stroke + CHD -4.1/-21 0.85(0.79-0.92) - -3.7/-20 0.92(0.87-0.97)
Stroke + CHD + HF  -3.5/-1.6 0.83(0.75-0.92) —— -3.8/-21 0.91(0.86-0.95) -
CV Death -4.1/-20 0.89(0.75-1.07) — -3.7/-20 1.03(0.94-1.13)
All-cause Death -4.1/-2.0 0.92(0.83-1.03) - -3.7/-20 1.01(0.97-1.06)
03 06 10 13 0.3 086 10 13
ACE-inhibitor Control Angiotensin receptor blocker Control
better better better better
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ANGIOTENSIN RECEPTOR
BLOCKERS AND ANGIOTENSIN
CONVERTING ENZYME INHIBITORS
IN THE TREATMENT

OF HYPERTENSION

As shown in Fig. 1, in large randomized con-
trolled trials ACEIs and ARBs showed benefits
on major CV events comparable to other anti-
hypertensive medications, but less pronounced
effects on CV and all-cause mortality [7]. This
might be explained by the fact that trials of
ACEIs and ARBs have been performed more
recently than trials of other antihypertensive
agents (e.g. thiazide diuretics), and RAAS
blockers tended to be compared to other drug
regimens rather than to placebo, hence result-
ing in smaller BP reductions and generally no
substantial mortality benefit.

Current guidelines on the management of
arterial hypertension recommend ACEIs and
ARBs as first choice drugs for initiation and
maintenance of antihypertensive treatment,
preferably in combination with a calcium
channel blocker or diuretic [4, 12]. In addition
to their antihypertensive effect, both ACEIs and
ARBs exhibit other biological properties, which
contribute to prevent diabetes and improve
outcomes in chronic heart failure. ACEIs and
ARBs are indicated in previous CVDs, such as
myocardial infarction and stroke, left ventricu-
lar hypertrophy and dysfunction and in the
presence of renal disease at any stage or meta-
bolic syndrome. They are contraindicated in
patients with bilateral renal stenosis, in the
presence of hyperkalaemia and during preg-
nancy (Table 1).

Although the effect on BP lowering is similar
among antihypertensive agents, some differ-
ences in the efficacy are reported in clinical
practice. The differences can be partially ascri-
bed to higher adherence and improved quality
of life observed during ACEI and ARB treat-
ments, compared to calcium channel blockers,
diuretics or beta-blockers. Adherence or discon-
tinuation is often the consequence of undesir-
able side effects, which are peculiar for each drug
class: diuretics, for example, can cause frequent
micturition, erectile dysfunction, fatigue and

muscle cramps or, in other circumstances, they
can produce metabolic and electrolyte abnor-
malities that may lead physicians to discontinue
them [13].

The lower rate of adverse events and the
perception of health benefit from the treatment
add up to potential psychotropic effects that
have been described in RAAS blockers. A recent
meta-analysis indicates that treatment of heal-
thy adults with hypertension with ACEIs or
ARBs is associated with improved mental health
quality of life, although this was a secondary
outcome in the included studies and thus the
benefit may only be hypothesized [14].

ARBs and ACEIs are associated also with a
lower risk to develop new-onset diabetes melli-
tus with ranking probabilities of 79.8% and
72.8%, respectively, while beta-blockers and
calcium channel blockers may significantly
increase this risk [beta-blockers: odds ratio, 2.18
(95% confidence intervals, 1.36-3.50); calcium
channel blockers: odds ratio, 1.16 (1.05-1.29)]
[15]. The relationship between antihypertensive
treatment and diabetes onset has not been
completely understood, and it may be related to
glucose tolerance, differently induced by each
drug class [15]. RAAS blockade promotes the
recruitment and differentiation of adipocytes
via angiotensin II type 1, thus improving the
effect of peripheral insulin and insulin secre-
tion; this implies the prevention in diabetes
mellitus onset [15].

Although medication for hypertension has
been well established, many well-controlled
hypertensive patients still suffer from atrial fib-
rillation. RAAS promotes atrial fibrosis, atrial
electrophysiological and structural remodelling,
and it may lead to atrial fibrillation recurrence
[16]. Blocking RAAS may attenuate the delete-
rious effects of cardiac remodelling and reduce
atrial fibrillation risk [16]. Furthermore, RAAS
blockers can be effective in primary prevention
in patients with hypertension and left ventric-
ular hypertrophy. In secondary prevention,
RAAS inhibitors are often added to anti-ar-
rhythmic drugs (i.e. amiodarone) to further
decrease the odds for atrial fibrillation recur-
rence after cardioversion and in patients on
medical therapy [17].
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Table 1 Preferential indications, compelling and possible contraindications for angiotensin converting enzyme inhibitors
(ACEIs) and angiotensin receptor blockers (ARBs) in the treatment of arterial hypertension (Modified from [4] with

permission)
ACEIs ARBs

Preferable conditions LVH LVH
Microalbuminuria Microalbuminuria

Renal dysfunction

Previous stroke

Previous MI

Heart failure

Prevention of atrial fibrillation
ESRD or proteinuria
Metabolic syndrome

Diabetes mellitus
Asymptomatic atherosclerosis

Peripheral artery disease

Compelling Pregnancy
contraindications Previous angioneurotic oedema
Hyperkalaemia (potassium > 5.5 mmol/L)
Bilateral renal stenosis
Possible Women with child-bearing potential without
contraindications reliable contraception

Renal dysfunction

Previous stroke

Previous MI

Heart failure

Prevention of atrial fibrillation
ESRD or proteinuria
Metabolic syndrome

Diabetes mellitus

Pregnancy
Hyperkalaemia (potassium > 5.5 mmol/L)

Bilateral renal stenosis

Women with child-bearing potential without

reliable contraception

LVH left ventricular hypertrophy, MI myocardial infarction, ESRD end-stage renal disease

ACEIs or ARBs are beneficial also in nor-
motensive patients at high risk and with
atherosclerosis: their effect in reducing the
composite primary outcome of CV death, non-
fatal myocardial infarction or non-fatal stroke
is independent of baseline SBP. This may sup-
port calls to base decisions about the prescrip-
tion of these agents on the basis of each
patient’s estimated CV risk rather than just
upon their BP level [18]. A consistent reno-
protective effect of ACEIs and ARBs over other
antihypertensive drugs, mainly calcium chan-
nel blockers, and placebo has been reported in
type 2 diabetes, lowering the risk of serum
creatinine doubling, macroalbuminuria and
albuminuria [19, 20].

ARE ANGIOTENSIN CONVERTING
ENZYME INHIBITORS

AND ANGIOTENSIN RECEPTOR
BLOCKERS EQUALLY EFFECTIVE?

Numerous data indicate that blockage of RAAS
provides efficient BP control and favourable long-
term outcomes in terms of CV events, mortality
and improved quality of life (Table 2). However, in
view of a more personalized approach to hyper-
tensive patients based on specific profile and
therapeutic options for each patient, ACEIs and
ARBs cannot always be considered interchange-
able. Of course, the most reliable information to
compare ACEIs and ARBs can be retrieved from
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head-to-head clinical trials, since there is a “gen-
eration gap” between placebo-controlled trials
performed on ACEIs and ARBs that does not allow
indirect comparisons of these agents [29]. Head-
to-head studies have been important to test whe-
ther the observation that raised the hypothesis
that ARBs may increase the risk of myocardial
infarction (so-called myocardial infarction para-
dox) really holds true. Indeed, in a very large
randomized controlled trial (ONTARGET, Ongo-
ing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial) performed on
about 30,000 patients, ACEIs and ARBs did not
show any significant difference in myocardial
infarction or any of the CV efficacy outcomes [30].
In addition to this, several meta-analyses have
provided evidence that ARBs are as protective as
ACEIs [31-33]. In a real-world practice study,
however, ARBs reduced by 10% the incidence of
CV mortality, non-fatal myocardial infarction,
non-fatal stroke or hospitalization for CV disease
at 4 years, providing superior protection against
CV events than ACEIs in high-risk patients [34].
Furthermore, ARBs were better tolerated than
ACEIs and showed a lower risk of drug withdrawal
because of serious adverse effects [23, 25]. This
tavourable profile of ARBs in terms of lower inci-
dence of serious adverse events should be consid-
ered in treating more challenging patients with
concomitant disease, such as end-stage renal dis-
ease (ESRD) and diabetes-related retinopathy.
Both ESRD and diabetic retinopathy can benefit
from RAAS blockade that improves hypertension
and hemodynamic alterations in microcircula-
tion. In patients with ESRD, ARBs significantly
(p < 0.05) reduced its incidence and doubling of
serum creatinine concentration without, how-
ever, affecting total mortality [35]. A cost-effec-
tiveness analysis indicated that the number
needed to treat to prevent one patient from
developing ESRD was 21 (95% confidence inter-
val, 12.94-56.82) with ARBs and 333 (p = 0.610)
with ACEIs [35]. In patients with diabetes, RAAS
blockade reduces the risk of diabetic retinopathy
and increases the possibility of retinopathy
regression. ACEIs might be better than ARBs for
treating diabetic retinopathy and might exert the
most beneficial effect on diabetic retinopathy of
all widely used antihypertensive drug classes [36].

In summary, although both ACEIs and
ARBs are equally important in the treatment
of hypertension, there are substantial differ-
ences in their CV protective effects and like-
lihood of adverse events occurrence, mainly
due to non-overlapping mechanisms of action
[37].

HEAD-TO-HEAD COMPARATIVE
STUDIES OF OLMESARTAN

AND ANGIOTENSIN CONVERTING
ENZYME AGENTS

Among ARBs class, olmesartan medoxomil is
one of the latest generation compounds intro-
duced in clinical practice for treating hyper-
tension. Head-to-head comparative trials
suggest that the efficacy of olmesartan is supe-
rior to that of commonly prescribed ACEIs. As
shown in Fig. 2, compared to the ACEI ramipril,
olmesartan affords significantly superior office
SBP and DBP reductions in different categories
of hypertensive patients, with a particularly
more favourable action in patients aged 80 years
or older, in men and in patients with metabolic
syndrome [38]. As a monotherapy, olmesartan
is also superior to ramipril in patients previously
treated with two or more antihypertensive
drugs or with an ACEL

Olmesartan is more effective than ramipril in
controlling BP over 24 h, and particularly in the
last 6 h from the drug intake and during awak-
ening (morning surge) where the risk of CV
events is higher (Fig. 3) [39]. It is also superior in
sustained hypertensive patients, who present
the concomitant occurrence of elevated office
(SBP > 140 mmHg and/or DBP > 90 mmHg)
and ambulatory BP (24-h SBP > 130 mmHg
and/or DBP > 80 mmHg) (Fig.3) [39]. Olme-
sartan is also capable of efficiently controlling
BP when the cut-off for normalization is lower
than 150/90 mmHg and the chance of attaining
BP normalization is significantly larger under
olmesartan than under ramipril for both the
thresholds considered (140/90 mmHg: 54.4% vs
46.7%, p=0.012; 150/90 mmHg: 68.4% vs
60.3%, p = 0.006) [40].
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Fig. 2 Bascline-adjusted office systolic blood pressure
(SBP) and diastolic blood pressure (DBP) mean changes
(and 95% confidence intervals) from baseline after
12 weeks of double-blind treatment with olmesartan
medoxomil 10-40 mg (open bars) or ramipril 2.5-10 mg
(grey bars) in the whole study population (7 = 1426) and
in high-risk subgroups. The numbers in parentheses
indicate the number of subjects treated with olmesartan
and ramipril, respectively. The statistical significance of

In studies using combinations based on these
agents, olmesartan with amlodipine was supe-
rior to perindopril with amlodipine in reducing
both central SBP and 24-h DBP (Fig. 4), and
normalized BP in 75.6% of patients (mean
seated BP < 140/90 mmHg) compared with
57.5% of perindopril recipients (p < 0.0001)
[41]. A post hoc analysis of the SEVITENSION
(efficacy of SEVIkar compared to the combi-
nation of perindopril plus amlodipine on
central arterial BP in patients with hyperTEN-
SION) study confirmed greater efficacy of
olmesartan plus amlodipine compared to the
combination of perindopril with amlodipine

O Ramipril 2.5-10 mg

between-treatment differences is indicated by asterisks
(**p < 0.001, **p < 0.01). Reprinted by permission from
Springer Nature Customer Service Centre GmbH:
Springer, High Blood Pressure & Cardiovascular Preven-
tion, Olmesartan vs. Ramipril in Elderly Hypertensive
Patients: Review of Data from Two Published Random-
ized, Double-Blind Studies, Stefano Omboni, Ettore
Malacco, Jean-Michel Mallion et al, 2014

in diabetic patients; after 24 weeks, a signifi-
cantly higher proportion of patients treated
with the combination including olmesartan
had normalized BP (< 130/80 mmHg according
to the study protocol: 37.6% vs 21.8%;
p=0.018; BP < 140/90 mmHg: 73.3% vs
59.1%; p = 0.030) [42].

Olmesartan with amlodipine was non-infe-
rior to perindopril and amlodipine in reducing
central SBP and office DBP after 24 weeks of
treatment and at 48 h from the last adminis-
tration in diabetic patients. The percentage of
responders and percentage of those with nor-
malized BP were similar between the two groups
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Fig. 3 Bascline-adjusted 24-h, daytime, night-time, last
6-h and morning surge SBP mean changes (and 95%
confidence interval) after 12 weeks of double-blind treat-
ment with olmesartan 10-40 mg (open bars) and ramipril
2.5-10 mg (grey bars). Data are shown for the whole
population (7 = 715) and for sustained hypertensive
patients (7 = 582). Asterisks refer to the statistical
significance of between-treatment differences
(*p < 0.001; *p <0.05). Redrawn from Omboni §,
Malacco E, Mallion JM, Volpe M, Zanchetti A, Study
Group. Twenty-four hour and early morning blood
pressure control of olmesartan vs. ramipril in elderly
hypertensive patients: pooled individual data analysis of
two randomized, double-blind, parallel-group studies.
J Hypertens. 2012;30(7):1468-77. https://journals.lww.
com/jhypertension/Abstract/2012/07000/ Twenty_four_

hour_and_early_morning blood_pressure.28.aspx

[43, 44]. However, the olmesartan plus
amlodipine combination provided longer-last-
ing efficacy in terms of office BP reduction
compared to the perindopril plus amlodipine
combination [43]. Both combinations were well
tolerated and showed a good safety profile
[43, 44]. Peripheral BP, augmentation index and
pulse wave velocity were significantly lower in
both groups after 24 weeks of treatment and
48 h after the missed dose, observing a trend to
a greater reduction in parameters related to the
central aortic BP in the olmesartan plus
amlodipine group [44].

SAFETY OF ANGIOTENSIN
RECEPTOR BLOCKERS

AND ANGIOTENSIN CONVERTING
ENZYME INHIBITORS

Despite similar antihypertensive properties and
a favourable safety profile for both ACEIs and
ARBs, evidence indicates that patients treated
with ARBs have lower rates of withdrawal for
adverse events and greater persistence to ther-
apy than those treated with ACEIs. This point is
pivotal in the choice of long-term therapies in
current medical practice. Indeed, even if caused
by adverse events of minor health impact, per-
manent discontinuations of treatment have
obvious untoward implications on health by
depriving the hypertensive patients of the ben-
eficial effects of BP lowering. When compared
with placebo treatment, all major classes of BP-
lowering drugs (diuretics, beta-blockers, cal-
cium channel blockers, ACEIs and central
agents) significantly and markedly (twofold to
threefold) increase treatment discontinuations,
with the relevant exception of ARBs that have
been found not to increase discontinuations
over those occurring with placebo (Fig. 5) [45].
Cough is a well-described class adverse effect of
ACEls, with an incidence ranging between 5%
and 35% and it often causes treatment discon-
tinuation [46]. The incidence of ARB-induced
cough is much lower (3.2% in controlled trials
and 0.6% in cohort studies). Although cough
may occur with ARBs, they are considered an
alternative treatment for patients who discon-
tinued ACEI because of cough and who need
the blockade of the renin-angiotensin cascade
[46]. The mechanism of action of ARBs that
does not affect the metabolism of bradykinin
contributes to limit the rate of angioedema
(0.11%) compared to that observed with ACEIs
(0.3%) in controlled trials [47]. Switching ACEIs
to ARBs in patients with previous ACEIs
angioedema is quite safe, but close monitoring
of those patients is mandatory [47].

Since ARBs act on the renin-angiotensin
system to produce angiotensin II that is not
only an effective antihypertensive agent but
also regulates cell growth, their potential for an
increased risk of cancer has been widely
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Fig. 4 Forest plot of the mean differences (and 95%
confidence intervals) between patients treated with the
olmesartan 40 mg plus amlodipine 10 mg (OLM/AML,
n = 221) and the perindopril 8 mg plus amlodipine 10 mg
(PER/AML, 7 = 221) combination in the absolute change
from baseline to the final examination in systolic blood
pressure (SBP) and diastolic blood pressure (DBP). p values
represent the superiority comparison between the two

investigated. In 2010, a meta-analysis by Sipahi
and coworkers [48] reported that ARBs were
associated with a modestly increased risk of new
cancer occurrence without, however, resulting
in a significant excess in cancer deaths. Since
oncogenesis, tumour growth and treatment
failure followed by death are typically slow
processes, it is not possible to conclude regard-
ing the effect of ARBs on cancer-related deaths
with short-term clinical trials [48]. This has
been discussed in an expert consensus paper
analysing the available literature [49]. In addi-
tion, other studies did not show any significant
association between the use of ACEIs or ARBs
and the overall risk of cancer [50]. Therefore, it
may be plausible to exclude any correlation
between ARBs and cancer. Overall, treatment
with both ACEIs and ARBs reduces the occur-
rence of atrial fibrillation, diabetes onset and
the likelihood of bone fractures (Table 3).

Difference between treatments [95% CI] (mmHg)

Favors OLM/AML 40/10 mg Favors PER/AML 8/10 mg

treatment groups. Reprinted by permission from Springer
Nature Customer Service Centre GmbH: Springer,
Advances in Therapy, (The Fixed-Dose Combination of
Olmesartan/Amlodipine Was Superior in Central Aortic
Blood Pressure Reduction Compared with Perindopril/
Amlodipine: A Randomized, Double-Blind Trial in
Patients with Hypertension, Luis Ruilope; Angie Schaefer,
2013

Olmesartan shows similar tolerability in
terms of incidence of adverse events as other
ARBs (losartan, valsartan, candesartan and
irbesartan), with similar relative risk of dizzi-
ness, headache and diarrhoea as losartan or
valsartan [54]. In 2012, a case series of sprue-like
syndrome was reported regarding the use of
olmesartan [55]. However, patients treated with
other ARBs presented similar clinical-patholog-
ical findings as those described in the limited
reports of olmesartan-associated enteropathy,
thus suggesting the presence of a class effect,
rather than an olmesartan-specific adverse
event [56-59]. In elderly patients, olmesartan
showed a similar rate of adverse events com-
pared to ramipril; the risk of adverse drug reac-
tion was not related to BP levels achieved
during treatment [38]. In combination with
amlodipine, olmesartan showed a similar toler-
ability profile to perindopril, but lower rate of
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Trials Events (n/patients) P
Comparisons OQutcome (n) ACE inhibitors Control RR (95% CI) RR (95% CI) heterogeneity
ACElvs D Stroke + CHD 2 1254/9340 2045/15 538 0.45 (0.06-3.45) < 0.044
Adverse events 2 992/9340 1141/15 538 1.54 (1.45-1.69) - 0.75
ACEIvs BB CV death 2 48/836 44779 0.88 (0.40-1.96) o 0.09
Adverse events 2 89/836 126/799 0.63 (0.50-0.80) — 0.74
ACElvs CA Stroke + CHD 8 1352/11 584 1306/11 599 0.83(0.61-1.12) —0=T 0.017
Adverse events 9 1348/12 020 1010/11 816 1.18 (0.89-1.47) —~+o— 0.001
ACEl vs ARB Stroke + CHD + HF 3 1200/8886 1236/8842 0.97 (0.90-1.04) < 0.60
Adverse events 3 686/8886 470/8842 1.64 (1.13-2.38) ——— 0.079
ACElvs All Stroke + CHD 14 2271/21156  0.97 (0.88-1.05) 0.97 (0.88-1.05) - 0.043
Adverse events 18 2152/21 769 2760/37 170 1.27 (1.09-1.47) —— <0.001
r T T 1
0.2 0.5 1.0 2.0 5.0
ACE inhibitors better Control better
Events (n/patients)
Trials Angiotensin P .
Comparisons Outcome (n) receptor blockers Control RR (95% CI) RR (95% CI) heterogeneity
ARBvs D Stroke + CHD 1 38/1110 27/1094 - -
Adverse events 1 12/1110 11/1094 -
ARBvs BB Stroke + CHD + HF 2 626/5715 707/5677 0.89 (0.80-0.97) 0 0.91
Adverse events 2 288/5715 838/5677 0.67 (0.34-1.30) —_— e+ 0.35
ARBvs CA Stroke + CHD + HF 4 1263/11 157 1244/11 087 0.93 (0.76-1.16) —O— 0.023
Adverse events 4 1080/11 157 1153/11 087 0.93 (0.86-1.01) -9 0.95
ARB vs ACEI Stroke + CHD + HF 3 1236/8842 120/8886 1.03 (0.96-1.11) P 0.60
Adverse events 3 470/8842 686/8886 0.61(0.42-0.88) —— 0.016
ARBvs All Stroke + CHD + HF 1" 3239/26 738 3303/27 769 0.97 (0.89-1.06) - 0.044
Adverse events 1" 1896/26 738 2523/27 769 0.71 (0.58-0.87) —— < 0.001
r T T 1
0.2 0.5 1.0 20 5.0

Angiotensin receptor blockers better

Control better

Fig. 5 Comparison of the effects of blood pressure-
lowering treatment based on angiotensin converting
enzyme (ACE) inhibitors (a) or angiotensin receptor
blockers (b) vs. the same blood pressure lowering based on
other pharmacological classes on cardiovascular events and
on treatment discontinuations for adverse events. The type
of cardiovascular events considered was the composite of
stroke and coronary heart disease or the composite of
stroke, coronary heart discase and heart failure; or
cardiovascular death, as indicated. ACEI angiotensin
converting enzyme inhibitors, ARB angjotensin receptor

discontinuation due to treatment-related
adverse events. The most common adverse
events were peripheral oedema, nasopharyngi-
tis and cough with lower incidence with olme-
sartan [41]. In patients with diabetes mellitus,

blockers, BB beta-blockers, CA calcium antagonists, CHD
coronary heart disease, CI confidence interval, CV cardio-
vascular, D diuretics, HF heart failure, RR risk ratio.
Redrawn with permission from Thomopoulos C, Parati G,
Zanchetti A. Effects of blood-pressure-lowering treatment
in hypertension: 9. Discontinuations for adverse events
attributed to different classes of antihypertensive drugs:
trials. J  Hypertens.
heeps://journals.lww.com/jhyper

meta-analyses of randomized
2016;34(10):1921-32.
tension/pages/default.aspx

24 weeks of treatment with amlodipine com-
bined with either olmesartan or perindopril
showed that only few patients in both groups
discontinued because of an adverse effect with
any relationship to study drug [43] (Table 4).
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CONCLUSIONS

RAAS blockade is an effective strategy to obtain
BP control and prevent CVDs. Both ACEIs and
ARBs are characterized by similar antihyper-
tensive activity; however, ARBs afford lower
incidence of adverse reactions and allow greater
adherence to treatment. Among ARBs, the
recent introduction of olmesartan in clinical
practice offers a significant therapeutic oppor-
tunity, as monotherapy or in combination, for
specific categories of patients, including elderly
people, diabetics and patients with metabolic
syndrome. In these patients, the higher BP sta-
bility in the whole 24-h period achieved with
olmesartan may provide an important contri-
bution to prevent effect against stroke and CV
events.
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