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Abstract

Arterial hypertension is the main preventable cause of premature mortality worldwide. Across Latin America, hyperten-
sion has an estimated prevalence of 25.5-52.5%, although many hypertensive patients remain untreated. Appropriate treat-
ment, started early and continued for the remaining lifespan, significantly reduces the risk of complications and mortality.
All international and most regional guidelines emphasize a central role for renin—angiotensin—aldosterone system inhibi-
tors (RAASIs) in antihypertensive treatment. The two main RAASIi options are angiotensin-converting enzyme inhibitors
(ACEis) and angiotensin II receptor blockers (ARBs). Although equivalent in terms of blood pressure reduction, ACEis
are preferably recommended by some guidelines to manage other cardiovascular comorbidities, with ARBs considered as
an alternative when ACEis are not tolerated. This review summarizes the differences between ACEis and ARBs and their
place in the international guidelines. It provides a critical appraisal of the guidelines based on available evidence from
randomized controlled trials (RCTs) and meta-analyses, especially considering that hypertensive patients in daily practice
often have other comorbidities. The observed differences in cardiovascular and renal outcomes in RCTs may be attributed
to the different mechanisms of action of ACEis and ARBs, including increased bradykinin levels, potentiated bradykinin
response, and stimulated nitric oxide production with ACEis. It may therefore be appropriate to consider ACEis and ARBs
as different antihypertensive drugs classes within the same RAASi group. Although guideline recommendations only dif-
ferentiate between ACEis and ARBs in patients with cardiovascular comorbidities, clinical evidence suggests that ACEis
provide benefits in many hypertensive patients, as well as those with other cardiovascular conditions.
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1 Introduction

Arterial hypertension [i.e., high blood pressure (BP)] is
estimated to affect > 1.25 billion people aged 30-79 years
worldwide [1]. In addition to being the leading preventable
cause of cardiovascular disease (CVD)-related mortality, all-
cause mortality, and disease burden, hypertension is one of
the main risk factors associated with chronic kidney disease
(CKD) and dementia [2]. In 2015, elevated systolic BP (SBP
> 115 mmHg) was associated with an estimated 8.5 mil-
lion deaths worldwide [2]. In Latin American countries, the
estimated prevalence of hypertension (BP > 140/90 mmHg)
varied among adults aged > 18 years from 25.5% in Mexico
to 52.5% in Argentina in 2019, and remained under-treated,
with the proportion of untreated individuals with hyperten-
sion ranging from 17.4% in Venezuela to 58.3% in Mexico
[3].

In addition to lifestyle and dietary modifications, appro-
priate pharmacologic treatment of hypertension has been
shown to significantly reduce hypertension-related compli-
cations and increase the quality and duration of life. Clini-
cal evidence has demonstrated that a 5-mmHg reduction
in SBP can reduce the risk of stroke or heart failure (HF)
by 13% and major adverse cardiovascular event (MACE)
by 10%, even in individuals with normal or high—-normal
BP and regardless of prior CVD diagnoses or risk [4]. Fur-
thermore, intensive antihypertensive treatment (target SBP
< 120 or < 130 mmHg) has been shown to further reduce
the risk of cardiovascular events, including stroke, acute
coronary syndrome (ACS), HF, coronary revasculariza-
tion, and atrial fibrillation, as well as cardiovascular and
all-cause mortality, compared with standard antihyperten-
sive treatment (target SBP < 140 or < 150 mmHg) [5, 6].
However, long-term follow-up (median 8.8 years) suggests
that these benefits do not persist after discontinuation of
intensive antihypertensive treatment [7]. According to a
global impact assessment analysis, an increase in antihy-
pertensive treatment coverage to include 70% of patients
with hypertension has the potential to prevent 39 million
premature deaths over 25 years, assuming a 15-mmHg
decline in SBP [8].

All international and most regional guidelines for the
management of hypertension emphasize a central role for
renin—angiotensin—aldosterone system inhibitors (RAASis)
and recommend their use, either as monotherapy or as com-
bination therapy, as the basis of antihypertensive treatment
in most patients, with a preference for single-pill combina-
tions (SPCs) as the first step of treatment [9]. Indeed, a 2021
systematic review found that use of SPCs for antihyperten-
sive therapy was associated with significantly improved rates
of adherence and persistence compared with administration
of separate equivalent medications [10].
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The two main options for RAASis are angiotensin-
converting enzyme inhibitors (ACEis) and angiotensin II
(Ang II) receptor blockers (ARBs); direct renin inhibitors
are rarely used in clinical practice. Although ACEis and
ARBs are considered to be equivalent in terms of BP reduc-
tion by most hypertension guidelines [9, 11, 12], ACEis are
preferably recommended by some cardiovascular guide-
lines to manage arterial hypertension in patients with dif-
ferent comorbidities [e.g., HF, coronary syndromes, type 2
diabetes (T2D), and CKD], with ARBs considered as an
alternative when ACEis are not tolerated [13-21]. Head-to-
head randomized controlled trials (RCTs) comparing clini-
cal outcomes with ACEis and ARBs are limited; therefore,
meta-analyses are often used to indirectly compare results
from different studies of antihypertensive drugs. Of course,
results from meta-analyses are considered “hypothesis gen-
erating” and should ideally be confirmed in prospective tri-
als. Whereas some meta-analyses have indicated that ARBs
and ACEis have similar efficacy with regard to BP-lowering
effects and clinical outcomes [22, 23], others suggest that the
ACE:i drug class is associated with a significantly reduced
risk of all-cause mortality and cardiovascular events that is
not evident with ARBs [24-27]. A large a meta-analysis of
efficacy data from 18 RCTs in hypertension patients (N =
152,886) reported significantly lower hazard ratios (HRs)
and numbers needed to treat (NNTs) for all-cause mortality,
cardiovascular mortality, and myocardial infarction (MI) in
favor of ACEis compared with respective controls, whereas
ARBs showed no effect for these outcomes [28].

Hypertension rarely presents in isolation, with hyper-
tensive patients often having other hypertension-related
comorbidities, including CKD, diabetes, HF, peripheral
artery disease (PAD), atrial fibrillation, or coronary artery
disease (CAD) [29]. The presence of these comorbidities
often affects the recommended management of hypertension,
especially in patients with cardiovascular comorbidities.

The aim of this narrative review is to summarize the dif-
ferences between ACEis and ARBs and their place in the
international hypertension and cardiovascular guidelines. It
provides a critical appraisal of the guidelines in accordance
with the available evidence from RCTs, especially consider-
ing that hypertensive patients in daily clinical practice often
have cardiovascular comorbidities.

2 Should the ACEi and ARB Drug Classes be
Considered Equivalent?

2.1 Differences in the Mechanisms of Action

Both ACEis and ARBs lower BP through their effects on

the Ang II pathway within the RAAS; however, these agents
function by acting at different sites in this pathway [30].
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Fig. 1 Mechanism of action for
angiotensin-converting enzyme
inhibitors (ACEis). ACEis block
the conversion of angiotensin I
to angiotensin II, thereby block-
ing its action on multiple differ-
ent receptors (AT1, AT2, and
AT4) involved in vasodilation,
vasoconstriction, apoptosis,
inflammation, and angiogenesis.
ACEi therapy is also associated
with an increase in bradykinin
levels and bradykinin-mediated
stimulation of angiogenesis,
which can lead to improved
hypoxia-induced neovascu-
larization. ACEi angiotensin-
converting enzyme inhibitor,
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Ang II is a peptide hormone that is responsible for regula-
tion of systemic arterial pressure by causing vasoconstric-
tion, modulation of the sympathetic nervous system, and
retention of sodium and water by the kidneys [31]. ACEis
prevent the conversion of Ang I to Ang II, thereby reduc-
ing the availability of Ang II to act on Ang II type 1 (AT1)
and type 2 (AT2) receptors and lowering BP (Fig. 1) [32].
ACEis also prevent ACE-mediated degradation of brady-
kinin, thus causing an increase in plasma bradykinin levels
and increased endothelial nitric oxide production [30]. The
increase in bradykinin levels with ACEis stimulates vasodi-
lation, vascular permeability, and prostaglandin production
[30], and contributes to restoration of fibrinolytic balance,
improved endothelial function, and enhanced ischemic con-
ditioning [33]. ACEis may also potentiate the bradykinin
response by inhibiting the desensitization of bradykinin 2
receptors, which are constitutively expressed in most tis-
sues and are responsible for mediating the vasodilatory
effects of the bradykinin response [30]. In patients with
cardiovascular risk factors or CAD, tissue overexpression
of ACE disturbs the balance of bradykinin and Ang II (i.e.,
decreased bradykinin levels and increased Ang II levels),
which causes endothelial dysfunction [34]. The duration of
action for ACEis varies within the drug class, with the effec-
tive half-life ranging from 1 to 2 h for short-acting agents

(e.g., captopril, quinapril, and perindopril) to 10-12 h for
longer-acting agents (e.g., enalapril and lisinopril) [35].

In contrast with ACEis, ARBs selectively block the bind-
ing of Ang II to AT receptors (Fig. 2) [36, 37], which are
found in the heart, blood vessels, kidneys, adrenal glands,
and circumventricular organs of the brain [38]. In addition to
blocking AT1 receptors, ARBs can simultaneously stimulate
AT?2 receptors [37], which is thought to reduce BP-induced
vascular remodeling by inhibiting perivascular fibrosis, cor-
onary artery thickening, and vascular injury inflammation
[39]. Further to these cardiovascular benefits, ARBs have
been associated with protective effects in the kidneys (attrib-
uted to blockade of renal RAAS) and brain (due to reduction
in middle cerebral artery thickness and smaller decreases
in cerebral blood flow during ischemia) [37, 40, 41]. Many
ARBs have a longer duration of action than ACEis, with an
effective half-life of 13 h for olmesartan, 11-15 h for irbe-
sartan, and 24 h for telmisartan [35].

Despite having different mechanisms of action, both
ACEis and ARBs are associated with anti-inflammatory
effects and decreased oxidative stress [42]. Data from animal
studies suggest that ACEis may upregulate endothelial pro-
genitor cells from the bone marrow, thereby enhancing ext-
racardiac neoangiogenesis during cardiac remodeling [43].
In patients with CAD, treatment with the ACEi perindopril
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Fig.2 Mechanism of action for
angiotensin receptor blockers
(ARBs). ARBs inhibit the bind-
ing of angiotensin II to the AT1
receptor, thereby preventing
vasoconstriction. However, the
increased angiotensin II levels
can lead to stimulation of AT2
and AT4 receptors, which can
cause inappropriate endothe-
lial apoptosis and release of
proinflammatory cytokines.
Long-term ARB therapy may
also play a role in microvascular
rarefaction, cardiac remodeling
(including left ventricular
hypertrophy), and fibrosis. Ang,
angiotensin, ARB angiotensin
receptor blocker, Cox-2 cyclo-
oxygenase-2, eNOS endothelial
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was also shown to upregulate endothelial nitric oxide syn-
thase expression and activity [44].

ARBs have been shown to have anti-inflammatory effects
in animal models, largely mediated by blocking AT1 recep-
tors, including inhibiting the release of pro-inflammatory
cytokines [i.e., tumor necrosis factor (TNF)-a and inter-
leukin (IL)-6] and aldosterone, preserving glucocorticoid
release, and suppressing the expression of pro-inflammatory
genes and cerebral microglial activation [45, 46]. Data from
a 2022 meta-analysis of 32 RCTs (N = 3489 patients) indi-
cated that ACEis provided significant reductions in C-reac-
tive protein (CRP; I> = 99%), IL-6 (> = 0%), and TNF-« (I
=99%) levels, and ARBs provided significant reductions in
IL-6 levels (I* = 85%), but did not significantly affect the
other two inflammatory markers (1> = 0% and 77%, respec-
tively) [47].

Long-term ARB treatment does not upregulate brady-
kinin but can lead to compensatory increases in plasma
Ang IT levels [33, 48]. Elevated Ang II levels may stimulate
the Ang ITII-IV pathways, which results in overactivation
of the AT2 and AT4 receptors [30]. Together with TNF-a,
Ang II has been associated with cardiac remodeling, left
ventricular hypertrophy, and increased vascular fibrosis in
an animal model by increasing oxidative stress [49]. AT1
receptor activation in response to Ang II is also thought to
stimulate acute release of plasminogen activator inhibitor-I
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[50], which is associated with development of CAD and
an independent predictor of mortality in patients with ST-
segment elevation MI (STEMI) [51]. Through its interac-
tion with AT2 receptors, Ang II also has a central role in
mediating prostaglandin E2-dependent macrophage produc-
tion of matrix metalloproteinases, which are associated with
atherosclerotic plaque rupture [52]. Ang IV-induced activa-
tion of AT4 receptors may lead to inflammation in vascular
smooth muscle cells through the upregulation of the nuclear
factor-kB pathway and expression of other proinflammatory
factors [53]. However, Ang IV binding to AT4 receptors
may also counteract Ang II-mediated cardiac cell apoptosis,
cardiomyocyte hypertrophy, and fibroblast proliferation [54].

2.2 Clinical Evidence for ACEi and ARB Efficacy
in Different Clinical Scenarios

In patients with hypertension, there is clinical evidence that
both ACEis and ARBs have similar efficacy with regard to
lowering BP [55]. However, there is also placebo-controlled
evidence that ACEis provide significant reductions in the
risk of cardiovascular morbidity and mortality in several dif-
ferent study populations, in which the proportion of patients
with hypertension ranged from 7 to 100% (Table 1). Three
prospective trials have directly compared the effects of
ACEis versus ARBs on clinical outcomes in patients with
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cardiovascular disease (i.e., ONTARGET, OPTIMAAL, and
VALIANT).

2.2.1 Elderly Patients

In the HY VET study in very elderly patients with persistent
hypertension, treatment with the thiazide-like diuretic inda-
pamide, with or without the ACEi perindopril, was associ-
ated with a significant reduction in the risk of death from
stroke (p = 0.046), death from any cause (p = 0.02), HF (p <
0.001), and any cardiovascular event (p < 0.001) compared
with placebo [56]. Of note, almost three-quarters of patients
in the active-treatment group (73.4%) were receiving both
indapamide and perindopril, with only 25.8% receiving inda-
pamide alone.

The SCOPE study in elderly hypertensive patients dem-
onstrated a significant reduction in the risk of nonfatal stroke
with the ARB candesartan compared with placebo (p =
0.04), but candesartan provided only a modest, nonsignifi-
cant reduction in the risk of MACE (p = 0.19) [57]. There
was no significant difference in the risk of cardiovascular
or all-cause mortality compared with placebo. In this study,
26% of patients in the candesartan group were receiving
low-dose (12.5 mg) hydrochlorothiazide from randomiza-
tion, while 49% started other open-label add-on antihyper-
tensive treatment during the study [including hydrochloro-
thiazide at an increased dose or started after randomization,
a p-blocker, or calcium channel blocker (CCB)].

2.2.2 High Cardiovascular Risk

In the HOPE study in patients with evidence of CVD or dia-
betes plus another cardiovascular risk factor, the ACEi rami-
pril significantly reduced the risk of the composite outcome
of cardiovascular mortality, MI, or stroke (p < 0.001) and
death from any cause (p = 0.005) compared with placebo
[58]. Similarly, perindopril in combination with amlodipine
was associated with significant reductions in the risks of
cardiovascular mortality (p = 0.0010), all-cause mortality (p
= 0.0247), and all cardiovascular events (p < 0.0001) com-
pared with atenolol plus a thiazide diuretic among hyper-
tensive patients with three or more other cardiovascular risk
factors in the ASCOT-BPLA study [59].

The placebo-controlled TRANSCEND study in patients
with CVD or high-risk diabetes who were intolerant to
ACEis demonstrated a modest, albeit significant, reduction
in the risk of MACE with the ARB telmisartan compared
with placebo (p = 0.048); however, there was no significant
effect on cardiovascular mortality, all-cause mortality, or
MACE plus hospitalization for HF [60]. The ARB valsartan
also had noninferior efficacy to amlodipine for the composite
outcome of cardiovascular morbidity and mortality among
hypertensive patients with high cardiovascular risk in the

VALUE study (p = 0.49) [61], and showed no difference
in the extended composite cardiovascular outcome (cardio-
vascular mortality, nonfatal MI, nonfatal stroke, hospitaliza-
tion for HF, arterial revascularization or hospitalization for
unstable angina) compared with placebo in patients with
impaired glucose tolerance and one or more cardiovascular
risk factors or established CVD in the NAVIGATOR study
(p = 0.85) [62]. Of note, the risk of MI was significantly
increased with valsartan versus amlodipine in VALUE (p
=0.02) [61].

The ONTARGET study in patients with CVD or high-risk
diabetes compared cardiovascular outcomes with an ARB
(telmisartan) versus an ACEi (ramipril) [63]. This study
found that the cardioprotective effects of telmisartan were
noninferior to those of ramipril after 56 months of follow-up,
with no difference in the risk of the composite cardiovascu-
lar outcome of cardiovascular mortality, MI, stroke, or hos-
pitalization for HF (p = 0.004 for noninferiority). The risk of
MI was 7% higher with telmisartan versus ramipril, although
this difference was not statistically significant [63]. Based on
these results, as well as data from the TRANSCEND study
[60], telmisartan was approved by the US Food and Drug
Administration (FDA) for cardiovascular risk reduction in
patients who are unable to receive ACEis [64].

In a meta-analysis of 26 RCTs in 108,212 high cardiovas-
cular-risk patients without HF, the risk of the composite out-
come of cardiovascular death, MI, or stroke was significantly
reduced with ACEis [odds ratio (OR) 0.830, 95% confidence
interval (CI) 0.744-0.927; p = 0.001; = 62.1%] and ARBs
(OR 0.920, 95% CI 0.869-0.975; p = 0.005; I> = 0.0%) [25].
ACE:is also significantly reduced the risk of all-cause death
(OR 0.908, 95% CI 0.845-0.975; p = 0.008; I = 7.8%), MI
(OR 0.811, 95%C1 0.748-0.879; I> = 0.6%), and new-onset
HF (OR 0.789, 95% CI 0.686-0.908; P= 21.5%), whereas
there was no significant effect on these risks with ARBs (all-
cause death OR 1.006, 95% CI 0.941-1.075; p = 0.866; P=
0.0%; MI OR 0.903, 95% CI 0.803-1.015; p = 0.086; I* =
2.1%; and new-onset HF OR 0.892, 95% CI1 0.761-1.046; p
=0.159; I = 31.4%) [25].

2.2.3 Coronary Syndromes

In patients with stable CAD in the EUROPA study, the ACFEi
perindopril was associated with a 20% reduction in the rela-
tive risk of the primary endpoint (i.e., composite outcome
of cardiovascular mortality, MI, or cardiac arrest with suc-
cessful resuscitation) compared with placebo (p = 0.0003);
however, the reduction in the relative risks of cardiovascu-
lar mortality or all-cause mortality did not reach statistical
significance [65]. In EUROPA, only 27% of patients had
hypertension at baseline; nevertheless, a prespecified sub-
group analysis showed that the beneficial effects of perin-
dopril with regard to the primary endpoint were observed in
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patients with or without hypertension [65], providing strong
support for the use of perindopril in all patients with stable
CAD, regardless of whether or not they are hypertensive. In
contrast, the PEACE study in patients with stable CAD and
preserved left ventricular (LV) function found that the ACEi
trandolapril did not significantly reduce the risk of all-cause
mortality (p = 0.13), cardiovascular mortality (p = 0.67),
or the composite outcome of cardiovascular mortality, non-
fatal MI, or coronary revascularization (p = 0.43) [66]. In
the QUIET study of patients with angiographic evidence of
CAD but without systolic LV dysfunction, the ACEi quinap-
ril was associated with a significant reduction in the inci-
dence of angioplasty for previously nonintervened vessels
compared with placebo (p = 0.018), but did not significantly
reduce the relative risk of ischemic events (p = 0.6) or the
incidence of angiographic CAD progression (p = 0.71) [67].

Of note, in a systematic review of eight RCTs in 37,148
patients with ischemic heart disease (IHD), ACEis were
associated with a reduced risk of total mortality [relative
risk (RR) 0.87, 95% CI 0.81-0.94] and cardiovascular mor-
tality (RR 0.83, 95% CI 0.70-0.98) compared with placebo,
whereas these risks were not reduced with ARBs [24].

Early studies showed the cardiovascular benefits of
ACE:is in patients with recent MI [68—71]. In the SAVE
study in patients with MI and LV dysfunction, the ACEi
captopril significantly reduced the risk of death from any
cause (p = 0.019), cardiovascular mortality (p = 0.014), and
recurrent MI (p = 0.015) compared with placebo [68]. Simi-
larly, among patients with acute MI and clinical evidence of
HF in the AIRE study, ramipril provided significant reduc-
tions in the risks of all-cause mortality (p = 0.002) and the
composite outcome of death, reinfarction, stroke, or severe/
resistant HF (p = 0.008) compared with placebo [69]. The
TRACE study in patients with recent MI reported a sig-
nificantly reduced risk of all-cause mortality (p = 0.001),
cardiovascular mortality (p = 0.001), and sudden death (p
= 0.03) with trandolapril versus placebo, although the risk
of recurrent MI was not significantly reduced [70]. Simi-
larly, zofenopril was associated with a significant reduction
in the risk of all-cause mortality after 1 year compared with
placebo (p = 0.011) in patients with recent acute MI in the
SMILE study [71]. In contrast, the CONSENSUS II study
in patients with acute MI reported no significant reduction
in the risk of mortality with enalapril versus placebo (p =
0.26) and a trend towards a higher incidence of death due to
progressive HF in the enalapril group [72].

Two studies have compared ARBs with the ACEi capto-
pril in patients with acute MI [73, 74]. In the OPTIMAAL
study in patients with acute MI and HF, there was no sig-
nificant difference in the risk of all-cause mortality between
the ARB losartan and captopril; however, the relative risk of
cardiovascular death was lower with captopril versus losar-
tan (p = 0.032) [73]. The VALIANT study in patients with
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acute MI complicated by HF, LV dysfunction, or both found
that valsartan was noninferior to captopril with regard to
all-cause (p = 0.98) or cardiovascular (p = 0.62) mortality
compared with captopril [74].

2.2.4 Heart Failure

Early studies of the ACEi enalapril in patients with severe
congestive HF (CONSENSUS) or congestive HF with
reduced ejection fraction (HFrEF; SOLVD) demonstrated a
significant reduction in the risk of all-cause mortality com-
pared with placebo [75, 76]. In CONSENSUS, the reduced
risk of mortality was largely driven by a significant reduc-
tion in the risk of death caused by progressive HF with enal-
april versus placebo (p < 0.001) [75]. In SOLVD, enalapril
was also associated with a reduced risk of hospitalization for
HF compared with placebo (p < 0.0001) [76].

In the CHARM-Alternative study in patients with HFrEF
with intolerance to ACEis, the ARB candesartan signifi-
cantly reduced the risks of cardiovascular mortality (p =
0.02), all-cause mortality (p = 0.033), and the composite
outcome of cardiovascular death or hospitalization for con-
gestive HF (p < 0.0001) [77]. However, in the Val-HeFT
study in patients with HFrEF, valsartan, in addition to usual
therapy (including ACEi), did not significantly reduce the
all-cause mortality risk compared with placebo (p = 0.80),
although the risk of the combined morbidity and mortality
outcome was reduced (p = 0.009) [78].

In a meta-analysis of 17 RCTs in 12,469 patients with
symptomatic HF, ARBs showed a nonsignificant trend
toward reducing the risk of mortality (OR 0.68, 95% CI
0.38-1.22) and hospitalization (OR 0.67, 95% CI 0.80-1.13)
compared with placebo [79]. However, when compared with
ACEis, ARBs showed no difference in the risk of mortality
(OR 1.09, 95% CI 0.92-1.29) or hospitalization (OR 0.95,
95% CI 0.80-1.13) [79]. A more recent meta-analysis of 38
RCTs in a total of 47,662 patients with HF found that ACEis
reduced the risk of death from any cause (RR 0.82, 95% CI
0.76-0.89; p < 0.00001; P = 13%) and from cardiovascu-
lar causes (RR 0.81, 95% CI 0.73-0.89; p < 0.0001; =
51%) compared with placebo; however, the all-cause and
cardiovascular mortality risk was not significantly reduced
with ARBs versus placebo (RR 0.98, 95% CI 0.90-1.07; p
=0.28; I*=0% and 1.01, 95% C10.92-1.12; p = 0.78; > =
40%, respectively) [80].

2.2.5 Stroke

In patients with prior stroke or transient ischemic attack
(TTA), indapamide plus the ACEi perindopril significantly
reduced the relative risk of recurrent stroke, nonfatal stroke,
and nonfatal MI compared with placebo in the PROGRESS
study, but the risks of cardiovascular mortality and all-cause
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mortality were not reduced [81]. In this study, indapamide
plus perindopril provided a reduction in the risk of recurrent
stroke by 32% in hypertensive patients and 27% in nonhy-
pertensive patients, and a reduction in the risk of major vas-
cular events by 29% and 24%, respectively [81]. In contrast,
the ARB telmisartan did not significantly reduce the risk of
recurrent stroke (p = 0.23) or major cardiovascular events (p
= 0.11) compared with placebo among patients with recent
ischemic stroke in the PROFESS study [82].

2.2.6 Type 2 Diabetes

The ADVANCE study in patients with T2D and nephropa-
thy demonstrated that indapamide plus the ACEi perindo-
pril significantly reduced the relative risk of death from any
cause (p = 0.025), cardiovascular mortality (p = 0.027),
total coronary events (p = 0.020), and total renal events (p
< 0.0001) compared with placebo [83]. When combined
with CCBs, indapamide plus perindopril was associated with
a 28% reduction in the all-cause mortality risk (RR 0.72,
95% CI 0.57-0.90) compared with a 5% reduction in those
without CCB (RR 0.95, 95% CI 0.80-1.12; p = 0.02 for
homogeneity) [84]. In addition, the PERSUADE substudy of
diabetic patients from the EUROPA study showed that per-
indopril was associated with a nonsignificant 19% reduction
in the risk of cardiovascular death, nonfatal MI, or resusci-
tated cardiac arrest compared with placebo over a median
follow-up of 4.3 years, similar to that observed in the overall
EUROPA study population [85]. Of note, the prevalence of
hypertension in these patients was significantly higher than
in the overall study population (39% versus 27%) [85].
Among patients with T2D and nephropathy in the
RENAAL study, most of whom were receiving antihyper-
tensive therapy at baseline, the ARB losartan significantly
reduced the risk of end-stage renal disease (p = 0.002) and
hospitalization for HF (p = 0.005) compared with placebo,
but there were no differences in cardiovascular or all-cause
mortality rates [86]. Similarly, irbesartan reduced the rela-
tive risk of doubling of serum creatinine compared with pla-
cebo (p = 0.009) in the IDNT study in hypertensive patients
with T2D and nephropathy, but showed no difference in the
risk of all-cause death or cardiovascular events [87]. In the
IRMA-2 study in hypertensive patients with T2D and micro-
albuminuria, irbesartan significantly reduced the risk of dia-
betic nephropathy compared with placebo (p < 0.001), but
there was no significant difference in the incidence of non-
fatal cardiovascular events (p = 0.11) [88]. The ORIENT
study in patients with T2D, most of whom were on baseline
antihypertensive therapy, found a significant reduction in
the risk of the cardiovascular composite outcome with olm-
esartan versus placebo after adjusting for age, cardiovascular
history, and albumin-to-creatinine ratio (p = 0.039), but no
difference in the risk of cardiovascular mortality, all-cause

mortality, or renal outcomes [89]. The ROADMAP study in
T2D patients with at least one other cardiovascular risk fac-
tor (who had a range of BP values) even suggested a possible
increase in the risk of cardiovascular death with olmesartan
versus placebo [90].

A systematic review and meta-analysis of 13 RCTs in
patients with hypertension and T2D (N = 47,008) found that
ACEis were associated with significant reductions in all-
cause mortality (OR 0.87, 95% CI 0.80-0.94; p = 0.0008;
I? = 50%) and cardiovascular mortality (OR 0.81, 95% CI
0.68-0.98; p = 0.03; I = 61%) compared with placebo,
whereas ARBs showed no significant reduction in these
outcomes [91].

3 Recommended RAASi Therapy:
Hypertension Guidelines

A summary of the international guideline recommendations
for the pharmacologic treatment of hypertension is presented
in Table 2.

All international guidelines for hypertension management
include ACEis and ARBs as first-line treatment options for
patients with hypertension [11, 21, 55, 92-95]. An SPC
comprising an ACEi or ARB (plus a CCB or diuretic) is rec-
ommended by the European Society of Cardiology (ESC)/
European Society of Hypertension (ESH) [11], Hyperten-
sion Canada [93], the International Society of Hypertension
(ISH) [94], and the Latin American Society of Hypertension
(LASH) guidelines [21]. The American College of Cardiol-
ogy (ACC)/American Heart Association (AHA) guidelines
also recommend SPCs to improve treatment adherence [55].

Initial combination therapy with two first-line agents is
recommended in patients with stage 2 hypertension by the
ACC/AHA [55] and in most hypertensive patients by the
ESC/ESH [11]. The LASH recommend combination therapy
in patients with grade 2 or 3 hypertension [21].

For patients with uncomplicated hypertension (i.e., no
other cardiovascular comorbidities), none of the interna-
tional guidelines for hypertension management give a pref-
erence for first-line treatment between ACEis and ARBs.
The ESC/ESH guidelines state that both classes of RAASI
agent have similar effectiveness with regard to major cardio-
vascular events and mortality [11]. The most recent guide-
lines from the World Health Organization (WHO) consider
both ACEis or ARBs among first-line treatment options,
despite limited evidence in terms of head-to-head compari-
sons for cardiovascular endpoints [95]. In comparison, the
ISH guidelines state that the benefits of ACEis and ARBs
in RCTs vary in different patient populations, and that the
choice of agent should depend on patient characteristics,
availability, costs, and tolerability [94].
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Table2 Summary of international guideline recommendations for the pharmacological treatment of hypertension

Guidelines Preferred RAASI

Other antihypertensive drugs

ACC/AHA [55]
ARBs (I, A)
ESC/ESH [11]
ARBs (I, A)

First-line agents for initial therapy include ACEis or

Antihypertensive therapy should include ACEis or

Thiazide diuretics, CCBs

B-blockers, CCBs, or diuretics combined with either
ACEi or ARB

ARBs may be preferred in patients of Black-African
descent due to risk of angioedema with ACEis
ARBs are associated with lower rates of treatment dis-

continuation for AEs
Hypertension Canada [93]

Diastolic hypertension (+ systolic hypertension)
Monotherapy with ACEis or ARBs (Grade B) OR an

Diuretics, p-blockers (patients aged <60 years), long-
acting CCBs

SPC of an ACEi + CCB (Grade A), an ARB + CCB
(Grade B), or an ACEi or ARB + diuretic (Grade B)

Isolated systolic hypertension without other indications

Thiazide/thiazide-like diuretics, long-acting dihydropyri-

ARBs (Grade B) dine CCBs
ISH [94] ACEi or ARB (in an SPC with dihydropyridine CCB) Dihydropyridine CCB (in combination with ACEi or
Benefits of ACEis and ARBs in RCTs varied between ARB)
different patient populations
Choice between RAASI drug will depend on patient
characteristics and drug availability, costs, and toler-
ability
LASH [21] Grade 1 hypertension Diuretics, CCBs, or B-blockers
Monotherapy with ACEis or ARBs (low CV risk) OR an
SPC with ACEi or ARB + CCB or diuretic (moderate
or high CV risk)
Grade 2 or 3 hypertension
Combination therapy is recommended, regardless of CV
risk
NICE [92] Step 1 CCBs [hypertensive patients aged > 55 years without
ACEis or ARBs in hypertensive adults who: (a) have diabetes or who are of Black-African or African-Carib-
diabetes and are of any age or family origin; OR (b) are  bean descent without diabetes (any age)]
aged < 55 years but not of Black-African or African-
Caribbean descent
Step 2 CCB or thiazide-like diuretic may be added
ACEis or ARBs plus another antihypertensive drug
WHO [95] ACEis or ARBs Diuretics (thiazide or thiazide-like) or long-acting dihy-

Combination therapy, preferable as an SPC, is recom-

dropyridine CCBs

mended as initial therapy to improve adherence

ACC American College of Cardiology, ACEi angiotensin-converting enzyme inhibitor, AE adverse event, AHA American Heart Association,
ARB angiotensin II receptor blocker, CCB calcium channel blocker, CV cardiovascular, ESC European Society of Cardiology, ESH European
Society of Hypertension, ISH International Society of Hypertension, LASH Latin American Society of Hypertension, NICE National Institute for
Health and Care Excellence, RAASi renin—angiotensin—aldosterone system inhibitor, RCT randomized clinical trial, SPC single-pill combination,

WHO World Health Organization

With regard to tolerability, the ESC/ESH guidelines men-
tion that ARBs have lower rates of treatment discontinua-
tion for adverse events than ACEis, and may be preferred in
patients of Black-African descent due to an increased risk
of angioedema with ACEis [11]. Similarly, guidelines from
Hypertension Canada [93] and the National Institute for
Health and Care Excellence (NICE) [92] state that ARBs
are preferred over ACEis in Black patients. The NICE guide-
lines state that ARBs should be used in patients who do not
tolerate ACEis (e.g., due to cough) [92].

According to the guidelines, the combination of ACEis
and ARBs is not recommended [11, 55, 92, 93]. This is

A\ Adis

because the combination of two RAASi agents has been
associated with an increased risk of hypotension and hyper-
kalemia [63, 96].

4 Recommended RAASi Therapy:
Cardiovascular Guidelines

A summary of the international cardiovascular guideline rec-
ommendations for pharmacologic treatment in patients with
hypertension and other comorbidities is provided in Table 3.
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4.1 Cardiovascular Disease Prevention

The ESC guidelines for CVD prevention recommend treat-
ment with an ACEi or ARB in combination with a CCB or
diuretic to manage hypertension [97]. Although the CVD
prevention guidelines do not specify a preference for ACEis
over ARBs, most other cardiovascular guidelines preferably
recommend ACEis as first-line treatment, with ARBs rec-
ommended for patients who are unable to tolerate an ACEi
[13-21].

4.2 Coronary Syndromes
4.2.1 Coronary Artery Disease

In hypertensive patients with CAD, acute STEMI, or non-
STEMI ACS, AHA/ACC/American Society of Hypertension
(ASH), ESC, and LASH guidelines recommend ACEis as
the first-line treatment option [13, 14, 16, 19-21]. In these
guidelines, ARBs are recommended in patients who are una-
ble to tolerate ACEis. These recommendations are based (at
least in part) on the results of the HOPE study in patients
with high cardiovascular risk (described above) [58].

4.2.2 Acute Coronary Syndrome

In patients with non-STEMI ACS, the ESC guidelines rec-
ommend ACEis (or ARBs in patients with intolerance to
ACEis) in patients with HFrEF (LVEF < 40%), diabetes,
or CKD (unless contraindicated) to reduce cardiovascular
morbidity and all-cause and cardiovascular mortality [14].
Similarly, the AHA/ACC guidelines recommend initiating
and continuing ACEi therapy indefinitely in all patients with
LVEF < 40% and those with hypertension, diabetes, or sta-
ble CKD, unless contraindicated [13].

In patients with acute STEMI, both the ESC [16] and
the ACC/AHA [19] guidelines recommend starting ACEis
within 24 h of STEMI in patients with HF or LVEF < 40%,
or ARBs in patients who do not tolerate ACFEis.

4.2.3 Chronic Coronary Syndromes

In patients with chronic coronary syndromes (CCS) and
concurrent hypertension, the ESC guidelines recommend
considering ACEis (or ARBs in patients with intolerance)
[17]. These recommendations are based on the results of the
SAVE and SOLVD studies (described above) [68, 76]. These
guidelines also state that ACEis should also be considered
in patients with CCS who are at very high risk of adverse
cardiovascular events [17].

4.2.4 Heart Failure

In patients with HFTEF, ACEis are recommended by the
AHA/ACC/Heart Failure Society of America (HFSA)
[15], ESC [18], and LASH [21] guidelines. The ESC
guidelines recommend ARBs to reduce the risk of cardio-
vascular death and hospitalization for HF in symptomatic
patients who are unable to tolerate ACEis or angioten-
sin receptor-neprilysin inhibitors; these patients should
also receive a pB-blocker and a mineralocorticoid recep-
tor antagonist and SGLT2 inhibitors [18]. However, the
optimal hypertension strategy in patients with HF with
preserved ejection fraction is less certain; both ACEis or
ARBs are recommended by the American and European
guidelines [15, 18].

4.3 Type 2 Diabetes

In contrast to other cardiovascular comorbidities, most
guidelines for the management of patients with T2D rec-
ommend ACEis or ARBs as first-line treatment for hyper-
tension, with no preference for one RAASi over another,
including those from the American Diabetes Association
[98] and LASH [21]. However, the ESC guidelines state
that ACEis should be used in the management of hyperten-
sion (or ARBs in patients who are intolerant to ACEis), and
recommend ACEis to prevent major cardiovascular events
in all patients with CCS or ACS and systolic LV dysfunc-
tion [99].

4.4 ChronicKidney Disease

In patients with CKD, the ACC/AHA guidelines for manage-
ment of hypertension recommend ACEis as first-line treat-
ment to slow the progression of kidney disease [55]. How-
ever, the ESC, Kidney Disease: Improving Global Outcomes
(KDIGO) and LASH guidelines do not differentiate between
the use of ACEis and ARBs in patients with microalbumi-
nuria or proteinuria [11, 21, 100].

5 Which Guideline Should be Applied
in Daily Clinical Practice?

The international guidelines for hypertension management
do not differentiate between ACEis and ARBs in their rec-
ommendations for first-line treatment (Table 2). However,
the ISH 2020 guidelines acknowledge that the benefits of
ACEis and ARBs in RCTs vary in different patient popula-
tions [94], and the Hypertension Canada guidelines state
a preference for ACEi in certain patients, including those
with recent MI, HF, prior stroke or TIA, or CKD [93].
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The observed differences in effects with regard to car-
diovascular and renal morbidity and mortality outcomes in
RCTs may be attributed to differences in the mechanisms
of action between ACEis (Fig. 1) and ARBs (Fig. 2). It
is thought that the increased bradykinin levels, potenti-
ated bradykinin response, and stimulated nitric oxide pro-
duction are responsible for the cardiovascular and renal
protective effects observed during ACEi treatment [34].
Therefore, it may be more appropriate to consider ACEis
and ARBs as different classes of antihypertensive drugs
within the same RAASi group.

In daily clinical practice, most patients with hyperten-
sion will have other hypertension-related comorbidities,
but these comorbidities do not change the need to man-
age and control their underlying hypertension. In contrast
to the hypertension guidelines, most guidelines for CVD
(i.e., for CAD, acute STEMI, non-STEMI ACS, CCS, or
acute or chronic HF), T2D, and CKD preferably recom-
mend ACEis over ARBs to manage hypertension, with
ARBs considered as an alternative when ACEis are not
tolerated (Table 3). These recommendations are based on
the RCT evidence in patients with these comorbidities
(described above). Regardless of the patient’s cardiovas-
cular risk level or comorbidities, the first goal of hyperten-
sion management should be to decrease BP. If all classes
of antihypertensive medications are available, physicians
could consider the most appropriate option, while taking
the patient’s residual cardiovascular risk into account, as
some patients will remain at risk even with adequate BP
control. Given the evidence from RCTs and meta-analyses
for the cardiovascular and renal benefits of ACEis over
ARBs across several patient populations, we may conclude
that ACEis could be considered as a first-line treatment for
hypertension, especially in patients at high cardiovascular
risk or with cardiovascular comorbidities.

6 Conclusions

When treating patients with hypertension or other cardio-
vascular comorbidities, the cardiovascular and renal pro-
tective effects of RAASis should be taken into account
when choosing the most appropriate first-line antihyper-
tensive treatment. For hypertensive patients without any
comorbidities, the international guidelines do not differen-
tiate between ACEis and ARBs as first-line treatment. In
contrast, in patients with other cardiovascular or metabolic
disorders (with or without hypertension), the international
guidelines recommend ACEis as first-line treatment, as the
available evidence suggests that ACEis provide additional
benefits beyond BP control with regard to reduction in
cardiovascular risk and mortality in these patients.
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