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Abstract: Hypertension represents a major common cardiovascular risk factor. Optimal control of high blood pressure levels is
recommended to reduce the global burden of hypertensive-mediated organ damage and cardiovascular (CV) events. Among the first-
line drugs recommended in international guidelines, renin-angiotensin-aldosterone system antagonists [angiotensin converting enzyme
inhibitors (ACEi) and angiotensin receptor blockers (ARBs)] have long represented a rational, effective, and safe anti-hypertensive
pharmacological strategy. In fact, current US and European guidelines recommend ACEi and ARBs as a suitable first choice for
hypertension treatment together with calcium channel blockers (CCBs) and thiazide diuretics. Different studies have demonstrated that
ARBs and ACEi exert a comparable effect in lowering blood pressure levels. However, ARBs are characterized by better pharma-
cological tolerability. Most importantly, the clinical evidence supports a relevant protective role of ARBs toward the CV and renal
damage development, as well as the occurrence of major adverse CV events, in hypertensive patients. Moreover, a neutral metabolic
effect has been reported upon ARBs administration, in contrast to other antihypertensive agents, such as beta-blockers and diuretics.
These properties highlight the use of ARBs as an excellent pharmacological strategy to manage hypertension and its dangerous
consequences. The present review article summarizes the available evidence regarding the beneficial effects and current recommenda-
tions of ARBs in hypertension. The specific properties performed by these agents in various clinical subsets are discussed, also
including an overview of their implications for the current COVID-19 pandemic.
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Introduction
Hypertension represents one of the most common and relevant cardiovascular (CV) risk factor (RF), accounting for more
than 10 million deaths and 208 million Disability-Adjusted Life Years.1

Indeed, subjects affected by hypertension have a significantly increased risk of major CV events (MACE). The
relationship between blood pressure (BP) levels and vascular mortality shows a

remarkable continuous association, starting from a systolic BP (SBP) level of 115 mmHg and a diastolic BP (DBP)
level of 75 mmHg for each decade of age.2,3

On the other hand, the benefits of antihypertensive treatment are well established. A 10 mmHg decrease in SBP
reduces the risk of MACE by 20%, of coronary heart disease by 17%, of stroke by 27%, of heart failure (HF) by 28%,
and of all-cause mortality by 13%. These effects are independent of age, baseline BP levels, concomitant comorbidities,
and previous CV disease (CVD).4

Moreover, an increasing body of evidence shows that a tighter control of BP can improve CV prevention. Therefore,
the most recent European5 and US Guidelines6 recommend achieving a SBP target between 120 and 130 mmHg and a
DBP target between 70 and 80 mmHg in the most hypertensive patients aged <65 years. This goal should be pursued by
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using combined pharmacological strategies of two or more medications with complementary activity, preferably con-
tained in a single pill.

Due to the fundamental role of the renin-angiotensin-aldosterone system (RAAS) in the development and persistence
of hypertension, angiotensin-converting enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARBs) are
recommended as a suitable first choice for initiation and maintenance of antihypertensive treatment, either as mono-
therapy or in combination.5–7

In this narrative review, we will discuss and summarize the available evidence on the benefits of the treatment with
ARBs in the reduction of BP levels and in the development of hypertension mediated organ damage (HMOD) and
MACE. We will also discuss their ancillary effects and pharmacological tolerability.

Efficacy of ARBs in Reducing BP Levels
Since the clinical development of ACEi in the Nineties, a large body of literature has shown that the blockade of the
RAAS has a very favorable impact on morbidity and mortality in hypertension management.

ACEi and ARBs share common effects, though with significant differences in their mechanisms of action.8,9

ACEi inhibit the formation of angiotensin II and consequently the downstream effects through both the angiotensin II
type 1 receptor (AT1R) and the angiotensin II type 2 receptor (AT2R). AT1R mediates detrimental effects, such as
vasoconstriction, cell growth, sodium and water retention and sympathetic activation, whereas AT2R exerts vasodilation
and antiproliferative effects.10,11 Moreover, the presence of non-ACE pathways, such as chymases, caspases and
elastases, leads to a continued low-level production of angiotensin II in the CV system despite the inhibition of
ACE.12 Finally, ACEi inhibit the breakdown of bradykinin, which releases nitric oxide and increases the synthesis of
vasoactive prostaglandins, causing vasodilation.13

In contrast, ARBs specifically displace angiotensin II from the AT1R and increase the stimulation of AT2R. The class
of ARBs includes several compounds that share similar effects, though presenting specific pharmacokinetic and
pharmacodynamic characteristics and ancillary effects, such as the increased urinary uric acid excretion and the
activation of peroxisome proliferator-activated receptor (PPAR)-γ.14 The latter effect has been described for telmisartan,
irbesartan, candesartan and losartan and it may contribute to a favorable metabolic profile.

Candesartan, olmesartan, irbesartan, losartan, and valsartan have a common tetrazolo-biphenyl structure, candesartan
and telmisartan have a common benzimidazole group, and eprosartan has a non-biphenyl, nontetrazole chemical
structure.15 Apart from irbesartan, all active ARBs have a free carboxylic acid group. Eprosartan, irbesartan, telmisartan,
and valsartan do not require metabolic activation. These structural characteristics contribute to the pharmacologic and
pharmacokinetic differences among the members of the ARB class regarding oral bioavailability, rate of absorption,
metabolism, rate, and route of elimination16 (Table 1).

Table 1 Pharmacokinetic Properties of ARBs

Tmax (h) Bioavailability (%) T 1/2

Candesartan 3.0–5.0 42 9–13

Eprosartan 2.0–6.0 13 5–7

Irbesartan 1.0–2.0 60–80 12–20

Losartan 3.0–4.0 33 4–6

Olmesartan 1.4–2.8 26 11.8–14.7

Telmisartan 1.0 43 24

Valsartan 2.0 23 7

Azilsartan 1.5–3.0 60 11

Abbreviation: ARBs, angiotensin receptor blockers.
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A large body of evidence has shown that ARBs have a comparable efficacy in reducing BP levels with respect to
ACEi. However, some studies demonstrated a greater antihypertensive effect of ARBs. The treatment with azilsartan
produced a 20.6 mmHg reduction of office SBP compared to 12.2 mmHg achieved with ramipril.17 Consistently, a
greater reduction in central SBP was obtained with olmesartan compared to perindopril (13 mm Hg vs 10 mm Hg) when
these drugs were used in combination with amlodipine in the SEVITENSION (Sevikar Compared to the Combination of
Perindopril Plus Amlodipine on Central Arterial Blood Pressure in Patients With Moderate-to-Severe Hypertension)
Study.18 A meta-analysis of 354 randomized trials showed that although a 10-mmHg decrease in office SBP was obtained
with both ARBs and ACEi, these results were achieved with an ARB standard dose, whereas almost twice the standard
ACEi dose was needed to achieve the same SBP decrease.19

In the ESPORT study (Efficacy and safety of olmesartan medoxomil and ramipril in elderly patients with mild-to-
moderate essential hypertension) olmesartan produced a greater reduction of office SBP and DBP and of 24-hour average
BP, particularly in the last 6 hours from the dosing interval compared to ramipril in a population of older hypertensives.
BP normalization rate was also greater in patients treated with olmesartan.20

ARBs can be effectively combined with either diuretics, in particular thiazide-like diuretics, or dihydropyridine
calcium-channel blockers (CCBs), in an attempt to enhance their ability to lower BP. These combinations show an
excellent tolerability profile and a high adherence to the prescribed antihypertensive regimen. Compared to ARB-based
monotherapies, the combination treatment based on ARBs and thiazides produced a greater reduction in both office SBP
and DBP and in mean sitting BP values. Consistently, also mean daytime and mean 24-hr SBP and DBP were
significantly lowered with the ARB/thiazide combination treatment compared to monotherapy.21–24 These results have
also been confirmed in the elderly patients aged 65 years or older.

In addition, the ARB/CCB combination has the advantage of combining the optimal pharmacodynamic properties of
the two pharmacological classes, thus providing a relevant antihypertensive efficacy and a satisfactory safety profile.
Different trials demonstrated that the combination of ARB and CCB was significantly more effective than each single
component of either monotherapy in reducing both seated SBP and DBP levels and 24-hr BP. Furthermore, combination
therapies were well tolerated and associated with a lower incidence of oedema compared to the monotherapy with a full
dose of CCB.25–27

In those patients with difficult-to-treat hypertension or in those with treated uncontrolled hypertension under dual
therapy, triple combination therapies should be adopted to achieve the recommended BP treatment targets. In fact, they
are associated with greater reductions in both SBP and DBP levels as compared with dual-combination therapies.28

In such a context, combination therapies with long-lasting ARBs may be preferred to favor adherence to treatment
and to improve BP control.

The Role of ARBs in Preventing HMOD and MACE
Over the last twenty years, several randomized clinical trials have shown the beneficial role of ARBs in the prevention of
HMOD and MACE, beyond their BP-lowering effect, revealing non-inferiority to ACEi and often superiority to other
drug comparators (Table 2).

The LIFE (Losartan Intervention For Endpoint Reduction) trial was the first study to demonstrate the superiority of
the ARB losartan in reducing the degree of left ventricular hypertrophy compared to the beta-blocker atenolol in over
9000 patients with moderate-to-severe hypertension. The incidence of the primary composite endpoint of CV mortality,
stroke and myocardial infarction (MI) was also lower in patients who received losartan. Moreover, losartan treatment was
associated with a 25% lower incidence of new-onset diabetes.29

In the MOSES (MOrbidity and mortality after Stroke Eprosartan compared with nitrendipine for Secondary preven-
tion) trial conducted in hypertensive patients with a history of a cerebral event within the previous 24 months, the ARB
eprosartan showed superiority to the CCB nitrendipine for the secondary prevention of morbidity and mortality after
stroke.30

Notably, ARBs reduce the occurrence of new-onset diabetes. Thus, they should be preferred in subjects with
metabolic syndrome or other clinical conditions which may predispose to the incidence of this syndrome (5–7)
(Table 2). Different studies have shown that ARBs are able to improve insulin sensitivity both in experimental models
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and in humans, suggesting a potential involvement of the excess of angiotensin II in the development of insulin
resistance.

ARBs have also been shown to decrease the adipose tissue weight and the adipocyte size and to increase the adipose
expression of PPAR-γ and of its target gene adiponectin, independently of their effects on BP and plasma insulin
concentration.31 Moreover, both azilsartan and valsartan enhanced adipogenesis, induced the expression of adipokines,
including leptin, adipsin, and adiponectin, and enhanced the expression of PPAR-α and -δ in cultured preadipocytes.32

In the animal model of obese Koletsky rats, treatment with azilsartan decreased hyperinsulinemia, improved the
homeostasis model assessment (HOMA-IR) index, suppressed the over-increase in plasma glucose and insulin concen-
trations during the oral glucose tolerance test, and reduced the basal plasma concentrations of glucose, triglyceride, and
non-esterified fatty acids.33

Several studies have demonstrated a protective role of ARBs toward the development of microalbuminuria or overt
proteinuria, which represent relevant RF for chronic kidney disease development and for the progression to end-stage
renal disease, particularly in diabetic patients (Table 2).

Although the exact mechanisms are unknown, the normalization of glomerular capillary pressure, the inhibition of
podocyte injury, as well as of the proliferation of mesangial cells and of the epithelial–mesenchymal transition of tubular
cells have been proposed.34

Olmesartan was associated with a delayed onset of microalbuminuria in the ROADMAP (Randomised Olmesartan
And Diabetes Microalbuminuria Prevention) study.35

Irbesartan was shown to delay the progression from microalbuminuria to overt proteinuria and to restore normo-
albuminuria in a significant proportion of patients with hypertension and type 2 diabetes. Moreover, irbesartan reduced
the risk of advanced nephropathy in hypertensive patients with type 2 diabetes, independently of BP control.36

In the RENAAL (Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan),37 IDNT
(Irbesartan Diabetic Nephropathy Trial)38 and IRMA (IRbesartan in patients with type 2 diabetes and
Microalbuminuria)36 studies, the treatment with ARBs reduced the risk of chronic kidney disease compared to the
conventional optimal therapy.

Losartan has been also associated to a reduction in serum uric acid levels compared with placebo in patients with type
2 diabetes and nephropathy.39

Of interest, ARBs reduced the expression of plasminogen activator inhibitor type-I (PAI-1) in the vessel wall, which
is involved in the atherosclerosis progression, as well as in the instability of atherosclerotic plaque and in the process of
fibrosis associated with negative left-ventricular remodeling40 (Table 2).

Table 2 Benefits of ARBs in Different Clinical Subsets

Reduction of BP levels: Comparable efficacy of ARBs compared to ACEi and even superior to other antihypertensive drugs17–20

LVH: ARBs provide beneficial effects on LVH regression and on cardiac remodeling in the presence of hypertension and HF29

Atherosclerosis: decrease of PAI-1 in the vessel wall, reduced atherosclerosis progression and reduced instability of atherosclerotic plaque39,40

MACE: reduced occurrence of stroke, MI, HF, CV mortality, death from any cause41–47

Metabolic diseases: increased urinary uric acid excretion, activation of PPAR-γ, reduction of adipose tissue weight and of adipocyte size14,31,32

Diabetes: reduction of the occurrence of new-onset diabetes, improvement of insulin sensitivity and HOMA-IR index29,33

Chronic kidney disease: protective role toward the development of microalbuminuria, overt proteinuria, and the progression to end-stage renal
disease31–36

Side effects: reduced incidence of angioedema, cough, hypotension, syncope, and electrolyte abnormalities52,56–58

COVID-19: potential beneficial effects through vasodilatation, anti-inflammatory, anti-oxidative, and antiproliferative properties60–66

Abbreviations: ACEi, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CV, cardiovascular; HF, heart failure; HOMA-IR, homeostasis model
assessment; LVH, left ventricular hypertrophy; MI, myocardial infarction; PAI-1, plasminogen activator inhibitor type-I; PPAR-γ, peroxisome proliferator-activated receptor.
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Indeed, studies performed in patients with hypertension, stable angina or type 2 diabetes mellitus, the long-term
treatment with ARBs showed a reduction in the levels of markers of vascular inflammation [high-sensitive C-reactive
protein (CRP), alpha tumor necrosis factor, interleukin-6, and macrophage chemotactic protein-1], a regression of the
atheromatous plaque volume at the carotid and coronary arteries and a regression of vascular hypertrophy.41

In patients with high CV risk, ARBs have shown comparable protective effects with respect to ACEi.
The ONTARGET (Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial) study,

which included 25,000 patients with coronary, peripheral or cerebrovascular disease and diabetes with end organ damage,
demonstrated that telmisartan had similar effects compared to ramipril on the primary composite endpoint of CV death,
MI, stroke or hospitalization for HF and death from any cause.42

In a large meta-analysis, conducted by Bangalore and colleagues on 37 randomized clinical trials including 147,020
participants, ARBs were not associated with an increase in the risk of MI, death, or angina pectoris. Compared with
controls, ARBs were associated with a reduction in the risk of stroke, HF and new onset diabetes with similar results
when compared with placebo or with active treatment.43

ARBs performed equally to ACEi in HF [ELITE and ELITE II—Evaluation of Losartan in the Elderly44,45 Val-HefT
—Valsartan Heart Failure Trial46 and CHARM—Candesartan in Heart failure Assessment of mortality and Morbidity]47,
and following MI [OPTIMAAL—OPtimal Trial In Myocardial infarction with Angiotensin II Antagonist Losartan,48

VALIANT—VALsartan In Acute myocardial iNfarcTion].49 This evidence achieved with different compounds supports
the beneficial impact on CV outcomes as a class effect of ARBs.

In addition, several meta-analyses have been performed to compare the effects of ARBs vs ACEi in terms of CV
benefits. In a meta-analysis including 80 trials with 146 active treatment arms and 17 placebo arms, ARBs reduced the
left ventricular mass by 13% and ACEi by 10%, although the difference was not statistically significant.50 Urinary
protein excretion was similarly reduced by ACEi and ARBs in another meta-analysis of 17 randomized controlled trials
including 17,951 patients.51

In a meta-analysis including 26 randomized trials of 100,000 high CV risk patients, Savarese et al showed that both
ACEi and ARBs reduced the risk of the composite endpoints of MI, stroke, and CV mortality without significant
difference.52

A Cochrane meta-analysis of 9 randomized trials with a prespecified follow-up period of at least one year including
about 11,000 participants demonstrated no significant differences in total mortality, CV events and CV death between
patients treated with ACEi or ARBs. In addition, ARBs were slightly more tolerable than ACEi with an absolute risk
reduction for withdrawals due to adverse events.53

In the propensity score–adjusted REACH (Reduction of Atherothrombosis for Continued Health) cohort of 40,625
patients the incidence of the primary composite outcome of CV mortality, non-fatal MI, non-fatal stroke, or hospitaliza-
tion for CV reasons was lower in patients taking ARBs compared to those receiving ACEi (29.2% vs 33.4%; adjusted
hazard HR, 0.90; 95% CI, 0.86–0.95; p < 0.001) during the 4-year follow-up period.54 Similar results were observed for
CV mortality (6.9% vs 8.2%; HR, 0.83; 95% CI, 0.75–0.93; p < 0.001) and all-cause mortality (11.6% vs 12.6%; HR:
0.89, 95% CI, 0.82–0.97; p = 0.005).54

Moreover, a meta-analysis of 106 randomized trials including 254,301 patients without HF showed that ARBs were
as efficacious and safe as ACEi.55 Similarly, in a network meta-analysis of randomized trials of patients at high CV risk,
ARBs and ACEI prevented the composite endpoint of CV death, MI, and stroke in a comparable manner.56

The recently published LEGEND-HTN (Large-scale Evidence Generation and Evaluation across a Network of
Databases for Hypertension) study compared the real-world effectiveness and safety of ACEi (n = 2,297,881) and
ARBs (n = 673,938) for the first-line treatment of hypertension across a global network of 8 large observational
databases.57 Of these patients, over 123,000 patients on ACEi and 44,000 on ARBs had >500 days of follow-up. The
4 primary effectiveness outcomes consisted of acute MI, hospitalization for HF, ischemic or hemorrhagic stroke and a
composite outcome which included the previous outcomes and sudden cardiac death. The study also analyzed safety
outcomes or adverse effects including angioedema, cough, hypotension, syncope, and electrolyte abnormalities. No
statistically significant differences were found between patients on ACEi and on ARBs regarding acute MI (hazard ratio
[HR], 1.11; 95% confidence interval [CI], 0.95–1.32), HF (HR, 1.03; 95% CI, 0.87–1.24), stroke (HR, 1.07; 95% CI,
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0.91–1.27) and the composite outcome of CV events (HR, 1.06; 95% CI, 0.90–1.25). Across secondary and safety
outcomes, ACEi showed a significantly increased risk of acute pancreatitis (HR, 1.32; 95% CI, 1.04–1.70, P = 0.02),
angioedema (HR, 3.31; 95% CI, 2.55–4.51, P < 0.01), cough (HR, 1.32, 95% CI, 1.11–1.59, P < 0.01), gastrointestinal
bleed (HR, 1.18, 95% CI, 1.01–1.41, P = 0.04), and abnormal weight loss (HR, 1.18, 95% CI, 1.01–1.41, P = 0.04) as
compared with ARBs. There was no statistically significant difference across any of the safety outcomes, including
deterioration of renal function and electrolyte abnormalities.57

Other analyses have reported that ACEi have several-fold higher incidence of side effects at most
doses compared to ARBs (Table 2). In addition, the pooled estimate of withdrawal rates resulting from adverse events

(WDAEs) for all doses was significantly lower with ARBs compared to ACEi.53

Thomopoulos et al found that, compared with placebo, ACEi and not ARBs significantly increased discontinuation
rates for adverse events (RR, 2.78; 95% CI, 1.37 to 5.47).58

In other head-to-head comparisons, withdrawal rates with ARBs were 22% lower than with ACEi.
With regard to angioedema, which is a rare but sometimes life-threatening condition, the risk of developing it was

two-fold lower in patients receiving ARBs when compared with those treated with ACEi.59

In the last few years, the risk of cancer from antihypertensive drugs has generated a large debate. A meta-analysis of
70 randomized controlled trials with 324,168 participants has shown no difference in the risk of cancer and cancer-related
mortality with ARBs, ACEI, beta-blockers, CCBs and diuretics compared to placebo.60

It should be also underlined that medical costs are lower in patients treated with ARBs compared to those who receive
ACEi ($2780 annually compared with $3163, respectively).61

ARBs and COVID-19
In the early phases of the COVID-19 pandemic, a concern was raised that RAAS inhibitors might increase the risk of
infection, severe disease, or death due to their capacity to upregulate the expression of ACE2, which represents the
binding site of SARS-CoV-2 as the gateway for entry into cells.62 Further studies, however, proposed that treatment with
ACEi or ARBs might even reduce the risk of severe COVID-19 or death. Indeed, the ACE2 counteracts the ACE
pathway by cleaving angiotensin-II to angiotensin-(1-7), thereby reducing angiotensin-II availability to the AT1R.63 Of
interest, angiotensin-(1-7), through its MAS-receptor, plays vasodilatation, anti-inflammatory, anti-oxidative, and anti-
proliferative actions which may contribute to reduce the severity of COVID-19 disease and to improve prognosis64–68

(Table 2).
In the randomized BRACE-CORONA trial, 659 hospitalized patients with COVID-19 were assigned to continuation

of ACEi/ARB treatment or temporary suspension of the therapy for 30 days. There were no significant differences
between the two groups in the primary outcome of the number of days alive and out of hospital at 30 days.69 In a cohort
of hospitalized COVID-19 patients the ARB telmisartan significantly reduced CRP levels and COVID-19 related
outcomes, including intensive care unit admission, time to discharge and death, compared to usual care.70 The results
of these studies provide further scientific evidence that earlier concerns about the use of RAAS-inhibitors in patients with
COVID-19 were unwarranted and may even result in benefits.71

Of note, previous studies have shown that ACEi reduce the risk of pneumonia, including aspiration pneumonia in
elderly patients with stroke.72–74

Conclusions
The available evidence supports the effectiveness of ARBs in reducing the incidence of HMOD and MACE in
hypertensive patients, with a better safety profile compared to ACEi. Current US and European guidelines equally
recommend ACEi and ARBs as first-line therapies both as monotherapies and in combination with other pharmacological
classes (Table 2). Due to the more tolerable profile of ARBs, with a lower risk of withdrawals due to adverse events,
these agents may be preferred to increase the percentage of treated hypertensive patients who achieve the recommended
BP targets. Moreover, a large body of evidence supports the safety profile and even the protective role of the RAS
blockers during COVID-19. As a result, international guidelines and expert consensus have repeatedly recommended to
not discontinue the treatment with ACEi/ARBs in case of SARS-CoV-2 infection.
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