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  Pref ace   

 The renin-angiotensin-aldosterone system has long been 
 recognized to play a pivotal role in the pathogenesis of isch-
emic cardiovascular diseases and heart failure, and drugs that 
antagonize angiotensin II effects, namely ACE-inhibitors and 
AT1 receptor antagonists, are key in the therapy of patients 
affected by these conditions. These drugs have also demon-
strated to reduce cardiovascular events in patients at high 
risk but without previous history of cardiovascular disease. 

 This book, along the aims of the International Society of 
Cardiovascular Pharmacotherapy, provides a comprehensive 
overview of the use of ACE-inhibitors and AT1 receptor 
antagonists in patients with common cardiovascular diseases, 
including hypertension and heart failure. Thus, the pharmaco-
dynamic and pharmacokinetic properties of these classes of 
drugs are analyzed and discussed along with evidence coming 
from clinical studies that supports Guidelines recommenda-
tions. In particular, the book is covering clinical evidence on 
the benefit of these therapies in special patient populations, 
including patients with chronic kidney disease, diabetes 
 mellitus and organ damage in whom renin-angiotensin sys-
tem blockers are mandatorily recommended by Guidelines. 

 The purpose is to summarize, in a clear and updated 
 fashion authored by world experts in the field, evidence 
based information on two among the most widespread 
 cardiovascular classes of drugs to help physicians and health-
care professionals, particularly young doctors and trainees, 
deliver the most appropriate therapy to their patients.  

  Naples, Italy     Pasquale     Perrone     Filardi    



         



vii

   Contents 

   1       Angiotensin Converting Enzyme Inhibitors 
and AT1 Antagonists for Treatment 
of Hypertension ..............................................................  1   
    Carmine   Morisco     and     Bruno   Trimarco    

    2       ACE Inhibitor and Renin–Angiotensin 
System the Cornerstone of Therapy 
for Systolic Heart Failure ..............................................  41   
    Claudio   Borghi    ,     Filippo Del   Corso    , 
    Simone   Faenza    , and     Eugenio   Cosentino    

    3       Impact of Chronic Kidney Disease 
and Diabetes Mellitus on Choice of Renin 
Angiotensin System- Inhibitors in Patients 
with Hypertension and Heart Failure ..........................  73   
    Pantelis A.   Sarafidis    ,     Panagiotis I.   Georgianos    , 
    Pantelis E.   Zebekakis    , and     Athanasios J.   Manolis    

    4       Target Organ Damage and RAAS Blockade .............  119   
    Ilaria   Spoletini    ,     Cristiana   Vitale    , 
and     Giuseppe M.C.   Rosano      

Index ...................................................................................... 149



         



ix

  Contributors 

  Editor 
     Pasquale     Perrone     Filardi       Cardiology School ,  Federico II 
University of Naples  ,  Naples ,  Italy     

    Authors 
     Claudio     Borghi       Cattedra di Medicina Interna ,  Ospedale 
S.Orsola.Malpighi  ,  Bologna ,  Italy   

  Department of Medicine   University of Bologna  ,  Bologna ,  Italy     

      Eugenio     Cosentino       Department of Medicine ,  University of 
Bologna  ,  Bologna ,  Italy     

      Filippo     Del     Corso       Department of Medicine ,  University of 
Bologna  ,  Bologna ,  Italy     

      Simone     Faenza       Department of Medicine ,  University of 
Bologna  ,  Bologna ,  Italy     

      Panagiotis     I.     Georgianos, M.D.        Section of Nephrology and 
Hypertension, 1st Department of Medicine ,  Aristotle University 
of Thessaloniki, AHEPA University Hospital  ,  Thessaloniki , 
 Greece     

      Athanasios     J.     Manolis, M.D., Ph.D.        Department of 
Cardiology ,  Asklepeion General Hospital  ,  Athens ,  Greece     

      Carmine     Morisco       Dipartimento di Scienze Mediche 
Traslazionali e Dipartimento di Scienze Biomediche Avanzate , 
 Università FEDERICO II Napoli  ,  Naples ,  Italy     



x

      Giuseppe     M.    C.     Rosano, M.D., Ph.D., FESC, FACC        
Department of Medical Sciences ,  Centre for Clinical and 
Basic Research, IRCCS San Raffaele Pisana  ,  Rome ,  Italy   

  Cardiovascular and Cell Science Institute, St Georges 
University, London, UK        

      Pantelis     A.     Sarafidis, M.D., M.Sc., Ph.D.        Department of 
Nephrology ,  “Hippokration” General Hospital, Aristotle 
University of Thessaloniki  ,  Thessaloniki ,  Greece     

      Ilaria     Spoletini, Ph.D.        Department of Medical Sciences , 
 Centre for Clinical and Basic Research, IRCCS San Raffaele 
Pisana  ,  Rome ,  Italy     

      Bruno     Trimarco       Dipartimento di Scienze Mediche 
Traslazionali e Dipartimento di Scienze Biomediche 
Avanzate ,  Università FEDERICO II Napoli  ,  Naples ,  Italy     

      Cristiana     Vitale, M.D., Ph.D.        Department of Medical 
Sciences ,  Centre for Clinical and Basic Research, IRCCS San 
Raffaele Pisana  ,  Rome ,  Italy   

  Laboratory of Vascular Physiology, IRCCS San Raffaele, 
London, UK      

        Pantelis     E.     Zebekakis, M.D., Ph.D.        Section of Nephrology 
and Hypertension, 1st Department of Medicine ,  Aristotle 
University of Thessaloniki, AHEPA University Hospital  , 
 Thessaloniki ,  Greece       

Contributors



1

    Chapter 1   
 Angiotensin Converting 
Enzyme Inhibitors and AT1 
Antagonists for Treatment 
of Hypertension 
           Carmine     Morisco     and     Bruno     Trimarco    

        C.   Morisco    •    B.   Trimarco      (�) 
  Dipartimento di Scienze Mediche Traslazionali e Dipartimento di 
Scienze Biomediche Avanzate ,  Università FEDERICO II Napoli , 
  Naples ,  Italy   
 e-mail: trimarco@unina.it  

         Essential hypertension is the major cardiovascular risk factor. 
The main objective of treatment of essential hypertension is 
represented by long-term reduction of cardiovascular (CV) 
risk [ 59 ]. This goal can be achieved through the control of 
blood pressure (BP) values, the prevention of hypertension- 
related target organ damage (TOD) and metabolic complica-
tion, and reduction of CV events. During the last 25 years has 
emerged that the dysregulation of rennin-angiotensin-system 
(RAS) plays a pivotal role not only in the genesis of hyper-
tension, but also in the development of TOD, diabetes, obesity, 
atherosclerosis and their complications. In fact, it has been 
documented that angiotensin II (Ang II), the effector of 
RAS, is involved in the regulation of endothelial function, 
tissue remodeling, inflammation, oxidative stress, differentia-
tion of adipocytes, glucose metabolism and electrolytes 
homeostasis. Therefore, it does not surprise if the principal 
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interventional trials have demonstrated that the blocking of 
the RAS, obtained either with angiotensin converting enzyme 
(ACE)-inhibitors, or with the type 1 Ang II (AT 1 ) receptors 
blockers (ARBs) (Fig.  1.1 ), reduce the incidence of CV 
events in hypertensive and high CV risk patients. ACE-
inhibitors block the conversion of angiotensin-I into Ang II 
reducing the circulating and local levels of Ang II. ACE-
inhibitors also reduce the release of aldosterone and vaso-
pressin, decrease the activity of sympathetic nervous system, 
as well as the trophic effects of Ang II on cardiac muscle and 
vessels. The inhibition of ACE produces also an increase in 
plasma bradykinin levels, which in turn, stimulates the type 2 
bradykinin (B2) receptors leading to the release of nitric 
oxide (NO), and vasoactive prostaglandins (prostacyclin 
and prostaglandin E2). These biological effects are translated 

Possible mechanism of block of RAS

Bradykinin/NO Angiotensin I

ACE inhibitor

Inactive fragments Angiotensin II

Chymase
tPA
Cathepsin

“Angiotensin II escape”

AT 1 Antagonists

AT 1 Receptor

Vasoconstriction
Sodium retention
SNS activation
Inflamation
Growth promoting effects
Apoptosis
Aldosterone increase

Angiotensinogen

Renin inhibitor Renin 

ACE

  Fig. 1.1    Distinct pharmacological approach to bock the renin- 
angiotensin system (RAS)       
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in several pharmacological actions consisting in the reduction 
of BP, in the decrease of plasma levels of epinephrine, norepi-
nephrine and vasopressin, in the interference with development 
of vascular and cardiac hypertrophy and extracellular matrix 
proliferation, in the decrease renal vascular resistances and 
increase renal blood flow, which in turn, promotes Na +  and 
water excretion, in the modulation of fibrinolytic balance 
resulting in antithrombotic effect.

   AT 1  receptors belong to the superfamily of G-protein–
coupled receptors that contain seven trans-membrane 
regions and are localized in the kidney, heart, vascular 
smooth muscle cells, brain, adrenal gland, platelets, adipo-
cytes, and placenta. The AT 1  receptor mediates most of the 
detrimental effects of Ang II on cardiovascular system. In 
particular, their stimulation induces vasoconstriction, 
increases Na +  retention, and endothelin secretion, enhances 
vasopressin release, activates sympathetic nervous activity, 
promotes cardiomyocytes hypertrophy, stimulates vascular 
and cardiac fibrosis, increases myocardial contractility, 
induces arrhythmias, stimulates plasminogen activator 
inhibitor 1, and stimulates superanoxide formation. ARBs 
act by blocking the AT 1  receptors and thus, prevent the 
pathophysiological effects mediated by the binding of Ang 
II to the AT 1  receptor. Moreover, as a consequence of AT 1  
blockade, ARBs increase Ang II levels above baseline. 
Increased plasma levels of Ang II result in unopposed 
stimulation of the AT 2  receptors. It has been proposed that 
stimulation of AT 2  receptors exerts an important role in 
counterbalancing some of the detrimental effects of Ang II 
mediated by AT 1  receptors, such as inhibition of cell growth, 
promotion of cell differentiation, and synthesis of 
NO. Finally, for some ARBs has been documented an ago-
nist action on PPAR-γ receptors. These biological effects are 
translated in different pharmacological actions such as pre-
vention of hypertension-induced TOD, of hypertension-
associated diseases such as diabetes, atherosclerosis, and 
renal disease; interestingly, these effects appear to be poten-
tially independent from ARBs-induced BP reduction. 

1. Angiotensin Converting Enzyme Inhibitors…
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   RAS Inhibition and Blood Pressure Lowering 

 The relation between BP and CV events is a continuous 
phenomenon without threshold [ 52 ] The RAS plays a pivotal 
role in the regulation of BP; therefore, drugs affecting RAS 
like ACE and ARBs are largely used for BP control and for 
management of CV risk. The CAPPP study was the first pro-
spective, randomised intervention trial aimed to evaluate the 
effects of ACE inhibition and conventional therapy on car-
diovascular morbidity and mortality in patients with essential 
hypertension. This study enrolled 10,985 patients: 5,492 
patients assigned captopril and 5,493 assigned conventional 
therapy; the two treatment regimens had the same effect on 
blood pressure, and incidence of major cardiovascular events    
[ 30 ]. The interpretation of the results of this study was that an 
antihypertensive regimen based on ACE inhibitors was as 
effective as conventional treatment with diuretics, β-blockers, 
or both in prevention of cardiovascular morbidity and mor-
tality. Similarly the STOP-2 study [ 29 ] showed in elderly 
patients that the incidence of cardiovascular events was 
 similar in elderly hypertensives randomized to a calcium 
antagonist, an ACE inhibitor, or conventional treatment with 
a diuretic or a β-blocker, and decrease in blood pressure was 
of major importance for the prevention of cardiovascular 
events. ARBs represent a class of effective and well tolerated 
orally active antihypertensive drugs. The antihypertensive 
effects of the ARBs have been demonstrated by many inter-
ventional studies. In a meta-analysis Conlin et al. analyzed 43 
randomized, controlled clinical trials comparing the antihy-
pertensive effects of ARBs (losartan, valsartan, irbesartan, 
and candesartan) with placebo, other antihypertensive classes, 
and each other. The analysis included 11,281 patients treated 
with ARBs showed that the weighted average of diastolic and 
systolic blood pressure (BP) reductions and responder rates 
among agents were comparable, irrespective of starting doses, 
monotherapy dose titration, and combination therapy with 
hydrochlorothiazide (HCTZ) [ 15 ]. Available data indicate 
that both ACE-inhibitors and ARBs are comparable to other 
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antihypertensive agents in lowering blood pressure: However, 
these two classes of drugs are more effective, compared to 
others antihypertensive drugs, in the prevention of metabolic 
abnormalities and sub-clinical organ damage.  

   RAS Inhibition and Hypertension-Related 
Metabolic Abnormalities 

 Essential hypertension often is associated with metabolic 
abnormalities which can exert a detrimental effects on the 
prognosis. Therefore, the prevention of diabetes, metabolic 
syndrome and dyslipidemias represents a key point of antihy-
pertensive treatment. Inhibition of RAS has been demon-
strate to have a favorable effect in the prevention of such 
abnormalities. 

   Dyslipidemias 

  Clinical evidence:  Interventional studies have demonstrated 
that pharmacological interference of RAS, slightly improves 
the lipid profile in hypertensive patients. This beneficial 
action has been demonstrated for the different ARBs. In par-
ticular, Kyvelou et al. demonstrated, in a cohort of 2,438 
hypertensive patients, followed for 6 months, that treatment 
with ARBs-based monotherapy induce a significant reduction 
of total and LDL-cholesterol, in addition increase HDL- 
cholesterol [ 50 ]. Furthermore, a sub-study of LIFE showed in 
hypertensive patients that, in comparison with atenolol- 
based, losartan-based regimen, induces a less decrease in 
HDL-C; and this pharmacological effect is associated with a 
better prognosis [ 66 ]. The authors speculated that less 
decrease in HDL-C may explain around one-third of the 
beneficial effect of losartan-based compared with atenolol- 
based antihypertensive treatment on composite end-point 
found in the LIFE study. The favorable effects on lipid profile 
have been documented for ARBs also when these are 

1. Angiotensin Converting Enzyme Inhibitors…



6

combined with antihypertensive drugs that aggravated 
metabolic profile. In particular, the Alpine Study showed that 
treatment with diuretics, if needed, in combination with a 
β-blocker was associated with a worsening of metabolic 
profile; this effect was not detected for patients treated with 
an ARB [ 55 ]. Some ARBs such as telmisartan and eprosartan, 
have been reported to stimulate peroxisome proliferator-
activated receptor-γ (PPARγ) [ 82 ] and could thus improve 
insulin sensitivity [ 67 ]. This, indirectly could influence sys-
temic lipid concentrations, so it is unclear whether the differ-
ences in results from clinical trials arise from these ancillary 
properties of RAS blockade. However, two studies failed to 
demonstrate the beneficial effects of ARBs on lipid profile in 
hypertensive patients. In particular Grassi et al. in the CROSS 
study evaluated in obese hypertensive individuals the antihy-
pertensive, neuroadrenergic, and metabolic effects of an 
ARB in comparison with a diuretic. The results of this study 
showed that after 3 months of treatment, despite Candesartan 
improved insulin sensitivity had no effect on plasma levels of 
triglycerides, of HDL-cholesterol and of LDL-cholesterol 
[ 27 ]. More recently, Nishida et al. confirmed the observation 
of Grassi, demonstrating that in patients with mild to moderate 
hypertension Candesartan has no effect on plasma levels of 
triglycerides, of total and of LDL-cholesterol [ 65 ]. 

  Experimental evidence:  ANG II exerts several effects that 
influence atherogenic properties of cholesterol. In particular, 
it has been demonstrated that AT1A receptor deficiency had 
a striking effect in reducing hypercholesterolemia-induced 
atherosclerosis in LDL receptor-negative mice [ 19 ]. Moreover, 
in this model hypercholesterolemia was associated with 
increased systemic angiotensinogen and angiotensin pep-
tides, which were reduced in AT1A receptor-deficient mice, 
suggesting that LDL cholesterol contributes to development 
of atherosclerosis through a RAS-dependent mechanism. 
Moreover, it has been reported in primary cultures of human 
monocyte-macrophages, that the pro-atherogenic effects of 
ANG II are related to the property of ANG II to upregulate 
the expression of Acyl-CoA: cholesterol acyltransferase-1 
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(ACAT1) [ 41 ]. This enzyme converts free cholesterol into 
esters for storage in lipid droplets. This process could pro-
mote foam cell formation, and increase cholesterol content of 
atherosclerotic lesions. Finally, Several studies have reported 
that ANG II increased the oxidation of LDL in macrophage 
cell lines as well as mouse peritoneal macrophages, possibly 
through activation of NADPH oxidase [ 42 ]. Altogether these 
observations are consistent with the notion that ANG II may 
influence the atherogenic properties of cholesterol without 
necessarily changing the blood concentrations [ 69 ]. 
Interestingly, cholesterol is capable to regulate RAS. In par-
ticular, it has been demonstrated the capability of LDL cho-
lesterol to increase AT 1  receptor gene expression on vascular 
smooth muscle cells [ 64 ] as well as, oxidized LDL can also 
increase AT1 receptor gene expression in human coronary 
artery endothelial cells [ 54 ]. Together, these results clearly 
demonstrate a cross-talk between hypercholesterolemia and 
RAS in the development of atherosclerosis.  

   Metabolic Syndrome and Obesity 

  Clinical evidence:  Metabolic syndrome (MetS) has been 
defined in different ways, and it is a risk factor for develop-
ment of atherosclerosis and occurrence of CV events. A fea-
ture of MetS is the constellation of risk factors including 
abdominal adiposity, impaired fasting glucose, hypertension, 
and dyslipidemia. Moreover, obesity also predisposes to CV 
disease and often is associated with other abnormalities of 
the MetS. In particular, adipose tissue acts as an endocrine 
organ, secreting hormones and other substances that create a 
proinflammatory state and promote formation of atheroscle-
rotic plaques [ 51 ]. In the last years many interventional stud-
ies specifically addressed the effects of RAS inhibition/
antagonism in metabolic syndrome. In particular the hemo-
dynamic and metabolic effects of two ARBs were particularly 
evaluated: telmisartan and irbesartan. These molecules activates 
effect on the activity of peroxisome proliferator- activated 
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receptor gamma, a well-known target for insulin- sensitizing 
antidiabetic drugs. In particular, the ISLAND [ 87 ] study dem-
onstrated that Administration of irbesartan and/or lipoic acid 
to patients with the metabolic syndrome improves endothe-
lial function and reduces proinflammatory markers, factors 
that are implicated in the pathogenesis of atherosclerosis The 
OLAS study evaluated the effects of different treatments 
with olmesartan/amlodipine and olmesartan/hydrochlorothi-
azide on inflammatory and metabolic parameters in non-
diabetic hypertensive patients with MetS [ 60 ]. This study 
showed that olmesartan-based combinations were effective, 
but the amlodipine combination resulted in metabolic and 
anti-inflammatory effects that may have advantages over the 
hydrochlorothiazide combination. More recently, it was dem-
onstrated the capability of telmisartan to activates PPARγ in 
circulating monocytes of patients with the metabolic syn-
drome [ 6 ]. Many intervention trials have not been designed 
specifically for obese hypertensive patients, and only few 
studies have specifically addressed the use of ACE-inhibitors 
or ARBs in these patients. For instance, the TROPHY study, 
was a multicenter, double-blind trial that evaluated the effi-
cacy and safety of the lisinopril, against the hydrochlorothia-
zide, in obese, hypertensive patients [ 71 ]. The results of this 
study showed that, despite similar reductions in office systolic 
BP and diastolic BP with lisinopril or hydrochlorothiazide, 
treatment with angiotensin-converting enzyme inhibitors has 
a greater efficacy as monotherapy at lower doses compared 
with thiazide diuretics. 

  Experimental evidence:  Several mechanisms account for 
the association between MetS and increased risk of athero-
sclerotic CV events. For instance, there is growing evidence 
that RAS, through Ang II, is involved not only in the patho-
genesis of hypertension and atherosclerosis, but also plays a 
role in the development of insulin resistance. Moreover, it 
has also demonstrated that activation of the RAS in adipose 
tissue represents an important mechanism that account for 
the link between obesity and hypertension [ 20 ]. Adipose tis-
sue is an important production site of angiotensinogen, and 
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it has been reported a correlation between plasma level of 
angiotensinogen, blood pressure, and body mass index [ 74 ]. 
Moreover, in obese Zucker rats it has been documented an 
increase higher than 50 % of gene expression of angioten-
sinogen, in adipose tissue compared with lean rats [ 39 ]. 
Interestingly, it has been also demonstrated that Ang II is 
implicated in the regulation of lipid synthesis and storage in 
the adipocytes [ 20 ], as well as, in adipocyte growth and dif-
ferentiation [ 2 ]. In addition, it has been documented that the 
AT 1  receptor, and ACE genes were found to be upregulated 
in the adipose tissue of hypertensive patients with obesity 
[ 25 ]. Altogether these experimental evidence suggest a 
strong relationship between RAS and regulation of func-
tional activity of adipose tissue, this phenomenon could be 
involved in the increase of both BP and CV risk.  

   Insulin Resistance and Diabetes 

  Clinical evidence:  The beneficial effects of ACE inhibitors to 
improve insulin resistance are also evident from several 
observational and interventional studies in human subjects 
with hypertension and type 2 diabetes. For instance, in the 
Captopril Prevention Project (CAPPP) [ 30 ] and the Heart 
Outcomes Prevention Evaluation (HOPE) study [ 105 ], two 
large prospective studies involving hypertensive subjects at 
risk for developing type 2 diabetes, there was a lesser inci-
dence of newly-diagnosed type 2 diabetes in those subjects 
who received an ACE inhibitor (either captopril or ramipril) 
compared to the respective placebo control groups. More 
consistently, in 2005, it has been published a meta-analysis of 
12 randomized controlled clinical trials of ACE inhibitors or 
ARBs to evaluate the efficacy of these medications in diabe-
tes prevention. This meta-analysis, involving 72,333 non- 
diabetic patients (approximately 338,000 patient-years of 
follow-up), with mean duration of follow-up ranged from 1 to 
6.1 years, showed that ACE inhibitors or ARBs produced a 
highly significant 25 % reduction (or a decrease from 17.4 to 
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14.3 cases per 1,000 patient-years) in the incidence of new- 
onset diabetes [ 1 ]. The clinical implications of this meta- 
analysis are important because the development of diabetes 
is associated with insulin resistance. Therefore, it is possible 
to speculate that the inhibition of RAS by both ACE inhibi-
tors or by AT 1 receptor antagonists ameliorates insulin sen-
sitivity (Fig.  1.2 ). The mechanisms of action whereby these 
classes of drugs improve insulin sensitivity are complex and 
multifactorial. In particular, ACE inhibitors not only block 
the conversion of angiotensin I to angiotensin II, but also 
increase bradykinin levels through inhibition of kininase 
II-mediated degradation. The higher kinin levels lead to an 
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  Fig. 1.2    Results of principal intervention trial with renin- angiotensin 
system (RAS) inhibitors on new diagnosis of diabetes       
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increased production of prostaglandins (prostaglandin E1 
and prostaglandin E2) and nitric oxide, which improve 
exercise- induced glucose metabolism and muscle sensitivity 
to insulin [ 24 ], resulting in enhanced insulin-mediated glu-
cose uptake. Furthermore, the peripheral vasodilatory actions 
of ACE inhibitors and ARBs lead to an improvement in 
skeletal muscle blood flow, the primary target for insulin 
action and an important determinant of glucose uptake. This 
effectively increases the surface area for glucose exchange 
between the vascular bed and skeletal muscles. Clinical evi-
dence supporting this effect has been provided by Morel 
et al. [ 61 ], who have demonstrated improved insulin sensitiv-
ity when enalapril was given for 12 weeks to 14 obese, hyper-
tensive, and dyslipidemic patients. A similar effect has also 
been reported with captopril [ 68 ]. However, it should be 
underlined that this action can not be considered the main 
mechanism that account for the increase of insulin sensitivity 
because this effect is not shared by drugs that acts as 
 vasodilators like hydralazine. Moreover, the protection 
against the development of insulin resistance may be par-
tially due to a regulation of adipocyte function. It has been 
demonstrated that increased levels of Ang II inhibit pre-adi-
pocyte differentiation into mature adipocytes, and this impairs 
the fat cells’ ability to store fat. This, in turn results in shunt-
ing of fats to the liver, skeletal muscle, and pancreas, which 
worsens insulin resistance. Reducing Ang II levels with an 
ACE inhibitor or blocking the angiotensin II receptor type 1 
with an ARB may promote differentiation of pre-adipocytes 
to mature adipocytes, which serve as a sump for fat. In addi-
tion, redistribution of the lipids from the peripheral tissues 
would improve insulin sensitivity [ 84 ]. Another mechanism 
that accounts for the favorable effect of ARBs and ACE 
inhibitors on insulin sensitivity relates to a possible protec-
tive effect on the pancreatic beta cell, through inhibiting the 
vasoconstrictive effect of angiotensin II in the pancreas 
and increasing islet blood flow [ 10 ], which could improve 
insulin release by beta cells. Telmisartan, an ARB, has been 
shown to act as a peroxisome proliferator-activated receptor 
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(PPAR)-gamma agonist, similar to the thiazolidinediones 
rosiglitazone and pioglitazone, which preserve pancreatic 
beta-cell function [ 82 ]. Peroxisome proliferator–activated 
receptor γ is a transcription factor that controls the gene 
expression of several key enzymes of glucose metabolism and 
thereby increases insulin sensitivity.

   Experimental and clinical studies suggest that blocking the 
effects of Ang II (through ACE inhibition or ARBs) increases 
insulin sensitivity, skeletal muscle glucose transport, and pan-
creatic blood flow, which may contribute to the prevention of 
diabetes mellitus. Therefore, ACE inhibitors or ARBs repre-
sent the logical first-line anti-hypertensive agent in patients 
with impaired fasting glucose or metabolic syndrome for 
multiple reasons, including the reduction in risk of progres-
sion to overt type 2 diabetes. Even in patients without diabetes 
or metabolic syndrome, what was previously thought to be a 
“high-normal” blood pressure (≥130/80 to 139/89 mmHg) is 
associated with an increased risk of adverse cardiovascular 
events [ 100 ]. 

  Experimental evidence:  In vivo and in vitro studies have 
shown that Ang II stimulation also induces insulin resistance. 
Overactivity of the RAS observed in cardiovascular diseases 
is likely to impair insulin signaling and contribute to insulin 
resistance. Actually, Ang II acting through the AT1 receptor 
inhibits the actions of insulin in vascular tissue, in part, by 
interfering with insulin signaling through PI3K and down-
stream Akt signaling pathways via generation of reactive 
oxygen species (ROS) by NADPH oxidase. ROS are impor-
tant intracellular second messengers that activate many 
downstream signaling molecules, such as phosphotyrosine 
phosphatases (PTPase) and protein tyrosine kinases. PTPases 
are critical regulators of tyrosine phosphorylation-dependent 
signaling, and tyrosine dephosphorylation by PTPases may 
play a crucial role in Ang II-induced insulin resistance. 
Several PTPs have been implicated in the Ang II-induced 
dephosphorylation of insulin receptor. However, the most 
convincing data, support a critical role for PTP-1B in insulin 
action. Actually, PTP-1B knockout mice display increased 
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insulin sensitivity and maintain euglycemia (in the fed state) 
with one-half the level of insulin observed in wild-type lit-
termates. Interestingly, these mice are also resistant to diet-
induced obesity when fed a high-fat diet. 

 Recent studies have demonstrated that the generation of 
ROS is implicated in the Ang II-induced insulin resistance. In 
this regard it has been demonstrated that in vascular smooth 
muscle cells isolated from rat thoracic aorta Ang II pro-
foundly decreases IRS-1 protein levels via ROS-mediated 
phosphorylation of IRS-1 on Ser307 and subsequent 
proteasome- dependent degradation. The key role of ROS in 
the pathogenesis of Ang II-induced insulin resistance has 
been also confirmed by in vivo studies. In particular, in rats 
chronic infusion of Ang II reduced insulin-induced glucose 
uptake during  hyperinsulinemic- euglycemic clamp, and 
increased plasma cholesterylester hydroperoxide levels, indi-
cating an increased oxidative stress. Treatment with tempol, a 
superoxide dismutase mimetic, normalized plasma cholester-
ylester hydroperoxide levels in AII- infused rats. In addition, 
tempol normalized insulin resistance in AII-infused rats, as 
well as enhanced insulin-induced PI 3-kinase activation, sug-
gesting that Ang II-induced insulin resistance can be restored 
by removing the oxidative stress. On the other hand, in the 
endothelial cells, Ang II induces insulin resistance through 
the phosphorylation of IRS-1 at Ser312 and Ser616 via JNK- 
and ERK1/2-dependent mechanisms, respectively. This 
impairs the interaction of IRS-1 with the p85 regulatory sub-
unit of PI 3-kinase and compromises the insulin vasodilatory 
signaling pathway involving PI 3-kinase/Akt/eNOS. 
Altogether, these observations provide clear insight into the 
mechanisms of Ang II–induced insulin resistance. ACE 
inhibitors decrease the conversion of angiotensin I to Ang II, 
in addition, via the inhibition of the kininase II breakdown, 
enhance the circulating level of the bradykinin (Fig.  1.3 ). 
There are several experimental data indicating that these 
changes in Ang II and bradykinin improve skeletal muscle 
glucose metabolism. In particular, there are experimental 
studies performed in animal models of hypertension and 
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insulin resistance which have demonstrated that acute and 
chronic administration of ACE inhibitors can improve insulin 
action on whole-body and skeletal muscle glucose disposal. 
In particular, it has been demonstrated in 20-month- old rats 
that the acute oral administration of the ACE inhibitor cap-
topril enhances whole-body insulin action on glucose disap-
pearance during an intravenous insulin tolerance test by 
modulating the early steps of insulin signaling, and that this 
effect may be simulated by the administration of bradykinin 
[ 11 ]. Moreover, the acute infusion of captopril to obese 
Zucker rats, a rodent model of insulin resistance, glucose 
intolerance, and dyslipidemia, enhances insulin sensitivity 
during a euglycemic, hyperinsulinemic clamp [ 4 ]. A similar 
response to an acute captopril infusion has been observed in 
an insulin resistant diabetic dog model using this euglycemic, 
hyperinsulinemic clamp technique [ 98 ]. In addition to acute 
administration, also chronic treatment with ACE inhibitors 
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  Fig. 1.3    Molecular mechanisms that account for improvement of 
insulin sensitivity following renin-angiotensin system inhibition       
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has been demonstrated to enhance glucose tolerance in 
animal models of insulin resistance. In fact, it has been shown 
that chronic administration of ACE inhibitors to obese 
Zucker rats elicits an increase in whole-body insulin action. 
Chronic oral treatment of obese Zucker rats with the ACE 
inhibitors captopril [ 18 ], or trandolapril [ 89 ] causes substan-
tial improvements in whole-body insulin sensitivity, assessed 
during an oral glucose tolerance test, and these ACE inhibitor- 
mediated improvements in whole-body insulin sensitivity are 
associated with decreases in plasma insulin and amelioration 
of dyslipidemia. Chronic administration of an ACE inhibitor 
to a mouse model of type 2 diabetes (KK-Ay) also signifi-
cantly improves whole-body glucose tolerance and insulin 
sensitivity [ 85 ].

   Skeletal muscle is an important locus of ACE inhibitor 
action in rodent models of insulin resistance and hyperten-
sion. Acute in vivo administration of the ACE inhibitors 
captopril [ 31 ] or trandolapril [ 36 ] significantly enhances 
insulin-mediated glucose transport activity in skeletal muscle 
in the obese Zucker rat. Skeletal muscle is not the only mus-
cle tissue in which ACE inhibitors can beneficially modulate 
glucose metabolism. Rett et al. [ 72 ] have demonstrated using 
the perfused Langendorff preparation that the acute admin-
istration of active ACE inhibitor metabolite phosphorylate 
can significantly increase insulin-stimulated glucose transport 
activity in cardiac muscle of the obese Zucker rat, and that 
this effect can be mimicked by administration of bradykinin.   

   RAS Inhibition and Hypertension-
Related TOD 

 Subclinical organ damage is an important determinant of CV 
risk in essential hypertension, and represents a key target of 
antihypertensive therapy. Interestingly, Ang II plays a critical 
role in the pathogenesis of TOD (Fig.  1.4 ). Thus, RAS block-
ade should be considered as first choice therapy of hypertensive 
patients with evidence of TOD.
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     Left Ventricular Hypertrophy 

  Clinical evidence:  Left ventricular hypertrophy (LVH) is an 
independent risk factor for morbidity and mortality for CV 
diseases. BP is an important determinant of LVH, and a 
substantial percentage of patients with hypertension develop 
this complication. Several studies have analyzed the effects of 
different classes of antihypertensive drugs on LVH. The first 
meta-analysis aimed to assess the ability of various 
 antihypertensive agents to reduce left ventricular hypertro-
phy was published in 1996 by Schmieder et al. [ 81 ]. This 
analysis considered 39 double-blind, randomized, controlled 
clinical studies with parallel-group design. After adjustment 
for different durations of treatment, left ventricular mass 
decreased by 13 % with ACE inhibitors, 9 % with calcium 
channel blockers, 6 % with beta-blockers, and 7 % with 
diuretics. There was a significant difference between drug 
classes (P < .01): ACE inhibitors reduced left ventricular mass 
more than beta- blockers (significant, P < .05) and diuretics 
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  Fig. 1.4    Central role of angiotensin II (Ang II) in the pathogenesis 
of target organ damage and cardiovascular (CV) events in essential 
hypertension       
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(tendency, P = .08), suggesting the ACE inhibitors as first-line 
drugs to reduce LVH. In 2003 was published a further meta-
analysis that added also ARBs-based clinical trials. This 
analysis considered a total 80 studies with more than 4,000 
patients [ 44 ]. The principal finding of this analysis was that 
ARBs, calcium antagonists, and ACE-inhibitors were the 
most effective drug classes for reducing left ventricular mass 
in patients with essential hypertension (Fig.  1.5 ). In 2009 a 
metaregression- analysis assessed, in patients with essential 
hypertension, the predictor of the regression of LVH among 
the principal classes of antihypertensive drugs [ 21 ]. This 
analysis considered of 75 prospective, randomized compara-
tive trials, including 6,001 patients, with a median study dura-
tion of 6 months. The main result of this analysis showed that 
ARBs induce larger regression of LVH. These studies indi-
cate that RAS inhibition with both ACE-inhibitors or ARBs 
represents a valid pharmacologic strategy to prevent or 
reduce LVH.
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    Experimental evidence:  Several experimental evidence 
suggests that Ang II has a key role in the pathogenesis of 
load-induced LVH. For instance, treatment of rats having 
aortic coarctation with an ACE inhibitor [ 9 ] or ARBs [ 46 ] 
prevents or causes regression of LVH. Moreover, ACE 
inhibitor administration also prolongs survival of rats with 
pressure overload [ 103 ]. These results are consistent with 
the involvement of the RAS in genesis of LVH and its acti-
vation by hemodynamic loading in vivo. The role of Ang II 
as a critical mediator of stretch-induced hypertrophy has 
been shown in the neonatal rat cardiac myocyte system  in 
vitro  [ 77 ]. Ang II receptor antagonists such as [Sar1 Ile8]
Ang II (antagonist for the Ang II type I and II receptors) 
and losartan and TCV11974 (antagonists for the Ang II type 
I receptor) inhibit major markers of stretch-induced hyper-
trophy [ 104 ], which suggests that Ang II plays a critical role 
in stretch-induced hypertrophy in the neonatal rat myocyte 
culture system [ 79 ]. Several lines of  in vivo  evidence suggest 
that the cardiac RAS is upregulated chronically in load-
induced hypertrophy. mRNA expression of angiotensino-
gen, renin, ACE, and Ang II receptor are all upregulated in 
cardiac hypertrophy caused by pressure overload and isch-
emia [ 93 ]. The upregulation of the cardiac RAS was also 
observed in mechanical stretch of neonatal rat cardiac myo-
cytes  in vitro  [ 79 ] .  Treatment of cultured cardiac myocytes 
with exogenous Ang II also upregulates mRNA expression 
of angiotensinogen, renin, and ACE, but not Ang II receptor 
[ 86 ]. This suggests that mechanical stretch initially causes 
acute secretion of preformed Ang II and that secreted Ang 
II may initiate a positive feedback mechanism, thereby 
upregulating the local renin-angiotensin system over time. It 
is likely, however, that upregulation of the Ang II receptor 
by mechanical stretch is mediated by an Ang II-independent 
mechanism [ 78 ]. Further studies have demonstrated the 
molecular mechanism that account for Ang II-mediated 
development of LVH. In particular, Bendall et al. demon-
strated, in transgenic mice lacking the gp91 phox  subunit of 
NADPH oxidase, that 2 week-stimulation of subpressor 
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doses of Ang II stimulation failed to induce LVH, this was 
associated with inhibition to superoxide production [ 7 ]. 
The result of this study indicated that oxidative stress is 
centrally involved in the direct cardiac hypertrophic 
response to Ang II.  

   Chronic Kidney Disease 

  Clinical evidence:  Development of chronic kidney disease 
(CKD) a common feature of essential hypertension. The 
renal damage, is characterized by a progressive loss of renal 
function, and, at the same time, increases cardiovascular 
risk. Ang II plays a key role in the pathogenesis of CKD in 
essential hypertension. In particular, excess of Ang II stimu-
lation induces endothelial dysfunction, which, in the kid-
neys, can evolve in glomerulosclerosis, tubulointerstitial 
fibrosis and vascular sclerosis. In the absence of pharmaco-
logical intervention, these abnormalities are responsible of 
development of overt nephropathy that culminates in end-
stage of renal disease (ESRD). Clinical manifestations of 
hypertension- induced nephropathy are: presence of macro-
albuminuria or proteinuria, decrease of glomerular filtra-
tion rate (GFR), increase in serum creatinine levels. 
Although achievement of a tight control of BP is important 
goal to prevent CKD, this strategy, alone, often is not 
enough to prevent the development and progression of 
CKD. The benefit of ACE inhibitor therapy in reducing 
proteinuria and the progression of CKD in non-diabetic 
patients are known since 1990s; similarly, beneficial effects 
has been demonstrated also for ARBs in nondiabetic 
nephropathies [ 95 ]. Thus, antihypertensive drugs that inter-
fere with RAS confer additional renoprotective benefits 
compared with other classes of antihypertensive agents. The 
first convincing demonstration of the ability of ACE- 
inhibitors to interfere with the progression of CKD comes 
from the REIN study. This study showed that although BP 
control did not differ between the two treatment groups, 
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patients who had proteinuria of ≥3 g/day and were treated 
with the ACE inhibitor showed a significant lower rate of 
decline in GFR and a reduced risk for doubling serum cre-
atinine or end-stage renal failure as compared with patients 
who received conventional therapy [ 28 ]. The favorable 
effects of ACE-inhibitors    [ 38 ] in the delay of CKD have 
been confirmed by several meta-analysis [ 37 ,  48 ]. The ben-
eficial effects of many ARBs have been well documented in 
diabetic nephropathy. In fact, clinical trials with irbesartan, 
losartan, telmisartan and valsartan have been conducted in 
patients with type 2 diabetes and CKD. On the contrary, 
there are few clinical evidence of the nefroprotective effects 
of ARBs in patients with non-diabetic nephropathy. In 
details, The Japanese Losartan Therapy Intended for the 
Global Renal Protection in HyperTensive Patients 
(JLIGHT) study examined the effect of losartan in com-
parison with amlodipine after 12 months of treatment. This 
study showed that although losartan and amlodipine had a 
comparable antihypertensive effect, losaran based treat-
ment significantly reduced the severity of proteinuria [ 34 ]. 
In addition, the Angiotensin II Receptor Antagonist 
Micardis in Isolated Systolic hypertension (ARAMIS) 
study compared the antihypertensive efficacy after 6 weeks 
of once-daily fixed doses of telmisartan 20, 40 or 80 mg ver-
sus hydrochlorothiazide 12.5 mg or placebo in patients 
(n = 1,039, aged 35–84 years) with isolated systolic hyperten-
sion. This study showed that, despite comparable reductions 
in systolic blood pressure with both drugs, telmisartan treat-
ment significantly reduced urinary albumin excretion than 
hydrochlorothiazide [ 102 ]. 

  Experimental evidence:  In last years is has been demon-
strated that CKD is characterized by of chronic inflammation 
associated with oxidative stress, endothelial dysfunction, and 
vascular calcification. Moreover, it has also been documented 
that Ang II regulates not only the hydro-saline homeostasis 
and peripheral vascular resistances but, exerts also a control 
on cell growth, inflammation, and fibrosis [ 75 ]. Together these 
experimental evidence indicate that Ang II plays a pivotal 
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role in the genesis of CKD in essential hypertension by 
modulating the redox status and the immune system. In fact, 
Ang II increases tumor necrosis factor-production in the 
kidney, as well as, upregulates other proinflammatory media-
tors, including interleukin 6, monocyte chemotactic protein-1, 
and nuclear factor-B [ 94 ], resulting in a variety of glomerular 
insults. These results allow the hypothesize that Ang II is 
involved into the pathogenesis of CKD by modulating the 
activation and infiltration of immunocompetent cells There 
are several evidence showing that some of the beneficial 
effects of the RAS blockade may be related to anti- 
inflammatory properties of ACE-inhibitors and ARBs [ 91 ]. 
In particular, it has been reported in monocytes that exposure 
to captopril affects the cytokine-induced translocation of 
nuclear factor-kB translocation from the cytoplasm to the 
nucleus [ 3 ]. Furthermore, it has been reported in patients 
with ESRD, that ACE-inhibitor-based treatment reduces 
plasma levels of plasma levels of tumor necrosis factor-α and 
C-reactive protein [ 90 ].  

   Dual RAS Inhibition 

 Definitely, blockade of the RAS with obtained with either 
ACE-inhibitors or ARBs has been shown to reduce protein-
uria and the decline of GFR. However, not all patients who 
are treated with ACEI or ARBs achieve a nefro-protective 
effect. This phenomenon might be explained by an incom-
plete blockade of RAS. In fact, different pathways (mainly 
chymases), especially during diabetic nephropathy, can 
account for Ang II synthesis. Therefore, treatment with com-
bination of both ACEI and ARBs may have a synergistic 
effect on RAS blockade in prevention of kidney disease in 
hypertension. In the last decade, two studies that included a 
small number of patients reported in hypertensive patients 
the beneficial effects of dual RAS blockade. Then, the 
Cooperate study analyzed 263 patients with non-diabetic 
renal disease, randomly assigned to ARB (losartan, 100 mg 

1. Angiotensin Converting Enzyme Inhibitors…



22

daily), or ACE-inhibitor (trandolapril, 3 mg daily), or a 
combination of both drugs. The main result of this study was 
that combination treatment safely retarded the progression 
of non-diabetic renal disease compared with monotherapy 
[ 62 ]. In 2009 this study was retracted due to ethic concerns. 
The nefro-protective effects of dual bock of RAS were evalu-
ated in two meta-analysis [ 12 ,  49 ] which showed of the favor-
able effects of combination therapy of ACE-inhibitor and 
ARBs to reduce proteinuria and to slow the progression of 
CKD. However, these actions were not confirmed by the 
ONTARGET study (ONTARGET [ 35 ]) in which patients 
were randomized to receive ACE-inhibitor (Ramipril 10 mg 
daily) or ARB (Telmisartan 80 mg daily) or both drugs. This 
study reported an increased incidence of dialysis, doubling of 
serum creatinine and of death during the combined therapy 
of ACE inhibitor and ARBs compared with a monotherapy 
alone; whereas albuminuria was best controlled by the dual 
RAS blockade. The main reason for this negative result could 
be identified in the very high risk of study population. 
Therefore, further trials that enroll patients with a lower car-
diovascular risk are necessary to establish whether the com-
bination of ACE inhibitor and ARBs is detrimental or 
beneficial on CKD.  

   Atherosclerosis 

  Clinical evidence:  Essential hypertension is an established 
risk factor for the development of atherosclerosis. Both clini-
cal and experimental evidence indicate that hypertension 
promotes and accelerates the atherosclerotic process through 
an Ang II mediated mechanisms; in particular, it has been 
demonstrated that Ang II inflammatory processes and oxida-
tive stress that lead the formation of arterial lesions or 
plaques. Interference with RAS has been demonstrated to 
reduce the progression of the atherogenic process [ 23 ]. 
Although many patients included in the HOPE study were 
not affected by essential hypertension, this study demon-
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strated, in high risk patients, that addition of ramipril to the 
standard therapy significantly reduced the rate of the primary 
composite endpoint vs placebo (14.0 % vs 17.8 %; P < 0.001) 
[ 105 ]. Interestingly, in this study population, use of ramipril 
reduced not only the cardio- and cerebro-vascular events, but 
interfered also with the progression of atherosclerotic dis-
ease. In fact, SECURE study, substudy of the HOPE trial 
demonstrated that the rate of progression of the mean maxi-
mum carotid artery IMT was significantly lower in the 
ramipril 10 mg once-daily treatment group vs placebo 
(P = 0.028) over an average follow-up period of 4.5 years [ 57 ]. 
In hypertensive patients with and without diabetes it has 
been reported that candesartan [ 5 ] and losartan [ 88 ] respec-
tively, slows the progression of carotid remodeling. Several 
studies have demonstrated the effect of RAS blockade on the 
mechanisms that are involved in the development and pro-
gression of atherosclerosis. In particular, it has been reported 
that candesartan significantly decreases plasma levels of plas-
minogen activator inhibitor type-1 (PAI-1), as well as mono-
cyte chemoattractant protein-1 [ 45 ] and significantly reduces 
circulating levels of ICAM-1 and VCAM-1 [ 73 ]. Similar 
actions have been reported for irbesartan, valsartan and 
losartan. In addition, several studies have demonstrated that 
Olmesartan medoxomil-based therapies interferes with the 
vascular inflammation and progression of atherosclerosis not 
only in carotid, but also in coronary arteries. In particular, the 
OLIVUS showed that demonstrated that olmesartan 
medoxomil decreased the rate of coronary atheroma pro-
gression in patients with stable angina pectoris, independent 
of BP lowering [ 32 ]. 

  Experimental evidence:  Ang II plays a pivotal role not 
only in the development of atherosclerosis but also in the 
vulnerability of atherosclerotic plaques. In fact, It has been 
reported that Ang II regulates the gene expression and syn-
thesis of adhesion molecule (VCAM-1, ICAM-1, P-selectin), 
cytokine, chemokine, and growth factor of the arterial wall. In 
addition, RAS positively regulates the complement system, 
resulting in vascular inflammation and mobilization/and acti-
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vation of inflammatory cells. The RAS interferes also with 
 coagulation cascade and platelet aggregation. Basic evidence 
clearly indicate that RAS blockade exerts potent antiathero-
sclerotic effects, not only reducing blood pressure, but also 
through the anti-inflammatory, antiproliferative, and antioxi-
dant effects [ 80 ]. At this regard, it has been reported that 
treatment with the ACE-inhibitor trandolapril reduces endo-
thelial dysfunction in hyperlipidemic rabbits [ 13 ]. In addition, 
administration of quinapril reduced macrophage infiltration 
in atherosclerotic lesions in femoral arteries in rabbits 
through the direct inhibition of macrophage chemoattractant 
protein (MCP)-1 expression. There is a large consensus that 
the anti-atherosclerotic properties of both ACE-inhibitors 
and ARBs are independent from of blood pressure reduc-
tion, since the use of other antihypertensive drugs did not 
produce similar actions. However, the favourable effects of 
the RAS blockade have been also reported in animal models 
of hypertension. In particular, in stroke prone spontaneously 
hypertensive rats (SHR-SP) administration of ramipril 
reduced mortality and improved left-ventricular hypertrophy, 
cardiac and endothelial functions [ 56 ],indicating that ACE 
inhibitors reduce cardiovascular risk and atherosclerosis in 
animal model of essential hypertension. These pharmacological 
effects in SHR-SP rats were documented also for ARBs as 
losartan [ 99 ], and telmisartan [ 96 ].   

   RAS Inhibition and CV Events 

   Stroke 

  Clinical Evidence:  The Ang II plays an important role in brain 
circulation, homeostasis and stroke prevention, both of which 
are mediated through its receptors AT 1 , AT 2 , and may be AT 4 . 
The stroke-protective effects of ARBs are mediated through 
their dual action of blocking the AT 1  receptors and at the 
same time of allowing Ang II to stimulate the AT 2  and AT 4  
receptors, leading to local cerebral vasodilatation and an 
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increase in cerebral blood flow [ 14 ]. The favorable effect of 
RAS inhibition on incidence of stroke in hypertensive 
patients is well documented. However, it is still debated 
whether ARBs are more effective than ACE-inhibitors in the 
prevention of stroke. The first meta-analysis was published by 
Turnbull et al. in 2003 [ 97 ]. They analyzed 29 trials (162,341 
participants). Their analysis showed that ACE-inhibitors- 
based treatment reduced the risk of stroke compared with 
placebo by 28 %; and ARBs-based treatment reduced the 
risk of stroke compared with control regimens by 21 %. In 
2008 Reboldi et al. [ 70 ] analyzed six trials and included 31,632 
patients randomized to ARBs and 18,292 patients random-
ized to ACE-inhibitors. This analysis showed that administra-
tion of ARBs was associated with a small but statistically 
significant reduction in the risk of stroke compared with 
administration of ACE-inhibitors. This last meta-analysis 
seems to indicate that compared with ACE-inhibitors, ARBs 
have a slightly greater protective effect on stroke. However, 
in 2009 it was published an other meta-analysis [ 58 ] that 
showed no difference in terms of neuro-protection between 
ACE-inhibitors and ARBs. This analysis considered 20 ran-
domized, controlled trials (108,286 patients), demonstrated 
benefit of ARBs on the risk of stroke when compared with 
placebo. However, was no evidence of the benefit when com-
paring ARBs with ACE-inhibitors was reported. 

  Experimental evidence:  At experimental level, there are 
some evidence indicating that ARBs compared to ACE- 
inhibitors might have a greater and specific cerebral protective 
effect. In fact, many animal studies in gerbils and rats have 
shown that ARBs decrease the volume and the extent of 
infracted brain tissue after induction of acute cerebral isch-
emia by carotid ligation or middle cerebral artery occlusion 
(MCAO). For example, The mortality of gerbils after induc-
tion of acute brain ischemia by ligation of the right carotid 
artery was significantly decreased with pretreatment with the 
selective AT1 receptor blocker losartan or the selective AT2 
receptor agonist PD 123319, but not with the ACE inhibitor 
enalapril [ 22 ]. Moreover, the neurological outcome following 
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induction of cerebral ischemia in the rat was improved by 
intracerebral administration of low doses of the ARB irbesar-
tan, and such effect was prevented by the co- administration 
of an AT2 receptor blocker [ 53 ]. In Wistar rats pretreatment 
with low doses of candesartan (0.1 mg/kg body weight, twice 
daily) and ramipril (0.01 mg/kg body weight, twice daily) did 
not reduce blood pressure during MCAO, whereas ramipril 
high dose (0.1 mg/kg body weight, twice daily) did. However, 
candesartan, but not ramipril at any dose, significantly 
reduced stroke volume and improved neurological outcome. 
Poststroke mRNA and protein of the neurotrophin receptor, 
TrkB, were significantly elevated in animals treated with can-
desartan, but not ramipril, suggesting that RAS-blockade by 
candesartan, but not ramipril exerts a neuroprotective action 
after focal ischemia [ 47 ]. Together, these experiments allow 
to hypothesize that Ang II exerts its cerebroprotective effects 
via stimulation of the AT2 receptors, and this action is further 
enhanced with selective blockade of the AT1 receptors. In 
this case, upon the distribution (brain, heart) AT 2  receptors 
play a different physiological role.  

   Myocardial Infarction 

  Clinical Evidence:  The effect of RAS inhibition on incidence 
of myocardial infarction is still debated. This controversy 
started from the publication of results of VALUE [ 40 ], in 
which, in hypertensive patients, there was detected a signifi-
cant increase of myocardial infarction in the Valsartan group 
compared with the Amlodipine group. Following this study, it 
was been hypothesized that ARBs rather than to be protec-
tive against myocardial ischemia increased the risk of myocar-
dial infarction. This hypothesis was corroborated by several 
interventional studies, in particular the CHARM- alternative 
Trial showed a significant 36 % increase in myocardial infarc-
tion with candesartan (versus placebo) despite a reduction in 
BP (4.4 and 3.9 mmHg for systolic diastolic, respectively; vs 
placebo treatment) [ 26 ]; furthermore, in the LIFE study the 
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ARB losartan did not reduce rates of myocardial infarction 
despite a 1.7 mmHg lower pulse pressure compared with 
atenolol [ 17 ]. On the basis of these evidence Verma and 
Strauss raised the hypothesis that ARBs, unlike ACE inhibi-
tors, rather to be protective, were either neutral or increase 
the rates of myocardial infarction despite their beneficial 
effects on reducing blood pressure [ 101 ]. This theory, called 
“ARB-myocardial infarction paradox” was not  confirmed by 
the meta-analysis published by Bangalore et al. These authors 
analyzed 37 trials which randomised 147,020 participants, 
73,298    (49.8 %) to ARBs and 73,722 (50.2 %) to controls. The 
average follow-up was 3.3 years (range 1–6.5 years). ARBs 
were not associated with any increase in the risk of myocar-
dial infarction when compared with controls (relative risk 
0.99, 95 % confidence interval 0.92–1.07; P = 0.85). These 
results were similar when ARBs were compared with either 
placebo or with active treatment. These authors concluded 
that ARBs do not increase the risk of myocardial infarction; 
however, they do not have beneficial effect for the outcome of 
myocardial infarction or cardiovascular mortality. However, 
further meta-analyses showed opposite results. In particular, 
Stauss and Hall [ 92 ] analyzed 11 trials (55,050 patients). In 
details, five trials compared ARBs versus ACE inhibitors, four 
trials compared ARBs and placebo, and two trials compared 
ARBs versus non-ACE inhibitors. The main result of this 
analysis showed a rates of global death of 14.0 %; CV death 
of 9.2 %; non-CV death of 4.7 %; stroke of 4.4 %; and myo-
cardial infarction of 6.3 %. Only incidence of stroke was lower 
in patients treated with ARBs compared with placebo. Global 
death was not reduced by ARBs whereas myocardial infarc-
tion was significantly increased by 8 %. The results of this 
meta-analysis clearly demonstrate that compared with pla-
cebo, ACE inhibitors reduce the incidence of myocardial 
infarction and CV death, whereas there is no evidence than an 
ARBs are better than placebo. 

  Experimental evidence:  The results of these analyses clearly 
indicate that ACE inhibitors and ARBs acts through differ-
ent mechanisms of action. In particular, the inhibition of 
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breakdown of bradykinin exerted by ACE inhibitors represents 
an ‘adjunctive’ favorable mechanism. Bradykinin inhibits 
both platelet aggregation and circulating PAI-I levels and is 
one of the most potent stimulators of tissue plasminogen 
activator. Furthermore, bradykinin promotes vasodilatation 
via the release of prostacyclin, NO, and endothelium-derived 
hyperpolarizing factor. Long-term treatment with ACEIs 
augments both bradykinin-induced peripheral vasodilatation 
and the release of tissue plasminogen activator to levels that 
approximate those seen during systemic thrombolytic therapy. 
On the other hand, bradikinin is also a mediator of ischemic 
preconditioning which is a physiological phenomenon in 
which non-sustained, repetitive, sub-lethal ischemic stimula-
tion enhances tolerance to a subsequent prolonged ischemic 
stress. Preconditioning has great pathophysiological rele-
vance, since it confers protection against ischemia- induced 
cell death to those organs that are composed of terminally 
differentiated cells, like the brain and heart. In addition, we 
have recently demonstrated, in endothelial cells, that precon-
dition stimulates the release of bradikinin, which in turn, 
through a autocrine-paracrine mechanism activates cell 
survival pathways. 

 Experimental evidence indicate that AT 2  receptor stimula-
tion, rather than to be beneficial, as previously proposed, is 
detrimental for cardiovascular system. In particular, it has 
been described that under certain circumstances stimulation 
of AT 2  receptors promotes fibrosis, and hypertrophy, as well 
as pro-atherogenic and pro-inflammatory effects. In transgenic 
mice, the chronic overexpression of AT 2  induces Ca 2+ - and 
pH-dependent contractile dysfunction in ventricular myo-
cytes, as well as loss of the inotropic response to Ang II [ 63 ]. 
AT 2 -deficient mice are protected against cardiac hypertrophy 
[ 83 ], whereas overexpression of AT 2  in human cardiac myo-
cytes is associated with increased cardiac hypertrophy [ 16 ]. In 
addition, a critical role for an AT 2  receptor in mediating 
dilated cardiomyopathy and cardiac hypertrophy has been 
demonstrated [ 33 ]. Furthermore it has been documented that 
AT 2  receptors inhibit vascular endothelial growth factor–
induced angiogenesis in endothelial cells [ 8 ]. Finally, evidence 
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in human myocytes suggests that Ang II may promote plaque 
rupture by augmenting matrix metalloproteinase- 1 in an AT 2 -
dependent fashion and by preventing growth of vascular 
smooth muscle cells with reduced collagen deposition and 
additional cellular apoptosis within advanced plaques [ 43 ]. 

 Therefore, at molecular level, ACE inhibitors exert their 
favorable action on cardiovascular morbidity and mortality 
by increasing cardiac cell protection, and this effect is not 
shared by ARBs.   

   RAS Inhibitors and Mortality 

 The effects of inhibition of RAS obtained with either ACE- 
inhibitors or ARBs on all-cause mortality in hypertensive 
patients is have been evaluated by van Vark and colleagues. 
They, showed, in a recent meta-analysis that considered 20 
randomized studies, included 158,998 patients (71,401 RAS 
inhibitor; 87,597 control) followed for 4.3 years, that RAS 
inhibition reduced by 5 % all-cause mortality (HR: 0.95, 
95 % CI: 0.91–1.00, P = 0.032), and by 7 % cardiovascular 
mortality (HR: 0.93, 95 % CI: 0.88–0.99, P = 0.018). However, 
when the effects of ACE-inhibitors and ARBs were analyzed 
separately, ACE inhibitors were associated with a statistically 
significant 10 % reduction in all-cause mortality, while no 
mortality reduction was demonstrated for ARBs treatment. 
Therefore, it is reasonable to speculate that reduction of all- 
cause mortality recorded in the analyzed cohort was entirely 
driven by the favorable effects of the ACE-inhibitors. The 
results of this analysis seem to be consistent with other meta- 
analysis which confirm that ACE-inhibitors, but not ARBs, 
are able to reduce cardiovascular morbidity and mortality. 
The goal of hypertension management must be the reduction 
of global CV risk. Recent evidence from clinical trials and 
meta-analyses show that treatment with ACE inhibitors, but 
not with ARBs, leads to a statistically significant further 
reduction in mortality in hypertensive patients [ 76 ]. This 
provide a convincing evidence that ACE inhibitors should be 
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considered the drugs of first choice and ARBs should be 
restricted to patients intolerant of ACE inhibitors.     
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           Definition of Heart Failure 

 Heart failure (HF) can be defined as an abnormality of cardiac 
structure or function leading to failure of the heart to deliver 
oxygen at a rate commensurate with the requirements of the 
metabolizing tissues, despite normal filling pressures (or only 
at the expense of increased filling pressures) [ 1 ]. HF can be 
also defined, clinically, as a syndrome in which patients have 
typical symptoms (e.g. breathlessness, ankle swelling, and 
fatigue) and signs (e.g. elevated jugular venous pressure, 
pulmonary crackles, and displaced apex beat) resulting from 
an abnormality of cardiac structure or function. The diagnosis 
of HF, according to the guidelines of the European Society of 
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Cardiology, can be difficult and is based on a criterion of 
clinical evaluation, which relies on the clinical history, physical 
examination and appropriate investigations [ 2 ]. For this 
reason is more important the need to obtain objective evi-
dence of a structural or functional cardiac abnormality that is 
thought to account for the patient’s symptoms and signs, to 
secure the diagnosis of HF. 

 From the point of view of the classification HF is divided 
into acute and chronic form. The chronic form is the most com-
mon form of HF and its clinical feature most obvious are cer-
tainly frequent exacerbations evolution sometimes to acute 
complications. In this situation the patient may be described as 
“decompensated” and when a chronic stable HF deteriorates 
suddenly, i.e. “acutely”, usually leading to hospital admission, 
an event of considerable prognostic importance. In this condi-
tion the term of acute HF is used to indicate pathological 
conditions such as acute pulmonary edema (cardiogenic) and 
cardiogenic shock, however, very different from the perspec-
tive of pathophysiological and clinical. Therefore it would be 
advisable not to use the term to refer to acute HF in these situ-
ations, but it is advisable to choose the most appropriate terms 
of acute pulmonary edema and cardiogenic shock. 

 HF can also be classified on the basis of the prevailing 
characteristics of ventricular dysfunction. In most cases the 
HF is associated with systolic dysfunction of the left ventricle 
(LV) that, if determined by echocardiography or other imaging 
tests (e.g. Cardiac Magnetic Resonance, Single-Photon 
Emission Computed Tomography) is manifested by a depres-
sion of the left ventricular ejection fraction (LVEF). Often in 
patients with HF is present next to systolic dysfunction also 
diastolic dysfunction that may be more or less relevant and 
sometimes presents even in the absence of impaired systolic 
function. The diagnosis of HF from diastolic dysfunction is 
formulated based on the presence of symptoms and signs of 
heart and instrumental to the demonstration of a normal 
LVEF at rest. Furthermore some patients, particularly those 
with ‘idiopathic’ dilated cardiomyopathy, may also show sub-
stantial or even complete recovery of LV systolic function 
with therapy [including an angiotensin-converting enzyme 
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(ACE) inhibitor, beta-blocker, and mineralocorticoid receptor 
antagonist (MRA)].  

   Epidemiology, Incidence, Prevalence 
and Natural History of Heart Failure 

 HF is one of the issues most relevant clinical and health in 
industrialized countries. Infact the HF is the leading cause of 
hospitalization and is a major cause of disability in patients 
older than 65 years. Over the past 30 years, the prevalence of 
cardiovascular diseases has been generally decreasing, while 
that of HF has been progressively increasing. Approximately 
1–2 % of the adult population in developed countries has HF, 
with the prevalence rising to ≥10 % among persons 70 years 
of age or older [ 3 ]. 

 In industrialized countries, this amount is expected to rise 
inevitably because of the increase in the average age of the 
population and in view of the fact that the overall mortality 
resulting from cardiovascular events is being reduced, while 
the quod vitam prognosis of patients with HF is, albeit 
slightly, improved due to the more aggressive treatment. 

 With regard to the distribution of HF in terms of LV 
 dysfunction that measured by echocardiography between 
sexes, 51 % of men but only 28 % of women had a LVEF 
<40 % [ 4 ] (Fig.  2.1 ).

   The incidence of HF and its trends are highly variable. The 
incidence raw (not adjusted for age) in the general population 
ranges from 1 to 5 cases per 1,000 person-years (28–34), while 
the data from the largest population-based studies report an 
incidence ranging from 1 to 2 per 1,000 cases per year. The 
wide variability in the data of incidence is largely due to the 
use of diagnostic criteria is not unique and only partially 
defined. In addition, the incidence data could be made fur-
ther inaccurate by several factors such as the low percentage 
of patients autopsied, the economic interest in excluding HF 
as a discharge diagnosis tab nosographic and the difficulty of 
framing this syndrome as a primary diagnosis or secondary. 
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One datum definitely ascertained is represented by the 
exponential increase in the incidence of HF with advancing 
age (Fig.  2.2 ). With regard to changes in the incidence of HF 
in time, the Framingham Heart Study showed only a slight 
decline in incidence during the last three decades, although it 
must be stated that this study was prior to the use of ACE 
inhibitors or thrombolytics.

   The prevalence of HF is progressively increasing due to 
the aging of the general population. It is estimated that 
today the 9.1 % of individuals older than 80 years present a 
picture of HF and that in the future this percentage is set to 
grow further. In the United States, it was estimated that in 
1997 people aged over 65 years were 33 million (of which 
about 7.9 million aged greater than or equal to 80 years) and 
that, by the year 2030, this number will increase to approxi-
mately 70 million (of which 18 million aged greater than or 
equal to 80 years). It may therefore be expected, even with 
conservative estimates, that, by that time, the number of 
elderly patients with HF will double, reaching a value of 3.6 
million. The prevalence of HF varies from 3 to 20 individuals 

  Fig. 2.1    Distribution of left ventricular ejection fraction measured 
in women and men enrolled in the EuroHeart Failure survey (From 
Cleland et al. [ 4 ])       
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per 1,000 people, with higher figures for individuals over the 
age of 65 years. 

 Before the modern era of treatment, 60–70 % of patients 
died within 5 years of diagnosis and 13.5 % died between 
admission and 12 weeks follow-up (Fig.  2.3 ). And there was 
frequent and recurrent admission to hospital: within 12 
weeks of discharge, 24 % of patients had been readmitted 
(Fig.  2.4 ). Effective treatment has improved both of these 
outcomes, with a relative reduction in hospitalization in 
recent years of 30–50 % and smaller but significant decreases 
in mortality [ 4 – 7 ].

       Aetiology of Heart Failure 

 The most frequent causes of HF are represented by coronary 
artery disease (CAD is the cause of approximately two-thirds 
of cases of systolic HF), cardiomyopathy and hypertension 
(HBP), while valvular heart disease, congenital heart disease 
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are more rare (Fig.  2.5 ). Other causes of systolic HF can be: 
previous viral infection (recognized or unrecognized), alco-
hol abuse, hemotherapy (e.g. doxorubicin or trastuzumab), 
and ‘idiopathic’ dilated cardiomyopathy (although the cause 
is thought to be unknown, some of these cases may have a 
genetic basis) [ 8 ]. According to data from the Framingham 
study HBP, associated or not with ischaemic heart disease, is 

  Fig. 2.3    Deaths on index admission and discharges from the time of 
admission (From Cleland et al. [ 4 ])       

  Fig. 2.4    First admission over 12 weeks for any reason from the time 
of index admission discharge (From Cleland et al. [ 4 ])       
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the most common cause of HF in the United States. By con-
trast in Europe, as reported from studies conducted in 
England and Sweden, the predominant cause of HF is repre-
sented by chronic ischaemic heart disease, HBP or cardiomy-
opathy represent the etiology of HF in percentages lower 
than 10 %. The data relating to SEOSI, observational epide-
miological study conducted in Italy on HF in a population of 
nearly 4,000 patients referred to hospital centers specialize, 
identified in the etiology of ischaemic heart disease more 
frequent with a percentage of 42 % of patients while a role less 
obvious is found for HBP (20 %), dilated cardiomyopathy 
(15.3 %) and valvular heart disease (14 %), respectively [ 9 ]. 
Among the plausible reasons for the discrepancies classifica-
tive in terms of etiology of HF are certainly numbered the 
mode of interpretation of the results of epidemiological studies. 
In particular the role of arterial hypertension is certainly 
prevalent in all those conditions as the Framingham study in 
which the development of HF is related to the  finding of 
HBP in each phase of the natural history regardless of the 
fact that the same has acted as a risk factor for the develop-
ment of ischaemic heart disease.

   In contrast, the role of the same HBP is greatly reduced 
from those studies (mainly in Europe) in which the develop-
ment of HF is attributed to the ultimate cause that is respon-
sible for it (e.g., chronic ischaemic heart disease, myocardial 
infarction [MI] or cardiomyopathy) regardless of the pres-
ence anamnestic or clinic HBP.  

   Pathophysiology of Heart Failure 

 HF is a complex syndrome with a multifactorial genesis 
characterized by an inability of the heart to adapt to changes 
in the metabolic needs of the tissues and supported by 
hemodynamic changes and different neurohormonal sys-
tems, in which the symptoms related to reduced functional 
capacity and the water retention dominate the clinical pic-
ture accompanied with reduced survival. HF can be achieved 
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with alterations in pump function or systolic or diastolic 
function or filling or, as more often happens, both resulting 
mainly depression of intrinsic ventricular contractility or 
changes in mode of contraction. Through the therapeutic 
restoration of intrinsic contractility of the myocardium can 
get the simultaneous improvement of systolic function and 
diastolic function. 

 Besides the reduction of the intrinsic contractility, a 
further primary cause of depression of ventricular function 
can also be the asinergia that makes uneven and asymmet-
ric, and therefore asynchronous, the contraction of the 
ventricular myocardium for the presence of areas which 
are contracted little or nothing (zones of hypokinesia and 
akinesia) or which are contracted with excessive delay 
(asynchronous areas). The asynchronous contraction of 
the myocardium, mostly due to ischemic infarction or ven-
tricular arrhythmias, depresses the pump function of the 
ventricle. 

 The appearance of alterations of myocardial function 
affects the development of a series of adaptation mechanisms 
functional, structural and neurohormonal which are initially 
able to compensate for the impaired myocardial, but that in a 
second time can represent elements responsible for a further 
progression of the disease. 

 In the initial phase of HF, all conditions characterized by 
an impaired intrinsic contractility (or inotropism), by dis-
tensibility (compliance), by the synergy of contraction of 
the ventricular walls, by an excessive hemodynamic load or 
by the association of some of these conditions, induce the 
heart to resort to various compensatory mechanisms of 
adaptation, immediate or delayed, aimed to preserve its 
pump function. 

 If the overload systolic or diastolic are not removed, the 
phase of functional insufficiency follows a second phase of 
re-structural adaptation, characterized by a stimulation of the 
synthesis of myocytes, resulting in hypertrophy (and accord-
ing to some authors, also hyperplasia) of the muscle cells and 
hyperplasia of interstitial component, mainly fibroblasts and 
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matrix collagen. The wall stress also causes a stimulus to gene 
expression involving oncogenes, myocardial protein (ANP, 
BNP, angiotensin II). The combination of these processes 
conditions the development of a parietal hypertrophy. In the 
terminal stages of HF the maladaptive changes occurring in 
surviving myocytes and extracellular matrix after myocardial 
injury (e.g. MI) lead to pathological ‘remodelling’ of the ven-
tricle with dilatation and impaired contractility, one measure 
of which is a reduced ejection fraction (EF), that it is a sign of 
LV systolic dysfunction [ 10 ,  11 ]. 

 What characterizes untreated systolic dysfunction is pro-
gressive worsening of these changes over time, with increas-
ing enlargement of the LV and decline in EF. Two mechanisms 
that underlie these events: the occurrence of further events 
leading to additional myocyte death (e.g. recurrent MI) and 
the systemic responses induced by the decline in systolic 
function, particularly neurohumoral activation. Two key neu-
rohumoral systems activated in HF are the renin– 
angiotensin–aldosterone system and sympathetic nervous 
system. Initially this neuro-hormonal mechanisms have a 
compensatory function, aimed at maintaining an adequate 
perfusion to vital organs, but in the long term influence a 
number of physiologic abnormalities counterproductive as 
the retention of sodium and water, peripheral vasoconstric-
tion and degenerative processes of myocardial muscle. In 
addition to causing further myocardial injury, these systemic 
responses have detrimental effects on the blood vessels, kid-
neys, muscles, bone marrow, lungs, and liver, and create a 
pathophysiological “vicious cycle” (Fig.  2.6 ), accounting for 
many of the clinical features of the HF syndrome, including 
myocardial electrical instability. Interruption of these two 
key processes is the basis of much of the effective treatment 
of HF [ 10 ,  11 ].

   In this contest it is clear that the renin-angiotensin system 
(RAS) plays a central role in the pathophysiology of 
HF. Therefore to know the mechanisms that underlie this 
system is an important element to understand and choose the 
best therapeutic strategy for HF. 
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   The Renin-Angiotensin System 

 The RAS contributes in the contest of the HF to the increase 
of the peripheral vascular tone and hydrosaline retention 
concomitantly with the activation of the sympathetic nervous 
system. The reduction in cardiac output that characterizes HF 
causes an increase in plasma renin activity, levels of angiotensin 
II and aldosterone, which contribute to the development of 
the adverse effects that characterize HF. In Fig.  2.7  are 
depicted the different routes of production of angiotensin II 
which results from the activation of the system over that in 
circulating level also by an activation of the same at the tissue 
level, with local production of angiotensin II capable of per-
forming a action vasoactive and trophic. The extent of activa-
tion of plasma ACE may reflect incompletely and partially 
the corresponding tissue activity in particular in patients with 
HF. Infact in this patient, from the very early stages, it could 
be observed a predominant local activation of the RAS with 
production of angiotensin II, even for alternative ways of 

  Fig. 2.6    The “vicious cycle” of the HF       
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production and non-employees from the ACE (es. chimasi) 
that seem particularly important at the tissue level where 
they could be responsible for the production of angiotensin II 
by up to 90 %. The RAS is, as can be imagined, also activated 
in the heart, where it has been hypothesized to contribute to 
ventricular remodeling phenomena described in the previous 
paragraph. Indeed angiotensin II is able to stimulate the 
growth of cardiomyocytes, in turn facilitated by the release of 
norepinephrine induced by angiotensin II at the level of the 
sympathetic nerve endings. The biological actions of angio-
tensin II are realized through the interaction with 4 subtypes 
of receptors called AT1-AT4, but at present most of the 
effects of angiotensin II appear mediated by the AT1 recep-
tor, while for the AT2 receptor have been hypothesized anti-
proliferative and vasodilators effects. The blockade of the 
AT1 receptor inhibits the action of angiotensin II at the 
receptor level, and allows a more efficient blockade of angio-
tensin II. In particular, one of the dominant effects of angio-
tensin II is represented by the stimulus to the production of 
aldosterone which has assumed great importance in patients 
with HF because of its ability to stimulate the reabsorption of 
sodium, but especially to induce the development of myocar-
dial fibrosis with consequent the progression of myocardial 
structural alterations described in the previous paragraph. 
These changes are directly related to the progression of HF 
in hemodynamic level.

      Focus on Blockade of the Renin–Angiotensin 
System 

 The objectives of the treatment of HF are varied and repre-
sented by the reduction of the symptoms, the prevention of 
the progression of the disease, by improving the quality of 
life, reduction in the frequency of hospitalization and espe-
cially by the prolongation of survival. In particular, the avail-
ability of drugs able to effectively interfere with the 
neurohumoral activation has allowed antagonize or modu-
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late some of these systems to localization cardiac and extra-
cardiac and responsible for the onset, the clinical expression 
and progression of the disease. In this context, ACE inhibi-
tors represent the class of drugs most widely used among 
those used in the treatment of HF. 

 The clinical efficacy of ACE inhibitors follows to the 
unique mechanism of action that is articulated in an inhibi-
tion of the production of angiotensin II (potent vasoconstric-
tor and growth factor) which is associated with an inhibition 
of the degradation of the vasodilator bradykinin features of 
property resulting from the release of nitric oxide and pros-
tacyclin. ACE inhibitors also reduce the activity of the sym-
pathetic nervous system by inhibiting the action of angiotensin 
II which is capable of promoting the release of norepineph-
rine and inhibit the resorption (re-uptake). In addition, drugs 
of this class cause an increase in the density of the ß- adrenergic 
receptors (through mechanisms of up-regulation) and 
improve the heart rate variability, the response of the barore-
ceptor and autonomic function (including the vagal tone). 

 ACE inhibitors also exhibit antiproliferative effects 
(reduction of vascular and cardiac hypertrophy and extracel-
lular matrix proliferation) and reduce ventricular remodel-
ling after myocardial infarction [ 13 ,  14 ]. In the hypertrophied 
heart reduce cardiac hypertrophy and improve diastolic 
function. 

 Moreover ACE inhibitors decrease renal vascular resis-
tances and increase renal blood flow and promote Na +  and 
water excretion by the relatively greater effect in dilating 
postglomerular efferent than afferent arterioles, leading to a 
reduction in glomerular capillary hydrostatic pressure and 
glomerular filtration rate (GFR) [ 15 ]. So prevent progression 
of microalbuminuria to overt proteinuria [ 16 ], attenuate the 
progression of renal insufficiency in patients with a variety of 
non-diabetic nephropathies [ 17 ] and prevent or delay the 
progression of nephropathy in patients with insulindepen-
dent diabetes mellitus [ 18 ,  19 ]. 

 In most patients ACE inhibitors are well tolerated, how-
ever, several adverse reactions may occur. They can also 
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appear at any time during treatment, even in patients 
already chronically treated with ACE inhibitors. The most 
common adverse reaction associated with their use in the 
elderly population is orthostatic hypotension (prevalence, 
~ 50 %), especially during the first few days of treatment or 
after a dose increase. Dry cough appears in 5–10 % of 
patients, this is the most common adverse reaction associ-
ated with increased concentration of kinins, and is not 
dose-dependent. If the cough persists and interferes with 
quality of life, therapy with ACE inhibitors may be sus-
pended and replaced by the administration of angiotensin 
II receptor blockers. Hyperkalemia due to a decrease in 
aldosterone secretion is rarely found in patients with nor-
mal renal function but it is relatively common in those with 
congestive HF and in the elderly. This side effect is also 
more frequent in patients with renal impairment, diabetes, 
receiving either K +  or potassium K + -sparing diuretics, hepa-
rin or Non-Steroidal Anti- Inflammatory Drugs (NSAIDs). 
Angioedema is a rare but potentially life-threatening and 
appears related to an accumulation of bradykinin. 
Symptoms range from mild gastrointestinal disturbances to 
severe dyspnea and death. Finally ACE inhibitors, taken 
during the second or third trimester of pregnancy, may 
present some teratogenic effects.   

   Trials That Support the Use of Angiotensing- 
Converting Enzyme Inhibitors 

 The evidence supporting the use of ACE inhibitors in 
patients with HF is based on the results of wide prospective 
clinical studies (Fig.  2.8 ). This trials have demonstrated and 
repeatedly confirmed that ACE inhibitors are effective in 
reducing morbidity and mortality and are also able to 
improve the quality of life in patients with asymptomatic LV 
dysfunction or suffering from a overt congestive HF resulting 
from a reduced systolic function of the LV or when it is a 
result of a MI.
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   Two key randomized controlled trials [Cooperative North 
Scandinavian Enalapril Survival Study (CONSENSUS) [ 20 ] 
and Studies of Left Ventricular Dysfunction (SOLVD)-
Treatment] [ 21 ] assigned about 2,800 patients with mild to 
severely symptomatic HF to placebo or enalapril. This trials 
show how the addition of enalapril to conventional therapy 
in patients with severe congestive HF can reduce mortality 
and improve symptoms. The beneficial effect on mortality is 
due to a reduction in death from the progression of HF 
(Fig.  2.9 ).

   In particular the CONSENSUS evaluate the influence of 
the angiotensin-converting-enzyme inhibitor enalapril (2.5–
40 mg per day) on the prognosis of severe congestive HF 
(New York Heart Association [NYHA] functional class IV). 
The trial randomizes 253 patients in a double-blind study to 
receive either placebo (n = 126) or enalapril (n = 127). 
Conventional treatment for HF, including the use of other 
vasodilators, was continued in both groups. Follow-up aver-
aged 188 days (range, 1 day to 20 months). The crude mortal-
ity at the end of 6 months (primary end point) was 26 % in 
the enalapril group and 44 % in the placebo group: a reduc-
tion of 40 % (P = 0.002). Mortality was reduced by 31 % at 1 
year (P = 0.001). By the end of the study, there had been 68 
deaths in the placebo group and 50 in the enalapril group: a 

Trial Year N.pz Class
NYHA

Follow up
(months)

Admission
(RR, %)

Total deaths
(RR, %)

CONSENSUS
(enalapril 18.4 mg/die)

1987 253 IV 6 NA 27
p=.003

SOLVD-T
(enalapril 16.6 mg/die)

1991 2569 II-III 41 26
p<.0001

16
p=.0036

SOLVD-P
(enalapril 16.7 mg/die)

1992 428 I-III 37 44
p<.001

8
p=NA

SAVE
(captopril18-150 mg/die)

1992 2231 I 42 22
p=.019

19
p=.019

AIRE
(ramipril 15-10 mg/die)

1993 2006 II-III 15 NA 27
p=.002

TRACE
(trandolapril 1-4 mg/die)

1995 1749 I-IV 24 NA 22
p=.001

SMILE
(zofenopril 15-60 mg/die)

1995 1556 I-IV 12 NA 29
p=.011

  Fig. 2.8    Main trials on ACE inhibitors.  NA  not available       
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reduction of 27 % (P = 0.003). The entire reduction in total 
mortality was found to be among patients with progressive 
HF (a reduction of 50 %), whereas no difference was seen in 
the incidence of sudden cardiac death. A significant improve-
ment in NYHA classification was observed in the enalapril 
group, together with a reduction in heart size and a reduced 
requirement for other medication for HF. 

 In the SOLVD-Treatment were enrolled patients in 
New York Heart Association functional classes II and 
III. They received conventional treatment for HF were 
 randomly assigned to receive either placebo (n = 1,284) or 
enalapril (n = 1,285) at doses of 2.5–20 mg per day in a dou-
ble-bind trial. The follow-up averaged 41.4 months. There 
were 510 deaths in the placebo group (39.7 %), as compared 
with 452 in the enalapril group (35.2 %) (reduction in risk, 
16 %; 95 % confidence interval, 5–26 %; P = 0.0036). Although 
reductions in mortality were observed in several categories of 
cardiac deaths, the largest reduction occurred among the 
deaths attributed to progressive HF (251 in the placebo 
group vs. 209 in the enalapril group; reduction in risk, 22 %; 
95 % confidence interval, 6–35 %). There was little apparent 
effect of treatment on deaths classified as due to arrhythmia 
without pump failure. Fewer patients died or were hospital-
ized for worsening HF (736 in the placebo group and 613 in 
the enalapril group; risk reduction, 26 %; 95 % confidence 
interval, 18–34 %; P less than 0.0001). 

 Other important information on the effectiveness of ACE 
inhibitors in patients with HBP and CAD come to us from 
the results of the SMILE study. The SMILE project involved 
more than 3,500 patients with CAD and demonstrated that 
zofenopril treatment may reduce mortality and morbidity in 
patients with MI [ 22 ]. In particular this trial have demon-
strated that the zofenopril has a primary role for prevention 
and treatment of cardiovascular diseases, thanks to interest-
ing anti-ischemic effect, on blood pressure control and car-
diovascular protection. The extent of the benefit of zofenopril 
treatment was significantly more evident in patients with 
history of HBP compared with the normotensive population 
(Fig.  2.10 ) [ 23 ] as well as in patients with diabetes [ 24 ] 
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 probably owing to the favorable effects of better blood pres-
sure and glycol-lipidic control with zofenopril in patients 
where HBP and metabolic abnormalities complicated MI.

   In the Assessment of Treatment with Lisinopril And 
Survival (ATLAS) trial, 3,164 patients with New York 
Heart Association class II to IV HF and an EF ≤ 30 % were 
randomized with either low doses (2.5–5.0 mg daily) or 
high doses (32.5–35 mg daily) of the ACE inhibitor, lisino-
pril, for 39–58 months. Patients in the high-dose group had 
a nonsignificant 8 % lower risk of death (P = 0.128) but a 
significant 12 % lower risk of death or hospitalization for 
any reason (P = 0.002) and 24 % fewer hospitalizations for 
HF (P = 0.002) [ 25 ]. 

 These findings are supported by a meta-analysis of smaller, 
short-term, placebo-controlled randomized controlled trials 
(RCTs), which showed a clear reduction in mortality within 
only 3 months [ 26 ]. It has also been documented by these 
RCTs that ACE inhibitors improve symptoms, exercise toler-
ance, quality of life, and exercise performance. 

 Additional support for the use of ACE inhibitors comes 
from an RCT in patients with a low EF but no symptoms of 
HF (“asymptomatic LV systolic dysfunction”) and three large 
(5,966 patients in total) placebo-controlled, randomized, out-
come trials in patients with HF, LV systolic dysfunction, or 
both after acute MI [ 27 ]. In the SOLVD-Prevention trial 
(which randomized 4,228 patients with asymptomatic LV 
systolic dysfunction), there was a 20 % RRR in death or HF 
hospitalization. In the myocardial infarction trials, which used 
captopril [Survival and Ventricular Enlargement (SAVE)], 
ramipril [Acute Infarction Ramipril Efficacy (AIRE)], and 
trandolapril [TRAndolapril Cardiac Evaluation (TRACE)], 
there was a 26 % RRR in death and a 27 % RRR in death or 
HF hospitalization [ 2 ,  28 ]. 

 Very recently the results of the SMILE 4 comparing two 
different ACE-inhibitors, zofenopril and ramipril, in patients 
with left ventricular dysfunction after acute MI [ 29 ,  30 ] have 
suggested the possibility that the capacity of ACE-inhibitors 
to improve the mortality and morbidity in patients with CHF 
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can be significantly affected by the structural properties of 
the ACE-inhibitors. In particular the cumulative incidence of 
death and hospitalization for CV causes has resulted signifi-
cantly reduced in patients treated with zofenopril whose anti- 
ischemic properties along with a more effective tissue 
penetration and antioxidant effect may have some remark-
able impact on the protection of cardiac structure and 
 function. The observations of the SMILE 4 study have been 
confirmed in a population of elderly patients with chronic 
CHF [ 19 ] where again the treatment with zofenopril was 
associated with a better survival in comparison to ramipril 
after adjustment for the most important confounding factors. 
These data open a new perspective in the treatment of 
patients with CHF where the choice of the ACE-inhibitor 
should not exclusively based on the main mechanism of 
action but also on the possibility that some additive proper-
ties can play some role by improving the capacity of the drugs 
to reach the tissue targets and by exerting some additional 
cardioprotective effects that can improve left ventricular 
function beyond the average expected by the pharmacologi-
cal class.  

   ACE-Inhibitors Compared with Angiotensin 
Receptor Blockers 

 The clinical efficacy of ACE inhibitors has been compared 
with that of direct angiotensin-II receptor antagonists in sev-
eral trials. 

 The second losartan in HF survival study (ELITE-2) 
showed equivalent effect on mortality and morbidity between 
losartan and captopril and less adverse events in losartan: 
mortality in 3,152 patients with chronic HF was similar in 
losartan and captopril, after a follow-up of 555 days (11.7 % 
vs. 10.4 %, respectively) [ 31 ]. 

 In the Optimal Trial in Myocardial Infarction with the 
Angiotensin II Antagonist Losartan (OPTIMAAL) 5,477 
patients, with confirmed acute MI and HF during the acute 
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phase or a new Q-wave anterior infarction or reinfarction, 
were randomly to receive losartan or captopril. The trial show 
how there isn’t a non-significant difference in total mortality 
in favour of captopril (18 % and 16 % respectively) [ 32 ]. 

 In the VALIANT trial 15,703 patients with MI compli-
cated by LV systolic dysfunction, HF or both were ran-
domised to receive captopril or valsartan or the combination 
of both drugs. The trial shows how valsartan is as effective as 
captopril between the three groups with regard to mortality 
or other clinical outcomes [ 33 ]. 

 On the contrary, in the Candesartan in HF: Assessment of 
Reduction in Mortality and morbidity (CHARM)-added 
trial, the addition of candesartan to an ACE inhibitors lead 
to a clinical important reduction in relevant cardiovascular 
events in patients with CHF and reduced left-ventricular 
ejection fraction, although mortality was not reduced [ 34 ]. 
Since no differences have been demonstrated to date 
between ACE inhibitors and angiotensin-II blockers, ACE 
inhibitors should remain the first-choice treatment in 
patients with HF [ 35 ].  

   Use of the ACE Inhibitors in the Hearth 
Failure: ESC and ACCF/AHA Guidelines 

 According to the  ESC (European Society of Cardiology) 
guidelines for the diagnosis and treatment of acute and 
chronic HF , an ACE inhibitor is recommended, in addition to 
a beta-blocker, for all patients with an EF ≤40 % to reduce 
the risk of HF hospitalization and the risk of premature death 
(class of recommendation I, level of evidence A) [ 2 ,  20 ,  21 , 
 34 – 36 ]. 

 From the ESC guidelines [ 35 ]:

•    indication for a patients should get an ACE inhibitor: EF 
≤40 %, irrespective of symptoms;  

•   contraindications: a history of angioedema, bilateral renal 
artery stenosis, serum potassium concentration >5.0 mmol/L, 
serum creatinine >220 mmol/L (~2.5 mg/dL), severe aortic 
stenosis.  
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•   First to use an ACE inhibitor in HF is important to check 
renal function and serum electrolytes. Within 1–2 weeks of 
starting treatment can be useful re-check renal function 
and serum electrolytes.  

•   Dose up-titration (Fig.  2.11 ):

 –     Consider dose up-titration after 2–4 weeks. Do not 
increase dose if significant worsening of renal function 
or hyperkalaemia. Re-check renal function and serum 
electrolytes 1 and 4 weeks after increasing dose. More 
rapid dose up-titration can be carried out in patients in 
hospital or otherwise closely supervised, tolerability 
permitting.  

 –   In the absence of above problems, aim for evidence- 
based target dose or maximum tolerated dose.  

 –   Re-check renal function and serum electrolytes in the 
following months.     

•   Potential adverse effects:

 –    Worsening renal function: if necessary, reduce ACE 
inhibitor dose or discontinue.  

  Fig. 2.11    Evidence-based doses of disease-modifying drugs used in 
key randomized trials.  a Indicates an ACE inhibitor where the dosing 
target is derived from post-myocardial infarction trials.  b Indicates 
drugs where a higher dose has been shown to reduce morbidity–
mortality compared with a lower dose of the same drug, but there is 
no substantive placebo-controlled randomized controlled trial and 
the optimum dose is uncertain.  b.i.d.  bis in die (twice daily),  o.d.  
omni die (once every day),  t.i.d.  ter in die (three times daily)       
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 –   Hyperkalaemia: control if the patient takes other 
agents causing hyperkalaemia, e.g. potassium supple-
ments and potassium-sparing diuretics, e.g. amiloride, 
and stop.  

 –   Symptomatic hypotension (e.g. dizziness) is com-
mon, often improves with time, and patients should 
be reassured. Consider reducing the dose of diuretics 
and other hypotensive agents. Asymptomatic hypo-
tension does not require intervention.  

 –   Cough: if an ACE inhibitor causes a troublesome 
cough, switch to an angiotensin receptor blockers 
(ARB).       

 In the combination therapy must pay attention to some 
associations, infact some treatments may cause harm in 
patients with symptomatic (NYHA class II-IV) systolic HF: 
the addition of an ARB or renin inhibitor, to the combination 
of an ACE inhibitor AND a MRA is NOT recommended 
because of the risk of renal dysfunction and hyperkalaemia. 
(Class III, Level C). 

 In acute HF after stabilization of the clinical, in patients 
with an EF ≤40 % an ACE inhibitor is recommended to 
reduce the risk of death, recurrent MI, and hospitalization for 
HF. (Class I, Level A). 

 Management of other particular conditions and co- 
morbidity in HF with preserved EF:

•    In patients with ventricular arrhythmias it is recommended 
that treatment with an ACE inhibitor (or ARB), beta-
blocker, and MRA should be optimized. (Class I, Level A).  

•   Dysglycemia and diabetes are very common in HF, and 
diabetes is associated with poorer functional status and 
worse prognosis. So in this patients, diabetes may be pre-
vented by treatment with ACE inhibitors [ 36 ].  

•   For the treatment of HBP in patients with symptomatic 
HF (NYHA functional class II–IV) and LV systolic dys-
function one or more of an ACE inhibitor (or ARB), beta- 
blocker, and MRA is recommended as first, second, and 
third-line therapy, respectively, because of their associated 
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benefits (reducing the risk of HF hospitalization and 
reducing the risk of premature death). (Class I, Level A)  

•   In patient with kidney dysfunction and cardiorenal syn-
drome the GFR is reduced in most patients with HF, espe-
cially if advanced, and renal function is a powerful 
independent predictor of prognosis in HF. So the ACE 
inhibitors frequently can cause a fall in GFR, although any 
reduction is usually small and should not lead to treatment 
discontinuation unless marked.    

 On the other side of the ocean also the  ACCF/AHA 
(American College of Cardiology Foundation/American 
Heart Association) guidelines of the HF  recognize an impor-
tant role of ACE inhibitors [ 37 ]. 

 In this guidelines patients are classified according to four 
stages, which reflects the growing appreciation for the impor-
tance of the prevention of HF:

•    Stage A: patients at high risk for developing HF but with-
out structural heart disease or symptoms of HF;  

•   Stage B: patients with structural heart disease but without 
signs or symptoms of HF;  

•   Stage C: patients with structural heart disease with prior or 
current symptoms of HF;  

•   Stage D: patients with end-stage disease who require spe-
cialized treatment strategies (refractory HF).    

 In the  Stage A  ACE inhibitors are recommended for the 
treatment of elevated blood pressure, diabetes mellitus, obe-
sity, dyslipidemia and vascular risk. 

 In the  Stage B  in all patients with a recent or remote his-
tory of MI or acute coronary syndrome and reduced EF, ACE 
inhibitors should be used to prevent symptomatic HF and 
reduce mortality. (Class I, Level A). And they should be used 
in all patients with a reduced EF to prevent symptomatic HF, 
even if they do not have a history of MI. (Class I, Level A). 

 Current evidence supports the use of ACE inhibitors and 
(to a lower level of evidence) beta-blocker therapy to impede 
maladaptive LV remodeling in patients with stage B HF and 
low LVEF to improve mortality and morbidity [ 38 ]. At 3-year 
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follow-up, those patients treated with ACE inhibitors demon-
strated combined endpoints of reduced hospitalization or 
death, a benefit that extended up to a 12-year follow-up [ 39 ]. 

 ACE inhibitors are also recommended in patients with HF 
with reduced EF (HFrEF) and current or prior symptoms 
( Stage C ), unless contraindicated, to reduce morbidity and 
mortality. (Class I, Level A). 

 Their use in patients with HBP is also reasonable to con-
trol blood pressure in patients with HF preserved EF 
(HFpEF). (Class IIa, Level C) 

 ACE inhibitors can reduce the risk of death and reduce 
hospitalization in HFrEF.

•    Patients should not be given an ACE inhibitor if they have 
experienced life threatening adverse reactions (i.e., angio-
edema) during previous medication exposure or if they are 
pregnant or plan to become pregnant.  

•   Dose up-titration:

 –    clinicians should prescribe an ACE inhibitor with 
caution if the patient has very low systemic blood 
pressures (systolic blood pressure <80 mmHg), mark-
edly increased serum levels of creatinine (>3 mg/dL), 
bilateral renal artery stenosis, or elevated levels of 
serum potassium (>5.0 mEq/L).  

 –   Treatment with an ACE inhibitor should be initiated 
at low doses, followed by gradual dose increments if 
lower doses have been well tolerated.  

 –   Renal function and serum potassium should be 
assessed within 1–2 weeks of initiation of therapy 
and periodically thereafter.     

•   The majority of the adverse reactions of ACE inhibitors can 
be attributed to the two principal pharmacological actions 
of these drugs: angiotensin suppression and kinin potentia-
tion. Other types of adverse effects may also occur (e.g., 
rash, taste disturbances, cough). With the use of ACE inhibi-
tors, particular care should be given to the patient’s volume 
status, renal function, and concomitant medications.    
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 In controlled clinical trials that were designed to evaluate 
survival, the dose of the ACE inhibitor was not determined 
by a patient’s therapeutic response but was increased until 
the predetermined target dose was reached [ 20 ,  21 ,  24 ]. 
Clinicians should attempt to use doses that have been shown 
to reduce the risk of cardiovascular events in clinical trials. If 
these target doses of an ACE inhibitor cannot be used or are 
poorly tolerated, intermediate doses should be used with the 
expectation that there are likely to be only small differences 
in efficacy between low and high doses. Abrupt withdrawal of 
treatment with an ACE inhibitor can lead to clinical deterio-
ration and should be avoided. 

 In conclusion, ACE-inhibitors are a cornerstone in the 
treatment of congestive heart failure and their favorable 
impact affect both    mortality and rate of hospital admission 
thereby improving the overall prognosis and the economic 
budget. The advantage of ACE-inhibitors is related to their 
activity of blockade of the over-activated neuro-humoral sys-
tem both in the plasma and at the tissue level. In addition the 
more integrated mechanism of action of     
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           Introduction 

 Heart failure (HF) represents a complex clinical syndrome 
arising from any structural and functional cardiovascular 
alteration that affects ventricular filling or blood ejection [ 1 ]. 
Current epidemiological estimates on the burden of HF in the 
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adult population of United States of America (USA)  suggest 
that above 650,000    new cases of HF are diagnosed annually 
and that approximately 5.1 million adults in USA have clini-
cally overt HF [ 2 ]. Prevalence rates of HF exhibited an increas-
ing trend during the previous two decades and are anticipated 
to significantly worsen in the up-coming future [ 3 ,  4 ]. 
Importantly, development, persistence and progression of HF 
are well-documented risk factors of cardiovascular and all-
cause mortality and despite the important progress in treat-
ment, the absolute mortality rates for HF reach approximately 
50 % within the first 5 years following the diagnosis [ 5 ,  6 ]. 

 Hypertension is the most common chronic disorder world-
wide and represents a well-established risk factor for the 
development of HF [ 7 ]. Large-scaled outcome trials in hyper-
tension have provided a strong body of evidence that blood 
pressure (BP)-lowering is associated with an about 50 % 
reduction in the risk of incident HF and with beneficial impact 
on survival of HF patients [ 7 ]. On this basis, the American 
College of Cardiology Foundation/American Heart 
Association (ACCF/AHA) 2013 Guidelines [ 1 ] for the man-
agement of HF recommend adequate control of both systolic 
and diastolic BP as a major treatment effort towards cardio-
vascular risk reduction in these individuals. Antihypertensive 
drugs proven to be effective and recommended by current 
international guidelines as first-line treatment in patients with 
hypertension and HF include angiotensin converting enzyme-
inhibitors (ACEI), angiotensin receptor blockers (ARBs), 
β-blockers and diuretic agents [ 1 ]. However, large proportions 
of HF patients suffer concomitantly from other co-morbid 
conditions, such as chronic kidney disease (CKD) and diabe-
tes mellitus (DM), which can substantially influence the 
choice of the appropriate BP-lowering regimen. 

 Selection of antihypertensive treatment has to take into 
account the effects of different antihypertensive drug classes 
on metabolic and other related parameters as well as the spe-
cific indications and contra-indications of BP-lowering drugs 
and combinations depending on patients’ co-morbid condi-
tions. Thus, in patients with diabetic or non-diabetic  proteinuric 
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CKD, ACEI and ARBs are currently  recommended as 
 antihypertensive agents of first choice on the basis of strong 
evidence provided by major clinical trials evaluating hard renal 
endpoints that showed these drugs to slow the rate of renal 
function decline more effectively than other antihypertensive 
drug classes [ 8 ,  9 ]. In contrast, for patients with non-proteinuric 
CKD, earlier studies suggested that renin-angiotensin- 
aldosterone system (RAAS) inhibitors have no additional 
reno-protective benefits, whereas recent trials showed that 
dual blockade of RAAS is associated with elevated risk of 
acute renal failure and hyperkalemia [ 9 – 11 ]. With regards to 
the metabolic effects of antihypertensive agents, thiazide 
diuretics and conventional β-blockers were shown to reduce 
insulin sensitivity (IS) and to raise the risk of new-onset DM, 
whereas ACEIs and ARBs have rather neutral or even benefi-
cial effects on metabolic profile [ 12 – 14 ]. This chapter aims to 
summarize how the presence of CKD and DM would influ-
ence the choice of antihypertensive treatment in patients with 
hypertension and HF, discussing currently available clinical 
evidence on the effects of antihypertensive treatment on renal 
endpoints and metabolic profile.  

   Choice of RAAS Inhibitors in Patients 
with Chronic Kidney Disease 

   Studies in Diabetic or Non-diabetic Proteinuric 
Kidney Disease 

 In the first clinical trial to evaluate the effect of RAAS block-
ade on kidney disease progression, the Collaborative Study 
Group randomized 409 patients with type 1 DM and overt 
nephropathy (proteinuria >0.5 g/day and serum creatinine 
≤2.5 mg/dl) to captopril or placebo [ 15 ]. After a median fol-
low- up of 3 years, captopril treatment was associated with 
43 % reduction in the risk of the primary end-point of 
 doubling of serum creatinine, 50 % reduction in the  composite 
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outcomes of death, need for dialysis, and transplantation, and 
30 % reduction in urinary albumin excretion (UAE) com-
pared with the placebo. The slightly higher BP reduction 
evident in the captopril group during follow-up could not 
explain the differences in renal outcomes between the active 
treatment and placebo groups. Two subsequent large-scaled 
clinical trials explored the effects of RAAS inhibition on 
nephropathy progression in patients with type 2 DM [ 16 ,  17 ]. 
In the Reduction of Endpoints in NIDDM with the 
Angiotensin II Antagonist Losartan (RENAAL) study [ 16 ], 
1,513 patients with type 2 DM and nephropathy [mean serum 
creatinine 1.9 mg/dl and median albumin-to-creatinine ratio 
(ACR) 1,237 mg/g] were randomly allocated to receive treat-
ment with losartan (50–100 mg once daily) or placebo in 
addition to conventional antihypertensive therapy for a mean 
follow-up of 3.4 years. Treatment with losartan was associated 
with 16 % reduced risk of reaching the primary composite 
endpoint of doubling of serum creatinine, end-stage renal 
disease (ESRD) or death, as well as with 35 % decrease in 
ACR and 15 % reduction in the rate of renal function decline 
[ 16 ]. In the Irbesartan Diabetic Nephropathy Trial (IDNT) 
[ 17 ], 1,715 hypertensive patients with type 2 DM and overt 
nephropathy (UAE > 900 mg/day) were randomly assigned to 
receive treatment with irbesartan (300 mg/day), amlodipine 
(10 mg/day) or placebo for a mean follow-up of 2.6 years. 
Treatment with irbesartan induced a 20 % decrease relative 
to placebo and 23 % decrease relative to amlodipine in the 
primary composite endpoint consisting of time to occurrence 
of doubling of serum creatinine, ESRD or death from any 
cause; proteinuria was also reduced by 33 % with irbesartan 
versus 6 % with amlodipine and 10 % with placebo [ 17 ]. 
These beneficial effects of ACEIs and ARBs on slowing the 
progression of kidney injury in patients with diabetic 
nephropathy were also confirmed in subsequent carefully 
conducted meta-analyses [ 18 ,  19 ]. 

 Post-hoc analyses of the trials mentioned above explored 
the association of baseline proteinuria and reductions in pro-
teinuria throughout the study with the renal outcomes. In the 
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RENAAL trial, baseline proteinuria had a nearly linear 
 relationship with the risk for the primary endpoint. Of note, 
for every 50 % reduction in albuminuria during the first 6 
months, a 36 % risk reduction in the primary outcome and a 
45 % reduction for the risk of ESRD at trial completion were 
evident. It was suggested that losartan could delay the need 
for renal replacement therapy or transplantation for 2 years 
and these renoprotective properties of losartan were mainly 
attributed to its anti-proteinuric effect and not to BP-lowering 
[ 20 ]. Similarly, in IDNT every twofold increase in baseline 
albuminuria was associated with doubled risk of the primary 
outcome. Regardless of treatment group, this risk was cut in 
half for every 50 % decrease in proteinuria at 1 year. Again, 
the greater renoprotective effect of irbesartan were attrib-
uted to its anti-proteinuric properties [ 21 ]. These findings 
provided a clear support to the significance of proteinuria as 
an intermediate endpoint in patients with overt diabetic 
nephropathy. The stage of CKD may represent another 
underlining factor that influences the benefit of RAAS inhi-
bition. In the Collaborative Study patients with baseline 
serum creatinine >2.0 mg/dl achieved the greatest benefit 
from RAAS blockade; in particular, patients who received 
captopril had 74 % lower risk in the doubling of serum creati-
nine relative to placebo. In contrast, only a 4 % reduction in 
this endpoint was evident with ACE inhibition in patients 
with relatively preserved renal function (i.e., serum creati-
nine <1.0 mg/dl) [ 15 ]. 

 Studies conducted in patients with non-diabetic kidney 
disease also support the beneficial impact of ACEIs on pro-
teinuria reduction and delaying the progression of kidney 
injury. In the Ramipril-Efficacy-In-Nephropathy (REIN) 2 
study, patients with mean serum creatinine of 2.4 mg/dL and 
urinary protein excretion >3 g/day were randomly assigned to 
receive treatment with ramipril (5 mg/day) or placebo on top 
of conventional BP-lowering therapy; ramipril induced sig-
nificant reductions in proteinuria, the rate of renal function 
decline and in the risk of doubling of serum creatinine or 
progressing to ESRD relative to placebo, independently from 
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changes in BP [ 22 ]. In the African American Study of Kidney 
Disease (AASK), 1,094 African-American patients with 
hypertensive kidney disease (estimated Glomerular Filtration 
Rate (eGFR): 20–65 ml/min/1.73 m 2  and mean proteinuria 
0.6 g/day) were randomized to achieve goal mean arterial 
pressure 102–107 mmHg or ≤92 mmHg and to initial 
BP-lowering treatment with either metoprolol (2.5–10 mg/
day), ramipril (2.5–10 mg/day) or amlodipine (5–10 mg/day) 
in a 3 × 2 factorial design. At trial end, patients treated with 
ramipril had a 36 % lower risk of reaching the composite 
renal endpoint of >50 % decrease in eGFR, ESRD or death 
relative to amlodipine, and also a 22 % reduced risk as com-
pared to metoprolol.[ 23 ] A subsequent study randomized 224 
patients with advanced stage non-diabetic kidney disease 
(SCr 3.1–5.0 mg/dl and mean proteinuria 1.6 g/day) to bena-
zepril (20 mg/day) or placebo in addition to conventional 
antihypertensive treatment [ 24 ]. After an average follow-up 
of 3.4 years, benazepril was associated with 43 % reduced risk 
in reaching the primary outcome of doubling of serum creati-
nine, ESRD, or death as compared with placebo; further, 
benazepril decreased by 23 % the rate of eGFR decline and 
induced a 2.5-fold greater reduction in proteinuria than pla-
cebo. An earlier meta-analysis by Jafar et al. that included 
studies conducted in non-diabetic CKD patients, showed that 
antihypertensive regimens based on ACEIs were associated 
with 31 % lower risk in progression to ESRD and 30 % lower 
risk of the combined endpoint of doubling of serum creati-
nine or progression to ESRD [ 25 ]. 

 Similarly to diabetic kidney disease, the reno-protective 
actions of RAAS inhibitors were shown to be more promi-
nent in non-diabetic proteinuric nephropathies with higher 
levels of urinary protein excretion. In REIN-2, a higher 
degree of proteinuria at baseline was related to greater differ-
ences in the mean rate of GFR decline and in the proportion 
of patients reaching the primary outcome between the two 
groups, favoring the ACEI [ 22 ]. A post-hoc analysis of the 
AASK trial provided additional support to the important role 
of proteinuria reduction, showing that study participants who 
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achieved an early reduction in proteinuria (i.e., at 6 months) 
experienced lower progression of their nephropathy to ESRD 
during 5 years [ 26 ]. Another earlier study that investigated the 
renoprotective properties of benazepril in patients with CKD 
of various causes also showed greater reductions in doubling 
of serum creatinine and need for dialysis in those with base-
line proteinuria above 1 g/day [ 27 ]. The importance of the 
level of proteinuria is also supported by the aforementioned 
meta-analysis of Jafar et al.[ 28 ], in which ACEIs were shown 
to have similar renoprotective effects with other antihyper-
tensive drug classes in CKD patients with urinary protein 
excretion lower than 0.5 g/day [ 25 ]. 

 In addition to the above, a post-hoc analysis of data from 
the Losartan Intervention for Endpoint Reduction in 
Hypertension (LIFE) study [ 29 ] suggested that reduction in 
albuminuria during RAAS blockade was translated into car-
diovascular risk reduction for patients with hypertension and 
left ventricle hypertrophy. The LIFE trial compared the 
effects of losartan versus atenolol on a primary composite 
endpoint of first occurrence of cardiovascular death, stroke 
or myocardial infraction during a mean follow-up period of 
4.8 years. In this post-hoc analysis, when study participants 
were stratified according to the degree of albuminuria at 
baseline, it was shown that patients with the highest baseline 
UAE had a three- to fourfold greater risk of reaching the 
primary cardiovascular endpoint in comparison with those in 
the lowest UAE group. Further, the extent of albuminuria 
reduction at study completion was shown to be predictor of 
the decrease in the risk for the primary endpoint indepen-
dently from the changes in BP levels [ 29 ]. 

 As of this writing, there are no outcome data to support 
differences in renoprotective properties between ACEIs and 
ARBs in proteinuric kidney diseases. This was exemplified in 
the Diabetics Exposed to Telmisartan And enalapril 
(DETAIL) study, which compared the effects of enalapril 
and telmisartan in 250 hypertensive patients with type 2 DM 
and micro- or macro-albuminuria (UAE between 11 and 
999 μg/min). After a mean follow-up of 2 years, both drugs 
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exerted comparable effects on the rate of eGFR decline, 
albuminuria, BP, and the rates of progression to ESRD, car-
diovascular events and all-cause mortality [ 30 ]. Some authors 
support the use of ARBs in place of ACEIs in the context of 
their better tolerability, lower incidence of hyperkalemia and 
cough, and the less frequent occurrence of the life- threatening 
complication of angioedema [ 31 ]. The higher cost of ARBs 
aggravates further this controversy surrounding this issue, 
but it has to be noted that ARBs have been proven to be cost- 
effective in the setting of diabetic nephropathy and in other 
clinical conditions [ 32 ] and generics for several ARB drugs 
are already available in many parts of the world. Overall, it 
seems reasonable to use the two classes interchangeably in 
patients with diabetic or non-diabetic proteinuria.  

   Studies in Non-proteinuric Kidney Disease 

 The reno-protective properties of RAAS inhibitors in dia-
betic or non-diabetic proteinuric kidney disease are strongly 
supported by solid background and clinical data; however, 
the question whether blockade of RAAS has similar benefi-
cial effects on patients with hypertension and early stage 
CKD or in subjects with impaired renal function and 
 non- proteinuric nephropathy remains largely unanswered in 
the context of the absence of randomized clinical studies 
investigating specifically the effects of ACEIs and ARBs on 
hard renal outcomes in these patient populations. This issue 
is of major clinical significance, as with the current definition 
of CKD, it is estimated that about 40 % of the adult popula-
tion aged >70 years have eGFR < 60 ml/min/1.73 m 2 , whereas 
only 5 % have macro-albuminuria. Among patients with 
hypertension, about 15 % have impaired renal function 
(ranging up to 30 % in those aged >65 years), but again less 
than 5 % of hypertensive CKD individuals have macro-
albuminuria [ 33 ,  34 ]. A major systematic review on this field 
suggested that guidelines on the administration of RAAS 
blockers towards reno-protection have limited relevance to 
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patients >70 years of age; most of the studies on which 
 contemporary guidelines were based did not enrol patients of 
this age group at all, with the exception of one trial [the 
Antihypertensive and Lipid Lowering Treatment to Prevent 
Heart Attack Trial (ALLHAT)], which recruited an impor-
tant number of elderly individuals [ 34 ]. In recent years, how-
ever, data on reno- protection on this patient population were 
brought to light from secondary analyses of major cardiovas-
cular outcome trials. 

 A previous meta-analysis [ 35 ] loudly challenged the ben-
eficial effects of RAAS blockers on delaying kidney disease 
progression. In studies comparing ACEIs or ARBs with the 
placebo, blockade of RAAS improved all renal endpoints, 
but this effect was accompanied by more pronounced BP 
lowering in active treatment groups. Studies that compared 
ACEIs or ARBs with other antihypertensive drug classes 
showed a relative risk (RR) reduction of 29 % (RR: 0.71; 
95 %CI 0.49–1.04) for doubling of serum creatinine and a 
slight significant benefit on incidence of ESRD (RR: 0.87; 
95 %CI 0.75–0.99). Among studies enrolling only diabetics, 
those that compared ACEIs and ARBs with placebo showed 
RAAS blockers to be associated with significant reductions 
of 21 and 22 % in the risk of ESRD and doubling of serum 
creatinine, respectively; however, studies in diabetic individu-
als comparing RAAS inhibitors with active treatment yielded 
no renal benefit of RAAS blockade [ 35 ]. It has to be noted 
that this meta-analysis met important criticism for several 
methodological issues, i.e. presence of substantial heteroge-
neity across studies included in analysis, domination by 
ALLHAT on the pooled outcome estimates, no evaluation of 
the potential impact of proteinuria and CKD stage, equal 
attention to intermediate and hard renal outcomes, absence 
of patient- level data, and performance of separate analysis of 
placebo- controlled and active treatment-controlled studies, 
despite the fact that in studies using placebo as a comparator 
patients were administered background antihypertensive 
treatment [ 36 – 38 ]. As ALLHAT trial substantially influenced 
the pooled estimates (discussed below) [ 39 ], this meta-analy-

3. Impact of Chronic Kidney Disease and Diabetes…



82

sis seemed to aggregate patients with true diabetic nephropa-
thy and diabetic patients with other forms of kidney injury 
(i.e. ischemic nephropathy) [ 37 ] and ALLHAT domination 
may have overridden any impact in patients with diabetic 
nephropathy. In this context, these findings were not consid-
ered strong enough to controvert the solid and consistent 
results of studies on RAAS inhibition in patients with dia-
betic or non-diabetic proteinuric kidney disease; however, 
this meta- analysis raised for the first-time the issue of reno-
protection in patients with non-advanced CKD or non-pro-
teinuric CKD. 

 The first trial with population like the above was the 
Appropriate Blood Pressure Control in Diabetes (ABCD) 
[ 40 ], that included 470 hypertensive subjects with type 2 DM, 
of whom only 18 % had macro-albuminuria. Baseline creati-
nine clearance (CrCl) was about 85 ml/min/1.73 m 2  overall 
and 75 ml/min/1.73 m 2  in the subgroup of patients with 
macro-albuminuria. Participants were randomized to nisol-
dipine or enalapril and intensive or moderate BP control in a 
2 × 2 factorial design. There was no difference in CrCl 
between the two groups over 5.3 years of follow-up, although 
enalapril significantly lowered UAE. However, the most defi-
nite end-point of incident ESRD was not recorded. 
Furthermore, it is unknown whether this benefit of enalapril 
on proteinuria would translate into retardation of renal 
 disease if the follow-up was extended. 

 ALLHAT randomised >33,000 patients aged >55 years 
with hypertension and at least one more cardiovascular risk 
factor to chlorthalidone, amlodipine and lisinopril with a pri-
mary cardiovascular outcome. As patients with serum creati-
nine >2.0 mg/dL and patients treated with an ACEI for 
underlying CKD were excluded from the study by protocol, 
the average eGFR of study participants at baseline was 
78 ml/min/1.73 m 2 . This study did include measurements of 
urine protein excretion, but on the basis of the aforemen-
tioned exclusion criteria, participants with proteinuria should 
have been a minority. At the end of the study, eGFR was 
significantly higher in amlodipine than chlorthalidone, and 
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lisinopril groups (   75 versus 70 and 71 ml/min/1.73 m 2  
 respectively). In post-hoc analysis, there were no differences 
in the incidence of ESRD or a ≥50 % decrement in eGFR 
between the three groups in the whole study cohort and in 
sub-groups of patients with mild (60–89 mL/min/1.73 m 2 ) or 
moderate- severe (<60 mL/min/1.73 m 2 ) reduction of baseline 
GFR [ 39 ]. These results are in direct contrast with the afore-
mentioned findings of the IDNT, where amlodipine resulted 
in worsened renal function decline; this, however, is rather 
directly related to different characteristics of the populations 
under study [ 38 ]. The authors of ALLHAT suggested that 
presumably participants with decreased eGFR were patients 
with ischemic nephropathy, for which an overwhelming reno-
protective effect of ACEIs is not expected [ 39 ]. Absence of 
renoprotective effects of lisinopril and (possibly beneficial 
actions of amlodipine) in a population with mean age 67 
years and mean eGFR 78 ml/min/1.73 m 2 , with the few indi-
viduals at risk for CKD progression suffering mainly from 
ischemic renal disease seems by all means reasonable. 

 Additional support to the aforementioned findings is pro-
vided by the renal outcomes of another cardiovascular trial, 
the Avoiding Cardiovascular Events through Combination 
Therapy in Patients Living with Systolic Hypertension 
(ACCOMPLISH). In this study, 11,506 hypertensive patients 
with high cardiovascular risk profile were randomly allocated 
to receive benazepril plus amlodipine or benazepril plus 
hydrochlorothiazide combinations. ACCOMPLISH trial was 
terminated earlier than the prespecified follow-up duration 
due to benefit of the benazepril plus amlodipine combination 
in the primary cardiovascular endpoint. With regards to the 
characteristics of the population studied, about 85 % were 
aged >65 years and 60 % had DM; however, the mean eGFR 
of study participants at baseline was 79 mL/min/1.73 m 2 , 19 % 
of patients had micro-albuminuria, 5 % had macro- 
albuminuria and about 10 % of the patients had eGFR 
<60 mL/min/1.73 m 2  [ 41 ]. The ACCOMPLISH trial showed 
that the benazepril plus amlodipine combination produced a 
slower annual rate of eGFR decrease than the benazepril 
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plus hydrochlorothiazide combination (−0.88 versus 
−4.22 mL/min/1.73 m 2  per year), despite the less effective 
reduction in albuminuria [ 41 ]. Furthermore, the benazepril 
plus amlodipine combination was shown to be associated 
with a 48 % reduction in the composite renal endpoints of 
doubling of serum creatinine, eGFR < 15 mL/min/1.73 m 2  and 
dialysis (HR 0.52; 95 %CI 0.41–0.65) and 27 % reduction in 
doubling of serum creatinine, ESRD and death (HR 0.73; 
95 %CI 0.64–0.84). The slower kidney disease progression 
with the addition of a dihydropyridine to a RAAS inhibitor 
versus a thiazide diuretic does not represent an unexpected 
finding in groups of patients with mean age >65 years and 
preserved renal function (mean eGFR well above 60 ml/
min/1.73 m 2 ). Further, absence of an anti-proteinuric impact 
of the dihydropiridine reasonably did not influence the 
occurrence of hard renal endpoints in the ACCOMPLISH 
trial, as elderly patients with preserved renal function and 
normo-albuminuria are more likely to suffer GFR reduction 
through pre-renal acute renal failure (i.e. from dehydration 
and hypotension) than through proteinuric injury.  

   High Doses of RAAS-Inhibitors 
or Dual RAAS Blockade 

 Although several research efforts were made over the past 
years in order to develop novel treatment strategies targeting 
on delaying the progression of proteinuric kidney diseases, 
none of them was approved for implementation in daily clini-
cal practice. In this context, several investigators have evalu-
ated the potential benefits of aggressive RAAS inhibition 
towards reno-protection [ 38 ]. In this direction, evidence 
derived from short-term randomized clinical studies includ-
ing patients with micro- or macroalbuminuria have suggested 
that administration of a single RAAS inhibitor in ultra-high 
dose (i.e. two to three times the maximum dose recom-
mended for treatment of hypertension) could have a more 
potent anti-proteinuric effect than conventional doses, with-
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out causing serious complications [ 42 – 45 ]. Other studies 
showed that dual blockade of RAAS with combination of 
ACEIs and ARBs was associated with more effective reduc-
tion in albuminuria than single blockade at maximum recom-
mended doses [ 46 ,  47 ]. These findings were supported by the 
results of the Combination Treatment of ARB and ACEI in 
Non diabetic Renal Disease (COOPERATE) trial, which 
showed that the combined administration of trandolapril and 
losartan in subjects with non-diabetic proteinuric kidney dis-
ease led to 60 % decrease in doubling of serum creatinine or 
incidence of ESRD relative to mono-therapy with either 
drug alone [ 48 ]. These results were initially considered per-
fectly reasonable and on this basis, dual RAAS blockade was 
implemented in daily clinical practice as an additional thera-
peutic option towards reno-protection for patients with pro-
teinuric nephropathies; however, the above-mentioned 
findings were followed by great embarrassment for the inter-
national nephrology community when the whole trial was 
proven to be a fraud [ 49 ]. 

 The effects of double RAAS blockade with ACEI/ARB 
combination on hard cardiovascular and renal endpoints 
were investigated in the Ongoing Telmisartan Alone and in 
combination with Ramipril Global Endpoint Trial 
(ONTARGET) [ 50 ] (Table  3.1 ). In this study, 23,400 patients 
with history of a previous cardiovascular event were random-
ized to receive treatment with ramipril 10 mg daily, telmisar-
tan 80 mg daily, or their combination for a median follow-up 
period of 56 months. This trial was expected to provide the 
definite answer on the potential role of combined RAAS 
inhibition as an alternative treatment approach for cardio-
vascular and renal risk reduction. Indeed, the ONTARGET 
trial provided important information with regards to the 
harmful renal effects of dual RAAS blockade in patients with 
cardiovascular disease, but left unresolved the issue of the 
potential benefits of this treatment approach in patients with 
proteinuric nephropathies due to the characteristics of the 
population studied; 68 % of the patients participating in the 
ONTARGET trial were hypertensives, 37 % diabetic, and 
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23 % had CKD, defined as eGFR below 60 ml/min/1.73 m 2 , 
but only 13 % had micro-albuminuria and around 3 % 
macro-albuminuria and overt diabetic nephropathy. This 
study showed that patients who were assigned to receive dual 
RAAS blockade had 24 % higher risk of dialysis or doubling 
of serum creatinine relative to those who received ramipril 
alone (HR 1.24; 95 %CI 1.01–1.51) [ 50 ]. Further, albuminuria 
exhibited a temporal increasing trend during follow-up in all 
three study groups, with the combination treatment display-
ing the lowest rate of UAE rise. These findings were consid-
ered by several investigators as conclusive evidence against 
the administration of combined RAAS inhibition in patients 
with CKD; other investigators also challenged the value of 
proteinuria as predictor of kidney disease progression. It has 
to be noted, however, that such conclusions cannot be drawn 
from a study cohort, in which the vast majority of participants 
were normo-albuminuric at baseline. A more careful glance 
at renal outcomes of the ONTARGET trial indicates that the 
difference in the occurrence of primary renal endpoint dur-
ing follow-up between study groups was arisen from signifi-
cant differences only in dialysis for acute renal failure, 
whereas the risks of doubling of serum creatinine and dialysis 
due to incident ESRD were similar between groups. A 
 potential explanation for this finding could be the more fre-
quent occurrence of hypotension and acute renal failure in 
patients receiving dual RAAS inhibition. Thus, these findings 
represent another characteristic example of the harmful 
renal effects of aggressive RAAS blockade in predisposed 
patients (i.e., elderly normotensive patients with impaired 
renal function, most probably attributed to ischemic renal 
disease) [ 51 ,  52 ].

   Another tool in our therapeutic armamentarium that was 
suggested to offer additional benefits towards reno- protection 
is the blockage of RAAS with the recently introduced direct 
renin inhibitor aliskiren. The effects of aliskiren on protein-
uria were evaluated in the Aliskiren in the Evaluation of 
Proteinuria in Diabetes (AVOID) study, in which 599 patients 
with type 2 DM, hypertension and macro-albuminuria were 
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randomly allocated to aliskiren (150 mg force-titrated to 
300 mg daily) or placebo on top of losartan 100 mg and 
 optimal BP-lowering therapy. After a mean follow-up of 6 
months, addition of aliskiren to losartan along with standard 
antihypertensive therapy was associated with a 20 % higher 
decrease in ACR relative to placebo [ 53 ]; of note, these anti- 
proteinuric properties of aliskiren were shown to be indepen-
dent from BP reduction [ 54 ]. 

 On the basis of this beneficial impact of aliskiren on pro-
teinuria in the AVOID study, the subsequent Aliskiren Trial 
in Type 2 Diabetes Using Cardiorenal Endpoints 
(ALTITUDE) trial evaluated the effect of adding aliskiren 
300 mg daily relative to placebo on top of standard therapy 
with ACEI or ARB on a primary composite cardio-renal 
endpoint consisting of the time to cardiovascular death or a 
first occurrence of cardiac arrest with resuscitation, non-fatal 
myocardial infarction, nonfatal stroke, unplanned hospital-
ization for HF, ESRD, death attributable to CKD, or the need 
for renal-replacement therapy, or doubling of the baseline 
serum creatinine. ALTITUDE was prematurely stopped after 
the second interim efficacy analysis because of frequent 
occurrence of renal adverse events, hyperkalemia and 
 hypotension in the aliskiren group [ 55 ]; this early termination 
of the ALTITUDE trial gained the great attention of the 
international nephrology community and was considered 
again as the end of dual RAAS inhibition. The publication of 
the full- report of the trial shed light on several issues [ 11 ]. All 
components of primary composite cardio-renal outcome of 
the ALTITUDE did not significantly differ between the 
aliskiren and placebo groups, with the exception of resusci-
tated cardiac arrest. With regards to the renal components of 
the primary outcome, events of doubling of serum creatinine 
were evenly distributed between groups, whereas the end-
points of ESRD, dialysis or death due to renal failure were 
also not significantly different. Moreover, a greater reduction 
by 1.3/0.6 mmHg in BP and a more effective decrease in ACR 
by 14 % was noted in the aliskiren relative to the placebo 
group. In contrast, the main differences noted between 
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groups were the proportion of study participants with 
 hyperkalemia (11.2 % vs. 7.2 %), and reported hypotension 
(12.1 % vs. 8.3 %) (P < 0.001 for both) [ 11 ]. 

 A plausible explanation for the early termination of the 
ALTITUDE trial due to renal complications can be provided 
again by the careful evaluation of the characteristics of the 
population enrolled in the study (Table  3.1 ). Following the 
inclusion criteria of macro-albuminuria or eGFR 30–60 ml/
min/1.73 m 2  and micro-albuminuria or eGFR 30–60 ml/
min/1.73 m 2  and history of cardiovascular events, the study 
cohort of ALTITUDE was closer to that of cardiovascular 
and not renal outcome trials; further, the population charac-
teristics of the ALTITUDE trial differed significantly from 
that of AVOID. In particular, the mean age of the ALTITUDE 
population was 65 years, 42 % had cardiovascular disease, 
67 % had eGFR lower than 45 ml/min/1.73 m 2 , and only 58 % 
of patients were macro-albuminuric. Enrolled patients also 
had BP lower than 135/85 mmHg, or BP between 135/85 and 
170/110 mmHg at first visits if treated with at least three 
BP-lowering agents; thus mean baseline BP was 137/74 mmHg 
and 69 % of participants were already taking diuretics in 
combination with ACEI or ARB. On this basis, a high 
 proportion of patients were particularly prediposed to com-
plications from aggressive BP reduction (indeed hypotension 
was more frequently recorded in elderly individuals and in 
patients treated with loop diuretics). Therefore, the serious 
renal complications that resulted in premature termination of 
the ALTITUDE trial can be directly attributed to aggressive 
RAAS blocking in susceptible individuals. In this context, 
ALTITUDE resembled ONTARGET in showing that dou-
ble RAAS blockade may provide more harm than good in 
predisposed individuals with CKD [ 56 ]. 

 Finally, efficacy and tolerability of dual RAAS inhibition 
for proteinuric nephropathy was also evaluated in the recently 
published Veterans Affairs Nephropathy in Diabetes (VA 
NEPHRON-D) study [ 10 ], in which 1,448 patients with type 2 
DM, macro-albuminuria and eGFR ranging from 30 to 
89.9 ml/min/1.73 m 2  were randomly assigned to receive lisino-
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spril (10–40 mg daily) or placebo on top of treatment with the 
ARB losartan at a dose of 100 mg per day. The primary 
 composite renal endpoint of the study was the first occurrence 
of a change in eGFR (a decline of ≥30 ml/min/1.73 m 2  if the 
baseline eGFR was ≥60 ml/min/1.73 m 2  or a decline of ≥50 % 
if the baseline eGFR was <60 ml/min/1.73 m 2 ), ESRD, or 
death. VA NEPHRON-D study was also prematurely termi-
nated at a median follow-up period of 2.2 years due to safety 
concerns, as combined RAAS blockade elevated the risk of 
hyperkalemia in comparison with mono-therapy (6.3 vs 2.6 
events per 100 person-years, P < 0.001), as well as the risk of 
acute renal failure (12.2 vs 6.7 events per 100 person-years, 
P < 0.001). The risk of the primary renal endpoint did not sig-
nificantly differ between groups in the whole study cohort 
(HR with the combination therapy: 0.88; 95 % CI: 0.70–1.12, 
P = 0.30) and among pre-specified sub-groups (P > 0.10 for all 
interactions). With regards to the secondary endpoint of 
decline in eGFR or ESRD, a trend towards a benefit of the 
combination therapy was noted after about 6–12 months of 
treatment, but this effect was not sustained with longer follow-
 up (HR: 0.78; 95 % CI: 0.58–1.05, P = 0.10) [ 10 ]. 

 The early termination of VA NEPHRON-D trial due to 
heightened risk of acute renal failure and hyperkalemia 
should be rather considered the definite end of dual RAAS 
blockade for renoprotection. This is mostly because VA 
NEPHRON-D trial included a relevant population, i.e. 
patients with diabetic nephropathy and macro-albuminuria, 
with a mean age of 64.5 years, of whom 23 % had coronary 
artery disease, 16 % had congestive HF and 30 % had eGFR 
lower than 45 ml/min/1.73 m 2 , whereas mean baseline BP of 
study participants was 137/73 mmHg with background treat-
ment with 3 or more BP-lowering agents [ 10 ] (Table  3.1 ). 
Overall, as HF with decreased cardiac-output is a typical 
predisposing factor for acute renal failure, it seems reason-
able to avoid dual ACEI/ARB combination for renoprotec-
tion in these patients. It may be argued by some that a benefit 
of dual blockade in retarding proteinuric CKD progression 
could be still present in healthier populations with little risk 
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for acute renal failure with aggressive RAAS blocking (i.e., 
young individuals with proteinuric kidney disease, preserved 
renal function, absence of overt vascular disease and high- 
adherence to low dietary potassium intake). As specific 
 treatments against proteinuric kidney disease are still lacking 
a study on such a population may appear in the future, but 
any results should be cautiously interpreted. 

 As in heart failure patients, combining an aldosterone-
receptor- antagonist with ACEIs or ARBs is proposed as 
another treatment option for slowing kidney disease progres-
sion, since plasma aldosterone is increased in CKD and may 
independently promote renal damage [ 57 ]; further, blockade 
of RAAS with the use of ACEIs or ARBs does not necessar-
ily lead to prolonged lowering in plasma aldosterone levels 
[ 58 ]. Several pilot studies in proteinuric CKD have revealed 
promising results that addition of spironolactone in patients 
with proteinuria already treated with ACEIs or ARBs pro-
vides an additional anti-proteinuric effect to that exerted by 
mono-therapy [ 59 – 62 ]. In parallel, administration of eplere-
none in addition to standard antihypertensive treatment with 
an ACEI was associated with further reduction in UAE in 
patients with hypertension and left ventricular hypertrophy 
[ 63 ]. In a more recent study 81 patients with DM, hyperten-
sion, and macro-albuminuria already under treatment with 
lisinopril 80 mg were randomized to losartan 100 mg, spi-
ronolactone 25 mg or placebo [ 64 ]. After 48 weeks of follow-
 up, ACR was significantly reduced by 34 % in the 
spironolactone group and by 16.8 % in the losartan group as 
compared to placebo; ambulatory BP, CrCl, sodium and pro-
tein intake, and glycemic control did not significantly differ 
between groups. However, addition of sprironolactone and 
losartan to lisinopril resulted in elevated serum potassium 
levels (yet on average <5.2 meq/L in all groups). Use of low- 
dose spironolactone in addition to ACEIs or ARBs seems to 
be a promising treatment approach for proteinuric patients, 
but large outcome trials evaluating hard renal end-points 
should be performed before any treatment recommendations 
can be made. This is mostly due to the concern of heightened 
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rates of hyperkalemia [ 65 ], as was also exemplified by large 
population studies [ 66 ] following the extended use of 
 spironolactone for HF after the publication of the Randomized 
Aldactone Evaluation Study (RALES) [ 67 ].   

   Choice of Antihypertensive Treatment 
in Patients with Diabetes Mellitus 

 For more than two decades one of the most active area of 
research topics in the field of hypertension therapeutics was 
the possible effects of major antihypertensive drug classes on 
carbohydrate metabolism and the development of new-onset 
DM [ 14 ]. In this regard, numerous clinical studies have inves-
tigated the impact of antihypertensive agents on insulin 
 sensitivity (IS) and glycemic control, whereas large outcome 
trials have explored the potential association between antihy-
pertensive agents and incident DM. Another important issue 
is the possible harmful impact of antihypertensive therapy – 
related new-onset DM on cardiovascular outcomes [ 14 ]; thus, 
presence of DM should be taken into consideration in the 
choice of the appropriate BP-lowering therapy in patients 
with hypertension and HF. 

   Effects of Antihypertensive Agents 
on Insulin Sensitivity 

 Preliminary reports from older studies suggested that thia-
zide and loop diuretics (especially in higher doses, i.e. equiva-
lent to ≥25 mg of hydrochlorothiazide) and conventional 
β-blockers deteriorate IS and glycemic control and elevate 
the risk of developing new-onset DM [ 68 – 73 ]. Data on 
 β -blockers and their metabolic effects gain much more inter-
est, as newer, vasodilating agents were proposed to have a 
much different metabolic profile than conventional ones [ 74 ]. 
As β-blockers remain first-line treatment for HF, these effects 
are of major importance when selecting the appropriate 
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agents in these patients. In this regard, initial studies that 
compared the metabolic effect of a vasodilating  β -blocker 
carvedilol with either metoprolol [ 75 – 77 ] or atenolol [ 78 ,  79 ] 
in patients with hypertension or hypertension and DM 
showed significant differences between groups, as treatment 
with conventional  β -blockers resulted in reduced IS. This 
favorable effect was strongly supported by the results of the 
large Glycemic Effects in Diabetes Mellitus: Carvedilol- 
Metoprolol Comparison in Hypertensives (GEMINI) multi- 
center trial that compared effects of carvedilol to metoprolol 
treatment on IS in 1,235 hypertensive patients with type 2 
DM already treated with an ACEI or an ARB. This study 
revealed a significant reduction in the Homeostasis Model 
Assessment-Insulin Resistance (HOMA-IR) index of about 
9 % with carvedilol relative to metoprolol [ 77 ]. Nebivolol, 
another  β   1  -blocker that has been reported to increase nitric 
oxide (NO) production from endothelium, thus resulting in 
peripheral vasodilatation [ 80 ], was not previously shown to 
significantly affect IS in patients with hypertension [ 79 ] and/
or type 2 DM [ 81 ,  82 ]. These beneficial metabolic effects of 
nebivolol were confirmed in recent studies that showed 
improvement in glucose metabolism with nebivolol relative 
to metoprolol in patients with metabolic syndrome [ 83 ]. 

 Studies evaluating the effects of ACEIs on metabolic pro-
file suggest that use of these agents in hypertensive patients 
improves, or at least, does not deteriorate IS. Acute oral 
administration of 25 mg of captopril during euglycemic 
hyperinsulinemic clamp in patients with type 2 DM was 
shown to be associated with a significant increase in insulin- 
induced glucose disposal [ 84 ]. Similarly, subsequent studies 
with captopril, enalapril, cilazapril, and fosinopril showed 
improvement in IS and glycemic control in patients with 
hypertension and/or type 2 DM [ 69 ,  85 ,  86 ], whereas in other 
cases treatment with ACEIs was shown to have no impact on 
these parameters [ 82 ,  87 ,  88 ], suggesting that this antihyper-
tensive drug class has a positive, or at least neutral effect on 
metabolic profile. 
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 Similarly to ACEIs, the currently available data on the use 
of ARBs suggest that these agents may have a neutral or 
positive impact on IS. A beneficial metabolic effect is 
 particularly applied to telmisartan, that has been proposed to 
exert unique insulin-sensitizing properties [ 89 ]. This is in rela-
tion to the fact that telmisartan was shown to activate the 
peroxisome proliferator-activated receptor (PPAR)–γ recep-
tors, an action that was not proven for other ARBs [ 90 ]. 
Activation of the PPAR–γ receptors is well-documented that 
results in IS improvement, as it represents the main mecha-
nism of action for thiazolidinendiones [ 91 ]. In a randomized 
study including patients with hypertension and impaired 
glucose tolerance or type 2 DM, treatment with telmisartan 
was associated with a 26 % decrease in the HOMA-IR index 
along with 8 % reduction in fasting glucose, 9 % lowering in 
HbA1c, and 10 % decrease in fasting insulin, in contrast to 
losartan, that had no influence on any of these parameters 
[ 92 ]. A mild beneficial effect of telmisartan on HOMA-IR 
index is also supported by subsequent clinical studies [ 93 – 95 ]. 
Furthermore, treatment with candesartan was also related to 
a significant decrease of about 25 % in insulin resistance [ 96 ]. 
It has to be noted, however, that the potentially beneficial 
effects of ARBs on metabolic profile have to be confirmed in 
larger studies including euglycemic hyperinsulinemic clamp 
measurements.  

   Effects of Antihypertensive Agents 
on New-Onset DM 

   Data from Hypertension Outcome Trials Evaluating 
New-Onset DM as a Secondary Outcome 

 During the previous 15 years, a number of large-scaled 
 outcome trials attempted to investigate as a secondary 
 outcome, the effect of various antihypertensive drug classes 
on the occurrence of new-onset DM. Most of these studies 
compared newer (i.e. ACEIs, ARBs, or calcium channel 
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blockers, or combinations of those) with conventional antihy-
pertensive regimens (i.e. thiazide diuretics or β-blockers or 
combinations). In the Captopril Prevention Project (CAPPP) 
trial, in which above 11,000 patients with hypertension were 
randomly assigned to captopril or conventional treatment 
with diuretics,  β -blockers or both, captopril-based regimen 
was shown to be associated with significantly lower incidence 
of type 2 DM in comparison with the conventional regimen 
(14 % lower RR in the intention-to-treat and 21 % in the on- 
treatment analyses respectively) [ 97 ]. The Intervention as a 
Goal in Hypertension Treatment (INSIGHT) study random-
ized more than 6,000 hypertensive individuals to a regimen 
based on long-acting nifedipine or co-amilozide (hydrochlo-
rothiazide plus amiloride) [ 98 ]. After a mean follow-up of 
about 4 years, the occurrence of new-onset DM was lower in 
patients receiving nifedipine than in those receiving diuretic- 
based treatment (4.3 % versus 5.6 %). The LIFE study ran-
domized 9,193 patients with hypertension and left ventricular 
hypertrophy to receive treatment with losartan-based or 
atenolol-based antihypertensive regimen for at least 4 years. 
Among patients without DM at trial initiation, those who 
were randomized to the losartan-based regimen had an 25 % 
lower risk of developing new-onset DM throughout the study 
compared to those on atenolol-based treatment [ 99 ]. 

 One of the largest outcome trials in hypertension to evalu-
ate the impact of various antihypertensive drug classes on the 
incidence of new-onset DM was the ALLHAT trial, in which 
more than 33,000 hypertensive patients were randomly 
assigned to a chlorothalidone-based, an amlodipine-based or 
a lisinopril-based therapy, as discussed above. Among non- 
diabetic patients at baseline, chlorothalidone treatment was 
associated with significantly higher incidence of new-onset 
DM during the 4 years of follow-up than treatment with 
either amlodipine or lisinopril (11.8 % versus 9.8 % and 
8.1 % respectively) [ 100 ]. In the Second Australian National 
Blood Pressure Study (ANBP2), above 6,000 patients aged 
65–84 years were randomized to receive treatment with an 
ACEI (mainly enalapril) or a diuretic (mainly hydrochloro-
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thiazide) [ 101 ]. After a median follow-up of 4.1 years, 
 treatment with the ACEI-based regimen resulted in 31 % 
lower risk of developing new-onset DM compared to the 
diuretic- based regimen (DM incidence of 4.54 % vs 6.58 % 
respectively) [ 102 ]. The International Verapamil-Trandorapril 
Study (INVEST) randomized 22,576 hypertensive patients 
with coronary artery disease to receive verapamil-based or 
atenolol- based antihypertensive treatment. Again, non- 
diabetic patients at entry in the verapamil group had a 15 % 
lower risk of developing new-onset DM than subjects in the 
atenolol group after a median follow-up of 2.7 years [ 103 ]. In 
agreement with the findings of the INVEST trial, the Anglo- 
Scandinavian Cardiac Outcomes Trial (ASCOT), which 
assigned more than 19,000 hypertensive patients to an 
 amlodipine plus perindopril arm or an atenolol plus bendro-
flumethiazide arm, showed that the incidence of new-onset 
DM was 30 % lower in the amlodipine than in the atenolol 
group after a median follow-up of 5.5 years [ 104 ]. 

 In addition to the above, effects of antihypertensive agents 
on incidence of new-onset DM were investigated in other tri-
als using placebo as a comparator. In the Heart Outcomes 
Prevention Evaluation (HOPE) trial, a total of 9,297 patients 
with an age above 55 years were randomly assigned to 
receive ramipril (10 mg daily) or placebo on top of their stan-
dard medication, which included other antihypertensive 
agents, for a mean observational period of 5 years. At trial 
completion, treatment with ramipril induced a 34 % reduc-
tion in the incidence of new-onset DM relative to placebo in 
originally non-diabetic study participants [ 105 ]. The 
Candesartan in Heart Failure Assessment of Reduction in 
Mortality and morbidity (CHARM) trial, (which had as main 
inclusion criterion symptomatic HF and not hypertension) 
revealed that treatment with the ARB candesartan resulted 
in a significant decrease of 19 % in the risk of new-onset DM 
as compared with placebo [ 106 ]. 

 It has to be noted, however, that some studies did not show 
statistically significant elevation in the risk of new-onset DM 
with conventional or significant reductions with newer anti-
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hypertensive agents. In the Systolic Hypertension in the 
Elderly Program (SHEP) trial, patients with isolated systolic 
hypertension and above 60 years of age were randomized to 
stepped-care therapy with 12.5–25.0 mg per day of chlorthali-
done or matching placebo aiming to reach goal BP (systolic 
BP <160 mmHg). When BP remained above the goal, study 
investigators were permitted by protocol to add atenolol or 
reserpine; thus, 32 % of patients randomly allocated to 
receive chlorthalidone were also administered atenolol [ 107 ]. 
After 4.5 years of follow-up, incidence of DM was slightly 
higher in the chlorthalidone group compared with the pla-
cebo (8.6 % vs 7.5 %) [ 107 ], a finding that was translated into 
a non-significant 20 % elevation in the risk of new-onset DM 
(RR: 1.2; 95 % CI: 0.9–1.5) with this treatment [ 108 ]. The 
Swedish Trial in Old Patients with Hypertension 2 (STOP- 
Hypertension 2) study, in which 6,614 elderly hypertensive 
patients were randomly allocated to conventional treatment 
( β -blockers or diuretics) or to either ACEI-based or calcium 
channel blocker (CCB)-based regimen, also reported nega-
tive results; along with the absence of significant difference in 
the composite primary cardiovascular outcome, no significant 
differences in incidence of new-onset DM between the three 
study groups were evident after about 4.5 years of follow-up 
[ 109 ]. In addition, the Nordic Diltiazem (NORDIL) study, in 
which 10,881 hypertensive patients were randomized to dil-
tiazem, or diuretics and β-blockers, or both, a 13 % lower risk 
of developing new-onset DM was evident in the diltiazem 
group, but this difference did not reach statistical significance 
[ 110 ]. The Study on Cognition and Prognosis in the Elderly 
(SCOPE), conducted in about 5,000 elderly hypertensive 
subjects aged 70–89 years, showed also a non-significant 
decrease of 19 % in incidence of new-onset DM with cande-
sartan relative to placebo [ 111 ]. 

 The only hypertension outcome trial that compared the 
treatment effects of thiazide diuretics against that of 
 β -blockers on incidence of new-onset DM was the Heart 
Attack Primary Prevention in Hypertension (HAPPHY) 
trial, published almost 25 years ago. In this trial, above 6,500 
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men aged 40–64 years with mild to moderate hypertension 
were randomized to receive a thiazide diuretic or a  β -blocker. 
As exactly happened with all components of the composite 
primary endpoint, incidence of new-onset DM did not 
 significantly differ between groups after 45 months of treat-
ment [ 112 ]. Similarly, only one outcome trial provided a 
direct head-to-head comparison of the effect of agents from 
two newer antihypertensive classes; the Valsartan Anti-
hypertensive Long-term Use Evaluation (VALUE) study 
randomized more than 15,000 hypertensive patients to the 
ARB valsartan or the CCB amlodipine for a mean follow-up 
period of 4.2 years [ 113 ]. Although no significant difference 
in the primary composite outcome between the two drugs 
was noted, treatment with valsartan resulted in a 23 % lower 
risk of new- onset DM in comparison with amlodipine [ 114 ]. 

 Overall, the majority of the above mentioned randomized 
studies support a beneficial impact of newer (ACEIs, ARBs 
and CCBs) over older (diuretics,  β -blockers) antihyperten-
sive agents on the incidence of new-onset DM; it has to be 
noted, however, that these studies suffer from some method-
ological limitation that may affect the strength of their find-
ings and thus, the conclusions that can be drawn from them. 
First, none of the aforementioned studies published so far 
reporting effects of antihypertensive treatment on new-onset 
DM had the incidence of DM as the primary trial endpoint 
[ 97 – 99 ,  101 ,  103 ,  104 ,  107 – 110 ,  113 ]. Second, in some of these 
studies an ACEI [ 97 ,  109 ] or a CCB [ 109 ,  110 ] was compared 
to conventional treatment consisting of either diuretics or 
 β -blockers or their combination, and therefore an individual 
treatment effect of the later antihypertensive classes cannot 
be easily evaluated. In some studies, a great proportion of 
patients in the various arms were receiving background treat-
ment with second-line antihypertensive agents that could 
also affect IS and glycemic control towards the same [ 101 , 
 103 ,  104 ,  110 ] or the opposite direction [ 101 ,  103 ,  110 – 112 ], 
making again difficult the assessment of the net impact of the 
main agents on the incidence of DM. Further, the possibility 
of detection bias in those of the above studies that were 
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open-label with blinded end-point assessment can not be 
excluded [ 97 ,  101 ,  103 ,  109 ,  110 ,  112 ], as DM may have been 
more intensively sought in patients receiving conventional 
treatment. In other cases, new-onset DM was not diagnosed 
with the most accurate methods, i.e. it was self reported [ 105 ]. 
Finally, in trials comparing active antihypertensive regimens, 
the observed differences [ 97 – 101 ,  103 ,  104 ] could be arisen 
either from a harmful effect of conventional agents or from a 
beneficial impact of the newer drugs, a fact not allowing firm 
conclusions to be drawn.  

   Data from Trials and Meta-analyses Investigating 
the Effects of Antihypertensive Agents on Metabolic 
Parameters and New-Onset DM 

 The impact of antihypertensive therapy on new-onset DM 
was also explored in clinical studies that specifically aimed to 
evaluate the effects of such drugs on the metabolic profile. In 
the Antihypertensive Treatment and Lipid Profile in a North 
of Sweden Efficacy Evaluation (ALPINE) study, 392 subjects 
with hypertension were randomly assigned to receive treat-
ment with low-dose hydrochlorothiazide alone or combined 
with atenolol or treatment with the ARB candesartan alone 
or combined with felodipine. This study showed that treat-
ment for 12 months with the diuretic-based regimen resulted 
in elevation of fasting plasma glucose and insulin, whereas no 
increase in these parameters was evident in patients who 
received candesartan; further, hydrochlorothiazide treatment 
was associated with significantly higher incidence of new- 
onset DM than treatment with the ARB candesartan (4.1 % 
vs 0.5 % respectively) [ 115 ]. 

 In the Study of Trandolapril/Verapamil SR And Insulin 
Resistance (STAR) [ 116 ], a total of 240 hypertensive patients 
with impaired glucose tolerance were randomly assigned to 
the fixed-dose combinations of trandolapril/verapamil-SR or 
losartan/hydrochlorothiazide for 1 year long treatment period. 
This study examined the effects of these combinations on sev-
eral parameters related to glycemic control, including glucose 
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and insulin on 2-h of an oral glucose tolerance test (OGTT), 
HbA1c, IS, as well as incidence of new-onset  diabetes. At 3 
months of treatment significant differences in fasting glucose 
and IS and at study completion significant differences in 2-h 
OGTT-derived glucose and insulin levels and HbA1c were 
evident in favour of the trandolapril/verapamil- SR combina-
tion. Moreover, after 12 months of follow-up, the trandolapril/
verapamil-SR combination was associated with a significantly 
lower risk of developing new-onset DM in comparison with 
the losartan/hydrochlorothiazide combination (11.0 % versus 
26.6 % respectively, P < 0.002). This study advanced our 
knowledge in the field, showing for first time that even low 
doses of thiazide diuretics administered in combination with a 
“metabolic neutral” ARB can deteriorate glucose metabolism 
and elevate the risk of new-onset DM, providing opposite 
results to what was hypothesised until then [ 116 ]. 

 Of major importance are also the results of the Diabetes 
Reduction Assessment with ramipril and rosiglitazone 
Medication (DREAM) trial, which had a 2 × 2 factorial 
design and randomly assigned 5,269 patients with impaired 
fasting glucose or impaired glucose tolerance to receive treat-
ment with the ACEI ramipril (up to 15 mg daily) or placebo 
and rosiglitazone or placebo for a median follow-up period of 
3 years [ 117 ]. The primary trial endpoint was the difference of 
these drugs on the incidence of new-onset DM or death, 
whichever occurred first. The occurrence of the primary out-
come was similar between the ramipril (18.1 %) and the 
placebo groups (19.5 %) (HR 0.91; 95 % CI 0.81–1.03, 
P = 0.15). However, subjects receiving treatment with ramipril 
were more likely to present regression to normoglycemia 
than those receiving placebo (HR, 1.16; 95 % CI 1.07–1.27, 
P = 0.001), whereas plasma glucose levels 2 h after an OGTT 
were significantly lower in the ramipril group (135.1 vs 
140.5 mg/dl, P = 0.01) [ 117 ]. In this context, the results of the 
DREAM trial suggested that treatment with ramipril for 3 
years resulted in improvement of metabolic parameters and 
IS, despite the absence of any beneficial impact on the inci-
dence of new-onset DM. 
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 In addition to the above, a network meta-analysis that 
included 48 randomized groups from 22 clinical trials, 
 involving 143,153 patients who did not have originally DM at 
randomization, aimed to provide a more conclusive answer 
to controversial issue of the effect of different classes of 
antihypertensive agents on incidence of new-onset DM [ 12 ]. 
Among 22 trials included in meta-analysis, 17 trials enrolled 
patients with hypertension, 3 trials enrolled patients at high 
cardiovascular risk and one trial recruited patients with 
HF. Using diuretic treatment as the standard of comparison, 
the odds ratios (OR) for the incidence of new-onset DM 
were 0.57 for ARBs (95 % CI 0.46–0.72, P < 0.001); 0.67 for 
ACEIs (95 % CI: 0.56–0.80, p < 0.001); 0.75 for CCBs (95 % 
CI: 0.62–0.90, P = 0.002); 0.77 for placebo 0.77 (95 % CI: 
0.63–0.94, P = 0.009); and 0.90 for β-blockers (95 % CI: 0.75–
1.09, P = 0.30). Thus, this meta-analysis clarified in a more 
straightforward way that the association of various antihy-
pertensive drug classes with incidence of new-onset DM is 
lowest for ARBs and ACEIs, followed by CCBs and placebo, 
whereas β-blockers and diuretics are rather increasing DM 
incidence [ 12 ].   

   New-Onset DM and Cardiovascular Risk 

 All the evidence derived from large-scaled outcome trial 
 presented above clearly suggest that thiazide diuretics and 
conventional  β -blockers reduce IS, deteriorate glycemic con-
trol and heighten the risk of developing new-onset DM. A 
major aspect is whether and to what extent this antihyperten-
sive therapy - induced elevation in incidence of new-onset 
DM affects cardiovascular morbidity and mortality of these 
patients. Verdecchia et al. attempted to explore this research 
question in a prospective cohort study including about 800 
patients with never treated hypertension that were prospec-
tively followed for a median period of 6 years. This study 
showed that patients who developed new-onset DM after the 
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initiation of BP-lowering therapy carried a similar risk for 
experiencing subsequent cardiovascular events to that of 
patients who already had DM at study enrolment [ 118 ]. 
However, these findings contradict the results of the 
 aforementioned SHEP trial [ 107 ], in which the thiazide 
diuretic- based antihypertensive regimen was associated with 
both better cardiovascular outcomes and elevated risk of 
developing new-onset DM relative to placebo. Further, in the 
ALLHAT trial, although chlorthalidone treatment was 
shown to be equally effective with lisinopril and amlodipine 
in reducing the risk of preventing cardiovascular events, inci-
dence of new-onset DM was higher in the chlorthalidone 
than in the other two groups [ 100 ]. 

 It has to be noted, however, that absence of association 
between thiazide diuretic-induced new-onset DM and 
increased risk of cardiovascular events in the above studies 
could be attributed to the short observation period after the 
development of DM [ 100 ,  107 ] that could not adequately 
capture the impact of this new DM on cardiovascular mor-
bidity and mortality. Kostis et al. have attempted to clarify 
this issue in a study providing data on 14.3 years mean follow-
 up of the SHEP trial [ 119 ]. This study revealed that patients 
already being diabetic at randomization and patients who 
developed DM throughout the study in the placebo group 
had elevated risk of all-cause and cardiovascular mortality in 
contrast to patients who developed new-onset DM in the 
thiazide diuretic group, in whom diuretic-induced new-onset 
DM conferred no additional risk of all-cause and cardiovas-
cular mortality [ 119 ]. On this basis, it has been proposed that 
adequate control of BP can possibly attenuate in the long 
term the expected elevation in cardiovascular risk from the 
development of new-onset DM related to the administration 
of antihypertensive treatment. This analysis, however, was 
substantially limited by the fact that the double-blind, ran-
domized fashion of the trial ended in early 1991, after 
4.3 years of follow-up, whereas the long-term data on the 
impact of antihypertensive treatment – related DM on 

3. Impact of Chronic Kidney Disease and Diabetes…



106

 cardiovascular outcomes were collected several years after 
the trial completion in an extended observational period, 
during which patients were receiving individualized 
BP-lowering treatment. Specifically-targeted research efforts 
are warranted in order to fully elucidate this intriguing issue. 
Until these arrive, the effects of diuretics and conventional 
β-blockers in elevating the incidence of DM should be taken 
seriously into account when physicians make their treatment 
decisions.   

   Conclusion 

 The choice of the appropriate antihypertensive treatment in 
patients with hypertension and HF should be influenced by 
the simultaneous presence of co-morbid conditions, such as 
CKD and DM. Major clinical trials evaluating the effects of 
RAAS blockers on hard renal outcomes have demonstrated 
that ACEIs and ARBs can slow the kidney injury progression 
in patients with diabetic or non-diabetic proteinuric CKD, 
and to delay the progression from micro- to macro- 
albuminuria in kidney diseases with predictable natural 
course (i.e. diabetic nephropathy). However, sub-analyses of 
major cardiovascular outcome trials suggest no specific ben-
efit of RAAS blockade in normo-albuminuric patients with 
hypertension and preserved renal function and recent data 
suggest that dual ACEI/ARB inhibition produces more harm 
than good even in proteinuric CKD. In addition to the above, 
the effects of these agents on metabolic parameters and new- 
onset DM should be also taken into account when treatment 
regimens are planned. Use of thiazide diuretics and conven-
tional β-blockers has been associated with deterioration in IS 
and elevated risk of developing new-onset DM, whereas 
newer vasodilating β-blockers, ACEIs, ARBs and CCBs were 
shown to have beneficial, or at least neutral, impact on meta-
bolic profile. Since most patients with HF suffer from several 
co-morbidities, a careful consideration of the indications and 
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contra-indications of the above commonly used agents 
remains a key to therapeutic success.     
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           Introduction 

 The Renin – Angiotensin Aldosterone System (RAAS) plays 
a pivotal role in the regulation of blood pressure, plasma 
 volume and sympathetic nervous system activity. By regulat-
ing body fluid volume perfusion, RAAS maintains systemic 
hemodynamic and hydromineral homeostasis. Thus, it pro-
tects the organs (i.e. heart, endothelium, brain, kidney) from 
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chronic overexposure to elevated blood pressure, through a 
complex system of neuroendocrine interactions [ 60 ]. 

 Conversely, chronic RAAS overactivation results in a 
 cascade of proinflammatory, prothrombotic, and atherogenic 
events leading to target organ damage [ 60 ]. 

 Inhibition of the RAAS is an effective therapeutic 
approach to prevent or limit target organ damage. RAAS 
may be  inhibited at different levels: renin production and 
action, angiotensin I breakdown, angiotensin II action. Renin 
 inhibitors (DRIs) block the conversion of angiotensinogen 
into angiotensin I and therefore inhibit the stimulatory effect 
of renin on the downstream activation of the system [ 45 ]. 
Angiotensin- converting enzyme inhibitors (ACEIs) block 
the conversion of angiotensin I into angiotensin II; angioten-
sin receptor blockers (ARBs) selectively inhibit angiotensin 
II from activating the angiotensin-specific receptor (angio-
tensin I). All of these interventions increase the upstream 
plasma renin levels and inhibit the negative feedback loop 
exerted by angiotensin II on renin production [ 3 ]. The most 
widely prescribed classes of drugs acting on the RAAS are 
ACEIs and ARBs, while the first DRI available for clinical 
use, aliskiren, was introduced in 2007. 

 Current evidence suggests that inhibition of the RAAS 
through ACEIs or ARBs allows blood pressure control and 
target-organ damage reduction [ 22 ]. However, translation of 
these benefits into reduction of mortality and morbidity has 
been proven only for ACE-I and is lacking for ARBs. Clinical 
trials have demonstrated that organ- protective effects may 
be obtained with both drugs in monotherapy, in patients with 
hypertension [ 1 ,  9 ,  24 ] and heart failure with left ventricular 
dysfunction [ 25 ,  55 ]. 

 Due to the incomplete blockade with angiotensin I and 
renin accumulation [ 61 ] with ACEI or ARB monotherapy, 
determining subsequent ‘escape’ production of angiotensin II 
by non-ACE pathways, a better control of the RAAS system 
with the combination therapy (ARB + ACEI) has been hypoth-
esised. This hypothesis does not take into account that for 
ACE-I with extensive tissue localisation like  perindopril and 
ramipril the effect is not measurable by angiotensin I plasma 
level but rather by the tissue ACE enzyme activity. 
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 It has been suggested that low doses of the two RAAS 
would have an enhanced effect, acting “synergistically” with 
a greater benefit for hypertension and nephroprotection [ 61 ]. 
Thus, combining ACEIs and ARBs has been thought to 
 provide more extensive RAAS inhibition and greater 
 antihypertensive efficacy and end-organ protection than use 
of either class alone [ 60 ]. This “more is better” hypothesis was 
proposed based on the findings from an animal study show-
ing that dual therapy with enalapril and losartan had a 
greater effect on blood pressure and left ventricular weight/
body weight ratio in a murine model of hypertension [ 33 ]. 

 Nevertheless, the use of dual therapy ACEI + ARB on 
organ damage and other clinical outcomes in humans has 
been questioned, given conflicting results [ 11 ] and, above all, 
issues concerning safety. 

 Taking into account these issues, in this chapter we will 
examine the data on efficacy and safety of ACEIs and ARBs 
in arterial hypertension and heart failure, both in monother-
apy or in combination, to clarify which of these therapeutic 
approaches may be an efficacious and safe strategy in 
patients with target organ damage, i.e. left ventricular hyper-
trophy and subclinical kidney dysfunction.  

   RAAS Dysregulation and Target 
Organ Damage 

 Organ damage, such as kidney disease and left ventricular 
hypertrophy, may occur as a consequence of a dysregulation 
of the RAAS system. The exact pathophysiological mecha-
nisms activated by RAAS leading to target organ damage 
have been extensively reviewed [ 6 ,  8 ,  19 ,  21 ,  43 ,  48 ,  58 ]. 

 Briefly, angiotensin I receptors are involved in mediating 
vasoconstriction, sympathetic nervous system activation, and 
cardiovascular remodeling. Angiotensin II receptors are impli-
cated in vasodilation, antiproliferative effects, and apoptosis 
[ 19 ]. Angiotensin I is converted to angiotensin II by the angio-
tensin-converting enzyme present in the endothelial cells of 
the lung, vascular endothelium, and in the cell membranes of 
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kidneys, heart, and brain. This system is also present in a wide 
variety of organs (tissue RAAS), allowing, also in the absence 
of circulating angiotensin I, the local synthesis of angiotensin II 
and the development of its autocrine or  paracrine effects. 

 RAAS overactivation may contribute to renal disease 
because its role in the regulation of fluid–electrolyte balance 
[ 12 ]. In the kidney, the RAAS modifies plasma volume and 
cellular proliferation. In particular, constriction of the effer-
ent arteriole by angiotensin II increases glomerular filtration 
by raising glomerular capillary pressure. The RAAS also 
increases sodium and water reabsorption through direct 
actions on renal tubular function. Thus, without intervention, 
from initial subclinical endothelial damage a decline in 
lomerular filtration rate occurs, macroalbuminuria develops, 
and eventually end-stage renal disease emerges [ 43 ]. 

 Furthermore, RAAS over-activation in arterial hyperten-
sion causes left ventricular hypertrophy [ 18 ] whose main 
causal mechanisms are: (a) the increase in blood pressure, 
which leads to increased left ventricular wall stress; (b) aldo-
sterone release from the adrenals and (c) direct action of 
angiotensin II on the cardiomyocytes [ 8 ]. 

 Increased RAAS activity leads to hypertension and con-
gestive heart failure because of its direct effects on vascular 
endothelial and smooth muscle cells [ 19 ]. Further, RAAS 
dysregulation is associated with amplification of events that 
contribute to vascular disease, such as inflammation and 
plaque formation and rupture [ 12 ]. In arterial hypertension 
the remodeling of the small arteries is one of the first mani-
festations of target organ damage, preceding the develop-
ment of left ventricular hypertrophy, carotid artery 
intima-media thickening, or microalbuminuria. 

 By interrupting this cascade of events, RAAS blockade 
has a protective effect on heart and kidney disease as well as 
on arterial wall damage, in particular improving endothelial 
protection [ 19 ]. Since organ damage is associated with a sig-
nificant increase in cardiovascular morbidity and mortality, 
the treatment of hypertension and heart failure is therefore 
aimed not only to decrease blood pressure, but also to pre-
vent or reverse target organ damage. 
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 For these reasons, RAAS inhibition represents first-line 
treatment for hypertensive and diabetic target organ damage, 
as well as preventing the progression of cardiovascular 
 disease and kidney disease [ 21 ,  37 ]. Reduction of cardiorenal 
risk is a priority in patients at higher risk for damage, such as 
those with chronic kidney disease or heart failure with left 
ventricular dysfunction [ 58 ].  

   Monotherapy with ACEIs 

 A wealth amount of data has been cumulated to support the 
effect of ACEIs on end-organ protection (Table  4.1 ). One of 
the first clinical trials evaluating this outcome is the 
Collaborative Study Group trial, showing the efficacy of cap-
topril (25 mg three times daily) compared to placebo, in 
reducing a combined endpoint of death, dialysis, and trans-
plantation, thus improving renal function, in patients with 
type 1 diabetic patients [ 27 ]. In patients with asymptomatic 
left ventricular dysfunction after myocardial infarction, the 
Survival and Ventricular Enlargement trial (SAVE) [ 38 ] 
demonstrated that long-term administration of captopril was 
associated with an improvement in survival and reduced 
morbidity and mortality due to major cardiovascular events. 
In particular, a significant relative reduction in overall mor-
tality of 19 % was observed in patients with left ventricular 
dysfunction, when added to standard therapy.

   Further, the Studies of Left Ventricular Dysfunction 
(SOLVD) trial [ 55 ] and the Cooperative North Scandinavian 
Enalapril Survival Study (CONSENSUS) [ 53 ] demonstrated 
the beneficial effect of enalapril in reducing the number of 
fatal and nonfatal cardiovascular events in patients with 
heart failure. The CONSENSUS II trial [ 51 ] showed no 
improvement in survival or reduction in the rate of recurrent 
myocardial infarction. However, it demonstrated that patients 
receiving enalapril were less likely to require a change in 
therapy for treatment of heart failure. 

 The Heart Outcomes Prevention Evaluation (HOPE) 
[ 63 ] in patients with high cardiovascular risk (vascular dis-
ease or diabetes plus 1 other cardiovascular risk factor), 
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showed that treatment with ramipril 10 mg/day reduced the 
risk of  cardiovascular death, myocardial infarction and 
stroke,  compared with placebo. In patients with coronary 
artery disease, the EURopean trial On reduction of cardiac 
events with Perindopril in stable coronary Artery disease 
(EUROPA) [ 16 ] found that perindopril 8 mg/day reduced 
the risk for the composite end point of cardiovascular death, 
myocardial infarction and cardiac arrest compared with 
placebo. 

 The efficacy of long-term ACEI monotherapy in reducing 
cardiovascular risk and protecting end-organ function and 
reducing cardiovascular events beyong blood pressure reduc-
tion is therefore well established, as recently reviewed [ 29 ]. 
Several other trials consistently indicated that ACE mono-
therapy improved cardiovascular outcomes in patients with 
hypertension or heart failure [ 25 ,  42 ,  52 ]. The mechanisms of 
action of ACE inhibition that may explain these results are 
shown in Fig.  4.1 .

  Fig. 4.1    Mechanisms of action of ACEIs (Adapted from Ferrari and 
Rosano [ 15 ])       
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      Monotherapy with ARBs 

 Table  4.2  shows the clinical trials that have evaluated the 
effect of ARBs on end-organ protection.

   However, several studies have failed to show non- 
inferiority of ARBs to ACEIs on hard end points such as 
death, doubling of creatinine or need for dialysis, and no 
placebo-controlled study has ever shown a protective effect 
of ARBs on hard end points. Two trials with hard end points, 
conducted in patients in advanced stages of diabetic nephrop-
athy, the Reduction in End Points in Non-Insulin-Dependent 
Diabetes with the Angiotensin II Antagonist Losartan 
(RENAAL) study and the Irbesartan Diabetic Nephropathy 
Trial (IDNT), showed ARBs to provide benefits in patients 
with type 2 diabetes, but no benefit on cardiovascular out-
comes was statistically significant. Thus, ARBs do not reduce 
cardiovascular events. 

 Two other studies – the Irbesartan Microalbuminuria 
Study (IRMA)-2 [ 36 ] and the Microalbuminuria Reduction 
with Valsartan study (MARVAL) [ 59 ] – showed the efficacy 
of ARBs in reducing microalbuminuria, a surrogate endpoint 
associated with early-stage diabetic nephropathy. Similarly, 
the Telmisartan Randomised Assessment Study in 
ACE Intolerant Subjects with Cardiovascular Disease 
(TRANSCEND) trial [ 64 ] found the efficacy of telmisartan 
on the following surrogate end points: serum creatinine, 
 estimated glomerular filtration rate and albuminuria. These 
data are therefore not sufficient to draw conclusions on the 
efficacy of ARBs in reducing diabetic nephropathy. Indeed, 
whether the effect of ARBs on surrogate end points  translates 
into a prognostic benefit is unknown. 

 Further, there is evidence from the Valsartan Heart 
Failure Trial (Val-HeFT) [ 7 ] that valsartan had a significant 
effect in reducing the mortality rate when added to standard 
therapy with heart failure, but not in the subgroup of 
patients taking an ACEI or a beta-blocker. In elderly 
patients with heart failure, the Irbesartan in heart failure 
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with Preserved systolic function (I-PRESERVE) trial [ 31 ] 
studied the effect of  irbesartan 300 mg/die on a primary 
composite outcome of death from any cause or hospitalisa-
tion for a cardiovascular cause. Secondary outcomes 
included death from heart failure or hospitalisation for 
heart failure, death from any cause and from cardiovascular 
causes, and quality of life. No significant differences in the 
outcomes were found. However, a subsequent sub-analysis 
of the trial [ 26 ] showed differential results for gender. 
Women (n = 2,491) with heart failure with preserved ejec-
tion fraction were more likely to have chronic kidney dis-
ease and hypertension than men. Thus, given these results, it 
may be relevant to assess the sex differences in risk among 
patients with heart failure. 

 Other ARBs, such as eprosartan [ 49 ] and candesartan [ 28 ], 
have been evaluated in clinical trials. The Candesartan in 
Heart Failure-Assessment of Reduction in Mortality and 
Morbidity (CHARM) trial [ 40 ] compared the effects of can-
desartan and placebo added to existing antihypertensive 
therapy in patients with chronic heart failure and left ven-
tricular ejection fraction <40 %, finding that candesartan 
significantly reduced cardiovascular deaths and hospital 
admissions for heart failure. CHARM-Alternative [ 20 ] fur-
ther evaluated candesartan therapy compared with placebo 
in patients who were intolerant to ACEIs, showing its effec-
tiveness in reducing the incidence of cardiovascular death or 
hospital admission for heart failure. However, in patients 
with symptomatic heart failure but preserved systolic func-
tion in CHARM-Preserved [ 62 ], candesartan treatment was 
not associated with significant benefit. 

 In conclusions, ARBs have been reported to have some 
beneficial effects only on surrogate end points associated 
with heart and kidney disease progression. There is evi-
dence that ARBs may blunt progression of advanced dia-
betic nephropathy (see Fig.  4.2  for mechanisms of action), 
but their long-term renal effects in other patients are not 
clear.

4. Target Organ Damage and RAAS Blockade
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      Dual Therapy 

 Clinical trials have investigated the efficacy of dual therapy 
(ACEI + ARB) on cardiovascular and renal outcomes [ 2 ,  32 , 
 34 ,  39 ]. Five trials have evaluated the effects of combination 
therapy with an ACEI and an ARB compared with treatment 
with either agent alone (Table  4.3 ).

   In 2003, the Combination Treatment of Angiotensin-II 
Receptor Blocker and Angiotensin-Converting-Enzyme 
Inhibitor in Non-Diabetic Renal Disease (COOPERATE) 
trial showed data apparently supporting the use of dual 
RAAS blockade, but the validity of these data was ques-
tioned, leading to its retraction [ 54 ]. 

 The Avoiding Cardiovascular Events through Combination 
Therapy in Patients Living with Systolic Hypertension 
(ACCOMPLISH) trial [ 23 ] showed that the combination of 
benazepril plus amlodipine was more effective than  benazepril 

  Fig. 4.2    Mechanisms of action of ARBs (Adapted from Ferrari and 
Rosano [ 15 ])       
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alone in reducing cardiovascular events. There was a small 
difference in systolic blood pressure between the groups 
showing a slight benefit with benazepril plus amlodipine. 

 Another study, the Ongoing Telmisartan Alone and in 
Combination with Ramipril Trial (ONTARGET) [ 30 ], inves-
tigated the renal effects of ramipril, telmisartan, and their 
combination in patients aged 55 years or older with estab-
lished atherosclerotic vascular disease or with diabetes with 
end-organ damage. The combined therapy did not reduce the 
risk of renal and cardiovascular outcomes compared with the 
single use of either agent. Dual therapy, notably, significantly 
increased the risk of hypotension, syncope, renal dysfunction, 
and hyperkalemia, with a trend toward an increased risk of 
renal dysfunction requiring dialysis. 

 Also, the Veterans Affairs Nephropathy in Diabetes (VA 
NEPHRON-D) [ 17 ] studied the effects of lisinopril, losartan, 
and their combination in patients with type 2 diabetes. The pri-
mary endpoint was a decrease in glomerular filtration rate, end-
stage renal disease, or death. The secondary endpoint was the 
first occurrence of a glomerular filtration rate decline or end-
stage renal disease. Also this trial was discontinued due to 
safety concerns, i.e. the occurrence of hyperkalemic events and 
of acute kidney injury, with no differences for the endpoint 
outcomes. 

 Recently, the Progresión de Nefropatía Diabética 
(PRONEDI) study investigated the efficacy of lisinopril, 
irbesartan both in monotherapy or combined, in reducing the 
progression of type 2 diabetic nephropathy [ 13 ]. The study 
did not show a benefit of the dual therapy compared to 
monotherapy on the risk of progression of type 2 diabetic 
nephropathy. The number of adverse events including hyper-
kalemia was similar in all three groups. However, limitations 
of the study are that the sample size is small (n = 133) and the 
study is not double blind. 

 Taken all together, these studies consistently demon-
strated that the combination of ACEI and ARB leads to 
higher risk of adverse events, i.e. increased risk of  hypotension, 
hyperkalemia and renal failure, without improved efficacy. 
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This conclusion has been also substantiated by several 
 meta-analyses, that are shown in Fig.  4.3 . Strong evidence 
shows that dual RAAS blockade does not offer additional 

RAAS inhibitor All-cause mortality HR (95% Cl)
(random effects model)

RENAAL

IDNT
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ALLHAT
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SCOPE

pilot HYVET
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VALUE
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JIKEI HEART

ADVANCE

HYVET

PRoFESS

TRANSCEND

CASE-J

HIJ-CREATE

KYOTO HEART

NAVIGATOR

Overall

0.50 0.75 1 1.33 2.0
HR (log scale)

RAAS inhibitor better

P for heterogeneity 0.266; l2 15%

Control better

0.95 (0.91-1.00)

0.90 (0.77-1.05)

0.76 (0.40-1.30)

1.18 (0.83-1.67)

0.85 (0.62-1.16)

1.05 (0.91-1.22)

1.03 (0.93-1.14)

0.79 (0.65-0.95)

0.86 (0.75-0.98)

1.09 (0.64-1.85)

1.07 (0.73-1.57)

1.04 (0.94-1.14)

1.32 (0.61-2.86)

0.99 (0.62-1.58)

0.96 (0.81-1.14)

0.90 (0.75-1.09)

1.03 (0.90-1.15)

0.88 (0.77-1.01)

0.92 (0.69-1.23)

1.03 (0.83-1.29)

0.89 (0.81-0.99)

  Fig. 4.3    “Findings from the meta-analyses on ARBs and ACEIs. 
Studies on ACEIs are circled in  green , studies on ARBs are circled 
in  red  (Adapted from Ferrari and Rosano [ 15 ])       
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benefit than monotherapy in reducing overall mortality, 
 cardiovascular mortality or stroke, but increases the risks of 
hyperkalemia, hypotension, renal failure and treatment 
 discontinuation due to adverse effects.

      Comparison Between ACEIs and ARBs 

 In order to clarify whether monotherapy with an ACEI or 
with an ARB is preferable, the Telmisartan versus Ramipril 
in renal ENdothelial DYsfunction in type 2 diabetes 
(TRENDY) study [ 47 ] investigated the effect of telmisartan 
or ramipril in renal endothelial function in patients with dia-
betes and hypertension at high risk of cardiovascular and 
renal morbidity. The TRENDY is a stand-alone trial and part 
of the ongoing Programme of Research to Show Telmisartan 
End-Organ Protection (PROTECTION) Study Programme. 
Both treatments were associated with an increase in basal 
nitric oxide activity of the renal endothelium, which indicates 
an improvement from renal endothelial dysfunction [ 47 ]. 
ARBs and ACEIs (i.e. telmisartan and enalapril) were also 
found to be similarly effective in reducing long-term renal 
decline, as shown in the Diabetics Exposed to Telmisartan 
And enalaprIL (DETAIL) trial [ 5 ]. Other trials [ 10 ,  41 ] com-
paring the efficacy of an ACEI and an ARB are shown in 
Table  4.3 . 

 However, several large meta-analyses have compared the 
effect of ACEIs and ARBs [ 4 ,  14 ,  46 ,  50 ,  56 ,  57 ]. In particular, 
while both classes of drugs reduce blood pressure, ACEIs are 
better than ARBs in coronary prevention and in the reduc-
tion of overall mortality and pneumonia. The consistent con-
clusion is that ACEIs prevent coronary events with reductions 
in cardiovascular morbidity and mortality endpoints, while 
ARBs are, at best, only effective for the prevention of stroke 
[ 15 ]. In conclusion, results from meta-analyses have clarified 
the superiority of ACEIs over ARBs in reducing cardiovascu-
lar mortality and the risk of organ damage. Renin inhibition 
should be solely limited to blood pressure reduction. There is 
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now clear evidence that double blockade of the RAS is 
 detrimental and must not be used in clinical practice. It is 
 important to consider that, given the mortality benefit of 
ACE-inhibitors, a preferential first line use of ARBs poses 
important public health implications.  

   Conclusions 

 Considering data from meta-analyses and individual ran-
domised trials, dual RAAS blockade is not advisable, being 
associated with increased risk of adverse events compared 
to monotherapy without significant benefit in patients. 
Patients with established cardio-renal disease may be at 
more risk of adverse effects when a second RAAS blocker 
is introduced [ 17 ,  35 ,  64 ]. Thus, as pointed out by EMA and 
current European Society of Cardiology-European Society 
of Hypertension 2013 guidelines for the management 
of arterial hypertension, combination therapy with 
ACEI + ARB should be discouraged and only limited to 
selected patient groups, e.g. chronic heart failure patients 
with persisting symptoms who cannot take mineralocorti-
coids. Dual RAAS blockade of ACEIs and ARBs is particu-
larly contraindicated in patients with diabetes and severe 
renal impairment. 

 Taken all together, a large body of data show that both 
ARBs and ACEIs in monotherapy have an efficacy in blood 
pressure reduction and target organ damage [ 22 ], but there is 
more support for the use of ACEIs for the management of 
hypertension, heart failure and their consequence on organ 
damage. In particular, ARBs have failed to show superiority 
to ACEIs in reducing cardiovascular events and in some 
cases have raised concerns about the safety of long-term 
treatment with ARBs. These results indicate that the two 
classes of drugs should not be considered interchangeable 
[ 15 ] and ACEIs should be preferred to ARBs in patients with 
hypertension and heart failure to reduce cardiovascular 
events and target organ damage.     
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